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1.0 SUMMARY 
 
Tank 50H is the feed tank for the Saltstone Production Facility (SPF).  In the summer of 2011, 
Tank 50H contained two standard slurry pumps and two quad volute slurry pumps.  Current 
requirements for mixing operation is to run three pumps for one hour prior to initiating a feed 
transfer to SPF.  Savannah River Site (SRS) Liquid Waste moved both of the Quad Volute 
pumps from Tank 50H to Tank 51H to replace pumps in Tank 51H that were failing.  In addition, 
one of the standard pumps in Tank 50H exhibits high seal leakage and vibration.  SRS Liquid 
Waste requested Savannah River National Laboratory (SRNL) to conduct a study to evaluate the 
feasibility of mixing the contents of Tank 50H with one to three standard slurry pumps. 
 
To determine the pump requirements to mix solids with liquids in Tank 50H, the author reviewed 
the pilot-scale blending work performed for the Small Column Ion Exchange Process (SCIX), 
SRNL computational fluid dynamics (CFD) modeling, Tank 50H operating experience, and the 
technical literature, and applied the results to Tank 50H to determine the number, size, and 
operating parameters of pumps needed to mix the solid particles with the liquid in Tank 50H. 
The analysis determined pump requirements to suspend the solids with no “dead zones”, but did 
not determine the pump requirements to produce a homogeneous suspension.  In addition, the 
analysis determined the pump requirements to prevent the accumulation of a large amount of 
solid particles under the telescoping transfer pump. 
 
The conclusions from this analysis follow. 

 The analysis shows that three Quad Volute pumps should be able to suspend the solid 
particles expected (~0.6 g/L insoluble solids, ~5 micron) in Tank 50H.   

 Three standard slurry pumps may not be able to suspend the solid particles in Tank 50H.   
 The ability of two Quad Volute pumps to fully suspend all of the solid particles in Tank 

50H is marginal. 
 One standard slurry pump should be able to achieve a cleaning radius larger than 

43.5 feet, which will prevent large amounts of solid particles from settling under the 
telescoping transfer pump (TTP).  The report recommends a pump operating approach to 
maximize the achieved cleaning radius. 

 
2.0 INTRODUCTION 
 
Tank 50H is the feed tank for the Saltstone Production Facility.  In the first quarter of the 2011 
calendar year, Tank 50H accepted transfers of approximately 15 kgal from the Effluent 
Treatment Project (ETP), approximately 15 kgal from Tank 710—the H-Canyon General 
Purpose Evaporator, approximately 73 kgal from the H-Canyon Super Kukla campaign, 
approximately 285 kgal from the Actinide Removal Process / Modular Caustic Side Solvent 
Extraction Unit (ARP/MCU) Decontaminated Salt Solution Hold Tank (DSS-HT), and 
approximately 21 kgal from other sources.  The DSS from ARP/MCU could contain as much as 
50 mg/L of Isopar L®.1,2,3  The Isopar L® size is expected to be less than 20 microns.4,5  The 
entrained solids concentration is expected to be minimal (~0.6 g/L) and the particle size is on the 
order of 5 micron.6  
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In the summer of 2011, Tank 50H contained two standard slurry pumps and two Quad Volute 
slurry pumps.  Current requirements and mixing operation is to run three pumps for one hour 
prior to initiating a feed transfer to SPF.7  Tank 51H contained four Quad Volute slurry pumps 
located in risers B1, B4, G, and H.  During recent sludge batch washing, the pump in riser G 
experienced operational problems.  In addition, the pump in riser B4 has experienced excessive 
bearing water leakage.  Since Tank 51H is a sludge tank and Tank 50H is a salt tank, Tank 51H 
needs higher horsepower pumps than Tank 50H.  SRS Liquid Waste moved both of the Quad 
Volute pumps from Tank 50H to Tank 51H to replace pumps in Tank 51H that were failing.  In 
addition, one of the standard pumps in Tank 50H exhibits high seal leakage and vibration.  This 
pump may become unusable in the near future. 
 
