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SUMMARY 

Proposed treatment processes for High Level Waste at Hanford 
and Oak Ridge National Laboratory (ORNL) include pretreatment 
to separate insoluble solids from the aqueous waste,. 
Crossflow filtration, dead-end filtration, and settling are 
methods applicable to these separations. Testing is needed 
for selection of the appropriate technique for each 
application. Crossflow filtration is most applicable to the 
ORNL Radiochemical Engineering Development Center (REDC) 
waste and the ORNL Newly Generated Low Level Liquid Waste 
(NGLLLW) treatment. In addition, the Hanford Tank Waste 
Remediation System (TWRS), ORNL Melton Valley Storage Tank 
(MVST) TRU Processing Facility, and the ORNL Gunite Tank 
program may require crossflow filtration. Backflushable 
cartridge filters are probably the best treatment method for 
the MVST supernate cesium removal program and part of the 
NGLLLW treatment process. Some of the streams require a 
combination of methods, such as a coarse settling and a 
polishing filtration stage. 
Solid/liquid separation work conducted at the Savannah River 
Site (SRS), ORNL, Hanford, and West Valley is summarized and 
the applicability to current needs discussed. General 
information about crossflow filtration and design of 
filtration experiments is also included. 



3 WSRC-#P-95-0337, Rev. 0 

Table of Contents 
Acronym Definitions 4 
Introduction 5 
General Information on Solid/Liquid Separation 6 
Solid/Liquid Separation Methods Considered ,. 6 
Crossflow Filtration Equipment at Savannah River Site 6 
Effect of Scale 9 
Facility Status 10 
SRS Process Status 10 
West Valley PUREX Sludge Treatment Process 11 
Hanford Status 11 
ORNL Status 13 
Filtration Processes 14 
Flowsheet Considerations 17 
Hanford Considerations 17 
ORNL Considerations , 17 
SITE TESTING 17 
SRS Effluent Treatment Facility Tests 17 
Colloid Chemistry Studies with SRS Sludge.' 18 
SRS In-Tank Precipitation Tests ..19 
SRS Late Wash Tests 21 
West Valley PUREX Sludge -Treatment Process . 21 
Hanford Redox/Purex Sludge Tests 22 
Hanford Cladding Removal Waste Tests 22 
Hanfbrd Neutralized Current Acid Waste Tests 23 
Colloid Chemistry Studies 25 
ORNL Melton Valley Storage Tank Tests 27 
ORNL REDC Tests 27 
ORNL Newly Generated Low Level Liquid Waste Tests 28 
Site Testing Conclusions 28 
SIMULANTS vs . ACTUAL WASTE 30 
SLS METHOD APPLICABILITY 32 
Hanford 32 
ORNL Gunite Tanks 34 
ORNL MVST Supernate Cs Removal Program 35 
ORNL MVST TRU Processing Facility 35 
ORNL REDC 35 
ORNL NGLLLW 35 
TESTING NEEDS . 37 
Simulant Preparations 37 
Simulant Testing 38 
SRS In-Tank Precipitation and Late Wash. . 38 
Hanford Tank Waste Sludge Leaching and Washing 39 
Hanford Ion Exchange Influent Polishing 40 
Hanford Ion Exchange Effluent Fines Removal 42 
ORNL Gunite Tank Waste 42 
ORNL MVST Supernate Cs Removal Program 42 
ORNL MVST TRU Processing Facility 43 
ORNL REDC 43 
ORNL NGLLLW 4 3 
R a d i o a c t i v e W a s t e -. 44 
CONCLUSIONS 4 5 
REFERENCES 4 6 



-f/L 
4 WSRC-R/-95-0337; Rev. 

Acronym Definitions 
DE - diatomaceous earth 
DOE - Department of Energy 
DW - Decladding Waste (Hanford) , 
DWPF - Defense Waste Processing Facility (SRS) 
ESP - Extended Sludge Processing (SRS) 
ETF - Effluent Treatment Facility (SRS) 
gpm -• gallons per minute 
HLW - High Level Waste 
IPM - Initial Pretreatment Module (Hanford) 
ITP - In-Tank Processing (SRS) 
IX - Ion Exchange 
KCCF - potassium cobalt hexacyanoferrate 
KTPB - Potassium tetraphenylborate 
LW - Late Wash (SRS) 
M - Molarity 
MR - Metathesis Rinse (Hanford) 
MVST - Melton Valley Storage Tanks (ORNL) 
NCAW - Neutralized Current Acid Waste (Hanford) 
NGLLLW - Newly Generated Low-level Liquid Waste (ORNL) 
NTS - Nevada Test Site 
NTU - Nepheleometric Turbidity Unit 
ORNL - Oak Ridge National Laboratory 
PHP - Pneumatic Hydropulse (Mott) 
ppm - parts per million 
REDC - Radiochemical Engineering Development Center (ORNL) 
SLS - Solid-Liquid Separation 
SM - Spent Metathesis (Hanford) 
SRS - Savannah River Site 
SRTC - Savannah River Technology Center 
ST - (mono)sodium titanate 
TFA - Tank Focus Area 
TPF - TRU Processing Facility (ORNL) 
TRU - Transuranic 
TWRS - Tank Waste Remediation System (Hanford) 
WIPP - Waste Isolation Pilot Plant 
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Introduction 
The Tank Focus Area (TFA) of the Department of Energy (DOE) 
Office of Environmental Restoration and Waste Management (EM) 
addresses remediation of liquid waste currently stored in 
underground tanks. Several baseline technologies -for 
treatment of tank waste can be categorized into three types 
of solid liquid separation: (a) removal of radioactive 
species that have been absorbed or precipitated, (b) 
pretreatment for ion exchange, and (c) volume reduction of 
sludge and wash water. The solids formed from precipitation 
or absorption of radioactive ions require separation from the 
liquid phase to permit treatment of the liquid as Low Level 
Waste. Prior to ion exchange of radioactive ions, removal of 
insoluble solids is needed to prevent bed fouling and 
downstream contamination. Volume reduction of washed sludge 
solids would reduce the tank space required for interim 
storage. The scope of this document is to evaluate the 
solid/liquid separations needed to permit treatment of tank 
wastes to accomplish these goals. The document summarizes 
previous alkaline waste testing, with an emphasis on 
crossflow filtration, to.obtain a general understanding of 
the behavior of radioactive wastes on available equipment. 
The document also provides general information about 
filtration and a path forward for testing. 

Table 1 
Estimated Tank Waste Inventory and Treatment 

Waste 
Current 
Inventory 
(kgal) 

Treatment Project 
Rate a Demo. 
(crpm) Date 
l c 12/81 
14 1/83 
10 1984 
57 e 7/96 
200-300 f -7/96 
1 - 9/96 
5 -9/96 
0.05 -3/97 
1 n .a. 

SRS Sludge 
SRS Salt/Sup. b 

West Valley Tank 
Hanford Tanks 1 

ORNL Gunite 
ORNL MVST-Cs 
ORNL TPF 
ORNL REDC 
ORNL NGLLLW 

3500 
30,000 
600 
61,000 d 

469 
350(25)9 
100 
0 (12)h 
0 (120) h 

aestimated treatment facility flow rate during operation 
bcombined saltcake and supernate volume 
cExtended Sludge Processing (ESP) overall sludge washing rate 
dcombined saltcake, supernate, and sludge volume 
eestimated average flow rate into the evaporator 
festimated flow rate during sluicing operation 
^quantity to be treated in 1996 demonstration 
hestimated annual generation and treatment rate 
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The estimated inventories of underground storage tanks at 
SRS, West Valley, Oak Ridge, and Hanford are listed in Table 
1. These waste tanks represent the majority of the High 
Level Waste in the DOE complex that are scheduled for 
treatment demonstrations. The estimated treatment rates are 
based on average process design criteria or conceptual design 
criteria. 
General Information on Solid/Liquid Separation 
Solid/Liquid Separation Methods Considered 
Solid/liquid separation (SLS) technologies considered for 
these applications can be placed into three primary 
categories: 
Clarification: 

Settling 
Centrifugation 
Hydrocyclone 

Dead-end filtration: 
Media (deep bed) 
Disposable cartridge 
Backwashable cartridge (polymeric) 
Backwashable cartridge (metal) 

Crossflow filtration: 
Metal filters: 

Sintered stainless steel powder 
Stacked etched stainless steel disks 

Ceramic/metal 
Ceramic filters: 

Alumina 
Alumina/zirconia 
Graphite/titania 
Graphite/zirconia 

Polymeric filters 
Crossflow Filtration Equipment at Savannah River Site 
The solid/liquid separation techniques used in the Effluent 
Treatment Facility (ETF), In-Tank Precipitation (ITP), 
Extended Sludge Processing (ESP), and Late Wash (LW) 
facilities at SRS were researched for viability prior to 
construction. Testing was done at various locations and at 
differing scales for the facilities. Laboratory-scale 
equipment, approximately 1:750 scale, has been used by 
Savannah River Technology Center (SRTC) for scoping 
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activities with larger equipment used for engineering 
parameters and scale-up confirmation. 
Scoping activities with lab-scale equipment are adequate for 
identifying significant impacts to filtration performance, 
although filtrate fluxes are generally higher than -observed 
at production scale. Higher fluxes on small-scale'equipment 
have been attributed to more effective backpulsing and 
chemical cleaning. In addition, end effects cause increased 
turbulence that impacts the boundary layer thickness. On 
short filter tubes the high turbulence area is a significant 
fraction of the length and thereby contributes to higher flux 
rates. 
Although numerous crossflow filters are commercially 
available, few are adaptable to high radiation fields and 
concentrated caustic. Filters made of seamless, sintered 
stainless steel, such as those used in ITP at SRS, are 
completely welded to the housing and contain no polymeric 
components. Pore sizes for sintered stainless are as low as 
0.2 microns (nominal). These metal filter elements are 
available from at least three vendors (i.e., Mott, Pall, and 
Graver Separation Systems). Woven or mesh fiber stainless-
steel filters are also available, but pore sizes are 
generally larger and tube walls thinner. Stacked etched 
disks made of stainless steel are available from one vendor, 
Vacco. These filters have a tightly controlled pore size 
with a minimum pore dimension around 1 micron. The stacked 
etched disk filters can be made entirely of stainless steel. 
Excellent backpulse performance is expected from these 
filters since the pore is a straight channel, not a tortuous 
path as in sintered filters. 
Asymmetric ceramic filters for liquid service are available 
from U.S. Filter and CeraMem. The ETF at SRS utilizes 
Ceraflo™ microfilters from U.S. Filter (0.2 micron) made, 
entirely of alpha-alumina. Smaller pore sizes are available, 
but gamma-alumina or zirconia is used as the membrane 
material. The gamma-alumina is less tolerant to high pH 
solutions than alpha-alumina. Ceramic filters typically have 
polymeric gaskets at the ends to seat them in a faceplate. 
The faceplate is then attached to a .housing with a polymeric 
O-ring. In addition, the end of a ceramic filter is 
typically coated with a porcelain to prevent permeation into 
the porous support material. 
Combination ceramic/stainless-steel filter tubes are also 
available commercially from Graver Separation Systems. The 
ceramic is composed of titania and is bonded to the 
stainless-steel substrate by sintering. A pore size of 
approximately 0.1 microns is reported by the vendor for these 
filters. The stainless-steel substrate can be welded to the 
housing, avoiding the use of any polymers in filter 
construction. 
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Chemical resistance to high caustic environments and 
radiation tolerance would need to be established for the 
ceramic and ceramic/steel filters. Also, some forms of 
titania-related materials are capable of extracting soluble 
strontium and actinides from alkaline solutions. Examination 
of this extraction phenomenon would need to be completed on 
the ceramic/steel filters before they could be put into use. 
Polymeric crossflow filters are available in a variety of 
pore sizes and materials of construction. The materials 
normally used for polymeric filters are generally not as 
resistant to chemical, abrasive, or radiolytic attack as 
inorganic filters. Testing at SRS, in support of the reverse 
osmosis membranes in the ETF, was completed on the radiation 
tolerance of membranes. Three polyamide and polysulfone 
reverse osmosis membranes were exposed to 50 Mrad of 
radiation from a Co-60 source with no degradation in membrane 
performance.2 Filters made of fluoropolymers are not 
expected to tolerate radiation as well as membranes of 
polyamide and polysulfone. 

