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EXECUTIVE SUMMARY 

The salt disposition team requested ITS to assess the effect of crystalline silicotitanate (CST) 
resin with sludge in the DWPF Chemical Process Cell (CPC) on the maximum hydrogen 
generation rate produced during the DWPF melter feed preparation processes l (Issue 21, HLE­
TAR-98060). The testing requested by this TAR was scoping in nature. The melter feed 
produced during these experiments was subsequently used in a settling study (Issue 13, HLE­
TAR-98060). 

CST is one of four process options under evaluation to the current In-Tank precipitation process. 
CST is a non-elutable resin used to remove 137Cs from the supernate fraction of SRS High Level 
Waste. The CST would be combined with the sludge in the SRAT (to replace the PHA that is 
currently part ofDWPF's coupled flowsheet). Frit would then be added to the SRAT product as 
in a typical DWPF SME cycle. 

Testing was completed using a non-radioactive Tank 42 sludge simulant. A 1I1O,000lil scale 
laboratory setup was used and the results then scaled for DWPF operations. HM levels 
(maximum expected concentrations) of noble metals and mercury were added to the sludge to 
maximize the hydrogen generation. The targeted CST concentration would result in 10 wt% 
CST in the glass. The CST was not loaded with noble metals. 

Major conclusions from the testing are: 

• The maximum SM T hydrogen generation rate was OAO lblhr in the coarse CST run, based 
on a 6000 gallon DWPF sludge batch. Excluding the hydrogen spike at the onset of boiling , 
maximum hydrogen generation rate was 0.34Iblhr. The DWPF limit is 0.65 lblhr. 

• The maximum SME hydrogen generation rate was 0.22 lblhr based on a 6000 gallon DWPF 
sludge batch. Excluding the hydrogen spike.at the onset of boiling ,maximum hydrogen 
generation rate was 0.161blhr. The DWPF limit is 0.231blhr. 

• The runs containing CST produced more hydrogen than the sludge-only run (40% in the 
SRAT cycle and 10% in the SME cycle based the first week's nms). 

• The CST particle size does not affect hydrogen generation. 

• Foaming was significant during the runs (including the sludge-only run). More frequent 
antifoarn additions were necessary to control the foaming. 
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Recommendations for Future Work 

Future work should consider completing experiments to test the following items: 

1. Pre-treat the CST by loading the CST with a salt solution simulant to produce spent CST 
resin loaded with noble metals. 

2. Continue studying the hydrogen generation. Develop a relationship to predict the generation 
rate of hydrogen during processing with CST. Confinn the differences between the first 
week's and second week's runs. Detennine whether the hydrogen measured during the onset 
to boiling is a realistic peak. 
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BACKGROUND 

The Defense Waste Processing Facility began processing radioactive Tank 51 Sludge in 1996. 
Because of delays in the start-up of the In-Tank Precipitation (ITP) process, DWPF began 
processing sludge-only instead of the plarmed coupled sludge and Precipitate Hydrolysis 
Aqueous (PHA) feed. Because of the potential safety problems with the ITP process, CST is one 
of the four process options being considered as a replacement for ITP. CST is a non-elutable 
resin used to remove mCs from the supernate fraction ofSRS High Level Waste. The CST 
would be combined with the sludge in the SRA T (to replace the PHA that is currently part of 
DWPF's coupled flowsheet). Frit would be added to the SRAT product as in a typical DWPF 
SMEcycle. 

The salt disposition team requested ITS to assess the blending of CST resin with sludge in the 
DWPF Chemical Process Cell (CPC) on the maximum hydrogen generation rate produced during 
the DWPF melter feed preparation processes (Issue 21, HLE-TAR-98060). The meIter feed 
produced during these experiments was subsequently used in a settling study (Issue 13, HLE­
TAR-98060). 

Testing was completed using a non-radioactive Tank 42 sludge simulant. A 1110,OOOth scale 
laboratory setup was used and the results then scaled for DWPF operations. HM levels 
(maximum expected concentrations) of noble metals and mercury were added to the sludge to 
maximize the hydrogen generation. The targeted CST concentration would result in 10 wt% 
CST in the glass. The CST was not loaded with noble metals. 

This document details the testing performed to detennine the maximum hydrogen generation 
expected with a coupled flowshcCl of sludge, CST, and frit. 

INTRODUCTION 

The objective of these scoping tests was to measure the rate of hydrogen generation in a series of 
experiments designed to duplicate the expected SRA T and SME processing conditions in 
laboratory scale vessels. The experiments were completed with a non-radioactive Tank 42 
sludge simulant. The specific objectives of these tests were: 

• Detennine the maximum hydrogen generation rate during each SRA T and SME processing 
cycle. 

• Detennine any processing differences while completing SRA TtSME cycles with CST. 
• Produce a melter feed suitable for subsequent settling studies. 
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Four four-liter scale SRAT/SME processing runs were completed in the 772-T lab at TNX. Each 
of the runs consisted of a prototypic DWPF SRA T and SME cycle. The experimental setup was 
designed to volumetrically scale the DWPF vessels, flows, and feed-rates. For example, 2.0 L of 
sludge was used in each of the four runs. This is a scale factor of approximately 1/10,000th of 
DWPF scale based on a 6000-ga11on DWPF sludge batch. Thus the 2-gallonlminute acid 
addition rate was scaled down to 0.75 ml/min. The experiments were controlled using a 
laboratory run plan (Appendix B). The Appendix B run plan also contains a sketch of the 
experimental setup and the scaled conditions used for these experiments. 

