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ABSTRACT 

A new approach, termed SIPS (Small In-Tank Erocessing System), that enables the in- 
tank processing and separation of high-level tank wastes into high-level waste (HLW) and low- 
level waste (LLW) streams that are suitable for vitrification, is described. Presently proposed 
pretreatment systems, such as enhanced sludge washing (ESW) and TRUEX, require that the 
high-level tank wastes be retrieved and pumped to a large, centralized processing facility, where 
the various waste components are separated into a relatively small, radioactively concentrated 
stream (HLW), and a relatively large, predominantly non-radioactive stream (LLW). In SIPS, a 
small process module, typically on the order of 1 meter in diameter and 4 meters in length, is 
insetted into a tank. During a period of approximately six months, it processes the solifliquid 
materials in the tank, separating them into liquid HLW and liquid LLW output streams that are 
pumped away in two small diameter (typically 3 cm 0.d.) pipes. The SIPS module would be 
serviced by six small diameter (-3 cm 0.d.) pipes - the two output pipes for the HLW and LLW 
streams mentioned above, a water input pipe, a nitric acid ( -3  M) input pipe, and input/output 
pipes to hydraulically loadunload ion exchange beads. An illustrative SIPS processing cycle is 
described. During the first half of the cycle, solifliquid slurry from the tank is admitted to an 
internal compartment in the module (Compartment “B”), where the material is water washed. 
The liquid component flows to another internal compartment (Compartment “D’) where cesium is 
extracted by an inorganic ion exchange bead material (e.g., silico-titanates). The cesium free 
liquid then flows out as part of the LLW output stream. The solid particle components remaining 
after water washing are trapped using a magnetic particle seedinghapping process. After several 
hours of washindtrapping, the solifliquid feed from the tank is switched to Compartment “C”, 
while the remaining trapped solids in Compartment “ B  are dissolved by nitric acid. The resultant 
acidified liquid HLW stream is then contacted in a fourth compartment (“E) with a selective 
extractant (e.g., a chelating polymer with ultra filtration) that removes a portion of the non- 
radioactive component in HLW streams so that they can be combined with the LLW stream. This 
reduces the volume of the HLW to be vitrified, Compartments “B” and “C” alternate functions 
every several hours. When “B” is water washing, “c” is acid dissolving; they then switch 
functions, and “C” washes while “B” acid dissolves. The ion exchange material in Compartment 
“D’, together with the extracted cesium, is hydraulically unloaded every several days, and a fresh 
change of material hydraulically loaded. When the -6 month processing interval is completed, the 
SIPS module would be moved to a fresh tank. Using an array of only 10 modules, the total 
inventory of 179 Hanford tanks could be processed in a few years. The construction and 
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operation parameters for the SIPS module, based on Hanford process data, are described. 

The SIPS approval appears attractive. It enables a lower cost ar:a more redundant and 
maintainable processing system. It is very flexible, and can readily adapt to continuing technology 
improvements and widely disparate feed streams. It can be developed quickly, and is amenable to 
privatization. 

DESCRIPTION OF THE SIPS CONCEPT 

SIPS (SIPS In-Tank pretreatment System), utilizes a small, low cost module that is 
lowered into a tank to pretreat the waste and separate it into LLW and HLW streams. Virtually 
all solids are dissolved inside the tank, so that the waste streams leave the tanks as solutions, not 
slurries. 

Figure 1A shows an overall view of the SIPS module inside a waste tank. The module is 
lowered through a small opening (either preexisting or added) in the tank cover into the tank, and 
positioned either above or under the liquid surface. Small diameter flexible lines are connected to 
the intake and discharge ports in the module. Two small diameter lines lead into the tank carrying 
waste and nitric acid, while two small lines carry out the LLW and dissok ed HLW streams. 
These connect to external transfer lines that lead to final processing facilities. 

PlaceFigure 1 Here 

Two designs of the SIPS module have been investigated, a “baseline” design, and an 
“advanced design.” The baseline design essentially serves as the head end of the TRUEX process. 
The supernate and water soluble solids in the tank flow out as the LLW waste stream to an 
external central facility that extracts 99+% of the Cs (possibly also Tc and complexed Sr). The 
remaining solids are then dissolved in 3M nitric acid and flow out as the HLW stream, to be 
hrther processed in an external facility. 