An inherent operational consideration in crossflow filtration 
is to identify the fate- of the concentrate stream. Only a 
portion of the liquid is removed as filtrate in a single pass 
through a crossflow filter. The concentrate can be sent on 
to another filter, as in the ETF at SRS, or returned to the 
feed tank, as in the ITP process at SRS. In the ETF, the 
feed stream is very low in insoluble solids and the 
concentrate is passed to a second and third stage. At the 
end of the third stage concentrate is removed at a rate of a 
few percent of the inlet flow rate, over 95% of the water is 
removed as filtrate. In the ITP process, 10% or less of the 
water is removed in a single pass and the concentrate is 
returned to the .1.2 million gallon feed tank. Alternatively, 
many commercial operations are completed in batch mode where 
a small auxiliary tank is used to concentrate (and wash, if 
necessary) the solids. 
While crossflow filtration is generally applicable, for some 
waste streams disposable cartridge filters may be 
appropriate. The general problem with disposable cartridge 
filters is the high radiation dose associated with spent 
filters, as well as creation of a secondary waste stream. 
Several filters are available that are backwashable 
cartridges. This option would permit reduced radiation doses 
by backwashing most of the solids off the filter cartridge 
prior to disposal. The filter can be reused in numerous 
cycles until the backwashing cycle is too frequent and the 
filter must be replaced. It is anticipated that the 
permanent fouling is due to a small amount of fines. The 
cake could be discharged back to the tank, and the filter 
would then contain relatively small amounts of activity. 
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Chemical cleaning with dilute acids may be needed- to reduce 
the radiation level for disposal. This type of filter may be 
useful, for example, in the MVST Supernate Cesium Removal 
demonstration. 
Effect of Scale 
Small-scale filtration tests can be accomplished on all of 
these waste streams. Screening tests to identify the most 
practical solid/liquid separation technology can be done on 
the laboratory scale (0.1% to 0.5% of full-scale filtrate 
flow rate) . From these screening tests, approximate 
filtration rates and operating parameters can be determined. 
Decontamination factors (DF) can, in some cases, be 
determined from screening tests also. The DF of a freshly-
precipitated material can be determined, but not that of an 
aged slurry which may have colloidal or complexed radioactive 
ions. Solids removal efficiency (i.e., clarity of the 
filtrate) can be determined as long as the simulant has a 
similar particle size as the waste. 
Scaling parameters and more accurate flow characteristics can 
be obtained from bench-scale test units (0.5% to 2% of full-
scale filtrate flow rates). An intermediate scale test unit 
is generally needed to appropriately size a demonstration 
unit. For crossflow filters, end effects will be reduced 
with longer filter tubes. Filter tube length, or number of 
tubes in series, can also impact the filter performance 
because the last tube has lower velocity and pressures. Edge 
effects with media filters, similar to those seen with ion 
exchange beds, are reduced on a larger scale unit. 
Pilot-scale tests (5% to 10% of full-scale filtrate flow 
rates) are generally needed to verify filter performance and 
hydraulic effects. Backpulsing effectiveness with rigid 
filters is an important parameter that can only be accurately 
demonstrated on the pilot scale. 
The filtrate production rate and waste feed batch size are 
related, and must be considered when designing tests and test 
equipment. The smaller the amount of insoluble solids 
present in the waste, the larger the batch size needs to be 
to ensure that enough "foulant" is present to achieve steady 
state behavior. An estimate of the batch size for wastes 
with low insoluble solids content (<0.1 g/L) is >100 
gallons/ft2. With high insoluble solids content feed (5 wt 
%) , smaller amounts are adequate (-10 gal/ft2) . These 
guidelines will vary, depending on the particle size and 
filter pore size, but can be used as a first approximation. 
The size of the unit and feed tank should be appropriately 
scaled so that steady-state performance is achieved. 
Ideally, enough solution should be used to represent one full 
cycle of the unit operation (i.e., time between chemical 
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cleanings for a filter) in a single-pass mode. Tiiis is often 
not practical for routine investigations, but should be done 
at least once to verify performance. 
Further information on the effect of scale will be obtained 
when the SRS ITP facility begins radioactive operatrions. 
Comparison tests are being planned and documentation will be 
available at that time. 
Facility Status 
SRS Process Status 
The Effluent Treatment Facility treats low-level aqueous, 
waste prior to release through a permitted outfall (Figure 
1) . The low-level waste originates from several sources, but 
is predominantly condensed evaporator overheads and storm 
water runoff (Table 2). The facility removes both 
radioactive and hazardous components usingv crossflow 
filtration, ion exchange, carbon absorption, evaporation, and 
reverse osmosis. The concentrated waste is disposed in the 
Saltstone facility. The ETF replaced the onsite seepage 
basins for disposal of this waste stream and has been in 
operation since 1988. 
The Savannah River Site High-level Waste treatment flowsheet3 

(Figure 2) includes (a) the Extended Sludge Process (ESP), 
and (b) In-Tank Precipitation (ITP). The ESP includes in-
tank washing and settling of sludge, followed by decantation 
of the washwater. The washwater may be either evaporated or 
used for salt dissolution for ITP. The ITP involves 
precipitation of cesium with tetraphenylborate ion and 
sorption of strontium and actinides on mohosodium titanate 
from supernate and redissolved salt cake. The precipitation 
and absorption are followed by separation of the insoluble 
solids with crossflow filtration. Tank waste volumes, flow 
rates, and the date of project demonstration are listed in 
Table 1. 

In the ITP process, a 1 wt % slurry of tetraphenylborate and 
monosodium titanate in salt solution is concentrated to 10 wt 
% using the crossflow metal filter (Table 3). In the nominal 
flowsheet, a second and third batch of salt solution are 
added, and each is precipitated and concentrated. The three 
batches of 10 wt % slurry are then washed by continuous 
addition of water to the feed tank and removal of washwater 
using crossflow filtration. The washed insoluble solids are 
then transferred to a tank for interim storage. 
The sludge from ESP and insoluble solids from ITP are 
processed in the Defense Waste Processing Facility (DWPF) and 
vitrified in borosilicate glass (Table' 4) . The 
decontaminated aqueous effluents from all processes are 
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disposed in Saltstone. The ESP process was initiated 
approximately one year ago. The ITP facility has been 
constructed, has undergone facility testing, and is currently 
readying for radioactive operations. 
The DWPF includes washing of the cesium tetraphenylborate 
precipitate/monosodium titanate slurry to remove nritrite ion 
in the Late Wash (LW) process. The LW process utilizes a 
crossflow filter identical to the ITP filter to accomplish 
the washing. The LW facility is currently under 
construction. 
West Valley PUREX Sludge Treatment Process 
The West Valley Supernate Treatment System utilizes a 
crossflow Mott filter as a polishing filter prior to ion 
exchange treatment.4 The process involves sludge washing and 
settling prior to filtration and ion exchange. The washing 
procedure has been completed twice using this equipment. The 
sludge settles in the tank and the pump utilizes a floating 
suction to remove only the clarified liquid. The filtrate is 
cooled and passed through four zeolite ion exchange resin 
beds. A sand filter is used after the four columns to remove 
any zeolite fines. The prefilter is a vertically-oriented 
Mott HyPulse sintered metal filter with a 0.45 micron pore 
size. The 20 elements are 10 feet long with internal 
diameters of -0.6 inches giving a collective surface area of 
74 ft 2. The normal operation utilizes a 30 gpm concentrate 
stream, which returns to the tank, and a 10 gpm filtrate flow 
rate (0.14 gpm/ft2) at 10 psi differential pressure. The 
design criteria for insoluble solids content was 200 ppm. 
Settling rates for this sludge are very fast, with 95% of 
sludge settling in 1.5 hours. 

Hanford Status 

The Hanford tank waste (Table 5) is composed of a variety of 
wastes from nuclear fuel processes such as bismuth phosphate, 
uranium recovery, Purex, Redox, and others. The wastes are 
composed of varying quantities of sludge (metal hydroxides 
and oxides), salt cake, and supernate (concentrated salt 
solutions). The goal for Hanford support work is to identify 
the solid/liquid separation process type and approximate size 
to include in the Initial Pretreatment Module (IPM) 
conceptual design by February 1996. Testing on radioactive 
waste is planned for July 1996. 

The Tank Waste Remediation System (TWRS) Pretreatment 
flowsheet for treatment of Hanford high-level tank waste 
specifies locations for SLS processes5 although the baseline 
is currently being modified. The SLS processes are not yet 
finalized but baseline methods are referenced. If alternate 
SLS methods are to be used, they must be identified before 
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the conceptual design is"finalized. Acceptance criteria for 
the SLS effluent have not yet been established, although it 
is estimated at 50 ppm of insoluble solids.6 The final 
criteria for influent to the ion exchange unit (SLS effluent) 
will impact the SLS requirements. 
Three SLS needs have been identified in a proposed-
modification of the Initial Pretreatment Module for high-
level tank waste at Hanford (Figure 3 ) . 6 The flowsheet 
involves separation of insoluble solids both to prevent 
blinding of ion exchange columns and to-reduce radioactivity 
in the aqueous supernate stream. Some portion of the 
radioactive species present in the waste is insoluble and can 
be removed by filtration. The radioactive cesium is not 
separable by filtration and will be removed by ion exchange. 
Destruction of organics may be required prior to further 
treatment. Other radionuclides (Sr and Tc) may also need to 
be removed by ion exchange or sorption. The radionuclides 
are to be eluted from the resin(s) and mixed with the high 
activity sludge to form a glass waste. The decontaminated 
salt solutions will also be solidified, probably in a low-
level waste glass matrix. 

Sludge Leaching and Washing 
The first Hanford SLS need occurs during sludge leaching and 
washing. Although the current flowsheet specifies an in-tank 
settle and decant step, this may not be sufficient to achieve 
the solids loading necessary (-20 wt % ) , may produce 
excessive amounts of washwater, and may be prohibitively 
expensive. If out-of-tank SLS processes are necessary, 
centrifugation, filtration, or another SLS method would be 
needed to concentrate and wash the insoluble solids. If this 
primary separation does not sufficiently clarify the aqueous 
phase, a polishing filter to further remove unsettled 
insoluble solids before evaporation may be needed. 

Ion Exchange Influent Polishing 
The second Hanford SLS need is for a polishing filter to 
remove precipitated solids from the salt solution evaporator 
bottoms to prevent ion exchange column blinding. The current 
TWRS flowsheet specifies a deep bed glass frit filtration 
system for this process module. 

Ion Exchange Effluent Fines Removal 
The third Hanford SLS need is to catch ion exchange resin 
fines. Ion exchange resins used for radionuclide removal 
degrade in the highly caustic supernate and high radiation 
field. Fines from decomposing resins will contain 
radioactive isotopes that can contamina'te downstream 
processes to unacceptable levels. This SLS process is not 
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included in the current baseline TWRS flowsheet, but has been 
included in the proposed modification. 
ORNL Status 
The ORNL process currently treats Low-level Liquid Waste by 
evaporation and storing the concentrate in Melton Galley 
Storage Tanks. The numerous Gunite Tanks are no longer used 
for storage of waste but do contain residual amounts of 
sludge. The liquid waste originates in several facilities, 
but the majority of the radionuclides originate in the 
Radiochemical Engineering Development Center. 
The ORNL Gunite tanks contain heels of thick sludge which 
will be sluiced and transferred to the MVST (Table 6). The 
sluicing will be done with water and perhaps a suspension 
agent. Reconcentrating the sluiced slurry would permit reuse 
of the water, minimizing water usage. Tentative plans are to 
allow the material to settle in an intermediate tank. If 
settling is not very fast, filtration may be needed. The 
ORNL Gunite tank demonstration is tentatively scheduled for a 
test on radioactive waste in mid 1996, and commence full 
operation in mid 1997. 
The MVST contain both sludge and aqueous supernate from 
various processes (Table 7). A portion of the supernate will 
be used to mobilize the sludge. The sludge will be separated 
from the aqueous supernate and solidified in the Transuranic 
(TRU) Processing Facility (TPF). The sludge dewatering 
technique and solidification process are being evaluated. 
The current baseline treatment is centrifugation,7 although 
this has not been tested. Treatment requirements need to be 
further defined to fully evaluate the appropriate SLS 
technique. 
To provide needed space in the MVST, some of the aqueous 
supernate is removed and solidified. A pretreatment process 
for solidification of this waste stream is under study•(Table 
8). Pretreatment may be needed because the current practice 
of solidification is expected to be inadequate due to 
anticipated increases in cesium activity. The MVST Cesium 
Removal process under investigation involves pH adjustment, 
filtration, cesium removal by ion exchange, and subsequent 
solidification of the effluent. The current plan is to pH 
adjust the supernate, settle the bulk of the insoluble solids 
within the MVST, and remove residual unsettled insoluble 
solids with cartridge filtration. This filtration is 
necessary only as a guard to prevent ion exchange column 
blinding. The ORNL MVST Cesium Removal Demonstration Project 
is expected to operate on 25,000 gallons of radioactive waste 
in late 1996. The demonstration facility will be turned over 
for routine operations at completion of the demonstration. 
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Source treatment of waste generated by the Radiochemical 
Engineering Development Center is also planned (Figure 4). 
The majority of the radionuclides in the Low-level Liquid 
Waste stream originate in this REDC waste stream (Table 9). 
The REDC waste contains only small amounts of insoluble 
solids (-0.2 wt %) which will be concentrated. The* aqueous 
waste will be treated with ion exchange to remove -cesium. 
The partially-decontaminated REDC effluent would then be 
processed either in the current central waste treatment 
system or in the NGLLLW facility. The ORNL REDC process is 
to commence operations in early 1997. The facility will 
treat approximately 10,000 gallons of waste per year. 
Detailed design of the equipment, to be installed in a 
shielded cell is due at the end of FY95. 
Space in the MVST is very limited and an alternate disposal 
method is needed. A new flowsheet has been proposed8 for 
Newly Generated Low Level Liquid Waste that permits 
segregation and solidification of radionuclides followed by 
solidification of the decontaminated waste (Table 10). The 
aqueous supernate waste currently stored in the MVST may also 
be treated in this facility. Development of the ORNL NGLLLW 
treatment process is not-yet an approved project. Current 
plans are to solidify supernate liquids in grout for disposal 
at the Nevada Test Site (NTS) and solidify sludges for 
disposal the Waste Isolation Pilot Plant (WIPP). The sludge 
solidification method has not yet been determined. The 
NGLLLW process provides an alternative for grouting of 
supernates if NTS disposal is not permitted and provides 
centralized treatment of waste from future programs. 