The SRAT cycle includes all of the key DWPF processing steps (Table 1). The key activities in 
the SRAT cycle include the acidification of the sludge, reduction of various metals including 
manganese and mercury, and destruction of nitrite. Key data to be collected included hydrogen 
generation rate and foaming conditions. 

Table 1 - Key Steps in the SRA T and SME Cycles 

SRA T Cycle Steps SME Cycle Steps 
1. SRA T sludge preparation, sludge 1. First addition of a fiit 202-water-

.:''121),;';(' 'b2tchi'l~ calculations formic acid sJUrT:" 

2. Heat-up to 93°C 2. Boiling off water added with the 
frit-water-slurry 

3. Addition of nitric acid at 93°C 3. Second addition of a frit 202-water-
formic acid slurry 

4. Addition of formic acid at 93°C 4. Boiling off water to reach a target 
solids loading of 45 wt% total 
solids 

5. Addition of the first of two CST 5. Cool-down and sample 
slurry additions 

6. Heat-up to boiling 
7. Concentration down to 6000 

gallons -

8. Addition of the second CST sl~ 
addition 

9. Heat-up to boiling and continue 
boiling for a total of 30 hours 

10. Cooldown and sample. 

The SME cycle also includes all of the key DWPF processing steps (Table 1). Key data includes 
hydrogen generation rate and foaming likelihood. 
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Three runs were completed with CST as requested by the scoping document (Appendix A). A 
fourth run was added to allow a direct comparison to the CST runs with the same sludge 
composition, laboratory setup, etc. The four runs are summarized in Table 2. All the runs 
started with the same Tank 42 sludge simulant with HM levels of noble metals and mercury. 
The first experiment was a sludge-only experiment -- no CST added. The last three experiments 
were. completed with CST in three different sizes: finely ground, mid-grind, and unground or as­
received. 

Table 2 - Experimental Plan 
Run ~ ~ CST A£i!! 

~ 
Sl d u ge-on y 42 HM N one 12 5% 
Sludge plus fine 42 HM Finely Ground CST treated 125% 
CST with caustic 
Sludge plus mid- 42 HM Mid-grind CST treated 125% 
grind CST with caustic 
Sludge plus 42 HM Unground CST treated 125% 
unground CST with caustic 

In all of the runs, the nitric and fonnie acids were fed to the sludge-slurry at 93°C. The SRA T 
contents were then heated to boiling and held there for 30 hours. The boilup rate chosen for 
these experiments was 33% higher than DWPF's boilup rate to limit the SRA T boiling time to 30 
hours as opposed to 40 hours for scheduling reasons. 

Sludge Preparation 

The sludge simulant used in each of these runs contained approximately 20 wt % solids and was 
similar to the sludge that DWPF is expected to process. The sludge was prepared using a Tank 
51 sludge-simulant (a non-radioactive simulant containing all the major sludge components 
except Uranium). The Tank 51 simulant was chosen because it is the sludge simulant closest to 
the Tank 42 composition. The Tank 51 simulant was doped with nickel, manganese, aluminum, 
and silica since these components are significantly higher in the Tank 42 sludge. In addition, the 
noble metals and mercury were added prior to each run. The trimmed sludge IB simulant was 
then analyzed for solids, elementals, total base (PH 5.5) and density. The composition of the 
sludge is summarized in Table 3. Note that the nickel is higher than expected due to a double 
addition of nickel nitrate. Since this did not impact the objectives of the experiment, it was used 
as prepared with the concurrence of the customer. 

The HM rhodium concentration is approximately 7 times higher than the expected Tank 42 noble metal 
concentration. 
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Table 3 - Tank 42 Sludge Simulant Composition 

Pre Trim Chemical Addition (noble metals and mercury) 

CST Preparation 

The CST (UOP IONSIV IE·911, Lot #999096810004, 8/3/98) was prepared by grinding the 
CST. soaking the CST in caustic. drying the CST, and titrating the CST. Grinding was required 
to produce the appropriate particle size for the settling study. The CST was soaked in caustic to 

t Added with trim chemicals prior to each run. 
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simulate the pre-treabnent of the CST prior to using the CST in a column. The titration results 
were necessary to add sufficient acid to neutralize the caustic present in the CST. Approximately 
1 ml of formic acid (conservative for hydrogen generation) was added per batch to neutralize the 
caustic in the CST. The particle size of the CST used in each run is summarized in Figure 1. 

Figure 1 - CST Particle Size 

Intermediate 

"" o 

• e 
.E! 
o 
> 

704 499 352 249 176 124 88 62 44 31 22 16 11 8 6 

Particle Size (microns) 

The as received or ground CST was placed in a 500 ml flask and covered with about 250 ml of 1 
M NaOH solution. This solution was gently stirred and allowed to contact the CST for a period 
of 37 to 43 hours.' The NaOH was then decanted and the CST was air dried under an infrared 
lamp (58°C) in a shallow pan until dry. This material was then used in the study. This modified 
pretreabnent method. was approved by the customer. 

Acid Addition Strategy 

Concentrated formic acid (90-wt %) and nitric acid (50-wt%) were added to neutralize the sludge 
and complete the desired reduction and nitrite destruction reactions. Total acid additions were 
based on total acid to achieve stoichiometry and an acid mix to prOduce a more reducing redox 
than DWPFs current target (this is conservative since it adds more formic acid and less nitric 
acid). The redox target was 0.1 - 0.2 Fe2+/LPe redox ratio in the glass. 

