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widely-used, well established unit process in the ceramics, powder metallurgy
and pharmaceutical industries for preparation of fine-particle size slurries
and powders and for accomplishing powder/liquid reactions. PCBs will be
removed by a solvent extraction system based on well-established, standard
technology.

3.1 Process Flow Diagram

The proposed milling conditioning process is illustrated in the process
flow diagram of Figure 1 and vendor equipment literature is included in
Appen x A.

Sludge will be pumpi as a water slurry from the basins into a transport
vehicle for delivery to the conditioning facili ' (assumed to be the CVDF)
’ 777 " v unloadi into a surge ° 1k. From the surge tank, the slurry
he SWECU U-70 vibratory mill ~~ ~ ~ where it will be milled
y r a per (3 | atr oo ' ( g.
1ron or aepieted uranium oxide) and a ruLB extraction soivent mixture.

Milling will reduce the sludge particle size and, in the process of
adding mechanical energy in the form of increased particle specific surface
area and strain and fracture energy, will rapidlv react metallic uranium or
uranium hydrides with the slurry water to form : able hydrated oxides. The
brittle alumina/silicate zeolite ion exchange beads should be as easily milled
as the other inorganic, brittle sludge components. A choice of hard, wear-
resistant milling media is readily available, including alumina, zirconia and
silicon carbide. All of these media are harder than the sludge components and
should be easily capable of grinding them without excessive wear. Steel
grindi?g media is also available if it would be advantageous for criticality
control.

The mill will be equipped with a cooling jacket to remove excess heat
produced by the mechanical energy of grinding and heat of oxidation of the un-
reacted uranium. The mass of the mill and its grinding medium (16,000 pounds)
will moderate transient temperature rises if a slug of un-reacted uranium is
encountered. The temperature can be further controlled by varying the mill
feed rate or adding cooling water to the mill feed stream.

From the mill, the slurry will pass through a 325-mesh screen (44-micron
openings). Over-sized sludge particles (cladding, larger pieces of uranium,
tramp metals and perhaps some organic resin beads) that were not fully milled
in the first pass through the mill will be returned from the screen to the
mill. The oversized pieces can thus be recycled through the mill until they
are small enough to pass through the screen.

From the screen, the milled slurry will enter the solvent removal stage
(Schmidt 1998) where the solvent containing the PCBs will be separated from
the slurry. The solvent wastestream might des: iate as a TRU waste. Several
possible storage or sposal pathways for the PUB-containing solvent -
:wastestream must be plored. Off-site PCB-approved incinerators are located
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at the DOE sites of INEEL and Oak Ridge. The Hanford CWC PCB-approved waste
storage facility might also be a storage possibility.

PCBs should be effectively removed by the solvent combination of methyl
ethyl ketone (MEK) and normal parrafinic hydrocarbons (NPH) (Zacher 1998).
Mr. Zacher's process discussion is attached as Appendix B. The milling
process will brina the MEK into intimate contact with the PCBs that are
absorbed on the ¢ idge and resin bea particles. The MEK is expected to
displace the PCBs from the particles and transfer them to the NPH. Breakdown
gf :28 Io? Ex:hange Module (IXM) beads will make their absorbed PCBs available
o the solvent.

_ From the solvent separation stage, the slurry will pass to a surge tank
where it will be held for adjustment of pH and nitrite/nitrate concentration
prior to transport to TWRS. Samples of the milled slurry will be subjected to
an appropriate level of accepti testing before the slurry is loaded into
the transpc vehicle for tran: to ..

3.2 0ffgas Control System

Offgassing from the process is expected to be relatively minimal. Some
hydrogen will be generated and krypton and tritium will be released due to
oxidation of uranium. No acid ses will be generated. Some solvent and
water in the mill will escape by evaporation and be swept out by the mill
ventilation system. Additic 11 solvent and water will escape from the solvent
removal system that will join the exhaust stream from the mill to be treated
by the process exhaust system before being released to the atmosphere.

The proposed mill ventilation system (Schmidt 1998) will consist of a
series of individi . unit operations to clean the air stream. For a nominal
offgas control system, the first component would be a 1iquid. condenser. This
unit would be chilled and would remove much of the entrained solvent, PCB and
water vapor. In addition to removing 1iquid and condensible vapors from the
offgas, this unit would also remove most of the larger particulates (> 1 um).
The condensate could be returned to the process upstream of the solvent
separation step, avoiding the generation of a secondary waste stream.

A High Efficiency Mist Eliminator (HEME) would follow the condenser.
HEMEs are standard offgas treat nt unit operations in radioactive waste
vitrification plants used for the removal of condensed-phase submicron mists
and aerosols. This unit would provide a 137Cs'Decon_tamination ictor (DF) of
approximately 100. Since PCBs will be in a condensed phase, a similar DF
might be achieved. :

If a water spray is used to continuously clean the filter elements in
the HEME, this stream can also be returned to the process upstream of the
solvent separation step. ‘Upon leaving the HEME, the offgas would either be
diluted or heated above its dew »int before it is passed through a High
Efficiency Particulate Air (HEPA) filter). The HEPA filter will serve to
remove all of the remaining all particulates (i.e., "99.95% removal of 0.3um .
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8. Shielding adequate to meet ALARA requ1rements can be accomplished by
enclosing equipment rather than using a hot cell.

5.2 Uncertainties

1. The app ication of I jh-energy milling to sludge conditioning is new to
Hanford (and perhaps to the SNF program) and therefore might not have
the "comfort factor® of other alternatives for which t! re is more local
experience.