The proposed flowsheet for NGLLLW involves precipitation of 
radioactive strontium by addition of non-radioactive 
strontium (Figure 5 ) . 8 The strontium precipitates, probably 
as the carbonate salt, and is filtered. A method for 
ruthenium removal may be required, but has not yet been 
defined. The filtrate is pH-adjusted and treated with 
potassium cobalt hexacyanoferrate to precipitate or sorb 
radioactive cesium, which is then filtered. To obtain an 
adequate cesium decontamination, a second addition of 
potassium cobalt hexacyanoferrate (KCCF) and filtration is 
then completed. The radionuclides will be combined and 
solidified in one process, and the decontaminated aqueous 
waste solidified in another. 
Filtration Processes 
Although many SLS techniques are commercially available 
(i.e. centrifuges, clarifiers, depth filters, drum filters, 
etc.), crossflow filtration has several advantages over other 
techniques: 
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1. Minimal maintenance requirements simplifi-es use in 
high radiation fields (vs. centrifuges) 
2. Generally does not require additives such as 
diatomaceous earth (DE) which add waste volume and may 
change waste chemistry (vs. dead-end filters) 
3. Generally does not require additives such a*s 
polymeric flocculating agents that can change* the 
process chemistry (vs. depth filters) 
4. Can be used to rapidly concentrate slurries to high 
weight percent insoluble solids (vs. settling or 
clarifiers) 
5. Can be used to continuously wash slurries, reducing 
washwater volumes (vs. settling or clarifiers). 
6. Space requirements are generally less than most other 
SLS techniques. 

As opposed to crossflow, "dead-end" filtration is a commonly-
used technique.9 Dead-end filtration is conventional 
filtration where the slurry passes throughva filter and solid 
cake collects on the surface. This technique is applicable 
to waste streams with low quantities of suspended solids that 
have large particle sizes. Dead-end filtration is not 
suitable for very fine suspensions because of a rapid 
increase in the pressure drop associated with the filter 
cake. Rapid fouling is usually alleviated by introduction of 
a filter aid such as DE or a flocculating agent. The DE 
provides a porous cake and acts as an absorbent for the fine 
particulates; the flocculating agent combines fine 
particulates to form larger aggregates which are easier to 
filter. Both of these additives have the undesirable side 
effect of adding waste volume and may change the process 
chemistry. The DE may dissolve or disintegrate to gels in 
caustic solutions (pH >11), potentially causing downstream 
fouling. The flocculating agents are usually organic 
polymers, which will decompose under high radiation fields. 
Although this is an appropriate treatment mode for many waste 
streams, if crossflow filtration can be shown effective, 
introduction of these additives to the waste stream can be 
avoided. 
Dead-end filtration is also not appropriate for high 
concentrations of insoluble solids. For thick slurries, 
settling in a clarifier followed by dead-end or multimedia 
filtration is often done. The predominant drawback of 
multimedia filtration is the large backwash volumes that are 
needed to clean the solids from the filter media. 
Flocculating agents are also normally added prior to 
clarification and filtration. 
Bench-scale and pilot-scale testing using radioactive waste 
is normally required for final filter selection. Bench-scale 
testing on simulated wastes can be used to screen several 
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types of filters. Pilot-scale testing is used to-obtain 
engineering parameters and long-term fouling effects. 
Operating parameters needed for conceptual design input for 
crossflow filters are typically: 

1. Flux (filtrate flow rate per unit surface area) 
2. Differential pressure (range of transmembrane pressures) 
3. Crossflow velocity (axial flow rate) 
4. Backpulse frequency (if applicable) 
5. Backpulse duration (if applicable) 
6. Filtrate quality (decontamination factor) 
7. Cleaning method (chemical needed, concentration, 

duration, temperature) 
Backpulsing, a brief, vigorous reversal of filtrate flow, is 
typically used only with rigid filters constructed of ceramic 
or metal. A cartridge filter is available from Pall Corp. 
with a rigid polymer sleeve that permits backflushing. Also, 
a semi-rigid steel filter is available from Microfiltrex and 
AEA Ltd. utilizing an electrical pulse to generate gas 
bubbles on the filter surface. 
Flux rate data are typically expressed as a function of the 
concentration of insoluble solids and will generally decrease 
as solids content rises. Intrinsic to these measurements is 
viscosity and yield stress data when dealing with high weight 
percent solids slurries (>1 wt % ) . Flux data is also 
expressed as a function of time, i.e. the rate of filter 
fouling. In an appropriately designed microfiltration unit, 
flux may decrease quickly for a short time, but then remain 
stable for long periods. When applicable, the necessary 
frequency and pressures of backpulsing are also determined. 
The required pore size is determined from both the downstream 
solids limit and the optimum flow rate (a smaller pore size 
filter may give a higher flux). All of these data together 
help determine the optimum filter type, pore size, and 
pumping requirements for the application. 

The fate of chemical cleaning solutions must also be 
considered in flowsheet development. Cleaning solutions will 
typically contain insoluble solids that are partially 
composed of radioactive isotopes. Acidic cleaning solutions 
can also solubilize radioactive isotopes which are normally 
not soluble in the alkaline sludges. 
Solid/liquid separation methods are influenced by the colloid 
chemistry of the insoluble solids. The colloid chemistry of 
sludge encompasses several key areas of interest for 
solid/liquid separation: settling, absorption, 
coprecipitation, and rheology. Settling characteristics 
impact the feasibility of clarification, centrifugation, and 
pumping. Studying the colloid chemistry of sludges is 
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important to predicting and controlling solid/liquid 
separation processes. 

Flowsheet Considerations 
Hanford Considerations 
A significant complexity for the Hanford flowsheet is 
simulant development. Simulants can be used to complete 
cursory examination of filter types and to bracket operating 
conditions. Preparation of simulants for the different 
wastes is needed. Unlike freshly precipitated solids in ITP 
and NGLLLW, the insoluble solids in Hanford waste were formed 
years ago and have aged, making simulant development more 
challenging. Depending on the finalized flowsheet, 
consideration of chemical kinetics is also important. For 
example, after concentration of supernate by evaporation and 
prior to polishing filtration, sufficient t̂ ime for cooling 
and precipitation to occur is needed. If sufficient time is 
not allowed, post-precipitation can occur that could cause 
ion exchange bed fouling. Similarly, dilution of supernate 
prior to polishing filtration can also cause post-
precipitation . 
ORNL Considerations 
For the ORNL wastes, a significant flowsheet consideration 
for the NGLLLW is carbon dioxide degassing in the second 
filtration stage. Neutralization of the caustic solution in 
the second unit operation will form carbon dioxide. 
Depending on conditions, release of carbon dioxide could 
occur as the pressure drops as the liquid passes through a 
filter membrane, causing gas blinding. 
Chemical cleaning of filters fouled with KCCF precipitates 
may not be feasible without chemical decomposition of KCCF. 
The chemical decomposition of KCCF may form hazardous 
components, such as cyanide,10 which must be controlled. 
Chemical cleaning of KCCF precipitate from the filters will 
generate a new waste stream that contains those hazardous 
ingredients and radioactive cesium from decomposed KCCF. 
This waste stream must be disposed in a final waste form. 
SITE TESTING 
SRS Effluent Treatment Facility Tests 
The ETF utilizes a crossflow microfilter (0.2 micron) 
constructed entirely of alpha-alumina. Other technologies 
which were tested or considered2 were: #tubular precoat (DE), 
multi-media (sand/anthracite), and ultrafiltration (precoated 
sintered metal). After startup of the facility using the 
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ceramic filters, severe filter -fouling was observed, and a 
program was initiated to investigate other filter types. 
Filters tested on simulants in the alternative study 1 1 were 
(in descending order of effectiveness): centrifugal 
ultrafilter, tubular ultrafilter, deep bed filter, 
backwashable cartridge, stainless steel mesh, poroifs metal, 
tubular fabric, centrifuge, and 
electrocoagulation/filtration. 

Concurrent with the alternative filter studies, 
investigations into causes of fouling were conducted. The 
investigations revealed that bacteria were largely 
responsible for fouling and the primary source of bacteria 
was treated and diverted.12 Measures were also taken to 
mitigate the impact of bacteria from other sources, 
particularly surface water.13 These changes were sufficient 
to avoid implementation of alternative filtration and the 
facility capacity has been adequate for over four years. The 
facility has operated at approximately 75% vof design 
capacity, but the quantity of wastewater from the site has 
also decreased. 
The backpulse system for 'the ETF filters was upgraded after 
startup to increase the velocity and pressure of the pulse. 
A high pressure filtrate line was recirculated back to the 
filters to permit an air-free backpulse. Introduction of air 
to the filters during the backpulse is known to cause air 
blinding. The three filter skids were also sequenced so that 
the pulse was not done at the same time, which reduced the 
effective transmembrane pressure. 
A l/40th scale ceramic filter was also built in the ETF and 
demonstrated on radioactive waste. 1 4 The pilot-scale filter 
operated on a slip-stream from the full-scale filter so that 
scaling factors were obtained. This filter correlated 
relatively well with the full-scale filter on the radioactive 
waste samples. 
Colloid Chemistry Studies with SRS Sludge 
Studies are underway to examine the colloid chemistry of 
sludges at both Hanford and ORNL. At SRS, the chemistry of 
the sludge has been examined,15 and full-scale sludge washing 
is underway. In laboratory studies, unwashed sludge from SRS 
Tank 42H initially contained 23 wt % insoluble solids and 6.5 
wt % soluble solids. Four wash and settling cycles were 
conducted using approximately equal volumes of sludge sample 
and inhibited wash water. The rate of settling was observed 
to increase with each washing, consistent with reduction in 
the density and viscosity of the aqueous phase. In each of 
the four washing cycles, the solids set,tled to 20 to 22 wt % 
within 14 to 18 days. The final soluble sodium content was 
0.1 M. The volume of sludge after each washing was about 
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120% of the initial unwashed sludge volume (i.e.,- an 
expansion of the sludge occurred as a result of the first 
wash, but did not increase further). There was a significant 
amount of insoluble sodium (3.9 wt %) and cesium associated 
with the sludge after four washes. Some uranium and 
Plutonium was observed to not settle with gravity but did 
settle during centrifugation, suggesting the presence of 
colloids. The centrifuged supernate from the first wash 
contained 0.057 ppm of uranium and 0.00010 ppm of plutonium. 
The gravity settled supernate from the first wash contained 
1.42 ppm of uranium and 0.0026 ppm of plutonium. Insoluble 
solids content of the supernate and decanted wash water was 
not directly measured due to the observed clarity of all 
samples and sharp interface between supernate and sludge. 
The analysis of iron, the predominant component in sludge, 
strongly suggests that sludge was not present in the 
supernate or decanted wash water as all results of gravity 
settled samples were <0.12 ppm of iron. 
Aluminum dissolution will be done on several sludge tanks at 
SRS to reduce the amount of aluminum in the sludge and final 
glass wasteform.16 The procedure involves addition of sodium 
hydroxide (minimum of 3 M plus 3 equivalents of hydroxide per 
aluminum ion), heating to 85 °C with steam, and mixing for 3 
days. Only the gibbsite form of alumina is reported to 
readily dissolve under these conditions. The remaining 
sludge settles to approximately 20 wt %, and the supernate is 
decanted. The sludge is then washed with inhibited water.. 
Experiments indicated that aluminum dissolution with 
simulated sludge was comparable to radioactive waste. 
At SRS, the wash water may be concentrated in an evaporator 
to increase the salt content prior to treatment in the ITP 
facility. Alternatively, the wash water may be used for salt 
cake dissolution for influent to the ITP facility. The 
washed sludge is pumped to the Defense Waste Processing 
Facility where it is vitrified into a glass waste form. The 
liquid decontaminated in ITP is disposed in Saltstone. 
SRS In-Tank Precipitation Tests 
Testing for the In-Tank Precipitation facility at SRS was 
conducted on several different scales. 1 7 - 2 0 The primary 
testing has been completed using (scale to current ITP): 

"High-level Caves" filter (1/1000) 
Experimental Laboratory filter (i/750) 
Precipitation Test Facility (1/6) 
In-tank Demonstration (1/1*) 
* series configuration of four filter tube bundles 

In addition, the ITP facility has been' tested with simulated 
waste. Radioactive waste has been tested on the "High Level 
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Caves" filter and the In-Tank Demonstration. All- other 
testing was done with simulated wastes. 
Both the High Level Caves and the In-tank Demonstration 
filters were tested with simulated waste prior to radioactive 
waste. Filter performance for both filters was sinfilar for 
simulated and radioactive waste at 1 wt %. 
The obtainable decontamination factor was determined using 
radioactive waste with the "High Level Caves" filter and 
confirmed with the In-Tank Demonstration. Pore sizes of 0.2, 
0.5, and 2.0 microns were initially examined. The 0.5 micron , 
pore size gave an adequate decontamination factor and had a 
higher flow rate than the 0.2 micron filter. 
The optimum performance parameters were determined using 
simulated waste. The optimum flux was obtained with a 
crossflow velocity of 3 to 3.5 ft/s and backpulse frequency 
of five minutes. The pump type was a significant factor in 
filter performance, with a low-shear design such as diaphragm 
pumps yielding the best results. 
At 1 wt % insoluble solids, the various filter units gave 
similar performance data (0.23-0.3 gpm/ft 2). The exception 
was the In-Tank Demonstration filter which had a flux of 
(~0.11 gpm/ft2) approximately 40% of the other filters when 
using 1 wt % slurry.21 This was attributed to the different 
configuration of the filters.22 The In-Tank Demonstration 
filter had four 10 ft long filter tube bundles in series with 
each tube bundle approximately 50 ft 2 of surface area. The 
first tube bundle had a much higher flux (0.36 gpm/ft 2), 
indicating that the lower differential pressure and more i 
concentrated slurry in successive bundles lead to lower 
flux. 2 2 The current ITP filter has one 10 ft long bundle 
with 216 ft 2 of surface area. 
Chemical cleaning of filters is accomplished with oxalic 
acid. This method has been effective at cleaning filters 
fouled with tetraphenylborate precipitate, sodium titanate, 
and simulated sludge solids. The sequence, volumes, 
durations, and conditions of chemicals and flush water are 
important parameters which must be considered in filter 
system design. Fate of the chemical cleaning solutions and 
the concentration of radioactive isotopes in the cleaning 
solutions are important in flowsheet development. The ITP 
cleaning solutions are returned to the 1.2 million gallon 
feed tank. 