CST Addition Strategy 

The CST was not metered into the SRA T (pHA is metered into the SRA T at boiling). It was 
added during non-boiling conditions. The CST was first added dry through a funnel to the kettle, 
followed by the water to simulate the addition of a 5.7 wt % CST -water slurry. 
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Antifoam Addition Strategy 

To prevent a loss of solids due to foaming, Dow Coming 544 antifoam was added per the DWPF 
antifoam strategy (100 ppm on a total solution basis, 1 part anti foam: 19 parts water every twelve 
hours) and as needed to control foaming in the experiments. The antifoarn was not very effective 
in any of the tests and needed to be added as often as every two hours. 

Fril Addition Strategy 

Two equal additions ofFrit 202, water, and formic acid were designed to duplicate the frit slurry 
that is transferred into the SME. Frit 202 was added because it is the frit used during coupled 
experiments. To be consistent, Frit 202 was also added to the sludge-only experiment. No water 
was added to simulate the addition of frit-decon water to the SME. The Frit 202 was added dry 
through a funnel to the kettle, followed by the addition of90-weight percent formic acid, and 
then water. The frit addition was calculated based on the addition of74 wt% frit in glass for the 
sludge-only and 64 wt % frit in the coupled CST/Sludge experiments. 

Results 

Offgas Composition 

The main purpose of the experiments was to measure the hydrogen generation rate. In order to 
calculate the hydrogen generation rate, the offgas flow and composition must be measured. It is 
difficult to measure the offgas flow accurately throughout the SRA T and SME cycle so an 
intcrnal11clium standard was used to enable calculating the outlet flowl. The helium internal 
standard gas flow was metered in using a MKS mass flow controller. The MKS mass flow 
controller was calibrated before the run using an MKS GRBOR Mass Flow Controller 
Calibrator. In addition, a leak check was performed prior to each experiment to demonstrate that 
the laboratory system was leak free. 

The offgas composition was monitored using a Gas Chromatograph. The MTI gas 
chromatographs were calibrated prior to each of the runs and a pre-run and post-run calibration 
check were performed each run to demonstrate that the measured composition of the calibration 
standard was within 10% of the certification concentration. 

SRAT Cycle Hydrogen Generation 

The maximwn hydrogen generation'was OAO lblhr in the coarse CST SRAT cycle. This peak 
was at the onset of boiling which may be higher than DWPF would experience because the 
boilup rate was 33% higher than was prototypic. The maximum hydrogen generation was 0.34 
lblhr if the onset peak was neglected. This is lower than the DWPF SRAT hydrogen limit of 
0.65 lbslhr. Note that this hydrogen peak was at the onset of boiling after the CST addition. It is 

: A known rate of helium was added to the inlet air stream to the SRA T. The outlet gas flow was monitored for 
helium. The total outlet flow was calculated based on the dilution of the helium by air and other generated gases. 
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nonnal to have a peak at the onset of boiling because hydrogen accumulates in the kettle during 
non-boiling conditions due to poor mass transfer. However, the higher boilup rate in these runs 
led to higher peaks at the initiation to boiling so the maximum hydrogen was also calculated by 
excluding one or two data points at the initiation to boiling. The large difference between the 
first week's runs and the second week's runs is due to the slightly higher fonnic acid 
concentration which led to faster nitrite destruction and more hydrogen in the second week's runs 
(see explanation in discussion of hydrogen generation). Figure 2 shows the hydrogen generation 
rate during each of the four SRA T cycles. Note that the hydrogen peak began earlier in the 
second week's runs because nitrite had not yet been destroyed at the same time in the cycle in the 
first week's runs. Also, the sharp drop in hydrogen concentration was due to the cooldown 
necessary to make the second CST addition. Table 4 shows the peak hydrogen generation rate in 
each of the four runs. 

Table 4- 8RA T Cycle Hydrogen Generation Summary 

T Lab Room # 

Sludge Only Finely Mid-Grind Coarse DWPF 
(No CST) ground CST CST (no Limit 

CST Grinding) 
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Figure 2 - SRA T Cycle Hydrogen Generation 
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SME Cycle Hydrogen Generation 

The maximum hydrogen generation was 0.217Ih/hr in the fine CST SME cycle. Note that this 
hydrogen generation rate is very close to the DWPF SME hydrogen limit of 0.23 Ibs/hr. This 
hydrogen peak was at the onset of boiling after the frit addition. As discussed in the SRAT 
section, it is nonnal to have a peak at the onset of boiling because hydrogen accumulates in the 
kettle during non-boiling conditions due to poor mass transfer. However. the higher boilup rate 
in these runs led to higher peaks at the initiation to boiling so the maximum hydrogen was also 
calculated by excluding one or two data points at the initiation to boiling. The maximum 
hydrogen generation was 0.160 lblhr neglecting the one or two data points at the onset of boiling 
in the coarse CST SME cycle. Figure 3 shows the hydrogen generation rate during each of the 
four SME cycles. Note that the hydrogen peaks are very similar for all four runs. The higher 
peaks might be due to sampling the offgas just as the peak occurred while the lower peaks may 
have missed the peak due to the fact that the GC samples every three minutes. Table 5 shows the 
peak hydrogen generation rate in each of the four runs. 
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Figure 3 - SME Cycle Hydrogen Generation 
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Table 5- SME Cycle Hydrogen Generation Summary 

. Sludge Finely Mid·Grind CST no DWPF 

1777.T Lab Room # 

Only No ground CST Grinding Limit 
CST CST 
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Discussion of Hydrogen Generation 

The hydrogen generation was approximately two times higher in the second set of runs 
(intermediate CST and coarse CST) than in the first set of runs (fine CST and sludge-only). This 
could be caused by (1) differences in the CST due to caustic preparation or particle size, (2) 
higher rhodium concentration in the second set of runs versus the first set, and (3) higher acid 
addition in the second set of runs versus the first set. A discussion of these possible causes 
follows: 

1. The CST prepared to be the smallest particle size was actually larger than the mid-grind CST. 
Therefore, the second week was completed with the largest and smallest CST particle size. 
Since these experiments agreed so well, it is concluded that differences in the CST due to 
caustic preparation or particle size had nothing to do with the differences in hydrogen 
generation. 

