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EXECUTIVE SUMMARY

This report examines and assesses the available systems and facilities considered for carrying out
remediation activities on remediated nitrate salt (RNS) and unremediated nitrate salt (UNS) waste
containers at Los Alamos National Laboratory (LANL). The assessment includes a review of the waste
streams consisting of 60 RNS, 29 aboveground UNS, and 79 candidate belowground UNS containers
that may need remediation. The waste stream characteristics were examined along with the proposed
treatment options identified in the Options Assessment Report!. Two primary approaches were identified
in the five candidate treatment options discussed in the Options Assessment Report: zeolite blending and
cementation. Systems that could be used at LANL were examined for housing processing operations to
remediate the RNS and UNS containers and for their viability to provide repackaging support for
remaining LANL legacy waste.

The waste streams for RNS and UNS differ not only in the presence of organic kitty litter found in the RNS
drums but also in the amount of and type of debris as well as the free liquid content. RNS drums contain
significant volume percentage of debris waste while the UNS waste is relatively free of debris.
Conversely, RNS drums are nearly free of free liquids while the UNS drums all can be expected to
contain free liquids. These differences, along with the related radiological makeup, were considered when
assessing the treatment process and associated containment systems.

The preferred treatment option is blending the waste with zeolite (although the efficacy of this option
needs to be confirmed early with ignitability [D001] testing). Blending with zeolite was the top remediation
option identified in both the Options Assessment Report! and was originally proposed as the best option
for remediation by Clark and Funk in their report, Chemical Reactivity and Recommended Remediation
Strategy for Los Alamos Remediated Nitrate Salt (RNS) Wastes?. It would also be the least complex to
install and implement in the available glovebox systems. Blending requires little or no modification to the
glovebox, is operationally simple, and has been shown to be effective at treating nitrate salt surrogates to
remove the ignitability (D001) characteristic®. Two approaches were considered: batch blending (1) using
3- to 5-gallon blenders to batch blend nitrate salt waste with zeolite in the glovebox or (2) adding salt
waste directly to drums preloaded with zeolite and bulk blending in the drum using a drum tumbler. Bulk
blending in the drum is the preferred option but will require extensive proof testing. This option, if
effective, is less complicated and reduces the radiation dose to operators. The fall-back option would be
batch blending in the glovebox.

Cementation is more complex to install, is operationally more complicated, and adds additional risks. The
cementation process requires repulping the salt/Swheat in water, adjusting the pH, transferring cement,
mixing cement, and curing the product. Accommodating these operations requires installing equipment,
modifying the glovebox and the facility, and adding complexity to the operations. Additionally, the
cementation process is not reversible, is time dependent, and generates heat—all of which add risk.

1 Options Assessment Report: Treatment of Nitrate Salt Waste at Los Alamos National Laboratory (B.A. Robinson,
P.A. Stevens)

2 Reactivity and Recommended Remediation Strategy for Los Alamos Remediated Nitrate Salt (RNS) Wastes
(D.L. Clark, D.J. Funk: LA-UR-15-22393)

3 Results of Oxidizing Solids Testing (Energetic Materials Research and Training Center Report FR 10-13) (G. Walsh,
New Mexico Institute of Mining & Technology, Socorro, NM; March 2010)
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Six processing/repackaging systems were examined and assessed for their applicability to support zeolite
blending and cementation of RNS and UNS waste streams. These systems options were as follows:

e Waste Characterization Reduction and Repackaging Facility (WCRRF) glovebox
¢ Mobile Visual Examination and Repackaging (MOVER) trailer

e Mobile Repackaging (MORK) system

e Modification of available on-site gloveboxes for placement in 231 Perma-Con®

e Fabrication of a new glovebox

e Relocation of the WCRRF glovebox

The preferred processing/repackaging system is the WCRRF glovebox because it provides the least risk,
least equipment and facility modifications, least authorization basis (AB) modification, adequate flexibility,
and likely the optimal path to remediating the nitrate salt drums. The glovebox is well configured to
accommodate blending with zeolite but is less amenable to supporting cementation, especially cementing
in the glovebox because of space limitations and material-handling requirements associated with the
cementation process. The WCRRF Basis for Interim Operation is already in place, and updating to allow
for nitrate salt processing should be straightforward because similar operations have been performed at
WCRRF, although not with the same hazards. The infrastructure is in place and has been well tested for
the last 20 years. Transporting the waste and refrigerating it at WCRRF are negative aspects of this
option because they introduce additional cost, safety concerns, and coordination difficulties. The reliability
of a proven, tested, and operating glovebox that is approved for 800 equivalent combustible
plutonium-equivalent curies (ECPE-Ci), compared with modifying or relocating competing systems that
may require modification, have no operating record, and have no current LANL AB, make WCRRF the
best choice for the short term to handle the nitrate waste streams.