As a result of observations during the ITP filter acceptance 
testing, the backpulse system was upgraded significantly. 
Due to the difficulties of remote maintenance, the backpulse 
system is outside of the shielded cell, increasing the length 
of pipe between the backpulse chamber and the filter shell. 

http://~0.11
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Changes made to improve the system included: installation of 
fast acting valves in the backpulse line, reconfiguring the 
backpulse chamber so that a charge of gas is available for 
the backpulse, removing restrictions from the liquid and gas 
piping, and routing filtrate from the filtrate tank to the 
backpulse chamber to permit repeated backpulses. 
The impact of simulated sludge and sodium titanate on the 
filter flux of tetraphenylborate slurries has been studied.23 

At low concentrations (<0.1 wt % ) , both materials impacted 
filter performance to a similar degree, however, the effect 
was not additive when both were included. 
SRS Late Wash Tests 
The feasibility of using Mott filters to wash simulated Late 
Wash precipitate was demonstrated on the laboratory scale.24 

The influent for LW is the washed product from ITP after up 
to two years' storage. The simulated slurry is typically 10 
wt % insoluble solids (Potassium tetraphenylborate and sodium 
titanate) and is irradiated using a Co-60 gamma source to a 
projected average dose. Organic decomposition products from 
radiolysis are formed which impact filter performance and 
cleaning effectiveness. 

The simulated Late Wash cycle was investigated by addition of 
water to the slurry at the same rate as filtrate production. 
The water also contained small amounts of sodium 
tetraphenylborate to prevent dissolution of the cesium 
tetraphenylborate. Removal of nitrite ion compared well with 
the calculated rate based on dilution. Subsequent testing 
has focused on filtrate production rate optimization and 
chemical cleaning.25'26 Nitrite removal has also been 
demonstrated several times under various conditions. 
West Valley PUREX Sludge Treatment Process 
The Mott filter at West Valley has been very effective and 
has never been chemically cleaned during 11 years of 
operation.4 Backpulsing has only been needed on rare 
occasions when the clarified liquid layer is low and the pump 
suction is near the sludge layer. Data is available on 
solids loading and particle size analysis only on samples 
collected prior to startup of the filter. The insoluble 
solids concentration in the supernate sample was 84 ppm, and 
had a particle size ranging from 0.1 to 3.0 microns. The 
particles in the sludge samples were all larger than 3 
microns. The total dissolved solids are approximately 
3 wt %. 
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Hanford Redox/Purex Sludge Tests 
Gravity thickening, centrifugation, air flotation, and 
crossflow filtration were tested on simulated Redox and Purex 
sludges at Hanford.27 Gravity thickening was effective at 
concentrating the sludge and clarifying the supernate with a 
minimum of 550 ppm of a polyelectrolyte added. The supernate 
contained less than 100 ppm of suspended solids, and the 
concentrated sludge content of a full-scale system was 
estimated at >10 wt % (initial ~6 wt % ) . Two bowl 
centrifuges, a Sharpies P600 and a Bird horizontal bowl, were 
effective at removing over 99% of suspended solids with 
approximately 200 ppm of polyelectrolyte added. The sludges 
were concentrated to 16 to 20 wt % with the centrifuges. 
Polishing filters were recommended to further reduce the 
suspended solids in the centrate. An imperforate basket 
centrifuge was tested on synthetic sludge. Addition of 
polyelectrolyte to the imperforate basket centrifuge influent 
had little effect on centrate quality which contained 
approximately 100 ppm of suspended solids. The flow rates 
through the bowl centrifuges was much higher than through the 
imperforate basket centrifuge. 

The separation efficiencies of a 0.5 micron Mott Inertial 
(crossflow) filter was tested and found to produce filtrate 
with "virtually no solids".27 The simulated sludges were 
initially at ~6 wt % suspended solids. It was demonstrated 
that the simulated Redox sludge could be concentrated to 15.5 
wt % solids and the simulated Purex sludge to 10 wt % solids. 
Filtrate flow rate was approximately 0.22 gpm/ft2 for Purex 
sludge and 0.13 gpm/ft2 for Redox sludge (differential 
pressure was not reported). The sludge was washed by 
periodic addition of water to the feed tank. This method 
proved effective at soluble salt removal. The filter was 
also operated for 120 hours and only a slight decrease in 
filtrate flow rate was observed. 
Dissolved air flotation and induced air flotation were found 
to be ineffective for solid/liquid separation of simulated 
Redox and Purex sludges.27 Addition of polymers as flotation 
aids did not improve performance of either air flotation 
methods. 
Hanford Cladding Removal Waste Tests 
Tests were conducted using four solid/liquid separation 
technologies on simulated radioactive cladding removal wastes 
from the Zirflex process: centrifugation, sedimentation, 
crossflow filtration, and a back-flushable Mott inverted 
Pneumatic Hydropulse (PHP) filtration.28 (inverted Pneumatic 
Hydropulse refers to dead-end filtration from tube side to 
shell side.) The crossflow filter was determined to be the 
best option overall. The tests were conducted using a 
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simulated non-radioactive waste as well as a uranium-spiked 
simulated waste. Three different Zirflex stream simulants 
were tested: Decladding Waste (DW), Spent Metathesis (SM) , 
and Metathesis Rinse (MR). 
The inverted Pneumatic Hydropulse filter (0.5 micron) was 
operated on simulated DW at 45 to 50 °C with a fee4' flow rate 
of 0.22 gpm/ft2 The DW contained 1000-21Q0 ppm of solids 
with a mean particle size of 1.2 microns. The maximum 
differential pressure (27 psi) was reached in 30 minutes in 
the first cycle and after 15 minutes.in the seventh cycle, 
indicating rapid fouling. The filtrate turbidity samples 
were all less than 1 NTU. 
Simulated SM contained 700-1000 ppm of solids that fouled the 
inverted PHP filter within three minutes and before a single 
filtrate sample could be collected. The simulated MR 
solution filtered at a rate of 0.22 gpm/ft2, with 
transmembrane pressure reaching 20 psi after 50 to 70 
minutes. 
Several different scales of crossflow filters were tested: a 
single 18 inch long, 0.25 inch internal diameter element; 
eight of these elements in series, and a seven-tube bundle 
with seven 5 foot long, 0.25 inch internal-diameter elements. 
Filtrate from the non-spiked DW simulant on the Mott 
crossflow element was less than 0.5 NTU. The non-spiked DW 
filtrate flux was 0.10 gpm/ft2 at a crossflow velocity of 12 
fps and a backpulse frequency of 5 minutes. The non-spiked 
SM was run at "room temperature" and yielded a flux of 0.1 
gpm/ft2 but had poor filtrate quality (175-500 ppm solids). 
The uranium-spiked DW flowrate was 0.18-0.26 gpm/ft2 at a 
crossflow velocity of 14 fps and backpulse frequency of 5 
minutes. The differential pressures were not specifically 
reported, but were listed as 15 to >45 psi. The seven-tube 
bundle had high fluxes on non-spiked DW, with a 32-hour run 
operating at 0.18 gpm/ft2 at 35 psi feed pressure and 5 fps 
crossflow velocity. No reason was suggested for the higher 
flow rate on the bundle versus single tubes. 
Hanford Neutralized Current Acid Waste Tests -

Simulated Waste 

Testing was conducted on simulated Neutralized Current Acid 
Waste (NCAW) waste at the Chemical Engineering Laboratory 
using a centrifuge, crossflow filter, Mott Pneumatic 
Hydropulse Filter, and by settling and decanting.29 The mean 
particle size of the synthetic sludge fed to the centrifuge 
was reported to be 1 to 1.5 microns. A solid bowl centrifuge 
yielded moderate efficiencies with -60 vol % solids removal 
after optimization. Addition of polymeric flocculating 
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agents to the feed did not significantly improve centrifuge 
performance. 
Mott crossflow filters were tested as polishing filters on 
the centrate from a mixture of wash water and sludge. A 
second centrifugation of the mixture was necessary to prevent 
rapid filter plugging. The crossflow filters were'observed 
to produce poor filtrate clarity (~460 NTU) with both 0.5 and 
0.2 micron filters. The flux rate was 0.13 to 0.22 gpm/ft2 

for the 0.5 micron filter and centrifugal pump, and were 
about 20% lower for the 0.2 micron filter (differential 
pressure = 25 psi). Using a diaphragm pump yielded a higher 
flux (0.3 gpm/ft2) but the crossflow velocity was also 
decreased to 2.5 ft/s, versus 8 ft/s with the centrifugal 
pump and the differential pressure was increased (up to 60 
psi). The filtrate clarity was higher with the diaphragm 
pump (-70% solids removal) versus the centrifugal pump (~30% 
solids removal). 

Settling of the simulated NCAW was effective at reducing the 
solids content to <50 ppm within 24 hours. 3 0 Addition of 
coprecipitants and flocculating agents improved the settling 
rates, with ferric nitrate yielding the best results. Other 
agents tested were ferric chloride, alum, sodium chloride, 
potato starch, and anionic polyelectrolytes. Vessel 
diameters of 3 and 1 inches influenced the settling test 
results, presumably due to wall effects. 
A Pneumatic Hydropulse filter was tested using simulated NCAW 
containing 1000 ppm of insoluble solids.6 The flow rate was 
1.17 gpm/ft2 and DE was used as both a precoat and body feed. 
Filtrate samples were clear with <4 ppm of insoluble solids. 
Without a DE precoat or body feed, filter blinding was 
observed within 25 minutes. 
It was concluded that settling and decanting, followed by 
polishing filtration with the DE coated filter would meet the 
required separation factors.?1 Testing on radioactive samples 
was then conducted. 

Radioactive Waste 
Neutralized Current Acid Waste supernate from B Plant was 
tested using a Mott (0.5 micron) Pneumatic Hydropulse Filter 
at Hanford.31 Two tests were conducted; one used a solution 
with low concentration of solids (<500 ppm) and one used the 
same solution spiked with solids (to 626 ppm). In both 
cases, a DE precoat and body feed was used. The low solids 
sample flux of 0.2 gpm/ft2 indicated no increase in pressure, 
above the initial 3 psi, after 12 hours. Increasing the flux 
to 0.4 gpm/ft2 increased the differential pressure to 18 psi 
after 29 hours. Further increasing the flux to 0.6 gpm/ft2 

caused more rapid fouling. The cake was backflushed three 
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times and the original pressure drop was restored'. Using the 
high solids content feed, the pressure increased to 6 psi 
after operating for -4 6 hours at 0.2 gpm/ft2. More rapid 
fouling was observed at higher flow rates. Chemical cleaning 
of the filter was accomplished using 1 M nitric acid. 
A final test was conducted using no precoat or bod# feed in 
the low solids sample. The first 40 gallon batch had little 
effect on the differential pressure which was constant at 4 
psi (flow rate was not controlled or reported). Filtration 
of a second batch of 20 gallons caused an increase in the 
pressure differential to a final of 27 psi. The solids were 
not removable by backpulsing. Two nitric acid cleaning 
cycles were necessary to clean the filter, although the 
filter was not completely restored to clean conditions. 

During the DE-precoated runs, removal efficiencies for 
Plutonium and americium were 96% and 98%, respectively. 
Insoluble solids separation was reported at only 67%, 
although analytical difficulties were noted which may have 
incorrectly indicated poor separation. Removal efficiency 
results were not reported for filtrate samples from the run 
without DE. 
Settling and centrifuging of Neutralized Current Acid Waste 
supernate from B Plant was also tested at Hanford.32 The 
waste samples contained 4 vol % insoluble solids. The 
insoluble solids separation efficiency of settling was 90% 
after 48 hours. The americium and plutonium separation 
efficiencies were 98% and 95%, respectively, after 48 hours 
of settling. The Sr-90 settling separation efficiency- was 
96.6%, although some problems with the analysis were noted. 
The centrifuge tests were inconclusive due to apparent 
settling of the solids in the feed tank which caused low 
quantities of solids in the feed stream to the centrifuge. 
Separation efficiencies for americium, plutonium, and 
strontium exceeded 90%, although poor material balances were 
observed. Large amounts of water were also required to 
remove the solids from the centrifuge, bowl, decreasing the 
efficiency of the process. 
Colloid Chemistry Studies 
Submicron discrete sludge particles tend to agglomerate into 
larger (up to -100 microns) units, depending on many 
parameters.33 Washing sludge solids with water reduces the 
ionic strength and pH of the solution and generally breaks up 
the large agglomerates into smaller ones. Washing does not 
appear to cause complete disintegration into discrete 
submicron particles. Pumping slurries causes shear and 
generally reduces the viscosity of the .slurries. 
Understanding agglomeration behavior versus shear, pH, and 
ionic strength is critical to development of flowsheet models 
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that predict the impact 6f variables. Pump selection, 
crossflow velocity, and system design are impacted by the 
colloid chemistry of the sludge solids. 