SRS Liquid Waste requested Savannah River National Laboratory (SRNL) to conduct various 
literature studies to evaluate the feasibility of mixing the contents of Tank 50H with one to three 
standard slurry pumps.8   
 
The objective provided by SRS Liquid Waste Operations (LWO)9 is to determine the required 
number, type, and operating parameters of the pump(s) needed to mix the contents of Tank 50H 
prior to transferring them to Saltstone for the various scenarios listed below: 
 

1. Determine whether a single standard slurry pump is sufficient to mix the supernate in 
Tank 50H to a homogenous consistency.  This work was based on previous SRNL studies 
and reports, the technical literature, and mixing calculations. 

 
2. Determine the adequacy of one to three standard pumps being able to achieve a 

homogenous mixture of supernate and Isopar L®.  The bounding case will be the receipt 
of decontaminated salt solution from MCU to a tank at a maximum liquid level of 363 
inches.  MCU decontaminated salt solution transfer volume is ~5500 gallons with 
volumes as high as 6,100 gallons reported.  [If Tank 50H contains 363 inches of liquid 
(1,274,000 gallons) with no Isopar L®, and the MCU DSS transfers 6,100 gallons of DSS 
with 10 mg/L of Isopar L®, the bulk Isopar L® concentration will be 0.05 mg/L.  If Tank 
50H contains 285,000 gallons of DSS and 1,274,000 gallons of liquid, the bulk Isopar L® 
concentration would be 2.2 mg/L.] 

 
3. Assess whether one to three standard slurry pumps can establish a homogenous mixture 

of supernate, Isopar L®, and solids at the transfer pump suction.   
 

If one pump is not adequate, assess whether operation of a single standard pump can 
move the settled solids outside the transfer pump’s zone of influence, i.e., show the solids 
won’t reach the pump during simultaneous MCU addition and transfer to Saltstone.    

 
4. If necessary, evaluate the feasibility of blending supernate, Isopar L®, and solid particles 

with quad-volute pumps. 
 
In this document, SRNL will address scenarios 3 and 4.  Scenarios 1 and 2 were addressed in a 
previous report.10 
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3.0 APPROACH 
 
To determine the pump requirements to mix solids with liquids in Tank 50H, the author reviewed 
the pilot-scale blending work performed for the Small Column Ion Exchange Process (SCIX)11, 
SRNL computational fluid dynamics (CFD) modeling15, Tank 50H operating experience, and the 
technical literature, and applied the results to Tank 50H to determine the number, size, and 
operating parameters of pumps needed to mix the solids with the liquid in Tank 50H. 
 
4.0 ASSESSMENT 
 
Table 1 shows specific dimensional and performance aspects of the various mixer pumps 
deployed in the SRS Tank Farm.  Figure 1 shows the Tank 50H riser locations. 
 
Table 1.  Dimensional and Performance aspects of Mixer Pumps in Tank 50H12,13,14 

Mixer 
Nozzle At Maximum RPM 

Number D (in) U0 (ft/s) U0D (ft2/s) Power (HP) 
Standard Slurry Pump 2 1.5 109 13.6 70 

Quad Volute Slurry Pump 2 3.62 72 21.7 118 
Submersible Mixer Pump 2 4.4 79 29.0 230 

 
4.1 CFD ANALYSIS 
 
The Scientific Engineering Computation group of SRNL performed Computational Fluid 
Dynamics (CFD) Modeling of jet mixing in Tank 50H with different slurry pump 
configurations.15  The model included the center column, the pump columns, and the pump 
housing, but it did not include the cooling coils.  The pump(s) rotated at 1/5 rpm.  The tank 
volume for the calculations was 1,000,000 gallons.  The work determined that a fluid velocity of 
0.23 ft/s was the minimum velocity required to pick up 10 micron sludge particles.  The 
modeling assumed the sludge had no yield stress. 
 