Installing a glovebox in a Perma-Con® in Building 231 (a fabric-covered dome) to support nitrate waste
repackaging and the remaining LANL legacy waste could provide added flexibility and may be a relatively
inexpensive option to augment repackaging, depending upon AB requirements. Two issues need to be
resolved for this option: (1) the necessity to provide a Safety Significant glovebox for worker protection and
(2) the allowable ECPE-Ci for any drum in process. These are both AB issues that should be analyzed to
determine if they can easily be resolved before moving forward with this option. The safety basis control
will impact the specifics of the glovebox that may be utilized, the design and fabrication/modification
requirements, and ultimately, the operating requirements. The flexibility to configure a new glovebox for
drum repackaging and locate it in an open floor plan like a Perma-Con® room is an attractive option for a
large subset (~3900 drums) of legacy waste that contain less than 18 ECPE-Ci.

If an additional capability is desired at Technical Area 54 for higher content plutonium-equivalent curie
(PE-Ci) legacy waste containers, WCRRF can be utilized until a new system is installed, configured,
tested, and approved for use. This ensures a repackaging capability is available and mitigates schedule
risk that may be associated with initiating a new system. MORK, the only other system evaluated that is
designed to handle more than 18 ECPE-CIi, has hurdles that must be overcome, including
decontamination, transportation, and siting to meet seismic requirements. Maintaining the WCRRF
glovebox operation ensures a viable capability until an alternate system can be approved, installed,
tested, and brought online.

A concern that remains unresolved is the path forward for debris found in the RNS and UNS waste
containers. It is unclear if the debris stream should be considered D001 and requires treatment. Early
surrogate testing to determine if debris waste separated from the RNS or UNS drums is ignitable (D001)
should be initiated. Transuranic debris waste that is DO01 cannot be sent to the Waste Isolation Pilot
Plant unless the D001 characteristic is removed. Results from surrogate testing will drive handling and
processing this waste stream after it is separated from the salt wastes.
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1.0 INTRODUCTION
1.1 Objective

This white paper examines the possible options related to repackaging the nitrated salt waste streams
that currently exists at Los Alamos National Laboratory (LANL) for shipment to the Waste Isolation Pilot
Plant (WIPP). More specifically the goal is to:

identify and assess the options for processing/repackaging the LANL waste drums
containing reactive nitrate salts (both Remediated with Swheat and Unremediated) as
well as other below grade drums that have yet to be removed for shipment to WIPP.
Solutions that could accommodate drums at other locations or could be duplicated at
other locations are of interest.

The primary goal is to treat and repackage the remediated nitrate salt (RNS) drums and unremediated
nitrate salt (UNS) drums that remain at LANL for WIPP acceptance. RNS drums are those that were
repackaged from UNS drums with organic kitty litter (Swheat) with an intention to meet the WIPP waste
acceptance criteria (WAC).

1.2 Background

The focus of this paper is on evaluating the available systems—gloveboxes and facilities—that may be
used for processing and repackaging the RNS and UNS drums. Previous studies are used as guidance
and a basis for selecting and evaluating candidate systems. These studies include the following:

¢ Chemical Reactivity and Recommended Remediation Strategy for Los Alamos Remediated
Nitrate Salt (RNS) Wastes (D.L. Clark, D.J. Funk: LA-UR-15-22393)

e Options Assessment Report: Treatment of Nitrate Salt Waste at Los Alamos National Laboratory
(Bruce Robinson)

¢ Results of Oxidizing Solids Testing (Energetic Materials Research and Training Center [EMRTC]
Report FR 10-13)

e Amount of Zeolite Required to Meet the Constraints Established by EMRTC (LANL-Carlsbad
Office Difficult Waste Team: LA-UR-14-26860)

e Cementation study notes of surrogate nitrate salts and Swheat from Robert Wingo

The RNS drums that remain at LANL include 60 identified drums, of which 57 were repackaged with an
organic Kitty litter and 3 were repackaged with Waste Lock-770. The organic kitty litter, primarily a wheat-
based product called Swheat Scoop, was added to the UNS during repackaging to absorb free liquids
and remediate the ignitability characteristic of the nitrate salts. The resulting mixture was repackaged in
daughter drums that became the RNS waste stream.

Swheat was found to increase the hazard associated with the UNS waste by creating a potential for
exothermic chemical reactions'. After a release at WIPP from a stored LANL RNS drum containing
Swheat, LANL initiated steps to isolate all remaining RNS waste drums located at LANL. The drums were
overpacked in standard waste boxes (SWB) and placed in a Perma-Con®, in Dome 375, at Area G

1 Options Assessment Report: Treatment of Nitrate Salt Waste at Los Alamos National Laboratory (B.A. Robinson,
P.A. Stevens)
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located in Technical Area 54 (TA-54). The RNS drums are being stored in a temperature-controlled
environment to mitigate the oxidizing behavior of the waste in the drums. LANL also designated all
remaining RNS drums at LANL as “ignitable,” assigning U.S. Environmental Protection Agency (EPA)
Hazardous Waste Number D001 after independent reactivity testing on surrogate samples containing
Swheat and sodium nitrate salt?. Those drums containing free liquid have also been assigned D002
(corrosive) waste code.