Research is underway to identify whether settling is an 
effective solid/liquid separation technique at Hanford. Key 
parameters of the settling studies are: kinetics, "Sediment 
density, and supernate clarity. The impact of pumping and 
washing on these parameters are integral to determining if 
settling is effective. Development of low-level or non
radioactive simulants which can be used for testing 
solid/liquid separation techniques- is also a key focus area 
of this research. Development of simulants will permit cost-
efficient testing of large-scale equipment, such as pumps and 
filters, under a variety of conditions. 

Sorption or coprecipitation of radionuclides on colloidal 
materials impacts the decontamination of the liquid stream. 
Generally, TRU species and strontium remain with the sludge 
fraction, but chelation by organics can cause solubilization. 
In addition, washing sludge may cause release of 
radionuclides due to reduced ionic strength of the aqueous 
phase, causing peptization of radioactive colloids by 
reducing the double layer thickness. 3 4 Bench-scale testing on 
radioactive waste is required to fully evaluate the effective 
of washing on radionuclide solubility. 

Colloid chemistry studies of sludge at Hanford has revealed 
that significant quantities of micron-sized agglomerates and 
submicron-sized individual particles are present.33 Although 
significant tank-to-tank variability is observed, the 
predominant identifiable species present are boehmite and 
gibbsite forms of alumina, iron and zirconium oxides and 
hydroxides, silica, and phosphate salts. The particle size 
of the sludge in 31 tanks has been measured, with mean 
particle sizes ranging from 0.5 to 30.9 microns. 3 5 This 
indicates a tremendous range in the expected performance and 
behavior of the sludges from various tanks. Only three tanks 
are reported to have mean particle sizes less than 5 microns, 
although the analytical techniques were not necessarily 
identical on all of the samples. Particle settling rates 
were listed for three tanks, ranging from 0.01 to 0.4 cm/hr 
and were dependent on dilution ratios, viscosity, and washing 
techniques. Recent tests on six tanks indicate that the 
volume average particle sizes range from 1.5 to 2.8 microns. 3 6 

After leaching with caustic and washing, the volume average 
particle sizes ranged from 1.1 to 3.1 microns. 



2,7 WSRC-j^ 195-0337, Rev. 0 

ORNT, Melton Vallev Storage Tank. Tests 

Simulated Waste 

Simulated and radioactive wastes from MVST W-29 were tested 
using three filters: Mott stainless steel (0.5 and ,2.0 
micron), a CARRE with a ZOSS membrane (0.5 micron)^ 7' 3 8 and a 
CARRE filter with a proprietary membrane. 3 7 The insoluble 
solids in the simulated waste were a mixture of metal 
hydroxides and bentonite clay. The total insoluble solids in 
the simulant was 11.2 wt %. The CARRE filter with the 
proprietary membrane degraded during simulant testing, 
probably due to the high hydroxide content of the solution. 
The Mott filters did not degrade and gave higher filtrate 
flux rates than the CARRE filters. The 0.5 micron Mott 
filter gave a filtrate flow rate of 0.039 gpm/ft 2 at a 
differential pressure of 19 psi, a crossflow velocity of 4.5 
ft/s, and backpulse frequency of 10 minutes. A crossflow 
velocity of 4.5 ft/s produced higher filtrate flow rates than 
9 ft/s. The slurry volume was reduced by 67% in a 24 hour 
cycle with a 19 psi differential pressure. 

Radioactive Waste 

The filtrate flow rates obtained from the 0.5 micron Mott 
filter were higher on the radioactive waste from MVST W-2 9 
than on the simulated waste. A feed velocity of 4.5 ft/s, 
and differential pressure of 19 psi gave a filtrate flow rate 
of 0.1 gpm/ft 2. The Mott 0.5 micron pore size filter gave a 
40% higher filtrate rate than the 2.0 micron, and both 
filters gave gross alpha rejection of >99.8%. In a long-term 
test on the 0.5 micron filter, the filtrate flow rate 
decreased gradually during the first 600 hours of the test. 
After 600 hours of operation, filter differential pressure 
was doubled to 41 psi. The filtrate flow rate was restored 
to the original level and was constant for the remaining 400 
hours of the test. The final operating conditions were: 
crossflow velocity of 4.5 ft/s, differential pressure of 41 
psi, and filtrate flux of 0.11 gpm/ft 2. This flux was much 
higher than that observed for simulated waste, but the 
concentration of insoluble solids (0.5 wt %) was much lower 
than that used in the simulant test (11.2 wt % ) . A Carre 
ZOSS filter was also tested on this waste stream, but the 
filtrate flow rate was less than 10% of that observed for the 
0.5 micron Mott filter. 

ORNL REDC Tests 

Preliminary testing is underway on simulated REDC waste 
solutions using a Mott crossflow filter at ORNL. Results 
from the tests are not yet available. 'A unit with a 3-
element Mott filter bundle will be used for testing. The 
simulant formulation has been described as a mixture of solid 
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zirconium, aluminum, and iron hydroxides (~3 wt %) in a 
solution of sodium nitrate and sodium hydroxide. This 
represents the composition of the slurry after it is 
partially concentrated. 

ORNL Newly Generated Low Level Liquid Waste Tests , 

The feasibility of reducing radionuclides to required levels 
in simulated NGLLLW has been demonstrated in the laboratory.8 

The simulant tests included evaluating several ion exchange 
resins as well as coprecipitation for strontium and cesium 
removal. The most effective method for strontium removal was 
found to be coprecipitation with non-radioactive strontium 
(i.e. isotopic dilution) and iron hydroxide. Cesium removal 
was accomplished using KCCF formed in-situ as a finely • 
divided solid in the waste. The procedure is accomplished at 
pH ~8, causing coprecipitation with aluminum hydroxide. A 
pilot-scale test was done using a clarifier to remove the 
KCCF, but was less successful than the lab^scale testing at 
cesium decontamination due to difficulty in solid/liquid 
separation. Filtration equipment testing to demonstrate 
achievable decontamination factors or flow rates has not been 
done. 

Site Testing Conclusions 

The experimental work and operation of the SRS ETF 
demonstrate that microfiltration of freshly precipitated 
mixtures of silica, aluminum hydroxide, and iron hydroxide is 
feasible with ceramic microfilters. The initial reduced 
performance of the facility due to bacterial fouling of the 
microfilters was partially caused by internally-generated 
bacteria, but significant amounts of bacteria were also 
periodically present in the influent. 3 9 These observations 
exemplify the need to both fully characterize the influent 
streams and test the units on actual waste. 

Bacterial growth can occur in simulated waste samples, water 
containers, and filter lay-up solutions unless controls are 
enacted. Bacteria can grow under a wide variety of 
conditions and pH. Biostatic doses of caustic (0.1 M) or 
other biocide are a minimum requirement for storage of 
solutions for periods exceeding 1 to 2 days. Biological 
fouling can significantly reduce filtrate production rates 
and must be considered in design and testing of any simulant 
or radioactive waste treatment facility. 

The SRS ITP and LW testing demonstrate the importance of 
scale and configuration on design. Use of four filter 
bundles in series results in different flow properties in 
each bundle, causing variable performance. 2 2 
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The SRS ITP and LW testing also demonstrate the imapact of 
pump shear on filter performance. Use of diaphragm pumps, 
which are low shear, consistently yielded better performance 
than centrifugal pumps, which are high shear. This 
observation led to use of low-shear centrifugal pumps in the 
ITP and LW facilities. 4 0 This is also consistent with the 
Hanford observations of pump effects on the ability to 
dewater sludge. 2 9 

The ITP acceptance testing demonstrated the importance of 
scale-up on the backpulse system. Backpulsing is highly 
efficient on the laboratory scale, but becomes less efficient 
with larger scale equipment. Upgrades in the equipment, over 
the original design, were needed to maximize the efficiency 
of the backpulsing. 

The Hanford Redox/Purex simulated sludge tests demonstrated 
the effectiveness of polyelectrolytes, 2 7 The sludges were 
concentrated and washed using a filter without electrolyte 
addition. When electrolytes were added, the simulated sludge 
was effectively concentrated using either gravity thickening 
or centrifugation. 

The Hanford Cladding Removal Waste simulant tests 
demonstrated the potential variability of performance of 
wastes from different sources. 2 8 The results show large 
differences in filtrate quality on the three simulated waste 
streams, but only a relatively small change in filtrate flow 
rates. The three simulated waste streams were significantly 
different from one another. The filtrate ranged from less 
than 0.5 NTU (~0 ppm of insoluble solids) to 500 ppm of 
insoluble solids. Also, use of a dead-end filter versus a 
crossflow filter showed that fine precipitates that foul a 
dead-end filter will penetrate a crossflow filter due to the 
absence of a filter cake. 

The Hanford NCAW filter testing demonstrated that good 
correlations can be made between simulated and radioactive 
wastes, both in filtrate production rates and filtrate 
quality. 2 9 However, this would be expected because DE coated 
filters are robust and are not as sensitive to small changes 
in influent characteristics. The filter performance is 
predominated by the presence of a large amount of 
diatomaceous earth. Other interesting observations include 
rapid filter blinding in the absence of a DE precoat when 
using simulant, but not as quickly with radioactive waste. 
The radioactive waste tests also showed that without the 
diatomaceous earth precoat, two nitric acid soakings did not 
completely restore filter performance. 

The ORNL MVST tests using simulated waste demonstrated the 
need for long-term testing. In these tests, the non-metallic 
membranes can fail after extended contact with highly 
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alkaline wastes. 3 7' 3 8 It' was also demonstrated that a smaller 
pore size filter can have a higher filtrate flow rate. This 
trend is often seen and is attributable to the smaller pore 
size excluding penetration of solids into the filter pores. 
A larger pore filter becomes more of a "depth" filter, 
forming a filter cake within the filter element whj,ch causes 
resistance. Also, it was seen that radioactive waste had a 
higher filtrate flow rate, but this was at least partially 
due to much lower concentration of solids in the radioactive 
waste than in the simulated-waste. 

The successful operation of the West Valley crossflow filter 
for several years demonstrates the potential application of 
crossflow filtration to sludge treatment. The use of a 
floating suction to permit maximum clarification of the 
liquid reduces the need for backpulsing and improves the 
filtrate flow rates. This successful operation demonstrates 
the feasibility of large-scale crossflow filtration of tank 
waste. 

SIMULANTS vs. ACTUAL WASTE 

The accuracy and confidence of results obtained by use of 
simulated versus actual waste are dependent on which waste 
stream is examined. For example, when examining filter 
performance of ITP simulant, precipitation of cesium and 
potassium tetraphenylborate is not dependent on whether 
radioactive or simulated salt solution is used. The impact 
on filter performance of the addition of monosodium titanate 
for strontium removal is also independent of the use of 
simulated or radioactive waste. However, variables such as 
the presence of insoluble.sludge in the radioactive waste 
will have an effect on filter*performance. Testing on 
simulated waste under a wide variety of conditions has been 
used to bound the expected operating conditions. Comparisons 
of filter performance between simulated and radioactive waste 
have been critical to the testing program. Decontamination 
factors for cesium and strontium are independent of whether 
the ions are radioactive; therefore, simulants can be used to 
determine if the filter removes all of the insoluble solids. 

In the ORNL REDC process, the insoluble solids are not stored 
for years but are relatively freshly precipitated. The 
simulant formulation should be prepared in a manner similar 
to the actual waste precipitation processes. Comparison to 
the physical and chemical characteristics of the actual waste 
samples can also be done. The decontamination factors for 
waste components must be compared in the laboratory for both 
simulated and radioactive waste. 

In treatment of Hanford tank waste and ORNL Gunite tank 
remediation, - it is not feasible to replicate the process 
chemistry (heating, radiation, aging, and mixing of waste 
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streams) that generated the waste in many of the tanks. 
Detailed studies of the physical and chemical characteristics 
of the wastes are needed to develop simulants. Both physical 
and chemical attributes must be included in simulant 
formulations. Benchmarking tests between waste and simulants 
under a variety of conditions are needed to ensure -consistent 
performance. Use of simulants for bounding case studies and 
equipment comparisons is reasonable. Decontamination factor 
requirements for both streams are currently based on 
insoluble solids removal and therefore can be approximated 
using physical and chemical simulants. Radioactive waste 
tests on several waste types are needed for final 
verification of equipment selection and sizing. 

The aqueous radioactive waste in the MVST supernate Cs 
removal program is expected to behave comparably to the 
simulants. Only small amounts of insoluble solids are 
expected to be present in this waste stream. The 
precipitation and settling processes can be compared for 
radioactive and simulated wastes in the laboratory. If the 
settling rates, clarity, and chemical composition are 
similar, filter performance is expected to be comparable. 
Decontamination factors for radionuclides are not applicable 
since the solid/liquid separation need is only as a guard to 
prevent solids from entering the ion exchange beds. 

Simulant development is needed for MVST sludge treatment 
tests. The simulant used for the tank W-29 tests has been 
compared to the radioactive waste and can be used initially. 
Further simulant development is needed for the other MVST 
sludges. Simulant development should be based on physical 
characteristics of the waste. 

The precipitation of strontium by addition of non-radioactive 
strontium in the ORNL NGLLLW process is independent of 
whether the waste is simulated or radioactive, as long as the 
chemical components, temperature, addition rates, and mixing 
are similar. Simulants precipitated under controlled 
conditions will behave similar to that in actual waste. It 
may not be possible to determine the engineering parameters, 
such as mixing and addition rates, using non-radioactive 
simulants due to the inability to distinguish strontium in 
the original mixture versus added strontium. Uncontrolled 
variables such as the presence of insoluble (sludge) solids 
in the actual waste may cause variation in filter behavior. 
These trace insoluble solids, depending on size and 
morphology, may impact filter performance significantly. In 
the second and third filtration steps in the ORNL NGLLLW 
process, the difference in performance between actual and 
simulated wastes is expected to be negligible. In these 
subsequent filtration steps, the waste has already been 
filtered once, and any sludge solids which may impact 
performance have been removed. As long as chemical addition 
rates, temperature, mixing rates, and concentrations remain 
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constant, filtration performance should remain consistent. 
Since the waste formulation is"based on a projected 
flowsheet, comparison to actual waste is not yet feasible. 
Decontamination factors for simulants and radioactive waste 
must be compared, due to the potential impact of trace 
contaminants on the solubility of the ions. 