The calculations showed that three standard slurry pumps provided the energy needed to suspend 
the sludge and produce acceptable mixing, and that two standard slurry pumps were marginal.  
However, the calculations did not include the cooling coils and assumed that the sludge did not 
have a yield stress.  The absence of cooling coils would lead to higher fluid velocities and more 
effective mixing.  SRNL pilot-scale testing showed the presence of cooling coils increased the 
blending time by approximately 90%.16  The lack of a yield stress would allow the sludge to be 
suspended at a lower pump discharge velocity.  Because of the lack of cooling coils and the 
absence of a sludge yield stress, one should not conclude that three standard slurry pumps will 
mix and suspend the sludge in Tank 50H based on the CFD calculations.  The CFD model should 
be used with experimental data to determine whether standard slurry pumps can suspend the 
solid particles in Tank 50H 
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Figure 1.  Tank 50H Tank Top 
 
 
In 2003, when Tank 50H was mixed with two standard slurry pumps, large mounds (dead zones) 
were observed in the tank.19  
 
4.2 SCIX MIXING TESTS 
 
SRNL performed pilot-scale mixing tests to determine the pump requirements to suspend MST 
particles in a SRS Type IIIA waste tank with cooling coils (i.e., Tank 41H).11  Tank 50H is also a 
Type IIIA waste tank with cooling coils, and the coil designs of the two tanks are very similar.  
The tank (see Figure 2) was a 1/10.85 linear scaled model of Tank 41H.  Scaled models of 
standard slurry pumps, Quad Volute slurry pumps, and Submersible Mixer Pumps (SMPs) were 
fabricated.   
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As part of the testing, SRNL performed a scaling analysis to be able to apply the results to the 
SRS Tank Farm.17  The scaling analysis determined that to match the suspension of solid 
particles at the tank bottom, the pump nozzle discharge velocity in the full-scale tank would be 
30% larger than the pump nozzle discharge velocity in the pilot-scale tank.   
 
The scaling analysis determined that the cooling coils cause less reduction in fluid velocity at 
full-scale than at pilot-scale.17  That document estimated the impact at 29 – 45%.  Computational 
Fluid Dynamics (CFD) analysis of mixing in Tank 50H for the SDIP determined the cooling 
coils increased the mixing time by 2X at pilot-scale and 1.5X at full-scale.18  Therefore, the 
“effective U0D” would need to increase by 2X at pilot-scale and 1.5X at full-scale to achieve the 
same fluid blending or solid suspension.  The equivalent U0D would be 33% larger in the pilot-
scale tank than in the full-scale tank.   
 
To account for scale up of the pilot-scale test results, the required nozzle discharge velocity 
measured in the pilot-scale should be multiplied by 1.3 to determine the required nozzle 
discharge velocity at full-scale.  This velocity should be divided by 1.33 to account for the 
reduced impact of cooling coils at full-scale. 
 

 
Figure 2.  Pilot-Scale SRS Waste Tank 
 
Table 2 shows the pump parameters needed to suspend MST particles in a pilot-scale waste tank 
and in a Type IIIA waste tank with cooling coils after settling overnight.  The table shows the 
number of pumps tested, the measured U0D needed to suspend the solids in the pilot-scale tank, 
the calculated U0D needed to suspend the solids in the full-scale tank, the calculated U0D needed 



SRNL-STI-2011-00688, REV. 0 
 

 - 6 - 

to suspend the solids in the full-scale tank after dividing by 1.33, and the maximum U0D of each 
pump.  The data show that two standard slurry pumps will not suspend the MST, two Quad 
Volute pumps are marginal, and two Submersible Mixer Pumps (SMPs) will suspend the MST.  
Three SMPs will suspend the MST, also.  The required U0D with three SMPs is less than the 
maximum U0D of a Quad Volute pump, so three Quad Volute pumps will be able to suspend 
MST after settling overnight.  After the required U0D is reduced by 1.33 to account for the 
reduced impact of the cooling coils at full-scale, two Quad Volute pumps would be able to 
suspend the solids in Tank 50H.  Two standard slurry pumps are still insufficient. 
 