2. SRA T product samples were analyzed for noble metals to determine whether there was a 
significant difference in the noble metal concentration in week #1 versus week #2. Note the 
four rhodium analyses were within 20% of each other which demonstrates that the same 
quantity of rhodium was added to each batch. A sodium peroxide fusion was performed on 
these samples prior to analysis by ICP-MS. The concentrations (Table 6) are reported in 
units of microgram/gram. 

3. A new bottle of formic acid was used in week #2 since the formic acid bottle did not have 
enough formic acid to complete the experiments. The final pH after both nitric and formic 
acids were added was 4.45 in the first set of runs and 4.15 in the second set of runs. This is a 
significant pH difference -- all runs would be expected to end this phase of the run with 
approximately the same pH. The SRA T product samples were analyzed for total formate to 
determine whether there was a significant difference in the formate concentration in week #1 
versus week #2. The SRA T product samples from the week #2 samples were significantly 
lower in formate (opposite of what would be expec~ed assuming a larger formic acid 
addition), due to the loss of formic acid due to hydrogen generation. No samples of the old 
or new bottle of formic acid were available for analysis. Analysis to distinguish a molarity 
difference between two bottles of 90 wt % fonnic acid using the titration procedure probably 
would have been unsuccessful. 

The likely reason for the difference is that more fonnic acid was added in the second set of runs. 
A different bottle of 90 wt % fonnic acid was used which was probably slightly higher in 
molarity. The final pH after both nitric and formic acids were added was 4.45 in the first set of 
runs and 4.15 in the second set of runs. This small change in pH led to faster nitrite destruction, 
earlier generation of hydrogen, and higher generation rate of hydrogen. Consequently, a direct 
comparison can be made only between the two runs completed in the same week. 

In a previous Sludge-only SRA T cycle with Tank 42 sludge simulant, the hydrogen generation 
rate was 0.104 Ib1hr2

• The run was lower in solids (hence lower in noble metals). Correcting for 
the lower solids in the original SRAT cycle (17 wt % versus 20 wt %), the predicted hydrogen 
generation at 20 wt % solids is 0.122 lblhr (0.104 Iblhr "'20 wt % 117 wt %). 
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Table 6 - ICP Analysis ofSRAT Product Samples for Noble Metals 

Run lIMS# Ruthenium Rhodium Palladium 
Sludge-only 3000114490 1530 191 600 
Fine CST 3000114491 1279 169 618 
Mid-grind CST 3000114492 1388 199 281 
Coarse CST 3000114493 1295 190 431 

The following discussion is based on the hydrogen generation rates where one or two data points 
were excluded at the onset of boiling. It appears that the hydrogen generation was higher in the 
CST runs than the sludge-only run based on the difference between the two runs. It is also 
apparent that less total acid could be added to destroy nitrite since the hydrogen peak occurs very 
early in the SRA T cycle. Thus, the hydrogen generation rates are conservative compared to the 
optimum process. 

Foaming 

The experiments with CST produced more foam than the sludge-only experiment. There are two 
contributing factors, solids concentration and boilup rate. First, a high solids concentration leads 
to high foam stability. Experiments by researchers at the Illinois Institute of Technology have 
demonstrated that the foam stability is at a maximum at 25-35 weight percent solids. These 
experiments were conducted near this peak. These runs began with 20 weight percent solids, 
then the addition of CST brought the solids concentration up to approximately 33 weight percent 
solids (sludge-only was 25 -wt% solids). Second, these experiments were completed at a boilup 
rate one-third higher than previous experiments to reduce the SRA T boiling time (4 g/min boilup 
rate lead;:, to a:;O hour boiling time versus scaled boilup of3 g/min would have led to a 40 hour 
boiling time) due to technician scheduling constraints. The boiling flux at 4 g/min is 
approximately 91blhr/ft2, far lower than the DWPF flux of 50 Iblhr/ft2. But since the vapor 
space in the kettle (approximately five inches) is much smaller than in DWPF it is easy for the 
foam layer to grow out of the kettle and cause a loss of solids to the condensate. 

The foam was greatest in the experiment with the coarse CST. These experiments had 
approximately five inches of stable foam throughout the SRA T cycle. The foam layer was much 
lower during the SME cycles -- no more than one inch of foam. The SRA T cycle foam layer was 
approximately one inch in the experiment with intennediate grind CST and fine CST. However, 
it should be noted that the experiment with fine CST had as much as five inches of foam at one 
time based on the solids noted in the vapor space of the kettle. The foam layer was even smaller 
in the sludge-only experiment, less than 1 inch. However, antifoam was not added to the sludge­
only experiment prior to initiation of the boiling phase following the acid addition resulting in 
some solids foaming over into the mercury water wash tank. The condensate and solids were 
returned to the kettle, antifoam was added and boiling resumed with no further foaming 
problems. 
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FUTURE WORK 

The scoping experiments were designed primarily to measure hydrogen generation in identical 
experiments. Variability studies and other problems noted in these experiments should be 
investigated if this flowsheet is recommended for development at SRS. Future work should 
consider completing experiments to test the following items: 

1. Pre-treat the CST by loading the CST with a salt solution simulant to produce loaded CST 
resin. This would require pumping a salt solution containing noble metals once through the 
CST. The CST may adsorb the noble metals leading to higher hydrogen generation than 
would be measured with a fresh resin. 