In the advanced design, the SIPS module removes Cs (Tc and Sr also, if required) from 
the LLW stream using an inorganic ion exchange material so that the LLW stream requires no 
additional processing before vitrification. A separate processing zone in the advanced module 
extracts a portion of the non-radioactive components in the HLW stream, adding them to the 
LLW stream. No additional processing of the HLW is then necessary. 

Figure 2 shows a “black-box” view of the baseline SIPS concept. Four small diameter (-3 
cm) liquid flow pipes are attached to the support column that holds the SIPS module. Two of the 
pipes transport process feed liquids into the SIPS module from external lines outside the tank, i.e., 
H,O with colloidal ferromagnetic particles, and nitric acid solution (-3 M). The other two pipes 
transport process liquids away from the SIPS module to external lines outside the tank - i.e., 
liquid supernate to the cesium extraction and LLW vitrification facility, and nitric acid with 
dissolved HLW solids to the TRUEX processing and HLW vitrification facility. 
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Place Figure 2 Here 

As illustrated in Figure 3, colloidal ferromagnetic particles suspended in stream 1 are first 
combined with a slurry of tank solids and liquids (stream 2) in the mixing chamber (Region A). 
The colloidal ferromagnetic particles absorb on and bind to the solid particles. The slurry mixture 
then flows into a region where the particles that are not soluble in water are magnetically trapped. 
Based on the large body of experiments and process experience with magnetic separation, the 
undissolved particles should be quantitatively removed from the slurry that flow through Region 
B, leaving only a clear supernate that contains the water soluble materials (including cesium). A 
portion of this supernate flows back into the tank (Stream 5) ,  with the remainder flowing out of 
the tank to the LLW processing facility (Stream 4). While the nonsoluble solids (i.e., the HLW 
solids) trapping process is being carried out in Region B, the previously trapped solids are being 
dissolved in Region C by nitric acid (Stream 6) fed from outside the tank. The dissolved solution 
(Stream 7) then flows out from the tank to an external processing facility, and ultimately to a 
vitrification unit where the concentrated HLW is converted to glass. After a suitable time 
interval, the flows through Regions B and C are interchanged, so that the trapped HLW solids in 
Region B are dissolved, and fresh HLW solids are trapped in Region C. The interchange of flows 
relies only on a simple on-off flow control valve. A total of 11 valves is required. These could be 
hydraulically or electrically actuated. If desired, all valves could be located outside of the tank for 
easy accessibility. 

Place Figure 3 Here 

The flow rates are small, and the process equipment volume in the SIPS module and its 
associated piping are quite reasonable. Table I gives the average values for the process flow 
rates, based on the Hanford TWRS flow sheet'') and the stated overall efficiency for simple sludge 
washing. The integrated total volume of the LLW stream for all Hanford tanks is 25 1,490 
kilogallons. For an inventory of 177 tanks, this corresponds to an average LLW flow volume of 
1420 kilogal per tank. Over a 6-month processing interval this would require an H,O feed rate of 
5.4 gal per minute into the tank, and an equal LLW removal rate of 5.4 gallminute out of the tank. 
Based on a feed pipe inside diameter of 2.5 cm for these streams, the corresponding flow 
velocities would be 67 cdsec (-2 Wsec). The pressure drop at this flow velocity is very small, 
on the order of lo3 atmosphere (0.015 psi) per meter of length. Even smaller pipes could be 
used, if desired. The TWRS flow sheet shows the total mass of the vitrified HLW waste as 
2 .28~10~  metric tons. Based on the stated loading of 45% by weight of waste oxides in the 
vitrified HLW output, 1.03~10' kilogram of waste oxides is carried in the 36,040 kilogal of sludge 
sent to the HLW plant. This corresponds to an average solids !oading of 75 grams per liter in the 
liquidholid sludge flow stream. 

Place Table 1 Here 

The flow rates for streams 6 and 7 account for the fact that: a) the mass of solids left after 
washing by stream 1 will be greater because simple sludge washing - i.e., washing with H,O - is 
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used rather than enhanced sludge washing, which involved the use of 3M NaOH to reduce the 
volume of HLW solids; and b) there will be additional colloidal ferromagnetic particles added to 
trap out the solids. In addition, the equivalent solids loading in the solution after dissolution by 
nitric acid may not equal 75 gramdliter. With regard to point a), Westinghouse states that 
enhanced sludge washing removes an additional 40% of the solids that remain after simple sludge 
washing. With regard to point b), 20% additional solids in the form of colloidal ferromagnetic 
particles are included. With regard to the last point, the equivalent solids (Le., dissolved) loading 
in the dissolved solution (stream 7) to be 50 grams per liter, or only 66% of the loading in the 
TWRS flow sheet. Even with conservative assumptions, the flow rate of dissolved HLW soIution 
From a SIPS module in the waste tank is quite small, and easily handled in a 2.5 cm diameter line. 
With more concentrated solutions even smaller lines could be used. 