Table 2. Pump Parameters Needed to Suspend MST after Settling Overnight11 
Pumps 2 3 
U0Dpilot-scale  1.56 – 1.82 ft2/s 1.36 ft2/s 
U0Dfull-scale 22.1 – 25.7 ft2/s 19.2 ft2/s 
U0Dfull-scale-coil effect 16.6 – 19.3 ft2/s 14.4 ft2/s 
Standard Pump U0Dfull-scale 13.6 ft2/s 13.6 ft2/s 
Quad volute pump U0Dfull-scale 21.7 ft2/s 21.7 ft2/s 
SMP U0Dfull-scale 29.0 ft2/s 29.0 ft2/s 
 
Table 3 shows the pump requirements to resuspend MST that has settled for four weeks at 45 °C.  
The results show two SMPs will not resuspend the MST, but three SMPs will resuspend it.  
Comparing the required pump U0D with the maximum U0D of a Quad Volute pump shows three 
Quad Volute Pumps are marginal.  After accounting for the reduced impact of the cooling coils 
at full-scale, the data shows that two SMPs may be able to suspend the MST particles and three 
Quad volute pumps may be able to suspend the MST particles. 
 
Table 3. Pump Parameters Needed to Resuspend MST after Settling for 4 Weeks at 45 °C11 
Pumps 2 3 
Shear Strength 105 – 118 Pa 105-118 Pa 
U0Dpilot-scale  2.4 ft2/s 1.59 ft2/s 
U0Dfull-scale 33.7 ft2/s 22.4 ft2/s 
U0Dfull-scale-coil effect 25.3 ft2/s 16.8 ft2/s 
SMP U0Dfull-scale 29.0 ft2/s 29.0 ft2/s 
 
Table 4 shows the pump requirements to resuspend MST and Sludge slurries that have settled for 
four weeks at 45 °C.  The results show three SMPs will suspend greater than 99% of the solid 
particles.  Comparing the required pump U0D with the maximum U0D of a Quad Volute pump 
shows three Quad Volute Pumps have the power to resuspend more than 99% of MST plus 
sludge slurries.  If the required U0D is reduced by 33% to account for the reduced impact of the 
cooling coils at full-scale, three Quad Volute pumps may be able to suspend more than 99.9% of 
the particles.  In addition, three standard slurry produce 94% of the U0D needed to suspend 
99.8% of the particles and may be marginal for suspending the solid particles in Tank 50H. 
 
 
 
 



SRNL-STI-2011-00688, REV. 0 
 

 - 7 - 

Table 4. Pump Parameters Needed to Resuspend MST and simulated Solids slurries after 
Settling for 4 Weeks at 45 °C 
Feed MST+CST+Sludge MST+CST+Sludge 
U0Dpilot-scale 1.36 ft2/s 1.69 ft2/s 
Pumps 3 3 
Shear Strength 104 – 109 Pa 104-109 Pa 
Amount resuspended (%) 99.8 % 99.92 % 
U0Dfull-scale  19.2 ft2/s 23.8 ft2/s 
U0Dfull-scale-coil effect 14.4 ft2/s 17.9 ft2/s 
Max U0Dfull-scale 29.0 ft2/s 29.0 ft2/s 
Percent of Max U0Dfull-scale 66 % 82 % 
 
Rheology testing showed MST that settled for four weeks at 45 °C had a shear strength of 105 – 
118 Pa.  MST plus CST plus sludge that settled for four weeks at 45 °C had a shear strength of 
104 – 109 Pa.  Samples of MST plus “high sludge” that settled for four weeks at 45 °C had a 
measured shear strength of 74 – 95 Pa.  Since there is no path for MST to be transferred to 
Tank 50H and the MST plus “high sludge” properties are comparable to sludge properties, this 
material is believed to be more typical of the solids in Tank 50H than the MST plus CST plus 
sludge sample.  The reduced shear strength would lead to a larger cleaning radius and a reduced 
U0D needed to solids suspension.   
 
The SCIX test data does not support using solely standard slurry pumps to suspend and remove 
solid particles from Tank 50H. 
 
An alternative strategy is to use 1 – 2 standard slurry pumps to move settled solids away from the 
telescoping transfer pump (TTP) in Tank 50H, prevent the solids from settling near the TTP, and 
have the solids settle and accumulate in another region of the tank.  The accumulated solids 
would need to be removed from the tank at a later time. 
 