2. Develop a CST flowsheet that minimizes the formic acid addition required to destroy nitrite 
in the SRA T Cycle. 

3. Develop a better antifoam for boiling operations 
4. Develop a tlowsheet with an acid mix to produce a melter feed with an optimum redox. 
5. Continue studying the hydrogen generation. Develop a relationship to predict the generation 

rate of hydrogen during processing with CST. 
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APPENDIX A - RUN PLAN 

ITS has been requested to assess the impact of blending CST resin with sludge in the DWPF 
SRA T on hydrogen generation during DWPF meher feed prep experiments (HLE-TAR-98060, 
7120/98). ITS responded by issuing a document summarizing the scope of work and task 
assignment (SRT-PTD-98-032) for completing this task prior to September 21, 1998. nlis 
experimental work will be controlled using the Laboratory Scale Chemical Process Cell 
Simulations (Manual L27, Procedure 2.02) and this run plan. The run plan includes many of the 
experimental details, the instructions for performing the sludge preparation, the scaling necessary 
for detennining the operating conditions such as feed rates, purge rates, and the steps in 
completing the SRA T and SME cycles. This document also summarizes the decisions made to 
complete these experiments. This document has been revised now thaI tire sludge and other 
analyses are complete. 

I) Use Tank 42 sludge simulant prepared from the Optima prepared Tank 51 simulant. Note 
that this Tank simulant was prepared for other Tank 42 work but because of the high priority 
of this task, the simulant will be used for this study instead. The following trimming of the 
sludge is summarized in Table I. 
a) The Tank 42 sludge simulant was prepared at approximately 20 wt% solids, the expected 

composition of DWPF macrobatch 2. 
b) HM levels of noble metals and mercury will be added to each sludge batch (Table 2). 

This will require approximately 30 hours of boiling in the SRA T to steam strip mercury 
and meet DWPF constraint of 0.45 wt % mercury. 

Table 7 - Preparation Of Tank 42 Sludge For All Experiments (Trim Chemicals 
Missing) 

omponent - mount. g Commen 
Tank 51 sludge simulant 12,210.14 19.95 wt % solids (too high in solids) 
Tank 51 supernate 1,657.30 
A120 3 115.99 
Ni(N03h'6H2O 49.54 Nickel was added twice 

inadvertently§. The final sludge is 
predicted to be 0.57% Ni versus 
the target of 0.39%. 

Si02 41.93 
Mn02"X H2O 62.66 Added 230.40 g @ 27.2 \Vt % solids 
Mn02'xH20 168.4 Added 621.4 g@27.1 wt % solids 
Water 200.00 -
Al20 3 0.94 
Na2C204 4..87 
NaF 0.66 
NaOH 7.05 
NaCI 0.82 

§ The simulant was approved for use by Roy Jacobs in spite of the extra nickel. 
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Table 8 - Trim Chemical Addition For Each Batch 

mass, g 
Addition g 

438.11 
mass mass 

Addition added 

2) Three different CST resin sizes will be used in the three experiments (the only planned 
variable). The smaller resin sizes will be produced by crushing or grinding the CST. 

3) The CST will be prepared by pumping 1 M NaOH through a CST column to pre-treat the 
resin. 

4) The CST resin will be added to water and titrated to detennine the amount of acid necessary 
to neutralize the CST resin. 

5) The CST resin will be added dry to the kettle after acid addition. To simulate the slurry that 
would be added, water will also be added to simulate the water present in the slurry (based on 
a 5.7 wt % slurry). Two additions ofthe CST resin slurry will be made with a dewatering 
phase between them to make room in the kettle for all of the solution. 

6) The hatching of the materials is designed to produce a glass containing 10 wt % CST, 26 wt 
% calcined sludge solids. and 64 wt % frit 200. The batching calculations are summarized in 
Table 3. 

7) Calculated acid addition rates, boilup rates, purge rates, anti foam addition, etc. were based on 
scaling from DWPF settings. Table 4 summarizes the results from the scaling calculations. 

8) Add 125% of stoichiometric acid to duplicate Tank 42 experiment 3V with a redox target of 
0.2 Fe +2/LFe. 

9) The addition of CST adds no safety risks to the experiment as it is inert, similar to frit. 
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10) A review, as required by the Conduct of Research and Development has been completed and 
was attached as appendix A of revision 0 of this report. 

II) The experiments are planned to be completed the weeks of August 14 and August 21,1998. 
The report is planned to be issued prior to September 21, 1998. 