The UNS drums remaining at LANL include 29 aboveground drums stored in a Perma-Con® in Dome 231
at Area G at TA-54 and approximately 79 candidate drums remaining belowground in Pit 9 and

Trenches A, C and D. The 29 aboveground UNS drums were designated “ignitable” and those with
identified liquid were deemed “corrosive,” as defined by EPA Hazardous Waste Numbers D001 and
D002, respectively. The waste is considered ignitable because of the nitrate salt content and corrosive
because of the presence of free acidic and nitrate salt—bearing liquids.

An Options Assessment Report was prepared to evaluate various treatment options for the RNS and
UNS waste streams to allow removal of their hazardous characteristics and in response to a New Mexico
Environment Department— (NMED-) issued Administrative Order. This assessment identified five
candidate treatment options for remediation of both RNS and UNS drums at LANL. The preferred options
included dry blending with zeolite and cementation as the primary unit operations for remediating the
drums. This evaluation provides a review and assessment of the available process approaches and
associated gloveboxes and facilities for implementing the remediation.

2.0 APPROACH

To effectively evaluate the available and potential systems that could be used for processing and
repackaging RNS and UNS waste the following steps were utilized: characterizing the waste stream,
evaluating treatment options, reviewing processing and repackaging systems, and assessing treatment
options.

2.1 Waste Stream Characterization

Processes modify or alter feed stocks to meet product requirements. Understanding the feed stream
characteristics and the product requirements ensures that the operations, process conditions, and
equipment selection are based upon pertinent information. The feed stream for this study is limited to the
RNS and UNS waste drums at LANL. Available information on these drums was collected and evaluated
to properly characterize the feed stream that will be processed and repackaged.

2.2 Treatment Options Evaluation

The recently completed options assessment report, Options Assessment Report: Treatment of Nitrate
Salt Waste at Los Alamos, identifies five candidate process alternatives. The highest-ranked alternative is
the blending of zeolite with RNS or UNS salts. The other four options include a cementation step:

1. Zeolite addition without cementation

2. Zeolite addition with cementation

2 Reactivity and Recommended Remediation Strategy for Los Alamos Remediated Nitrate Salt (RNS) Wastes
(D.L. Clark, D.J. Funk: LA-UR-15-22393)
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3. Dry process and cementation without zeolite
4, Wet Process and cementation without zeolite addition

5. Salt dissolution with cementation

Dry blending with zeolite and cementation were investigated as two different processing options for
remediating the RNS and UNS drums, although the results are easily transferrable to the three remaining
options.

2.3 Processing/Repackaging Systems

A review of the options available for remediating and repackaging the nitrated salt streams (RNS, UNS,
and belowgrade) are presented. It is anticipated that the system will be used to process the nitrated salt
waste streams using either blending or cementation, as described in Section 4. The repackaging systems
examined include the following:

e existing on-site systems Waste Characterization Reduction and Repackaging Facility (WCRRF)
glovebox and Mobile Visual Examination and Repackaging (MOVER)

¢ Mobile Repackaging ((MORK] a mobile, modular system at Savannah River Site [SRS])
e existing gloveboxes that would require modification
o fabrication of a new glovebox

¢ relocation of the WCRRF glovebox to TA-54

Processing the drums at TA-55 or at Chemistry and Metallurgy Research (CMR) was considered and
investigated but excluded because the systems do not have the ability to accept waste drums as parent
drums for bagging on to remove the waste stream for processing. The addition of this stream would likely
require significant changes to the TA-55 and CMR safety basis as well, further reducing the attractiveness
of this option.

2.4  Assessment of Treatment and System Options
Each system is evaluated against the following:

e supporting blending or cementation processing

¢ remediating and repackaging the various nitrated salt drums at LANL
e accommodating remediating and repackaging drums at other location
e providing capability for legacy drum repackaging operations

e addressing the complexity and risks associated with implementation
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3.0 WASTE STREAM CHARACTERISTICS
The complete inventory of nitrate salt waste drums that require repackaging are as follows:

e 60 RNS drums in storage at LANL

e 114 RNS drums at Waste Control Specialists, LLC (WCS) in Texas?®
e 29 UNS aboveground drums at LANL

e 79 UNS drums belowgrade at LANL

Presently, temperature control is used to maintain the aboveground RNS drums in a safe configuration
and will be used before and during processing of the drums. Also, 114 drums at the low-level waste
facility in Andrews, Texas, are managed by WCS in shallow underground storage that is effectively
temperature controlled.

Developing an effective process and selecting a system to handle the process start with understanding
the characteristics of the feed stream. For this effort, the initial feed streams are the RNS and UNS salt
drums. Appendixes A through D highlight the RNS, UNS, belowgrade, and WCS drum information
examined for this effort. Available information relating to these waste streams provides the following
overview of the waste to be processed.

3.1 Waste Composition
3.1.1 UNS Waste Drums

Typically, the nitrate salt wastes were recovered from an evaporation process at TA-55 that was fed by
either ion-exchange effluent or oxalate-precipitation filtrate. The salts, contaminated mostly with plutonium
and americium, were packaged in bags and placed in drums. The real-time radiography (RTR) results
from the aboveground drums are available and provide the composition characteristics of the waste. All
the drums contain lead liners, and most contain plastic liners in which the bags or cans of salt were
placed. The UNS aboveground drums are all over packed in 85-gallon drums.