SLS METHOD APPLICABILITY 

Hanford 

There are three primary solid/liquid separation needs 
currently in the Hanford TWRS pretreatment flowsheet. The 
first application, sludge leaching and washing, may be 
subdivided into coarse and polishing steps. The second 
separation, ion exchange influent polishing, is expected to 
have low quantities of insoluble solids. The third 
separation need, ion exchange effluent fines removal, is to 
catch fines from the ion exchange (IX) resin. 

Sludge Leaching and Washing 

The first Hanford solid/liquid separation, is performed as 
part of the sludge washing step. This separation may be 
accomplished by in-tank or out-of-tank settling, similar to 
the in-tank sludge washing at SRS. If settling is not 
adequate to meet the supernate clarity requirements or 
bottoms solids content requirement in short time periods, 
other methods are needed. One option is to use a 
countercurrent decantation circuit (CCD). 4 1 A CCD is a series 
of sequential decantation vessels arranged to permit 
countercurrent flow of sludge and wash water. The CCD 
circuit would reduce the wash water volume requirement versus 
a settle and decant method. This would be a viable option 
only for sludges that readily settle. Centrifugation is also 
a possible separation method, as shown in the Hanford 
Redox/Purex Sludge Tests. High concentrations of polymeric 
flocculating agents were necessary in the testing, and would 
probably be needed in operations of both centrifugation and a 
CCD. Addition of organic polymers increases the potential 
for modifying the waste chemistry and volatile organic 
compound production from radiolysis. Use of centrifuges in 
high radiation and remote maintenance locations may be 
difficult to implement. The centrate clarity can also be 
enhanced with filtration. 

Crossflow filtration can be used either for polishing the 
supernate and wash water after a coarse settling, or it can 
be used.as a single step for both concentrating sludge solids 
and clarifying the liquid. Crossflow filtration can be used 
for clarifying the dissolved salt cake and supernate. 
Experimentation is needed to determine the optimum 
configuration of coarse and polishing separations. Polymeric 
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filters are not expected to be "capable of tolerating the high 
radiation fields and alkalinity of the Hanford tank waste 
stream. Ceramic (alpha-alumina) and ceramic (titania)/metal 
filters, according to the manufacturer's specifications, 
tolerate high alkalinity. Gasket materials for the ceramic 
filters may be problematic. Stainless steel filters can 
withstand the harsh environment of sludge and supernate 
separations. 

Another option for polishing the clarified liquid is a deep-
bed filtration with an alkaline-tolerant media. However, if 
the sludge does not settle in a short time it suggests that 
the particle size of the solids is small and it may not be 
filterable with this method. Use of a DE precoated filter, 
similar to that used in the Hanford NCAW tests, is expected 
to be problematic with highly alkaline waste. The maximum 
operating alkalinity of DE is typically pH = 11. Other 
filter aids are tolerant of high alkalinity, but they are 
typically composed of cellulosic material. ,, The silica in the 
DE partially dissolves in caustic, potentially causing 
downstream fouling as the silica reacts with dissolved 
aluminates or sorbs onto ion exchange resin. 

The baseline approach at Hanford of settling and decanting is 
appropriate. If this does not produce a sufficiently 
clarified supernate, crossflow filtration, centrifugation, or 
deep-bed filtration should be examined. Backflushable dead
end filters are unlikely to achieve sufficient filtrate flow 
rates, based on cursory laboratory testing.33 using crossflow 
filtration for the concentration and washing of sludge is 
feasible, but low filtrate flow rates are expected. 

Ion Exchange Influent Polishing 

The second solid/liquid separation step in the Hanford TVJRS 
pretreatment flowsheet is to remove residual sludge solids 
and material that precipitates after evaporation. Testing is 
needed to determine if a media filter (e.g., a bed of glass 
frit) produces adequate filtrate and if the backwash volumes 
are excessive. Crossflow filtration could be an alternate 
treatment method. Stainless steel, alpha-alumina, and 
ceramic/metal filters are expected to be capable of 
tolerating the high radiation and alkalinity of this waste 
stream, although the alpha-alumina gaskets may be 
problematic. 

The baseline technology for polishing these evaporator 
product streams at Hanford, fritted glass depth filtration, 
has not been tested on simulated or radioactive wastes. This 
technology appears feasible if sludge washing and settling is 
done, the fouling rate is sufficiently low, filtrate quality 
is high enough, and if the backwash volumes can be tolerated. 
Testing is needed to determine if the frit behaves like 
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Perlite (an aluminosilicate) that becomes a gel which then 
recrystallizes as zeolite in strongly alkaline solutions. 4 2 

Testing of this method is needed to determine if the 
functional performance criteria can be met. 

Ion Exchange Effluent Fines Removal 

A post-IX treatment method for removal of resin fines may be 
needed in the Hanford TWRS pretreatment flow sheet. A guard 
filter or screen is needed to catch the fines present in the 
treated effluent. Chemical cleaning of a guard filter is 
expected to be difficult because of the limited ability to 
dissolve resin fines in cleaning solutions. Dissolution of 
organic resin fines may be possible with strong acids, but 
fines from crystalline silicotitanates may be more difficult 
to dissolve. Use of a crossflow filter for this stream which 
contains low insoluble solids is not practical, and a dead
end metal, polymeric, or media filter may be the best 
approach. The low radiation field after ion exchange would 
permit use of polymeric filters. Backpulsing or backwashing 
any of these filters may be adequate to remove the fines, 
reducing the need for chemical cleaning. The West Valley 
process demonstrates that' a depth filter is effective at 
zeolite fines removal with that waste stream. 

ORNL Gunite Tanks 

The sludge in the ORNL Gunite tanks will be sluiced out using 
water, and perhaps a suspension agent such as bentonite. 
Once the material is sluiced, settling the solids in another 
tank and reusing the water is the preferred mode of 
operation. If the settling rates in the second tank are too 
low, filtration or some other separation method is needed. A 
very likely candidate for the bulk of the solids removal is a 
hydrocyclone. The sludge is reported to settle in the tanks 
to as high as 35 wt %, suggesting a very dense material that 
may be separable with a hydrocyclone. The use of crossflow 
filtration is another option if the hydrocyclone is incapable 
of sufficient separation. A crossflow filter would allow 
higher filtrate flow rates and solids concentration than 
dead-end filtration. The abrasiveness of the solids should 
be considered when selecting a crossflow filter for this 
application. Alternatively, use of a hydrocyclone for coarse 
separation may be adequate for liquid reuse, followed by 
polishing filtration prior to final liquid disposal. The 
need for a polishing filter will depend on the final criteria 
for disposition of the water. Further characterization of 
the sludge and final waste water disposition criteria are 
needed to identify specific SLS applications and develop a 
test orocram. 
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ORNT, MVST Supern^te Cs Removal - Program 

The relatively low .radiation level of the MVST Supernate is 
compatible with use of polymeric cartridge filters. The 
waste stream is only moderately alkaline and contains only 
trace amounts of insoluble solids. Use of a backwashable 
cartridge filter would permit extended use of the filter and 
reduced radiation levels of the cartridges when they are 
disposed. Crossflow polymeric filters could also be used, 
but the cost and complexity of the unit is probably not 
needed for this low solids and low flow rate waste stream. 

ORNL MVST TRU Processing Facility 

The requirements for the ORNL MVST sludge solid/liquid 
separation step are not fully defined. It is expected that a 
solid/liquid separation technique will be performed as part 
of a sludge washing step. This separation may be 
accomplished by in-tank or out-of-tank settling, similar to 
the in-tank sludge washing at SRS. If settling is not 
adequate to meet the supernate clarity requirements other 
methods are needed. Options include use of a countercurrent 
decantation circuit, centrifuge, or a crossflow filter. 
Using a crossflow filter to concentrate the REDC waste is 
expected to require a metal, ceramic, or ceramic/metal filter 
due to the high radiation levels of this waste stream. 

ORNL REDC 

The ORNL REDC waste stream is expected to contain <1 wt % 
insoluble solids but a high concentration of radionuclides. 
Concentrating the slurry to 10-15 wt % insoluble solids is 
not practical with cartridge or multimedia filtration. Other 
types of dead-end filters would not concentrate the solids to 
the high solids content. Crossflow filtration is expected to 
permit concentration of the solids at high flow rates. 
Another option is to settle the solids, filtering only the 
clarified supernate with a dead-end, multimedia, or crossflow 
filter. Lab-scale testing would be needed to determine if 
the solids settle to a sufficiently dense cake to permit this 
treatment approach. 

Using a crossflow filter to concentrate the REDC waste is 
expected to require a metal, ceramic, or ceramic/metal filter 
due to the high radiation levels of this waste stream. The 
high alkalinity and radiation may limit the gaskets used in 
ceramic filters. 

ORNL NGLLLW 

The precipitates of strontium carbonate, and KCCF in the ORNL 
NGLLLW process are expected to be fine, although one test 
indicated that the KCCF could be removed with a 0.45 Li 
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filter.^ The pH adjustment step also forms aluminum 
hydroxide, which is commonly a gel under these conditions. 
The pilot testing suggests that the material is probably too 
fine to settle by gravity. The insoluble solids content in 
the first filtration step (i.e., strontium precipitation) is 
approximately 2 00 mg/L. The maximum projected radiation 
level (i.e., 0.1 Ci/L of Cs-137 and Cs-134, 0.13 Ci/L of Ru-
106 and Ru-103, and 0.02 Ci/L of Sr-90) is an intermediate 
level for a" polymeric filter, but tolerable for ceramic or 
metal filters. Filters constructed of fluoropolymers are 
expected to exhibit radiation damage over extended contact, 
but those constructed of other polymers are expected to be 
more resistant. 

The alkalinity of the solution in the first step (i.e., 
strontium precipitation) of the NGLLLW process is probably 
too high for most polymeric filters, but is within the limit 
of the tolerable range of ceramic filters constructed of 
alpha-alumina. Ceramic filters constructed of other types of 
alumina are less tolerant to high alkalinity.9 Diatomaceous 
earth or other aluminosilicate filter aids are not tolerant 
to the high alkalinity of the unadjusted NGLLLW stream, 
excluding the use of a precoated dead-end filter for the 
first step. Subsequent treatment steps in the NGLLLW process 
are at ambient pH and would not be a concern for any filter. 

In the first two NGLLLW steps (i.e., strontium precipitation 
and the first KCCF strike), the insoluble'solids content is 
at the limit of cartridge filtration viability. The 
precipitate particles in the first two steps are probably too 
small to permit multi-media filtration. The third step 
(second KCCF strike) could utilize cartridge filtration, but 
removing the cesium from the cartridges to get it into an 
acceptable waste form would probably require chemical 
cleaning. 

Crossflow polymeric filters may be acceptable for the second 
and third steps of the NGLLLW process although there are 
several issues to be resolved. The primary problem with 
polymeric filters is expected to be chemical cleaning. The 
KCCF solids need to be dissolved to clean the filters and the 
pH required to dissolve it may be outside of the tolerable 
range for the filter material. Cobalt ferrocyanides are 
known to be stable to 1 M acid but decompose above pH = ll. 1 0 

Polymeric filters made from non-fluoropolymers with submicron 
pore sizes are readily available, but generally have a lower 
chemical tolerance than those made of fluoropolymers. 
Decontamination for disposal of the filters may be done with 
slightly higher caustic or acid concentrations because the 
integrity of the filter pores would no longer be important. 
Alternatively, some polymeric filters are available that 
utilize mechanical (sponge-ball) cleaning, which would avoid 
chemical cleaning problems. 
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Crossflow ceramic or metal filters are the most likely filter 
candidates for the first and second steps (strontium 
precipitation and the first KCCF strike) of the NGLLLW 
process. A submicron pore size will probably be required to 
remove the fine precipitates. The aluminum hydroxide 
precipitate in the second filtration step will act, •as a 
filter aid to assist in removal of the KCCF solids. Chemical 
cleaning of both filter types can be accomplished with acids 
and bases, provided the KCCF decomposition is addressed. 

Because of the low quantity of fine solids, the third step in 
the NGLLLW process (the second KCCF strike) may be completed 
using a DE coated metal filter. The fine precipitate of KCCF 
would not reach the filter surface due to the DE, and would 
be removed by backpulsing. Disposal of small quantities of 
DE can likely be done in the final wasteform. 

To reduce system complexity and cost, using common filtration 
equipment for the first two steps may be feasible. The 
technology most likely to be successful for both steps is 
crossflow ceramic (or ceramic/metal) filtration because of 
the small pore size and chemical and radiation tolerance. 
Significant testing would' be needed to prove the viability of 
this approach. 

TESTING NEEDS 

Simulant Preparations 

Simulant waste formulations have been prepared for the ORNL 
REDC and NGLLLW processes, and for a Hanford waste tank (C-
103). These simulants can be used for preliminary studies to 
evaluate solid/liquid separation technologies. Simulant 
development is needed for the MVST supernate cesium removal 
program, the Gunite Tanks remediation, and other Hanford 
tanks. 