Table 9 - Batching Calculation for Coupled Sludge/CST Experiment 

Summary 

n 
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Table 10- Scaling Calculation For Coupled Sludge/CST Experiment 

Scale factor 

Sludge 
Sludge Density 
Sludge Mass 
SRATWater 
SRAT purge 
SME purge 
Antifoam 
Antifoam Solution 
CST Volume 
CST Mass 
CST Feedrate 
nitric acid feed rate 
formic acid feed rate 
boilup rate 

Formic Molarity 
[Nitric Molarity 

Formic Volume 
Formic hla~s 
Nitric Volume 

INitric Mass 
formic feed time 
jNitric feed time 

DWPF TNX4L Time 

10,004 
6,000 gal 2000 ml 

1.135 1.135 
25777 kg 2270,0 g 

o gal 
188 scfm 532.1 scdmin 
66 scfm 186.8 sec/min 
5.681bs 0.23 g 

113.66Ibs 4.54 g 
6,189 gal 2063.0 ml 
24258 kg 2,136,2 g 
100 gpm 37.8 ml/min 1.0 hrs 

2gpm 0.753 mllmin 1.1 hrs 
2gpm 0.757 mllmin 2A hrs 

5,0001blhr 3,78 g/min 

23.55 M 23.55 M 
10.35 M 10AO M 

289.1 gal 109.39 ml 
131.75 g 

133.5 gal 50,27 ml 

65.88 g 
144.5 min 144.5 min 
66.8 min 66.8 min 
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PREREQUISITES 

1. Signed TAR requesting work. 

2. Issued Testing scope and task assignment. 

3. Calibrate GC. Calibrate for nitrogen, oxygen, N20, hydrogen, and carbon dioxide. 

4. Prepare sufficient 90% formic acid and 50% nitric acid. 

5. Prepare sufficient anti foam solution or make sure sufficient solution is available. 

6. Analyze sludge for density, total base (pH 5.5), nitrate, manganese, nitrite, density, solids. 

7. Analyze MST for total solids. 

8. Calculate batching for experiment based on planned conditions (Table 1). 

9. Calculate scaling for experiment based on DWPF parameters (Table 2). 

10. Calculate redox for experiment based on DWPF parameters (Table 3). 

11. Complete water ru~. 

12. Grind CST as directed by Roy Jacobs. 

13. Prepare CST as directed by Roy Jacobs. 

14. Setup experimental rig per sketch below. 

, 
r rl Ac~ I r Condenser 

~O <legree. 
Auto~tfator 

ondenser 

10 degrees 
Sample 

Une 
Mef'CIJf)I 

temperilture Waler 
ToGC Wash controller 

Tank 

Aqueous 
Recyde 

Condensate W 
0 

Cold Dip Leg 
, 

Au in Helium In 

ChOi Water 

Tank 

Masterfle~ Pump 

SlurryMI~ 
E .... poralor 

Condensate 
T.nk 

{SMECT} 
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PREPARATION FOR SRA l' CYCLE 
Note: Do not insulate kettle until acid addition is complete 

1. Add sludge (from the run sheet, Table 4) to kettle. 

2. Add trim chemicals (from the run sheet, Table 4) directly to the kettle. 

3. Transfer 100 grams of wash water to the kettle (to rinse all containers used for adding 
sludge, noble metals, mercury, etc.). 

4. Calibrate pH probe with pH 4 and 10 buffer. Record measured pH of pH 7 buffer __ _ 

5. Install pH probe in kettle. Record initial pH of sludge __ _ 

6. Tum on the air purge to kettle at 100 seem. Connect the outlet flowmeter to perform the 
leak check. The outlet flow should be 90-110 seem. Ifit is not, tighten all connections 
until the system is leak tight. Write down the leak check in the log book. 

7. Disconnect outlet flowmeter. 

8. Tum on kettle agitator. Setpolnt = 150 rpm 

9. Tum on cooling water to SRA T condenser. Setpoint =40°c. 

10. Tum on cooling water to Chilled (FAYC) condenser. Setpolnt =5°C. 

11. Make sure the GC computer has enough memory space for the run (at least 40 Mbyte). 

12. Set the GC computer time equal to the clock time. Record the time in the log book. 

13. Install the calibration gas cylinder to the GC and let the GC run five times. If at the end 
offive runs the GC reading is within 10% of the gas composition in the cylinder, print 
the calibration check results and write down "pre-cal check and run number" on the 
printout. Othervvise, select "Calibration" "Levell" "OK" to calibrate the GC five times. 
At t~~e end of five nms the GC reading should he within 10% ('fthe gas composition i:1 
the cylinder. If it is not, contact the engineer. Print the calibration check results and 
write down "pre-cal check and run number" on the printout. 

14. Start the GC for this run beginning with baseline reading for a few minutes. Write down 
the GC time, filename etc. in the logbook. Record the baseline data on the data sheet. 
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SRATCYCLE 

1. Add 2.2 g I: 1 0 anti foam solution and 2.2 g water directly to the kettle (100 ppm 
antifoam). 

2. Start heating the kettle (Tum on power, setpoint at 93°C). Record the run data every 20 
minutes on the data sheet. 

3. Add required quantity of 50% nitric acid (from the run sheet, Table 4) to the kettle. 

4. Add required quantity of90% fonnic acid (from the run sheet, Table 4) to the kettle. 

5. Add 2.2 g I: I 0 anti foam solution and 2.2 g water directly to the kettle (100 ppm 
antifoam). 

6. Add first addition of CST to the kettle (from the run sheet, Table 4) to the kettle. 

7. Add first addition of water to the kettle (from the run sheet, Table 4) to the kettle. 

8. Bring kettle contents to boiling. 

9. Dewater until kettle volume is approximately 2 L. 

10. Add second addition of CST to the kettle (from the run sheet, Table 4) to the kettle. 

11. Add second addition of water to the kettle (from the run sheet, Table 4) to the kettle. 

12. Bring kettle contents to boiling. 

13. Dewater until kettle volume is approximately 2 L. 

14. At the end of30 hours of reflux, tum off the heat to cool the kettle to sub-boiling. 

15. Pull a 125 ml sample (SRAT-final) from the kettle, record the weight on the run sheet. 
Label and send to lab for analyses. 
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SMECYCLE 