2. Questions of DST criticality safety based on sludge particle size and
homogeneity might require additional analysis. A criticality safety
analysis must be prepared.to objectively d “rmine w .her 44-micron and
smq]]er milled particles blended \ :h neutron absorber materials is
¢ e ' :

3. Uranium oxidation rate r« 11ts from 1a ical expt ments might not be.
directly scalable to the rull-size mill.

6.0 COST AND SCHEDULE

The method used to estimate the cost and schedule for the baseline
chemical sludge conditioning process was also used as a basis for estimating
the cost of the milling process. New estimates (Precechtel 1998) for
equipment and construction cost for the milling process were developed. Other
costs, common to both the chemical and milling processes were unchanged.

6.1 Estimated Cost

The Sludge Removal System baseline budget and schedule was used as the
starting point for estimating the costs associated with the high-energy
milling process as many of the basic cost elements are common to both
alternatives. Where the knowledge base for the milling process were well
understood, costs were revised. Any process cost elements that where
identified as needed by both processes but with 1imited knowledge base, the
estimate was not changed.

The preconceptual design report (Chang 1997) for the chemical process
included cost estimates for equipment and construction. These estimates 1 ‘e
prepared by Fluor Daniel Northwest, Inc. for buc :ting purposes and were used
as input to establishing the overall subproject paseline.

The cost of the Sludge Removal Project (WBS 1.3.1.1.50) with the
chemical process was estimated in June 1997 to be $56.8M (Figure 2). This
cost includes $27.3M for design and construction of the chemical sludge
conditioning subproject ar $5.5M for process development. The June 1997
- subproject estimate utilized fiscal year 1997 dollars which assumed
escalat . In addition, it did not use FY98 project overhead rates.
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Process Description

The PCB extracﬁon enhancements to the Vibro Energy Grinding Mill would require adding |
solvent, removing the solvent downstream and controlling vapor emissions from the grinding
unit. - ' . :

First, while sludge is processing in the grinder, a mix of methyl ethyl keytone and normal
paraffinic hydrocarbons (MEK/NPH) is injected into the front end of the grinder. The
MEK/NPH would be added *~ such quantity that the solvent could intermix with the grinding
media and the sludge while still retaining a free floating layer that would float on top of the
mixture that should be approximately 1 to 2 cm thick. The layer.of solvent on top of the process
1 rixsh¢ " 1not undergo intense mixing, thereby provic" 7 a partial barrier to bulk evaporation
and particulates escaping the matrix. The process mix would be taken out of the grinder through
the dxscharge port and passed to a liquid/liquid separator. In the separator, the MEK/NPH and
slu we " 1be My se ']
emulsxon-breakmg agent may lected separately (as the
upper layer), while the sludge is sent to the next unit operation for further processing. Attached
to the grinder and the liquid/liquid separator would be an offgas handling system.

The offgas handling system would consist of a condenser, followed by a chevron derhister, then a
High Efficiency Mist Eliminator (HEME), followed by a HEPA filter, and a centrifugal blower at
the end of the train used to draw vapor through the system.

The solvent, once separated from the aqueous matrix, will either have to be treated by removal of
the solublized PCB's or the complete destruction of the solvent matrix. Distillation of the solvent
phase may provide acceptable removal of MEK, and perhaps the separation of NPH can be
accomplished to reduce the volume of the waste solvent stream from this process

Alternative 1: Alternate Solvents

The MEK/NPH system was selected due to its density less than water, its acceptable viscosity,
low volatility compared to other solvents, and the affinity of MEK for PCB's. Alternate
extraction solvents that could be considered include hexane/acetone (1:1),
hexane/dichloromethane (85:15), die 'l ether/hexane and dichloromethane; all of which may
have slightly greater affinity for PCB's ‘than the MEK/NPH mixture.

The MEK/NPH system was considered for use as a potential solvent for PCB removal from the
sludge matrix. The MEK in this syst . operates as a phase transfer agent to solvate PCB's from
the sludge phase; and transport them to the NPH phase. Once the PCB's are partitioned into the
NPH phase, they should remain there until the phases are separated. The NPH is lighter than
water, which will allow it to float on the top of the sludge matrix following extraction, which will
make separation much easier downstr The cap of NPH should also combat the higher
volatility of the MEK to keep much of it in solution in the extraction solvent and also actas a
barrier to aerosol formation from the sludge phase being grinded.
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amount will have to be quantified and then evaluated to see if thisis  eptable with respect to
downstream processing and characterization requirements. Some small-scale solubility tests can
be used to generate expected stream concentrations that can be evaluated against acceptable
organic limits for-downstream processing of the sludge. _

Another process uncertainty for this system is the extent of the ability of the PCB's to partition
into the solvent phase and how many stages this may require. Standard analytical procedures for
quantifying PCB's usually require three extractions to optimally remove PCB's from a matrix.
This will need to be investigated to determine the removal efficiencies of the system. Some
small-scale‘cascade extraction cells could be used to examine the requirements for acceptable
PCB removal.

Finally, I am unsure of the method that would be most useful for separating the PCB's out of the
M X/NPH solvent phase. An evaporation or distillation step may be employed to remove much
of the MEK and some of the NP™" but it iy be nec 'toap "' OF( ~ T
adjustments to the process to keep 1rrom solvent stripping the PCB's. Some separation methods
may need to be tried at & bench scale level to determme how best to separate the solvent from the
PCB's. .
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