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low level mixing is needed

= Enhanced Chemical Cleaning (ECC) requires a relatively
small amount of acid [Rref. 1]
— short residence times; discourages re-precipitation of oxalates
— material at risk as small as possible
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= oxalic acid

— cleans stainless steel
cooking surfaces,
radiators

— used in wood restorers
— used in dyeing and
tanning processes
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the key ingredient of ECC

i

dissolves in water

= oxalic acid performs two
functions in removing

waste [Ref. 2]

— solvent — dissolves oxides and
hydroxides as an acid

— dispersant — reduces particle size
thereby promoting easy
suspension and transport
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flow requirements of ECC

" mixing objectives " Mmixing requirements
— liquid phase homogeneity — some tests suggest a flow
— maximum acid strength in contact field v >0.2 feet per second
with solids materials .(experle.nclze suggests mixing
— encourage convective transport S beneﬂqal, though exact
hisk | articl flow requirement is being
— Whisk away small particles investigated) [Ref. 3, 4, 5]

v
— bulk fluid concentration = 1 weight% oxalic acid

acid products
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mixer requirements and attributes

= mixer to interleave into = desired mixer attributes
existing program and — re-use equipment consider
Systems [Ref. 1] — multi-purpose equipment
— Uuse existing risers — consider off-the-shelf mixers
— consider technology
development initiatives by
DOE



LWO-CES-2009-00026

turbulent free jet at low liquid levels

jet cone breaks the
surface plane
at low liquid levels

typical submerged turbulent free Jet et cone impinges on
(Ref. 7] the tankfloor if located L
too close to bottom

CFD computer programs vary in the way
liquid surface and tank bottom interface is modeled

free surface is FIXED free surface is OPEN

&sﬁs [Ref. 10, 11]



slurry pump
(existing technology)
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three options for ECC

compact mixer
(by WSRC-LWO)
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= the “compact mixer” being
developed by WSRC LWO
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the compact mixer

= design approach:

— Identify the largest pump that
could fit through a 2-foot riser

— use a pump capable of
pumping at low liquid levels
without priming

— size the nozzles to achieve
the largest UoD coefficient

— can be modified to rotate or
sweep the et spray
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manufacturers/models considered

double diaphragm or air-
driven pump (Wilden,
Sandpiper, etc.)

= slim line sump (or well) pumps
a e Tsurumi

« Mody
not selected because . Gould
the largest pump _
could not produce the * Bibo

velocities required

largest pump within the size and pumping level
constraints (Model G1006 — 58HP — 700 gpm @ 180 ft)
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the compact mixer — prototype design
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the compact mixer — nozzle design
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the compact mixer inside a Type | tank
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slurry pump versus the compact mixer

Pump Centerline Hydraulic

Flow  Motor Velocity @ 60 ft HP
Mixer Option (gpm) HP  TDH(ft) fromJetExit (SG=1.1) ECR
SluryPump 1500 150 185 0.48 62 32
(standard)
Compact Mixer 660 58 207 0.37 38 19

= applications beyond ECC
= operate at very low tank liquid levels
= powered by a VFD for mixing variability

= compares favorably with the standard slurry
pump for general mixing applications
— provides economical option for spot slurrying
— Jets can be set at any elevation to “shoot”

between (or under) coil fences
@s URS
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test objectives

= verify pump flow and pressures
= verify nozzle velocities

— verify tank velocities at different levels
= determine pump stability

= determine low level pump capability
and operating limits
— vortex formation
— rooster tail formation
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