Belowgrade candidate drums do not yet have RTR documentation but do have limited information-relating
to the drum contents. The belowground drums appear to contain a more diverse suite of salts, leached
solids, crucibles, ash, NaOH pellets, resin, hydroxide cake, etc., based upon the generator notes.

3.1.2 RNS Waste Drums

The RNS wastes were created from the UNS waste stream by mixing absorbents and/or neutralizers with
the UNS wastes. The blended waste was placed in a fiberboard-insert liner that was placed inside a
plastic bag in the 55-gallon drum. The salt/Swheat blend was placed directly into the fiberboard liner
without any protective plastic around the waste, as was the case in the UNS drums. Debris waste was
also often placed into the drum with the salt/Swheat mixture. Although the debris was typically placed
atop the salt/Swheat blend, frequently the debris is intermingled rather than layered in the drum. Thirteen
RNS drums are estimated to contain over 50 volume-percent debris and 23 RNS contain 20 volume-
percent or more debris waste. The oxidizer and cardboard liner provide unique concerns not associated
with the UNS drums. Twelve 12 RNS containers consist of 12-inch pipe overpacks (POCS).

3 The same processing capability could treat the LA-CINO1 drums at WCS, if required.
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3.2 Liquid

Free liquid can be identified utilizing RTR. All but four of the RTR videos of the RNS drums were taken
between September 2013 and April 2014. The other four RTR records are of the POCs taken in 2011 and
2012. Five RNS drums (at that time) were reported to contain liquid: three contain less than 100 milliliters
and two POCs contain about 2 liters located outside the containment bag in the POC.

Free liquids are found in nearly all of the UNS drums, typically in the 1- to 5-gallon range, with one drum
containing 15 gallons. The liquid is either in the bags containing the salt waste or located on the bottom of
the internal plastic liner.

3.3 Material at Risk

The current material at risk (MAR) limit for operations in the 231 and 375 Perma-Cons® is 18 Equivalent
combustible plutonium-equivalent curies (ECPE-Ci) of material in process, with an additional 18 staged.
For RNS waste, the current plutonium-equivalent curies (PE-Ci) values are assumed to be the actual
ECPE-Ci since the waste is considered combustible. Based upon the current drum information:

Fifteen of the known RNS, UNS, and belowgrade drums exceed the 18 ECPE-Ci limit.

e 60 RNS Drums 9 drums exceed 18 PE-Ci
e 29 UNS Drums 0 drums exceed 18 ECPE-Ci
e 79 Belowgrade UNS Drums 6 drums exceed 18 ECPE-Ci (31 exceed 18 PE-Ci)

Ten drums appear to have Hazard Category 2 levels of radionuclides.

e 60RNS 0 exceed Haz Cat 3 levels
e 29 UNS 0 exceed Haz Cat 3 levels
e 79 Belowgrade UNS 10 exceed Haz Cat 3 levels

The current Area G technical safety requirements (TSR) limit sort, segregate, size-reduction, and
repackaging activities to 18 ECPE-Ci in process and 18 ECPE-Ci in container storage in the area of
processing. It may be possible to utilize the entire 36 ECPE-Ci (18 for process and 18 for storage) for
drum repackaging/remediation operations. If this were possible, then only one RNS drum exceeds
36 ECPE-Ci and it contains 39.1 ECPE-Ci.

All the drums contain less than 200 plutonium-239 fissile gram equivalent (FGE), and it does not appear
this will be an issue for the nitrate salt drums. This is the FGE limit that any one drum can have for
shipment to WIPP, but the WIPP limit includes two times the measurement uncertainty, and this
information is only available for containers that have been assayed recently.
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4.0 REMEDIATION PROCESS OPTIONS

The recently completed options assessment report (Options Assessment Report: Treatment of Nitrate
Salt Waste at Los Alamos) identifies five candidate process alternatives. The highest ranked alternative is
the addition and blending of zeolite with the RNS or UNS salts. The other four options include a
cementation step. The report predicts that the following number of RNS daughter drums (includes parent
drums and debris drums) will be produced with each option (assuming 57 RNS drums):

e Zeolite addition without cementation 399
e Zeolite addition with cementation 798
e Dry process and cementation without zeolite 285

e Wet process and cementation without zeolite addition 342

e Salt dissolution with cementation 285

The exact number of daughter drums can better be estimated once the process option and the process
operating conditions are resolved. However, this estimate provides some indication of the number of
drums that are expected to be generated.

Four candidate processing approaches are presented as part of this review for the salt or salt/Swheat
wastes. These approaches include two blending options and two cementation options. For each
approach, a recipe is identified and a daughter drum count estimated. The daughter drum estimate is
based upon the recipe and the drum information found in Appendixes A and B.

The debris stream is examined separately because it is not as homogenous, presents a different set of
challenges, and will require different processing.