MAGNETIC TRAPPING OF SLUDGE PARTICLES 

The magnetic trapping process is illustrated in Figure 4. Water containing colloidal 
ferromagnetic particles, e.g., iron oxide, is mixed with tank sludge. The colloidal ferromagnetic 
particles adsorb on the solid particles in the sludge. The combination is attracted to, and held on 
surfaces where the magnetic field concentrates. This can be provided by contact between 
ferromagnetic bodies with different geometric shapes (e.g., teeth or cones contacting a plate, 
particle beds, packed filters, etc.) or by periodically varying the dimensions of the ferromagnetic 
body (e.e., a helical screw surface). A toroidal magnetic geometry minimizes the magnetizing 
requirements. Liquid flows radially inwards along the module. Radial flow geometry allows a 
lower liquid velocity than axial flow, resulting in less hydrodynamic drag on trapped particles. 
Ferromagnetic particles suspended in the liquid are attracted to zones of higher magnetic field, 
and stick to surfaces where the magnetic field lines converge. One possible trapping arrangement 
uses toroidal iron plates that are flat on one side and bumpy on the other. Magnetic flux is 
greatest where the iron projections contact the bottom of the adjacent plate. Ferromagnetic 
particles will tend to concentrate at these contact points so as to decrease the magnetic reluctance 
of the toroidal circuit. Flat-topped cones enable good magnetic contact between adjacent plates, 
and result in flow passages that are well interconnected with a good open area for flow. Other 
types of geometries can be considered, including iron fibers or balls between flat plates. 

Place Figure 4 Here 

The ferromagnetic material in the SIPS module must not react @e., dissolve or rust) in the 
water or acid wash or with the trapped solids. Uncoated iron or steel probably is not satisfactory; 
however, it can be treated with a protective coating. Non-reactive ferromagnetic material, such 
as nickel, can also be used. Magnetic excitation is necessary to create the magnetic flux in the 
toroidal circuit. This can be provided by a current winding, or by excitation from high coercive 
force permanent magnets, such as neodymium-iron. Only about 2 percent of the magnetic circuit 
has to be neodymium-iron; the remainder is ordinary irodsteel or nickel. If a current winding 
excitation is used, the current can be de-energized whenever it is desired to flush away any 
particles that remain after the acid dissolution step. If permanent magnet excitation is used, its 
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excitation can be temporarily nulled out by using a pulsed current winding. The magnetic field in 
the toroidal trapping region would then go to zero when the pulsed de-excitation winding is 
turned on. 

The excitation power to energize the field in both Regions B and C is low, i.e., only about 
13 kilowatts. This is very reasonable. The conductor winding weighs approximately 800 
kilograms; this weight could be reduced by a factor of four with an aluminum winding. If 
permanent magnet excitation is used, the time-average magnetic excitation power would be much 
less - below a kilowatt - because the deexcitation winding would be on for a very short time. 

PROCESS PERFORMANCE OF THE BASELINE SIPS MODULE 

Estimates of SIPS performance are based on TWRS experimentd2) and design studies.'') 
SIPS can operate in a batch wash mode. However, this is not as efficient as the continuous wash 
mode. In the continuous mode, sludge particles are pre-mixed with water containing colloidal 
ferromagnetic particles (Region A) and then continuously flow into Region B or C (depending on 
which phase of the process cycle the module is operating in), where they are magnetically trapped 
and washed. The soluble solids dissolve, leaving behind the insoluble solids which are dissolved 
later by HN03, during the acid dissolution phase of the cycle. The volume of the trapped 
insoluble solids builds up with time as the water wash phase proceeds. (In addition, there is 
always some volume of trapped soluble solids that has not yet dissolved.) M e r  four hours, the 
total volume of trapped insoluble solids is about 1 1 gallons. However, approximately 200 gallons 
of soluble salts have washed away, so that the insoluble fraction remaining after washing is only 
5.2%. 