The formulation of simulated Hanford tank sludge should be 
based on the measured physical properties of the radioactive 
sludge. The Hanford tank wastes vary widely in chemical and 
physical characteristics. Years of mixing, aging, and 
settling in the tanks have formed waste compositions that are 
expected to have variations in primary particle size, 
agglomeration behavior, viscosity, and solubility which do 
not reflect the original waste form. Earlier testing that 
was done on crossflow filtration, centrifugation, settling, 
and other SLS techniques is not likely to be fully 
representative of the current waste. The earlier work on 
NCAW, Redox, Purex, and Cladding Removal wastes yielded 
widely varying results. The effects of combining and aging 
-hese wastes on SLS techniques cannot be predicted because of 
formation of different compounds and the potential for 
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synergistic effects. The data" from previous test's can be 
used for general observations and indications of expected SLS 
method performance. 

Further work is necessary to more fully characterize Hanford 
waste tank compositions other than tank C-103 and develop 
simulants. This work is currently being done at Hanford and 
Los Alamos. Characterization of the minor insoluble 
constituents is needed, particularly for chemical cleaning 
studies. Comparisons of settling, filterability, particle 
size, and chemical compositions between simulated and 
radioactive tank waste are needed to ensure accurate simulant 
formulations. The sludge composition of each tank will need 
to be characterized,, and perhaps the waste types can be 
placed in several broad categories to minimize testing. 
Identifying filter performance on each individual waste 
origin (e.g., Purex versus Redox sludge), and estimating 
performance based on mixtures cannot be done because the 
waste types can have a synergistic effect on filter 
performance. Sludge solubility studies are needed to 
determine what solutions can be used to clean filters. 

In addition to"the insoluble solids, the characteristics of 
the aqueous phase of simulants must be similar to that of the 
waste. Viscosity, density, pH, and chemical composition of 
the liquid phase will be significant, especially in the 
selection of settling or centrifugation equipment. 

Simulant Testing 

SRS In-Tank Precipitation and Late Wash 

Testing is needed to verify that use the DWPF recycle stream 
(condensate from evaporation and melting) to dissolve salt 
cake in the tank farm will not adversely effect filter 
performance. Suspended solids contained in this stream may 
cause filtration problems in both the ITP and LW facilities. 
The composition of the solids in the recycle stream need to 
be evaluated, accurate simulants developed, and tested on the 
Mott crossflow filters. 

Similarly, use of ESP wash water to dissolve salt cake in the 
tank farm must be evaluated. The wash water may contain a 
significant quantity of sludge that does not settle because 
of the fine particle size. The presence of insoluble sludge 
solids in this waste stream may impact filtration in ITP and 
LW. This alteration in the flowsheet needs to be evaluated 
with accurate simulants being developed and tested on the 
Mott crossflow filters. 
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Hanford Tank Waste Sludge Leaching and Washing 

Testing is needed to determine if settling is adequate 
treatment for the Hanford tank waste sludge. An evaluation 
of the volume of caustic leach solution, wash water, and 
sludge is needed. Preliminary tests can be done w:i,th 
simulants, but the majority of this testing should be done 
with radioactive waste samples. An evaluation of the 
available equipment, tank space, and evaporator capacity are 
also needed. Whether the settling is in-tank or out-of-tank 
needs to be included. If settling is adequate to clarify the 
liquid for evaporation, this is the most desirable SLS 
method. Other settling methods, such as counter-current 
decantation and clarifiers should be considered to enhance 
system efficiency. 

If settling of the Hanford tank waste sludge is not 
acceptable, crossflow filtration needs to be tested for the 
coarse sludge solid/liquid separation. Th^ most compatible 
and effective crossflow filters are expected to be the metal 
or metal/ceramic filters. This includes the sintered metal 
and etched metal disk filters. Preliminary studies should be 
done with the ceramic filters to determine if significant 
improvements in performance can be realized. If the ceramic 
filters are significantly better than metal filters, a 
detailed study of the gasket material tolerance to radiation 
and caustic is needed. Other types of crossflow filters are 
not likely to be applicable due to the high abrasiveness and 
alkalinity. Abrasiveness of the sludge on the filter medium 
must be evaluated. 

Centrifuges should also be considered for the coarse sludge 
separation at Hanford. Evaluation of centrifuges should 
consider: chemical effects of adding polyelectrolytes to the 
waste, maintainability of the equipment, centrate quality, 
and flow rates. Accurate simulation of the viscosity and 
density of the liquid portion of the simulant solution is 
critical to the applicability of simulant testing. Although 
a hydrocyclone may be applicable to some sludge types, it is 
unlikely to be effective with sludges containing submicron 
particles . 

Filtration studies of the polishing SLS are needed. It may 
be advantageous to settle the bulk of the sludge and filter 
only the decanted liquid. This needs to be done in 
conjunction with an evaluation of the influent requirements 
for the evaporator. Filters to be examined for this 
separation include those listed above for the coarse 
separation as well as a deep bed filter. The most likely 
candidate for this separation is the smaller pore 
metal/ceramic filter. The simulant should be prepared by 
settling a concentrated slurry and decanting the liquid. 
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It is important to include in testing the variations in the 
aqueous phase as well as the solid phase. Depending on the 
final flowsheet, the sodium content of the aqueous phase can 
range from over 10 M to less than 1 M. The range of sodium 
content corresponds to changes in the viscosity and density 
of the liquid, which effects filtration, settling, -and 
centrifugation properties. The liquid phase also 'effects the 
colloid chemistry of the sludge and the surface charge of the 
filter and colloids. Demonstrations of equipment must 
include sludge washing studies to evaluate these effects, as 
well as chemical cleaning studies. 

With the variety of sludge types present in Hanford tank 
waste, it is apparent that any one solid/liquid separation 
technology will not be equally effective for all waste types. 
This is evident by comparisons of the simulated Hanford 
Redox/Purex Sludge, Hanford NCAW, and the'Hanford Cladding 
Removal Waste tests. Contingencies for alternate 
technologies, or variations on the primary^technology, to 
treat other streams must be considered in flowsheet 
development. The system design must be sufficiently robust 
to permit variations in waste treatment flow rates. The 
major simulant formulations developed for the variety of 
waste tanks needs to be tested on the most promising 
technologies. 

The wastes need to be analyzed sufficiently to permit 
production of several major simulant formulations and SLS 
techniques examined using these simulants. The precise 
number of simulants will depend on the results of the 
analyses. The critical parameters to simulate are: primary 
and agglomerate particle size, chemical composition, and 
viscosity. 

Use of a settling step for sludge filtration has been 
effective at West Valley, and may be applicable for the 
Hanford tank waste. The floating suction on the pump 
minimizes the insoluble solids content in the filter feed 
solution. Backpulsing was only needed when the tank level 
was low and solids were pumped to the filter. If a polishing 
filrer is needed after settling the sludge, consideration 
should be given to use of this floating suction. 

Testing is also needed to establish the quantity of 
radionuclides that pass through filters with a range of pore 
sizes. Preliminary tests can be done using dead-end filters. 
Tests need to be conducted on the SLS technique selected for 
~he sludge separation steps. 

Hanford Ion Exchange Influent Polishing 

The pre-ion exchange SLS step in the Hanford flowsheet favors 
rhe use of crossflow filters. The same filters considered 
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for the coarse separation should be examined for the 
polishing separation (i.e., crossflow stainless steel, 
metal/ceramic, and ceramic). In addition, the baseline 
technology of a deep bed filter needs to be evaluated. In 
addition to filter studies with the deep bed filter, the 
evaluation of chemical compatibility of the bed material with 
the aqueous phase needs to be done. The simulant used for 
testing this waste stream should be prepared by evaporation 
of an aqueous phase to the appropriate concentration. The 
evaporation may cause formation of insoluble species other 
than what are present in the sludge (such as carbonate salts) 
that may have different performance. 

Dead-end metal filters that are not precoated are expected to 
have low flow rates and will be difficult to clean, based on 
the radioactive NCAW tests. 

If crossflow or deep bed filtration is not acceptable, 
filtration using precoated dead-end metal filters should be 
considered. The addition of filter aid (precoat) to the 
waste stream would need to be evaluated to determine the 
impact on (a) waste volume, (b) glass compatibility, and (c) 
chemical compatibility with the aqueous phase. Prior to 
proposing use of this method for polishing filtration at 
Hanford, studies of the impact of the filter aid is needed. 
Use of a DE to precoat a filter is expected to cause silica 
fouling of the filter as the material disintegrates in the 
highly alkaline waste. The silica would subsequently need to 
be chemically cleaned. Since the kinetics of DE dissolution 
are difficult to predict, the testing of this SLS technique 
should include long-term contact studies to determine the 
impact. Subsequent DE impacts on downstream processes also 
needs to be evaluated. The reactive alumina species present 
in the waste must be included in the simulant to evaluate 
reaction with DE and formation of insoluble aluminosilicates, 
which would cause chemical cleaning problems. Alkaline-
tolerant cellulose-based filter aids are available, but 
generate a secondary waste stream that must be disposed. 

Integrated tests are also needed to verify that the product 
of one process step is adequate for the subsequent treatment 
step. The filtrate from the second Hanford SLS step is fed 
to the ion exchange units. The filtrate quality must be 
adequate to prevent bed fouling and to satisfy downstream TRU 
component criteria. The prevention of bed fouling can only 
be adequately demonstrated using an integrated test. 
Similarly, the evaporator bottoms must be used as influent to 
the polishing filter. The hold-time and temperature of the 
evaporator bottoms can significantly impact the performance 
of the polishing filter. The routine operating conditions 
and upset conditions should be tested. 

Testing is needed to establish the limit of insoluble solid.'; 
content of the ion exchange influent must be determined for 
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the Hanford flowsheet. The quality of the product from any 
of the SLS techniques is a critical parameter for selection 
of the appropriate unit. 

Hanford Ion Exchange Effluent Fines Removal 

The post-ion exchange guard filter in the Hanford flowsheet 
can be a dead-end backflushable filter because of the very 
low solids content. Use of either a metal or polymeric 
filter should be' examined for this application. Use of a 
backflushable filter will extend the filter life and minimize 
the quantity of radiation-containing particulates in the 
filter when it is disposed. Testing of the fines removal 
technology needs to be conducted in conjunction with ion 
exchange testing. Use of a depth filter, similar to that 
used at West Valley, would have the same chemical reactivity 
problems associated with its use in a polishing filter and is 
not likely to be effective. 

ORNL Gunite Tank Waste 

As noted above, settling in a .small tank is the desirable 
method for separating the bulk of the insoluble solids from 
the liquid in the Gunite Tanks remediation. Settling rate 
studies are needed to determine if this approach is 
effective. If the settling tests indicate that other methods 
are needed, simulant development and testing are needed. 
Effluent treatment requirements are also heeded. If the bulk 
of the solids can be settled in a coarse separation, and the 
water reused for sluicing operations, this will minimize 
water volume. If the water must then be further clarified 
before transfer to a new MVST, other SLS methods are needed. 
For the coarse separation, a hydrocyclone should be tested. 
The hydrocyclone may be highly effective since the liquid has 
a low viscosity and the solids are probably dense. If the 
water must be further clarified for reuse or transfer to the 
MVST, crossflow filtration needs to be tested. The 
potentially abrasive nature of the solids suggest that metal, 
metal/ceramic, or ceramic (alpha-alumina) filters should be 
used. 

ORNL MVST Supernate Cs Removal Program 

The relatively low radiation level, low solids loading, and 
moderate pH of the MVST Supernate are compatible with use of 
metal or polymeric (dead-end) cartridge filters. To minimize 
secondary waste generation, metal filters can be used, 
although use of backwashable polymeric filters is expected to 
be less expensive. Use of polymeric cartridge filters that 
are backwashable would extend filter life and reduce the 
concentration of radioactive material in the cartridges when 
they are disposed. These backwashable filters should be 
-tested using simulated waste or radioactive waste in the 
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laboratory. Crossflow polymeric filters could also be used, 
but the cost, size, and complexity of these units are 
probably not needed for this low solids and low flow rate 
waste stream. 

ORNT, MVST TRU Processing Facility 

The ORNL MVST sludge removal is very similar to the Hanford 
sludge processing and a similar approach is needed. Studies 
are needed to determine if in-tank washing and settling are 
adequate to wash and clarify the sludge. Evaluations of out-
of-tank washing methods, such as a CCD, need to be conducted. 
If the supernatant clarity is not adequate, further treatment 
is required. For treatment studies, analysis of sludge 
characteristics is needed and simulants need to be developed. 
Initially, the simulants used for the W-29 test can be used 
and benchmarked against the available data. Treatment 
studies should include crossflow metal and metal/ceramic 
filters. If the crossflow filters are notvsatisfactory, a 
centrifuge should be tested. 

ORNL REDC 

For the ORNL REDC waste, crossflow filtration with metal 
filters is expected to be the optimum technology available. 
To concentrate the dilute slurry to 10 to.15 wt % solids will 
require crossflow filtration. Testing of this method is 
underway. The metal/ceramic filters are potential alternates 
if the metal filters cannot produce sufficient 
decontamination of solids. If these technologies are 
inadequate, another option is to settle the solids, filtering 
only the clarified supernate with a dead-end, multimedia, or 
crossflow filter. Lab-scale testing would be needed to 
determine if the solids settle to a sufficiently dense cake 
to permit this treatment approach. 

ORNL NGLLLW 

Testing of SLS technologies for the first step of the ORNL 
NGLLLW process should focus on metal, metal/ceramic, or 
ceramic filters. If these methods are unsuccessful, 
backflushable dead-end filters may be applicable, but would 
probably have lower flow rates than crossflow filters and 
generate more secondary waste. 