4.1 Impact of Process Option on Glovebox/System Selection

The process treatment option that is selected will impact how and where the processing will be carried out
and present requirements for the confinement system. The dry-blending process, blending of the salt with
zeolite, will be easier to process with the readily available repackaging system options. Cementation, a
wet process, may require modifications or additional capability in addition to the available glovebox
systems or may require a new glovebox. Cementation requires dissolution, pH adjustment, addition of
cement, and agitation or blending of a heavy viscous paste.

4.2 Zeolite Blending
It is envisioned that dry blending with zeolite will require the following unit operations:

e Recovery or separation of the salt/Swheat matrix from debris waste

e Collection and absorption of free liquids in zeolite (expected to be minimal for RNS drums)
¢ Weighing of the salt/Swheat matrix or absorbed liquid/zeolite and zeolite components

¢ Blending of the salt/Swheat matrix and zeolite streams

e Processing of the debris waste—possibly washing or wiping and repackaging
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These operations can be handled in typical repackaging gloveboxes. Two approaches to achieve a
blended product include

1. small-scale batches that are then dumped into the daughter drum or

2. batching the appropriate ratio of zeolite and salt/Swheat into a drum and blending the entire
contents.

Batch-blending operation can be achieved using a small drum blender or a conventional Hobart-type
mixer, as shown in Figure 1. The mixer can be located in the glovebox at each daughter drum station.
Selection of the size and type of blender will be based upon surrogate testing and size constraints of the
glovebox.

Figure1l Glovebox end view showing Hobart blender for
batch blending and picture of a drum blender

A second blending alternative uses the daughter drum to achieve blending of the salt/Swheat and zeolite.
Dry blending is frequently performed in drums with lifters using a tumbling action. Bulk blending using the
daughter drum after components are combined is achieved by using a drum tumbler or drum roller as
those shown in Figure 2. Bulk blending using a drum tumbler or drum roller would likely require a drum
insert with baffles to aid in the blending process. The optimal approach would be determined by
conducting tests with surrogates. Drum tumblers are readily available and Radioactive Liquid Waste
(RLW) facility uses a unit for cementation.

Figure 2  Drum blending options: Drum tumbler and drum roller
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Blending is a dry process and may provide safety (and resulting safety basis) concerns related to
sparking or electrostatic discharges (ED) during blending. The sensitivity of dry material may need to be
examined to better understand these potential issues. Effective mitigation may be achieved through
materials of construction and proper grounding of blending equipment.

4.2.1  Zeolite Blending Recipe

The recipe for blending RNS and UNS waste assumes a 3:1 volume ratio of zeolite-to-salt waste'. Free
liquids (mainly in the UNS stream) are first absorbed with zeolite and then the resulting wet zeolite is
blended at the same 3:1 ratio. This ratio is identified in the Options Assessment Report. For operational
efficiency, a 2:1 ratio was recommended by the LANL-Carlsbad Difficult Waste Team from data provided
by testing at EMRTC.# The more conservative 3:1 ratio is used for estimating purposes in this
assessment.

Zeolite has the following characteristics®:

e Water absorption per pound of Bear River (BR) zeolite 0.55 Ib
e Bulk density of dry BR zeolite 55 Ib/ft3
e Bulk Density of wet BR zeolite 85 Ib/ft3

Salt waste and blended salt/Swheat exhibited the following characteristics during formulation for
cementation tests performed by Robert Wingo:

e Bulk density of surrogate salts for cementation 100 Ib/ft3

¢ Bulk density of surrogate salt/Swheat blend 57 Ib/ft3

Based upon the zeolite characteristics and the expected salt and salt/Swheat bulk densities, the following
recipes are expected for blending. The number of daughter drums produced based upon these recipes
and the waste stream information are also shown.

RNS Drum Blending Information

¢ Small-batch blending (fill drum 90%):
« Salt/Swheat 12.5 gal. (96 Ib)
s Zeolite: 37.5gal. (278 Ib)
« 132 blended daughter drums

e Bulk blending in a drum (fill to 605%):
s Salt/Swheat: 8.5 gal. (65 Ib)
s Zeolite: 25 gal. (185 Ib)
s 178 blended daughter drums

4 Zeolite Required to Meet the Constraints Established by EMRTC (LANL-Carlsbad Office Difficult Waste Team:
LA-UR-14-26860). Requirement was 1.2:1 but was rounded up to 2:1 for operational efficiency and provided
additional conservatism.

5 Specification from Bear River (BR) Zeolite, Preston, Idaho
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UNS Drum Blending Information

e Small-batch blending (fill drum 90%):

s Salt: 12.5 gal (168 Ib)
s Zeolite: 37.5 gal (278 Ib)

R/

« 73 blended daughter drums

e Bulk blending in a drum (fill to 605%):
s Salt: 8.5 gal (114 Ib)
% Zeolite: 25 gal (185 Ib)

R/

< 99 blended daughter drums

The UNS stream has significant free liquids. It is assumed the free liquids are absorbed directly with
zeolite before blending with more zeolite. Therefore, every gallon of free liquid (8.4 pounds) will require
approximately 16 pounds of zeolite. The zeolite with absorbed free liquids is then further blended with
3 more equivalent volumes of zeolite. This is accounted for in the drum estimation calculation.