A long wash period, e.g., four hours, is adopted. The insoluble solids occupy only about 
1 1% of the flow passage area. Adding the soluble solids that have not yet dissolved, the total 
fraction of the flow passage area occupied by solids is about 25%, assuming a period of 20 
minutes to dissolve soluble solids. With a typical flow passage dimension of - 1 millimeter, this 
corresponds to an average solids thickness of -250 microns. This should not significantly change 
flow hydraulics in the trapping region. The average flow velocity through the passages in the 
trapping region is very small, about 0.05 centimeters per second. The wash period of four hours 
should dissolve dl soluble solids. There probably would be a wash-only stage at the end during 
which fresh solids were not introduced. This wash-only stage would be 20-30 minutes out of a 4- 
hour cycle. 

The corresponding 4-hour-long acid dissolution phase for the residual solid appears 
adequate, based on experiments by Lumetta.@) Undissolved solids would be flushed out into the 
tank, to reenter later for additional treatment during the 6-month-long processing campaign. At 
the end of the campaign, there should be a very small amount of residual undissolved solids left in 
the waste tank. If 5% of the HLW solids that remained after simple washing (which itself 
removed 95% of the solids) did not dissolve in the acid dissolution phase, there would be about 
500 gallons of undissolved solids in the tank. These could be treated for an additional month or 
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so with special solutions to dissolve most of the remaining material. However, even if no fbrther 
dissolution occurred, the residual solid volume would still be well below the allowable level of 
<1% specified in the TPA. It appears likely that special processing will remove virtually all of the 
500 gallons of residual solids. 

ADVANCED SIPS MODULES 

The baseline SIPS module generates LLW and HLW liquid waste streams that go to an 
external facility for hrther processing. Cesium is extracted from the LLW stream by ion 
exchange, while most of the non-radioactive components in the HLW stream are extracted by the 
TRUEX process. 

The advanced SIPS module would eliminate external processing. To achieve this, the 
advanced SIPS module must remove 1) 299% of the cesium in the LLW stream before it leaves 
the module, and 2) 2 75% of the non-radioactive components fiom the HLW stream before it 
leaves the module [removal fraction may depend on the element being removed] while retaining 
299% of the radioactive species present in the HLW stream. The process technologies for these 
two functions must be compatible with the relatively small volume of the SIPS module. 
Moreover, they also must be simple to operate, reliable, and of acceptable cost. 

Candidate technologies include both existing processes, as well as promising new 
processes under development. The 1995 Efficient Separations and Processing Cross Cutting 
Program (ESP) Annual Technical Exchange Meeting summarizes some of these promising new 
processes.(') 

The cesium removal rate in an advanced SIPS module will be about 0.25 kg per week, 
assuming a 6-month period to process the tank. Ion-exchange is a proven technology and 
compatible with a small SIPS module if the IEX material is periodically replaced, i.e., every week 
or so. It appears simple to hydraulically load and unload E X  beads fiom the module; 
alternatively, the spent E X  beads could be periodically dissolved and added to the HLW stream. 
For simplicity, a non-eluting, inorganic type of E X  material is desirable. Promising new ion- 
exchange materials have been developed for cesium extraction fiom tank waste solutions. One of 
the most attractive are the crystalline silico-titantates (CST). These show very high selectivity for 
cesium(') at the conditions expected for the LLW stream: highly alkaline (pH - 15), high sodium 
concentration (- 5 M Na), and low cesium concentration (-2 ppm). Distribution coefficients for 
cesium extraction of -2000 mL/g have been measured for CST in simulated alkaline Hanford 
waste.") Based on these experiments, the absorptive capacity of CST in an ion exchange column 
with a 2 ppm cesium feed is estimated as-4~10-~ g cesium per g of absorber. This corresponds to 
a CST inventory in the SIPS module of -80 Kg (30% extra above saturation to allow for a 
breakthrough margin) if the ion-exchange material were to be replaced on a weekly basis, [-35 kg 
if replaced on a semiweekly basis]. The corresponding volume in the SIPS module is well below 
100 liters. The replacement schedule appears acceptable. The volume of the HLW solids to be 
vitrified increase by -5% if the spent E X  material is added to the HLW stream without further 
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processing. This minor increase would not significantly impact vitrification cwt, nor should it 
affect repository cost and availability. If Sr is present in significant concentration in the LLW 
stream from the SIPS module, an inorganic IEX material could extract it. Distribution 
coefficients in excess of 10,000 have been demonstrated for Sr removal from alkaline LLW type 
waste streams using sodium titanate. The amount of E X  material to remove Sr removal would 
be considerably smaller than for cesium extraction. 