The KCCF precipitates in the second ORNL NGLLLW process step 
coprecipitate with aluminum hydroxide at ambient pH and 
should be tested using crossflow ceramic or ceramic/metal 
filters. Removal of fine precipitates of KCCF will be more 
effective with a smaller pore filter than is available with 
the metal filters. The use of crossflqw metal filters is an 
option, but" is less likely to be successful due to the larger 
core size. Data on the dissolution rates of KCCF and a 
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knowledge of the byproducts of 'decomposition are needed to 
determine appropriate chemical cleaning parameters. 

The third ORNL NGLLLW process step (second KCCF strike) 
should be tested with a DE coated metal filter. The fine 
KCCF precipitate would be absorbed by the DE and removed by 
backpulsing. Disposal of small quantities of DE qan likely 
be done in the final wasteform. Alternatively, backflushable 
cartridge filters may be acceptable. Research would be 
needed to demonstrate removing the cesium from the cartridges 
to obtain an acceptable waste form. Chemical cleaning of the 
filters may be needed to sufficiently decontaminate the 
filters . 

System complexity and cost may be reduced by using common 
filtration equipment for at least the first two ORNL NGLLLW 
steps. Use of a crossflow filter for the third step is 
feasible, but the low solids loading makes it less practical. 
The technology most likely to be successful at both steps is 
crossflow ceramic (or ceramic/metal) filtration because of 
the small pore size and chemical and radiation tolerance. 
Testing of this approach is needed. 

Radioactive Waste 

In general, benchmarking of simulant performance to 
radioactive waste performance must be completed early in the 
testing programs. This benchmarking can be done on a 
laboratory scale initially, but must be scaled up as the 
program proceeds. The quantity of radioactive waste treated 
should also be comparable to at least a single filtration 
cycle (i.e., gallons of waste treated per square foot of 
filter area in the period between planned chemical 
cleanings). Chemical cleaning is also a critical parameter 
to demonstrate with radioactive waste. 

For the Hanford tank waste sludge separation, simulants and 
radioactive waste need to be compared on the laboratory scale 
for the widest range of wastes feasible. As the 
characterization of the waste tanks proceed, and if wastes 
car. be categorized into general ranges, comparison tests for 
each category need to be completed. The filtrate flow rates 
and decontamination factors can be derived from these tests. 

Pilot scale testing of solid/liquid separation of Hanford 
radioactive sludge waste is needed for "typical" waste. The 
scale up is needed to verify equipment performance 
characteristics. Operation of a pilot scale unit that is 5 
to 10% of the surface area of the full scale facility must 
also utilize the same configuration (i.e., filter tube 
diameter, length, number of filters in sequence, etc.). 
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Integrated testing using'radioactive waste is needed to 
confirm the results observed in the simulant tests. The 
sludge separation, evaporator concentrate separation, and the 
ion exchange fines removal need to be tested in sequence to 
verify performance. 

If the current analysis program on the ORNL Gunite'Tanks 
indicates that settling is not adequate, further testing is 
needed using radioactive samples. The tests should be done 
on the laboratory scale and scaled up to the pilot scale. 
The results should then be benchmarked against the simulated 
waste studies. 

The solid/liquid separation for the MVST Supernate cesium 
removal program should be tested on the laboratory scale with 
radioactive waste samples. Testing on single filter elements 
should be adequate. The relatively low flow rate of the 
process does not require scale up prior to implementation. 

The MVST sludge settling tests need to be completed on 
radioactive waste samples (some of this work has been 
completed 4 3). If treatment with a crossflow filter or other 
SLS technique are needed, testing on the laboratory-scale is 
adequate. The relatively low flow rate of the process is 
approximately the same size as many pilot-scale facilities. 

The scale of the ORNL REDC tests currently planned are 
similar to the required flow rates for the facility. Further 
scale up is not needed. Comparisons of the radioactive waste 
with simulated waste is needed to verify the expected 
performance. 

The ORNL NGLLLW flow rates are also low enough that single 
filter elements or modules will give sufficient scale up 
information. Benchmarking of simulants to radioactive waste 
is needed to confirm both filtrate flow rates and 
decontamination factors. 

CONCLUSIONS 
Crossflow filtration has been successfully demonstrated on 
several types of simulated and radioactive wastes in the DOE 
complex, but a comprehensive examination of applicability has 
not been done. There are several potential applications of 
crossflow filtration in planned waste treatment projects. 
These applications have potential to reduce cost and increase 
efficiency of waste treatment, but testing is necessary to 
verify the feasibility. On some waste steams, such as the 
Hanford TWRS, tank-to-tank waste variability are expected to 
cause large variations in filterability. An extensive 
simulant development program is needed to characterize the 
wastes and demonstrate the treatability of each waste stream. 
Extensive testing is needed to verify the feasibility of both 
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baseline and proposed alternate technologies, such as 
crossflow filtration, using simulated wastes. Benchmark 
testing using samples of radioactive waste is crucial to 
confirming the applicability of a specific technology. 
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Table 2 
Waste Composition and Treatment Methods for ETF 

Waste Composition SLS Methods Tested SLS Method Implemented 

SRSETF insoluble 4 4 

solids: <0.01 wt % 
pH = 2-12 
principal components: 
Al, Ca, Fe 
Na, U, Zn 
NO3-, C1-, CO3-
tr i -n-butyl-
phosphate 
Principal radioactive 
components: 
Cs-137 (60 nCi/L) 
Ru-106 (70 nCi/L) 
Zr-95 (20 nCi/L) 
Nb-95 (14 nCi/L) 

Simulants: 
Tubular precoat 
Ultrafiltration (crossflow) 
Ceramic microfilters (crossflow) 
Centrifugal ultrafilter 
Tubular ultrafilter 
Deep bed filter 
Backwashable cartridge 
Stainless steel mesh 
Porous metal 
Tubular fabric 
Centrifuge 
Electrocoagulation/filter 

Radioactive: 
Ceramic microfilters (crossflow) 

Norton ceramic crossflow 
microfilters (0.2 micron) 

0 i 

o 
-J 

< 



Table 3 
Waste Composition and Treatment Methods for ITP 

Waste Composition SLS Methods Tested SLS Method Implemented 

SRS ITP insoluble 4^ 
Slurry solids: 1 wt % 

pH = 14 
principal components: 
Na, Al, K, 
OH", NO3-, N0 2 -
CO3-, S04= 
Principal radioactive 
components 4 6 : 
Cs-137 (0.7 Ci/L) 
Sr-90 (0.2 mCi/L) 
U, Pu 

Simulants: 
Mott stainless steel crossflow 

Radioactive: 
Mott stainless steel crossflow 

Mott s.s. crossflow 



Table 4 
Waste Composition and Treatment Methods for ESP 

Waste Composition SLS Methods Tested SLS Method Implemented 

SRS insoluble 1 5 Simulants: In-tank settling 
Sludge solids: -20 vol % Settling 

P H = 12 
principal components: Radioactive: 
Na, Al, Fe Settling 
Mn, Ca, U, Mg 
N0 3% N0 2 " 
Principal radioactive 
components 4 7 : 
Cs-137 (0.8 mCi/g) 
Sr-90 (36 mCi/g) 
Ce-144 (6 mCi/g) 
U, Pu 



Table 5 
Waste Composition and Treatment Methods for Hanford Tank Waste 

Waste Composition SLS Methods Tested 
SLS Methods Recommended 
for Testing and Evaluation 

Hanford Inso lub le 4 8 

Tanks a solids: max.10 wt % 
pH = 12-14 
principal components: 
Al, Si, Fe, Na, 
P, Bi, Zr, Ca 
OH", NO3-, NO2-, S0 4= 

Principal radioactive 6 

components (soluble): 
Cs-137 (0.15 Ci/L) 
Sr-90 (2 mCi/L) 
U, Pu 

Simulants: 
Redox/Purex: 
Centrifuge, Settling, 
Air flotation, Mott crossflow 

Cladding removal: 
Centrifuge, Settling, 
Mott crossflow, 
Mott iPHP 
Crossflow s.s. filters 

NCAW: 
Centrifuge, Settling 
Mott crossflow, 
Mott PHP with DE 

Radioactive: 
NCAW: 
Mott PHP with DE 

Sludge Coarse Separation: 
Settling/Clarification 
Counter-current decantation 
Crossflow metal filters 
Crossflow metal/ceramic filter 
Centrifuge 
Crossflow ceramic filter 

Sludge Polishing Separation: 
Crossflow metal/ceramic filter 
Crossflow metal filters 
Deep bed Filter 

IX Influent Polishing Separation: 
Crossflow metal filters 
Crossflow metal/ceramic filter 
Deep bed Filter 
Crossflow ceramic filter 

Comments: 
a Estimated composition of all tanks including sludge, salt, and 
widely varying 

Post-IX Guard: 
Backflushable polymer filter 
Backflushable s.s. filter 

supernate. Component ranges are 
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Table 6 
Waste Composition and Treatment Methods for ORNL Gunite Tanks 

Waste Composition SLS Methods Tested 
SLS Methods Recommended 
for Testing and Evaluation 

ORNL Insoluble 
Gunite solids: -10 vol % 
T a n k s 4 9 pH = 9-11 

principal components: 
Al, Ca, Na, 
U, Fe, Si, 
CO3-, PO4-3, NO3-, S 0 4

= 

Simulants: 
none 3 

Settling 
Hydrocyclone 
Crossflow s.s. filter 
Crossflow ceramic/metal filter 
Crossflow ceramic filter 

Principal radioactive 
components'. 
Cs-137 (14 mCi/L) 
Sr-90 (24 mCi/L) 

en 

Comments: 
a The MVST filtration studies3 7- 3 8 are related o 
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Table 7 
Waste Composition and Treatment Methods for ORNL MVST TRU Processing Facility 

Waste Composition SLS Methods Tested 
SLS Methods Recommended 
for Testing and Evaluation 

ORNL Insoluble Simulants: 
MVST solids: 23 wt % Mott stainless steel crossflow 
sludge 4^ pH = 7-13 

principal components: 
Al, Na, Ca, Th, U, K Radioactive: 
OH", CO3-, NO3-, CI Mott stainless steel crossflow 

Settling/Clarification 
Counter-current decantation 
Crossflow metal filters 
Crossflow metal/ceramic filter 
Centrifuge 

Principal radioactive 
components: 
Cs-137, Eu-152 
Sr-90, Pu 
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Table 8 
Waste Composition and Treatment Methods for ORNL MVST Cesium Removal 

Waste Composition SLS Methods Tested 
SLS Methods Recommended 
for Testing and Evaluation 

Simulants: 
Cartridge filters 

ORNL Insoluble 
MVST solids: <0.01 wt % 
Cesium pH = 7-13 
Removal 8 principal components: Radioactive: 

Na, K, Al Cartridge filters 
OH-, CO3-, NO3-, CI 

Backflushable polymer filter 
Backflushable metal filter 

Principal radioactive 
components: 
Cs-137 (5.95 mCi/L) 
Sr-90 (0.19 mCi/L) 

- J 

Comments: 
<0.*01 wt % insoluble solids is after pH adjustment and settling in the MVST 8 
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Table 9 
Waste Composition and Treatment Methods for ORNL REDC 

SLS Methods Recommended 
Waste Composition SLS Methods Tested for Testing and Evaluation 

ORNL Inso luble 3 4 Simulants: 
REDC solids: 0.2 wt % Mott stainless steel crossflow 

0.5-2 M NaOH 
principal components: 
Al, Fe, Zr, Na, 
OH-, N0 3 -

Principal radioactive 
components: 
Cs-137/134 (10 Ci/L max.)* 
mixed fission 
products (1 Ci/L max) a 

Comments: 
a Highly variable range 

Crossflow metal filters 
Crossflow metal/ceramic 
Settling/Clarification 



Table 10 
Waste Composition and Treatment Methods for ORNL NGLLLW 

Waste Composition SLS Methods Tested SLS Methods Recommended 

ORNL Insoluble 8 Simulants: 
NGLLLW solids: <0.02 wt % Laboratory 

pH = ~13 
principal components: 
Al, Li, Na, 
CO3-, OH-, NO3-, S0 4= 

Principal radioactive 
components: 
Cs-137 (100 mCi/L) 
Ru-106/103 (130 mCi/L) 
Sr-90 (19.5 mCi/L) 

centrifuge 
Sr Precipitation Step: 
Crossflow metal filters 
Crossflow ceramic filter 
Crossflow ceramic/metal filter 
Backflushable s.s. filter 

First KCCF Strike: 
Crossflow ceramic filter 
Crossflow ceramic/metal filter 
Crossflow metal filters 

Second KCCF Strike: 
Backflushable s.s filter w/ DE 
Backflushable polymer filter 
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Figure 2. SRS HIGH LEVEL WASTE FLOWSHEET 
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Figure 3. 
Draft Hanford High Level Waste 
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Figure 4. 
Oak Ridge Radiochemical Engineering 

Development Center Waste Process Flowsheet 
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Figure 5. 
Oak Ridge Newly Generaged Low-Level 

Liquid Waste Process Flowsheet 
SrCl2 
Fe2(S04)3 

Solids 

H2SO4 
K4Fe(CN)e 
CO(N03)2 

1 
Cs 
removal 
KCCF 

Solids 

K4Fe(CN)6 
CO(N03)2 

Solids 

Solid/Liquid 
Separation 

Evaporator 

i 

Solid/Liquid 
Separation 

1 1 
Cs 
removal 
KCCF 

J 