4.2.2 Implementing Small-Batch Blending for Nitrated Salt Waste Streams

Batch blending includes combining the salt or salt/Swheat mixture and free liquids with zeolite. Zeolite
comes in a variety of particle sizes. The optimal size for blending is likely to be a 14 x 40 mesh that is
equivalent to a 1.4- x 0.4-mm patrticle size. Most of the RNS drums do not appear to contain free liquids
based on RTR evaluations, and this is likely the case for the WCS drums. Most of the UNS drums contain
liquids (see Appendix B), and belowgrade drums are also likely to contain free liquids. Free liquids will
first need to be absorbed with zeolite. The salt/Swheat or absorbed liquid/zeolite are then blended with
zeolite in a 3 parts zeolite to 1 part salt/Swheat volumetric ratio (may be adjusted after treatability testing).

The waste drum (salt, Swheat, free liquids) is introduced into the box via the waste drum bag on port.
Zeolite can be introduced via the daughter drum in bags that are removed and placed in the glovebox or
via screw feeder through the side or top of the box. The parent drum is opened and any free liquid
collected and mixed with zeolite to absorb the free liquid. The salt (UNS) or salt/Swheat (RNS) and the
absorbed liquid on zeolite are then blended with zeolite.

Batch blending also provides flexibility for handling a range of salt/Swheat forms, from wet sloppy material
to dry clumpy material. Most of the surrogate work has focused on a friable product, which is typically
found when blending the nitrate salts with Swheat in a 3-to-1 volume ratio. However, it is possible that a
more difficult physical form may be encountered, such as a wet “liquidy” consistency or a drier bread-like
consistency. Batch processing provides the opportunity to add water or additional zeolite to get a proper
consistency and mix regardless of the form obtained from the parent drum. Mixing the salt/Swheat with
water before mixing it with zeolite also provides an opportunity to dilute the nitrate salt concentration
found in the Swheat and allows the nitrates to report to the zeolite where it is of less concern.

A number of batch-blending systems can effectively provide the blending. The more homogeneous the
feed stream, the easier it will be to blend. Large hard chunks of salt or excessively wet viscous material
will be more difficult or require an approach that is less sensitive to particle size and viscosity. Initial
candidate systems include a drum blender or a common Hobart blender used in the baking industry.
Inserting the mixer can be achieved by bagging the blender into the box through the daughter or waste
drum bag-on opening. Other blenders—drum or paddle—may be difficult to set in contaminated boxes
because they are larger and heavier. The batch approach allows for verification of product quality before



Engineering Options Assessment Report: Nitrate Salt Waste Stream Processing

drum loading. However, the process rate is slow because of the batch size, typically 3 to 5 gallons. Three
gallons of a 3-to-1 volumetric zeolite-to-salt mixture weighs about 20 pounds (depending upon the
moisture content). Approximately 17 batches will fill a daughter drum.

Challenges to Implementing Batch Blending in a Glovebox

e Baitch size. Blending equipment typically used for blending moist solids and dry solids is of a size
that is not easily loaded into an existing glovebox. It may be possible to get a 5-gallon unit into a
glovebox through the daughter drum port, but it will be very tight and the unit weighs 190 pounds.
Therefore, smaller more conventional equipment, such as a Hobart blender may be required. The
result is a more time-consuming operation that requires numerous batches to fill a daughter drum.

e Testing. Blending equipment will need to be tested to ensure the unit will handle the variability in
the waste streams; salt/Swheat (RNS) and the salt (UNS) and that potential ED and spark
sensitivities are not realized.

e As low as reasonably achievable (ALARA). Operation is slower and requires multiple batches
increasing the dose that operators receive from the waste. Previous repackaging of this waste
stream resulted in short duration (less than an hour) shifts by operators from radiation exposure.

Benefits to Batch-Blending Approach

e Process is simple. Process requires combining preset volumes of two ingredients into a set
volume blender, mixing and dumping into the drum. Multiple units could be used in the glovebox
to increase throughput.

¢ No modifications required to the glovebox. Equipment can be loaded into the glovebox via the
daughter drum or the parent drum for set up. Zeolite can be introduced through the daughter
drum. Although it is possible to use an augur to feed zeolite through the glovebox side or top, this
would require modifying the glovebox.

e Product quality is verifiable. The blended product can be examined visually to ensure it has been
well mixed before adding to the daughter drum.

e Maximizes drum volume utilization. The full drum volume can be utilized because the product
quality is independent of drum utilization or drum weight.

4.2.3 Implementing Drum Blending for Nitrated Salt Waste Streams

A second alternative is to use the drum as the container for blending. As shown in Figure 3, an insert is
placed in the daughter drum before bagging the daughter drum to the glovebox. The insert has baffles to
aid in blending. Zeolite is placed in the insert before bagging the drum on to the glovebox. Salt/Swheat is
then weighed and placed in the drum once it is bagged onto the glovebox. A top is secured to the insert,
and the drum is then bagged off, covered, and placed in a drum tumbler for mixing (Figure 2).