1. Add 2.2 g J: I 0 antifoam solution and 2.2 g water directly to the kettle (100 ppm 
antifoam). 

1. Add first addition offrit 202 to the kettle (Table 4) to the kettle. 

2. Add first addition offonnic acid to the kettle (Table 4) to the kettle. 

3. Add first addition of water to the kettle (Table 4) to the kettle 

4. Bring kettle contents to boiling. Record the run data every 20 minutes on the data sheet. 

5. When dewatering is complete, tum ofT the heat to cool the kettle to sub-boiling. 

6. Add second addition of frit 202 to the kettle (Table 4) to the kettle. 

7. Add second addition offonnic acid to the kettle (Table 4) to the kettle. 

8. Add second addition of water to the kettle (Table 4) to the kettle 

9. When dewatering is complete, tum off the heat to cool the kettle to sub-boiling. 

10. Pull a 125 ml sample (SME-final) from the kettle, record the weight on the run sheet. 
Label and send to lab for analyses. 

11. Stop GC and record the GC time and clock time in the log book. Stop recording run 
data on the data sheet. 

12. Install the calibration gas cylinder to the GC and run the post-cal check. If the check 
indicates OK, print a copy and write "post-cal check and run number" on the printout, 
then place the GC in standby. If the check is not within 10% of the cal gas composition, 
notifY the engineer. 

13. Pump kettle contents into a tared bottle. Record the weight on the run sheet. 

14. Complete pH meter post calibration check. Record measured pH in pH 7 buffer __ ' 

15. Install the outlet flow meter to the purge gas. 

16. When the kettle is cool «50°C), record the outlet purge flow in the log book. (All 
channels). 

17. Tum off all instruments. 
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Appendix B - Scope Document Summarizing Planned Testing 

July 27, 1998 

To: W. L. Tamosaitis, 773-A 

From: 1. F Landon, 704-1T 

C. T. Randall, 704-T 

SCOPE OF TESTS REQUESTED BY WPT IN SUPPORT OF 

SRT-PTD-98-032 

SELECTION PROCESS FOR IN-TANK PRECIPITATION ALTERNATIVE PROCESSES 

Reference: HL W Technical Request HLE-TAR-98060, CST Ion Exchange, Salt Team Phase 3 
Evaluation, 7/14/98. 

ISSUE 13:Quantlfy the rehtivc ~ettling behavior of the CST r('~in in sludge as comp:~r(,t' 11) t"" 
current DWPF reference Frit 200. 

Objective and Scope: 

One of the four process options to the current In-Tank Precipitation process is the use of non­
elutable CST resin to remove the Cs-137 from the supernate fraction ofSRS High Level Waste. The 
loaded resin would be blended with the insoluble solids fraction (sludge) of this waste that is 
currently being processed in DWPF. It is important to determine if the settling behavior of the CTS 
resin differs from that of the current DWPF glass former (Frit 200) in DWPF sludge slurries 
produced throughout the melter feed preparation processes. If the CST resin were to settle in these 
sludge slurries faster than the Frit 200, slurry homogeneity required for Waste Acceptance, both 
sampling and melter feeding, may not be met. These tests are "scoping activities" and accordingly 
do not require the preparation and approval of Technical Task and QA Plans. The quantity of eST 
resin added to a sludge batch will be based on a CST loading in the glass product of 10-wt%. 

Researchers: 

Dan Lambert and Gene Daniel 

Experimental Method: 
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Experiments will be performed using simulated DWPF melter feed containing CST in three particle 
size distributions. The experiments will determine if, under conditions that promote particle 
segregation, the CST particles settle more readily or less readily than the reference Frit 200. If the 
frit separates more readily than the CST, then the adequacy of existing DWPF agitation for the CTS 
process will be confirmed. If any of the three CST particle size distributions tested separate more 
readily than [fit, additional tests beyond the scope of this task will be required to better define CST 
particle size limits, DWPF design modifications, andlor DWPF operating parameters. 

The truee size distributions to be tested are qualitatively defined as, 

• As received (engineered form) 
• Extensively crushed resin (to be defined) 
• Moderately crushed resin 

The size distribution of the CST feed material will be measured for each test. 

The CST-bearing meher feed will be produced by carrying out DWPF flowsheet operations at bench 
scale as outlined in Issue 21 below. The relative settling characteristics ofDWPF frit and CST will 
be evaluated by measuring the ratio of CST to frit in either the solids that settle out under conditions 
which promote particle segregation or in the overlying depleted slurry. 

The rhevlogical prop>:nics Oflhc mcltcr feed wili be me~urcd with a liaake viscometer altd the 
rheology will be adjusted by adding or removing water to simulate the lowest DWPF design basis 
yield stress for sludge process slurries (25 dynes!cm2

). The lower yield stress will promote 
segregation. 

Each batch of meher feed (SME product) will be agitated in a beaker with an agitator that is similar 
to the DWPF SME agitator so it will maximize bulk fluid motion and minimize local shear 
gradients. To promote segregation, only enough agitation (shear) will be developed to overcome 
hindered settling. Samples ofthe settled insolubles and/or the depleted slurry will be obtained as a 
function of time. The ratio of frit solids to CST solids will be determined by analyzing the samples 
for titanium and a cation specific to Frit 200. 