4.3 REVIEW OF TANK 50H OPERATING EXPERIENCE 
 
The author reviewed the information collected on the mounds observed in Tank 50H in 2003, 
and used the information to assess whether 1 – 2 standard slurry pumps could prevent solids 
from accumulating under the TTP.19  He used the following approaches for the assessment: the 
cleaning radius approach and the critical shear stress approach. 
 
4.3.1 Cleaning Radius Approach 
 
Engineering Calculation J-CLC-H-00793 determined the size and location of the mounds 
observed in Tank 50H in 2003.19  Standard slurry pumps were located in risers E1 and B2.  One 
of the mounds was located under the TTP (riser B5).  The distance from the pump in riser E1 to 
the mound was 30.7 feet.  The distance from the pump in riser B2 to the mound was 33.5 feet.  
Based on this calculation, the cleaning radius of the standard slurry pump was 30.7 – 33.5 feet 
with the solids in Tank 50H.  The distance from the pump in riser E1 to the TTP is 38.5 feet.  To 
ensure concentrated solids are not drawn into the TTP feed, the author recommends a minimum 
target cleaning radius of 38.5 + 5 = 43.5 feet. 
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SRNL measured the shear strength of a sample of the solids and found the shear strength to be 
400 – 460 Pa for an undisturbed sample.20  Previous SRNL work found the cleaning radius of a 
slurry pump to be inversely proportional to the square root of the slurry yield stress.21  Previous 
PNNL work found the cleaning radius to vary with slurry shear strength according to equation 
[2] 
 
 ECR  DjUjs

-0.46  [2] 
 
where s is the sludge shear strength.22  Assuming the shear strength of the solid mounds in 
Tank 50H was 400 Pa, the cleaning radius was 30 feet, and the target cleaning radius is 43.5 feet 
(38.5 + 5 feet), the shear strength of any solid particles or mounds must be less than 180 - 190 Pa 
if they are to be adequately moved away from the TTP by 1 – 2 standard slurry pumps.   
 
Rheology data collected for the SCIX program with simulated sludge and MST (in a 660:1 ratio) 
that had settled for 1 – 13 weeks at 30 – 45 ˚C had a measured shear strength less than 100 Pa.23  
A sample of Sludge Batch 6 collected from a waste tank had a shear strength of 1.6 Pa.16   
 
Analysis of samples collected from the solid mounds showed they contained high concentrations 
of oxalate and tetraphenylborate24, which would be atypical of the solids expected to be 
transferred to Tank 50H in the future.  Tank 50H will continue to receive small amounts of 
oxalate from ETP, but it will not receive any additional tetraphenylborate.  Previous rheology 
testing found 10 wt % tetraphenylborate slurries to have larger yield stress than sludge slurries 
with the same solids loading.25,26   
 
If the shear strength of the solid material in Tank 50H is less than 180 Pa, one standard slurry 
pump should be able to prevent large amounts of solids from settling under the TTP. 
 
The author recommends the following approach for moving solid particles beyond the TTP.  Mix 
the tank using the pump in riser E1.  Rotate the pump for two hours.  Following the two hour 
rotation, index the pump toward the TTP and mix for four hours.  After the four hours of 
indexing, continue mixing for an additional two hours rotating the pump. 
 
4.3.2 Critical Shear Stress Approach 
 
Another approach to determine the pump requirements to produce a 43.5 foot cleaning radius is 
to look at the critical shear stress of the sludge.27  Previous work in the erosion of solid beds 
determined that no erosion occurred until a critical shear stress was applied to the bed.  [A sludge 
with a smaller critical shear stress would be easier to mobilize than a sludge with a larger critical 
shear stress.]   
 