Developing an insert that will improve blending will be important to achieving a well-blended product.
Surrogate testing will provide insight into the effectiveness of this approach.

10
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Figure 3  Preparation of a daughter drum for drum blending using a drum tumbler

Challenges to Implementing Drum Blending

Developing an insert to improve mixing performance. Commercial blenders called “drum
blenders” are used to blend ingredients in a number of industries. These are fixed units with a
drum designed to fold and mix ingredients. The blenders have baffles and internal ribs that aid in
mixing. Developing an insert that could be used with a drum roller or a drum tumbler may allow
for batching ingredients into the drum and then mixing the contents after the drum is removed
from the glovebox in a drum tumbler or drum roller.

Verification testing. The product would be blended after the drum is closed. Testing would be
required to verify the process effectively blends the zeolite and salt waste. RTR evaluations
during testing may be effective at verifying blending performance and may provide a means of
verification during processing.

Drum volume utilization. To allow for mixing, the drum can only be partially filled, resulting in more
daughter drums. For estimating purposes, a 60% fill volume was used. This resulted in an
additional 46 RNS and 26 UNS daughter drums compared with filling the drum to 50 gallons.

Facility floor space. The use of a drum tumbler requires availability of additional floor space. The
system requires a space of about 8 feet x 10 feet.

Benefits to Implementing Drum Blending

Simple process. Requires only that a preset volume of salt/Swheat be added to the drum. The
drum is then removed and mixed via a drum tumbler or drum roller.

ALARA. This option is very fast because it requires only the operator to measure out a volume of
salt and add it to the drum, thus minimizing the amount of time dealing with the waste stream.

No modifications required to the glovebox. No equipment is required inside the glovebox, making
the best use of available space for handling debris and salt waste.

Available glovebox floor space. Since no equipment is required inside the glovebox, the entire
box is available for handling debris waste.

11
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4.3 Cementation

Cementation of the salt or salt/Swheat waste streams can be achieved by mixing with an agitator in the
glovebox (similar to TA-55 salt waste line) or drum tumbling in a containment box exterior to the glovebox
(similar to RLW cementation process). In either case, the salt needs to be dissolved and pH adjusted
before cementation takes place. This will likely require a tank or possibly a daughter drum for dissolution.
Once the salt is dissolved, it can be pH-adjusted using a base solution such as sodium hydroxide. This
operation can be thought of as a four-step process:

e Weighing of the salt/Swheat matrix or absorbed liquid/zeolite and zeolite components
e Dissolution of the salt/Swheat matrix and free liquids
e Adjusting the pH of the mixture

e Cementation of the mixture

The two cementation operations examined (TA-55 and RLW) do not include salt dissolution. The TA-55
cementation operation includes a pH adjustment followed by cementation and the RLW operation is just
the cementation step.

A set of laboratory-scale cementation tests was completed by Robert Wingo using a blend of surrogate
nitrate salts and Swheat. The salt/Swheat blend was pulped in water, the pH adjusted, and the blend
cemented. Cementation was performed using an agitator and a roller. The cement made with the agitator
was more homogeneous and stronger than the rolled product (from a qualitative perspective), although
both were effective in removing the liquid. The 2-gallon monoliths are shown in Figure 4.

$6 — paddle mixed S7 —tumble mixed

Figure4 Comparison of cement made with agitation and via rolling “tumble”

One observation noted during the dissolution phase was the presence of gas formation before the pH for
solutions that sat for extended periods (more than a week) was adjusted. However, no such gas

12
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generation was observed for mixtures pH adjusted with caustic to precipitate the metals (pH of 9 t012).
This was likely the result of biotic activity that was suppressed at high pH (and ionic strength).

4.3.1 TA-55 Salt Solution Cementation Process

The TA-55 nitrate salt waste line utilizes the daughter drum for mixing cement into the pH-adjusted
solution. The intent is to prepare drums of monolithic concrete that have 150 to 200 2*°Pu FGE. The drum
has a plastic insert to protect the bag-on bag from the processing operation. A total of 125 liters

(33 gallons) of salt solution is mixed with approximately 25 liters (7 gallons) of 9-molar sodium hydroxide
solution in the plastic insert to adjust the pH and precipitate metals. Once the solution has been pH
adjusted to between 9 and 11.5, cement is metered into the drum while the solution is being agitated. The
cement is stored outside the building in a large hopper and is batched into an inside hopper, which is then
metered into the glovebox through the glovebox wall. A variable-speed mixer that can be raised or
lowered via linear rails is used to blend the cement into the solution. The process recipe calls for
approximately 300 pounds of cement. This results in a water-to-cement ratio of about 1:1 (which is very
high), creating a soupy type of texture. The daughter drum rests on a scale to verify the amounts of
material being added to the process. After mixing, the impeller is raised and cleaned off.