There are a number of candidate technologies to remove non-radioactive components 
from the HLW stream. Solvent extraction processes are probably not satisfactory for an 
advanced SIPS. A water soluble chelating polymerhltra-filtration process appears attractive. 
Retentivity values of 99.9% (much greater than required) of plutonium and americium have been 
demonstrated under acidic conditions.(6) Chelating polymers for retaining cesium and strontium 
require development. Another candidate is fractional precipitation; here, water would be 
extracted from the HLW stream using reverse osmosis, resulting in a fractional precipitation of 
the dissolved solids. Since the non-radioactive components are present at very low 
concentrations, i.e., a few parts per million, non-radioactive components will preferentially 
precipitate, which would then be transferred to the LLW stream, However, since co-precipitation 
will undoubtedly occur, it probably will be necessary to fractionally precipitate several times to 
adequately decontaminate the separated non-radioactive material. 

SUMMARY 

The SIPS concept appears attractive for pretreating high level wastes, since it would: 1) 
process waste in-situ in the tanks, 2) be cheaper and more reliable than a larger centralized 
facility, 3) be quickly demonstrable at full scale, 4) have less technical risk, 5 )  avoid having to 
transfer unstable slurries for long distances, and 6) be simple to decommission and dispose of. 
Further investigation of the SIPS concept appears desirable, including experimental testing and 
development of subscale demonstration units. 

REFEWNCES 

1. 
2. 

3. 

K. BOOMER, “Tank Waste Technical Options Report,” WHC-EP-0616 (1  993). 
G. LUMETTA and B. RAPKO, “Washing and Alkaline Leaching of Hatzford Tank 
Sludges: A Status Report,” PNL 10078, UC-721 (Sept. 1994). 
“Summary of Proceedings of the Efficient Separations and Processing Cross-Cutting 
Program Annual Technical Exchange Meeting,” PNL-SA-25603 (1 995). 
N. BROWN, J. MILLER, and J. SHEFWAN, “Waste Separation and Pretreatment Using 
Crystalline Silicotitante Ion Exchangers,” ibid. 
A. CLEARFIELD and S. YATES, “Inorganic Ion Exchange Cesium and Strontium,” ibid. 
G. IARVINEN and B. SMITH, “Water-Soluble Chelating Polymers for Removing 
Actinides from Waste Water,” ibid. 

4. 

5. 
6. 

7 



Parameter 

Composition 

~ 

Total flow intolout 
of tank (avg.) 

Flow rate tolfrom 
tank 

Flow velocity’in 1 
inch ID pipe 

Dissolved solids 
type 

Amount 

Table I 
PROCESS PARAMETERS FOR SIPS MODULES 

Basis = 251,000 kilogallons total liquid LLW stream 
Simple sludge washing process 

1.71 x l o 4  metric tons HLW solids‘’) 
0.34 x l O4 metric tons colloidal iron added 

30,000 kilogallons liquid HLW stream 
(nitric acid plus dissolved solids) 

1 77 tanks 
6 months processing time for a tank 

SIPS Streams 

Input t 
I? 1 

H,O plus colloidal 
ferromagnetic 
oarti cl es 

1420 kilogallons 
~ 

5.6 gallmin (0.35 
l i  terslsec) 

2.2 Wsec (0.67 
mlsec) 

Colloidal 
ferromagnetic 
particles 
(suspended) 
4.1 &liter 

reams 

(6) 

Nitric acid 

585 kilogallons 

2.3 gallmin (0.15 
literslsec) 

0.9 ftlsec (0.27 
mlsec) 

None 

0 

OUtDUt ! 

(51 

Liquid LLW 
(wldissolved 
nitrates) 

1420 kilogallons 

5.6 gallmin (0.35 
I iterslsec) 

2.2 Wsec (0.67 
mlsec) 

LLW waste 

31 5 g/liter 

HLW solids (simple washing) = 1.67 HLW solids (enhanced washing). 

reams 

Liquid HLW 
(wldissolved HLW) 

585 kilogallons 

2.3 gallmin (0.15 
literdsec) 

0.9 ftlsec (0.27 
mlsec) 

HLW waste 

50 glliter 
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Figure I .  The SIPS Concept for In-Tank Processing of Wastes 
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Figure 2. Black-Box View of SIPS Module 
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Figure 3. “Black Box” Flowsheet for the SIPS Concept 
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