The solid mounds observed in 2003 were 7 – 8 feet high.19  Most of this material has been 
removed from the tank.  The solids that would be added to the tank in the future would be low 
concentrations of fine, slow settling solids.  The height of any settled solids would be small (1 – 
2 inches rather than 7 – 8 feet). 
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The solid particles would settle more compactly in a 7 – 8 foot mound than in a 1 – 2 inch layer.  
By settling more compactly, they would have a larger slurry density and a higher solids 
concentration.  Previous work showed that beds with higher solids concentration or density had a 
larger critical shear stress.27  Other work showed the critical shear stress decreased with 
decreasing bed thickness.28  The largest source of feed to Tank 50H is the ARP/MCU, which has 
a 0.1 m filter to remove solid particles.  The ETF evaporator bottoms will contain ~1.5 wt % 
insoluble solids29, but this stream is a small fraction of the feed to Tank 50H.  The Super-Kukla 
stream will contain 1 – 2 g/L of molybdenum30 that will form a precipitate when it is pH 
adjusted.  This stream is a small fraction of the feed to Tank 50H, and the molybdenum 
precipitate would have a similar size to SRS Tank Farm sludge.  The evaporator overheads 
would not be expected to contain many solid particles.  Since the solids that would be added to 
Tank 50H in the future would be fine (< 5 micron) and low concentration (~ 0.6 g/L), they 
should not form large mounds.  Because of their small size, they would settle slowly and not 
pack.  They should have a much lower critical shear stress than the solids mounds observed in 
2003. 
 
Work at the National Water Research Institute in Canada found that fine particles that settle have 
a lower critical shear stress (as much as 1/8) than beds deposited under shear.31  The solid 
particles that are added to Tank 50H in the future would settle slowly when the pumps were 
stopped.  There would not be enough particles to form large mounds that are sheared by the 
pumps.  Again, the critical shear stress of these solids would be less than the critical shear stress 
of the solid mounds observed in 2003. 
 
Other research found that the top layer of a bed had a much lower critical shear stress than the 
bulk of the bed (10 – 20X).32  The solid particles that would be transferred to Tank 50H in the 
future would be more characteristic of the top layer of a bed than the bulk of a bed several feet in 
depth.  Again, the critical shear stress of these solids would be less than the critical shear stress 
of the solid mounds observed in 2003. 
 
Because of these differences between the solid mounds observed in 2003 and the solid particles 
expected to be transferred to Tank 50H in the future, the cleaning radius of the standard slurry 
pumps would be larger in the future and should be sufficient to prevent large quantities of solid 
particles from settling under the TTP. 
 
4.4 DISCUSSION 
 
The analysis shows that three Quad Volute pumps should be able to suspend the solid particles in 
Tank 50H.  Three standard slurry pumps may not be able to suspend most of the solid particles in 
Tank 50H.  The data available suggests that two Quad volute pumps may not be able to suspend 
the solids in Tank 50H.  The data does not support the use of one or two standard pumps to 
suspend the sludge in Tank 50H.  
 
If SRS Liquid Waste wishes to prevent solid particles from accumulating under the TTP and can 
accept the accumulation of solid particles in other regions of the tank, one or two standard slurry 
pumps should be able to achieve a cleaning radius larger than 43.5 feet.  This cleaning radius 
will prevent large amounts of solid particles from settling under the TTP. 



SRNL-STI-2011-00688, REV. 0 
 

 - 10 - 

 
The author recommends the following approach for moving solid particles beyond the TTP.  Mix 
the tank using the pump in riser E1.  Rotate the pump for two hours.  Following the two hour 
rotation, index the pump toward the TTP and mix for four hours.  After the four hours of 
indexing, continue mixing for an additional two hours rotating the pump. 
 
5.0 CONCLUSIONS 
 
The conclusions from this analysis follow. 

 The analysis shows that three Quad Volute pumps should be able to suspend the solid 
particles expected (~0.6 g/L insoluble solids, ~5 micron) in Tank 50H.   

 Three standard slurry pumps may not be able to suspend the solid particles in Tank 50H.   
 The ability of two Quad Volute pumps to fully suspend all of the solid particles in Tank 

50H is marginal. 
 One standard slurry pump should be able to achieve a cleaning radius larger than 

43.5 feet, which will prevent large amounts of solid particles from settling under the 
telescoping transfer pump (TTP).  The report recommends a pump operating approach to 
maximize the achieved cleaning radius. 

 
The author recommends the following approach for moving solid particles beyond the TTP.  Mix 
the tank using the pump in riser E1.  Rotate the pump for two hours.  Following the two hour 
rotation, index the pump toward the TTP and mix for four hours.  After the four hours of 
indexing, continue mixing for an additional two hours rotating the pump. 
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