Preparation and testing will occur in the following order: 

• Extensively crushed resin 
• Moderately crushed resin 
• Resin as received 

Slurries produced for this study shall be retained for possible further experiments until released by 
the Salt Disposition Flowsheet team. 

Deliverables: 
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• The Frit 200 to CST ratio in settled solids or depleted slurry as function of settling time for each 
particle size distribution tested. 

• Technical report 

Pre-Requisites: 

• A run plan will be prepared by ITS for each experiment. 

• HLWE to confirm with DWPF-E that these tasks have priority over the current bench-scale R & 
D currently in progress or planned in support ofDWPF in FY98. 

• HL WE to specify whether or not the CST is to be pre-treated with caustic as would be the 
procedure in preparing the CST for actual use. If the CST is to be pre-treated, HL WE to specify 
the procedure. 

• HL WE to specify whether the CST resin is added to the sludge slurry dry or as a water slurry. If 
to be added a water slurry, HL WE to specify the wt% CST in the slurry. 

• HL WE to provide ITS any information on the density of the engineered form of the CST. 

• HLWE to provide ITS any data on the particle size distribution of the engineered form of the 
CST. 

Data Applicability: 

The tests focus on determining the relative settling characteristics of CST resin as compared to the 
DWPF glass former (Frit 200) i. the melter feed. If there is not a discemable difference in settling 
characteristics for any of the CST size distributions tested, it would suggest the introduction of CST 
resin to the SRAT (equivalent to a 10 wt% concentration in glass) will not adversely impact 
homogeneity and slurry sampling due to segregation. 

However, if it is determined that the CST resin, in any of the tested size distributions, were to settle 
faster than DWPF Frit 200 it would suggest that additional testing is needed. This testing would not 
only entail process vessel mixing studies but would also include an assessment of the DWPF 
sampler to confirm it will obtain a representative sample. These tests could be performed in the [u11-
scale SRAT located at TNX, which contains prototypic DWPF SRA T and SME mixing and 
sampling systems. 

Schedule: 

Technical report issued by 9/21/98. 
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ISSUE 21 :Assess the impact of blending CST resin with sludge in the DWPF Sludge Receipt and 
Adjustment Tank (SRAT) on the maximum hydrogen generation rate produced during 
the DWPF mclter feed preparation processes. 

Objective and Scope: 

One of the four process options to the current In-Tank Precipitation process is the use of 000-

elutable CST resin to remove the Cs-J37 from the supernate fraction ofSRS High Level Waste. The 
resin would be blended with the insoluble solids fraction (sludge) of this waste that is currently being 
processed in DWPF. It is important to detennine if the presence of the CST resin in the DWPF 
meher feed preparation processes will affect the rate of hydrogen generation from fonnic acid 
decomposition. These tests are "scoping activities" and accordingly do not require the preparation 
and approval of Technical Task and QA Plans. No monosodium titanate solids will be included in 
the batch. The quantity of CST resin added to a sludge batch will be based on a CST loading in the 
glass product of 10-wt%. 

Researchers: 

Dan Lambert and Paul Monson 

ExpcrirnenLd Method: 

Hydrogen generation rates in bench scale versions of the DWPF Slurry Receipt and Adjustment 
Tank (SRA T) and Slurry Mix Evaporator (SME) will be measured in real time during a SRA T cycle 
simulation and during a SME cycle simulation. Three experiments will be conducted using the 
proposed more reducing sludge-only flowsheet and each of the three CST particle sizes provided for 
Issue 13. The SME product produced in this task will be used as the starting material for each of the 
three experiments in Issue 13. 

A Tank 42 sludge slurry surrogate, containing HM levels of noble metals and mercury, will be used 
in the tests. The CST will be blended with the SRA T sludge batch prior to beginning the SRA T 
cycle. Each test will use approximately 2-Liters of the Tank 42 sludge surrogate. SRAT cycle and 
SME cycle process simulations will be perfonned in each test. Samples of the SRA T and SME 
products will be analyzed for titanium and these results used to validate that the CST content of the 
product from vitrification of the SME product would be as targeted (10 wt%). The rheology of the 
SME product will be measured to detennine if the solids concentration needs to be adjusted to obtain 
the yield stress required for Issue 13 (25 dynes/cm\ 

Deliverables: 

• Quantitative data on hydrogen generation rates (including the peak rate) from the SRAT and 
SME for each of the three CST size distributions. 
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• Results will be compared with existing hydrogen data from previous DVlPF process simulations 
performed under identical processing conditions. 

• The calculated CST content of a glass product if the SME product had been verified. 

• Technical report 

Prc-Requisites: 

• A run plan will be prepared by ITS for each experiment. 

• HL VIE will confirm with DWPF-E that these tasks have priority over the current bench-scale R 
& D currently in progress or planned in support of D'WPF in FY98 

Data Applicability: 

As currently defined, these tests will only assess the impact that unused CST resin has on the peak 
hydrogen generation rates previously determined for DWPF for the proposed more reducing sludge­
only flowsheet using Tank 42 sludge surrogate at HM levels of noble metals. The impact of loaded 
CST resin, containing the level of noble metals projected to be absorbed on the CST resin during the 
life expectancy of a CST column, would also need assessed for this option. 

Schedule: 

Technical report issued by 9/21/98 

Approvals: 

-Ir'-~ 7;?lI}!d 
J . Carter, Salt Dlsposltlon 
Flowsheet Team 

• 
ueter, Salt Disposition 

Systems Engineering Team 
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