The glovebox is configured with two systems capable of preparing two drums. Figure 5 shows the
cementation box at TA-55. The box has a height of about 12 feet to allow for raising and lowering the
impeller shaft into the drum. The agitator is a variable speed Lightnin AJ350 and has dual impellers and
3.5-horsepower (hp) motor using 230-V three-phase power. After the cement is mixed, it is allowed to set
for 2 days before it is bagged off. This set time allows for verification of the mix and time for the drum to
cool.

Figure5 Cementation glovebox operation at TA-55

The pH adjustment and the cementation process are both exothermic and generate heat. Drum heating
has been noticed by the operators at TA-55, at the RLW facility and during processing cemented drums
at the Dual Axis Radiologic Hydrodynamic Test Vessel Preparation Building. The TA-55 cementation
process exhibits the following exothermic heating:

e Approximately 3500 kilocalories are generated during the strong acid/base reaction (pH
adjustment) using 30 liters of 9-molar sodium hydroxide (270 moles of OH"). This raises the 150-
liter solution approximately 23°C.

13
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o Type Il Portland cement exhibits a heat of hydration of about 80 calories per gram typically over a
7-day period. The heat of hydration of cement will generate a concrete temperature rise of about
10°F (5.5°C) to 15°F (8°C) per 100 pounds of cement per cubic yard of concrete.b

The associated temperature rise with pH adjustment and hydration of Portland cement may be important
considering the components in the waste may be heat sensitive, although the dissolution of the salts are
likely to mitigate this sensitivity. Alternatives for cooling the drum or controlling the process rate may be
considered to control temperature changes in the cemented waste. Reduced heat cements are available
and should be evaluated if cementation is used”.

4.3.2 RLW Waste Cementation Process

The RM-60 waste sludge stream at the RLW facility is cemented for final disposition. The waste stream
contains precipitated hydroxides and oxides from pH adjustment related to water treatment. The waste
feed is collected in a batch tank that holds 22 gallons of solution. A 55-gallon drum is loaded with 3 bags
(280 pounds) of Portland cement (Type IV) and 2.5 gallons of sodium silicate, and the lid is installed and
secured. The drum is then placed in a Morse Drum Tumbler, which is enclosed inside a high-efficiency
particulate arresting (HEPA) filter ventilated containment box as shown in Figure 6. The 22 gallons of
RM-60 sludge solution is gravity fed from the holding batch tank directly into the drum through the large
bung in the drum lid. The bung is then tightened, the door to the box enclosure is closed, and the drum is
tumbled for 20 minutes. After tumbling is complete, the door is opened and the large bung is removed
with a rag covering the bung to relieve any pressure and open the drum to avoid pressurization during
setting as the drum heats up. Finally a one-half cup of waste lock is added to absorb any free liquid that
may weep out.

Figure 6 RLW drum tumbler and containment box

The recipe used for this operation is roughly 0.65 water-to-cement ratio, which is lower than the ratio used
at TA-55 (1:1). The RLW recipe produces a drier, more viscous mix. It should be possible to design a

6 Concrete Technology Today, Volume 18/Number 2, July 1997
7 Concrete Technology Today, Volume 18/Number 2, July 1997
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bung that could be vented to a pipe for HEPA filtering before the bung is removed to mitigate the “burp”
associated with pressure build up during tumbling and to ensure it is handled in a controlled manner.

4.4 Implementing Cementation for Nitrated Salt Waste Streams
Two approaches are proposed for implementing cementation.

1. Cementing inside the glovebox using a sacrificial agitator. Salt dissolution, pH adjustment, and
cementation are performed in a daughter drum, simulating the TA-55 process approach. The
daughter drum requires a bag-on bag and an insert to accommodate agitation.

2. Cementing outside the glovebox using a drum tumbler housed in a containment box. Salt
dissolution and pH adjustment are performed in a permanent daughter drum. The pH-adjusted
solution is pumped from the glovebox to a drum for mixing similar to the RLW approach.

44.1 Cementation Recipe

Cementation tests completed by Robert Wingo? to evaluate the effectiveness of “grouting” RNS waste
provide some guidance on a possible cementation recipe. A surrogate RNS waste was produced in the
laboratory using nitrate, chloride and sulfate salts, oxalic and nitric acids, and Swheat. Figure 7 shows the
surrogate mixture of salt/Swheat mixed with water.

Figure 7 Mixture of nitrate salt, Swheat, and water before cementation

The mixture was pH adjusted to 9 and mixed with type Il Portland cement. The final recipe for the
cemented product is as follows:

e Volumetric ratio of Swheat-to-nitrate salt mixture 31

e Equivalent-mass ratio of Swheat to nitrate salt mixture 1:1

8 Notes from Cementation Tests, Robert Wingo

15
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e Mass ratio of water to dry Swheat 3.5:1 (after pH adjustment)
e Moles of NaOH used per kg salt 3 (120 9)

e Equivalent mass water to cement ratio 0.65:1

e Ratio of cement to salt 5.2:1

The cemented product is shown in Figure 8. It was blended using a mixer, and the product was very
homogenous and the Swheat well distribu