
SRNL-STI-2009-00717 

 

 Key Words: 

 Mixing 

 Simulant 

 Pilot-scale 

 Tank 

 

 

 Retention: 

 Permanent 

 

 

 

 

 

 

 

DEMONSTRATION OF SIMULATED WASTE TRANSFERS FROM 

TANK AY-102 TO THE HANFORD WASTE TREATMENT FACILITY 

 
 

 

 

D. J. Adamson 

M. R. Poirier 

T. J. Steeper 

 

 

 
 

 

NOVEMBER, 2009 

Savannah River National Laboratory 

Savannah River Nuclear Solutions 

Aiken, SC 29808 

 

 

 

 

Prepared for the U.S. Department of Energy Under  

Contract Number DE-AC09-08SR22470 
 

 

 



SRNL-STI-2009-00717 

 

 

 

 

 

 

DISCLAIMER 

 

This work was prepared under an agreement with and funded by the U.S. Government.  

Neither the U. S. Government or its employees, nor any of its contractors, 

subcontractors or their employees, makes any express or implied:   

1. warranty or assumes any legal liability for the accuracy, completeness, or for the use 

or results of such use of any information, product, or process disclosed; or   

2. representation that such use or results of such use would not infringe privately owned 

rights; or   

3. endorsement or recommendation of any specifically identified commercial product, 

process, or service.   

Any views and opinions of authors expressed in this work do not necessarily state or 

reflect those of the United States Government, or its contractors, or subcontractors. 

 

 

 

 

Printed in the United States of America 

 

Prepared for 

U.S. Department of Energy 

 

 

 



SRNL-STI-2009-00717 

 

 

 Key Words: 

 Transfer 

 Simulant 

 Tank 

 

 

 Retention: 

 Permanent 

 

 

DEMONSTRATION SIMULATED WASTE TRANSFERS FROM TANK 

AY-102 TO THE HANFORD WASTE TREATMENT FACILITY 
 

 

 

 

 

D. J. Adamson 

M. R. Poirier 

T. J. Steeper 

 

 
 

NOVEMBER 2009 

Savannah River National Laboratory 

Savannah River Nuclear Solutions 

Aiken, SC 29808 

 

 

 

 

Prepared for the U.S. Department of Energy Under  

Contract Number DE-AC09-08SR22470 
 

 

 



SRNL-STI-2009-00717 

 - ii - 

REVIEWS AND APPROVALS 
 

 

 

 

___________________________________________________________________________ 

D. J. Adamson, Co-author, Engineering Development Laboratory Date 

 

 

 

___________________________________________________________________________ 

M. R. Poirier, Co-author, Separations Science Programs  Date 

 

 

 

___________________________________________________________________________ 

M. L. Restivo, Technical Review, Engineering Development Laboratory Date 

 

 

 

___________________________________________________________________________ 

B. J. Giddings, Manager, Engineering Development Laboratory Date 

 

 

 

___________________________________________________________________________ 

S. L. Marra, Manager, Environmental & Chemical Process Technology Research        Date 

 

 

 

___________________________________________________________________________ 

M. G. Thien, WRPS Task Lead Date 

 

 

 

 

  



SRNL-STI-2009-00717 

Page 1 

TABLE OF CONTENTS 
 

LIST OF FIGURES ................................................................................................................ 1 

LIST OF TABLES .................................................................................................................. 1 

LIST OF ACRONYMS .......................................................................................................... 3 

1.0 EXECUTIVE SUMMARY .............................................................................................. 4 

2.0 INTRODUCTION............................................................................................................. 5 

3.0 DISCUSSION .................................................................................................................... 6 

3.1 Experimental Approach and Setup.............................................................................. 6 

3.1.1 Test Results ............................................................................................................ 17 

4.0 CONCLUSIONS ............................................................................................................. 28 

5.0 REFERENCES ................................................................................................................ 29 

APPENDIX A:  R & D Direction for DEMONSTRATION of SIMULATED WASTE 

TRANSFERS FROM TANK AY-102 TO THE HANFORD WASTE TREATMENT 

FACILITY ............................................................................................................................. 30 

APPENDIX B:  Drawings .................................................................................................... 43 

APPENDIX C:  PSD Analysis of SiC Tests 11 and 3.5 ...................................................... 47 
 

 

 

LIST OF FIGURES 
 

Figure 1:  Drawing of the Transfer Demonstration Test System ....................................... 7 

Figure 2:  Receipt Tank Drawing ........................................................................................ 11 

Figure 3:   Top View of MDT Transfer Lines locations (Point 1 and 3 tested) ............... 14 

Figure 4:   MDT, Settled Solids............................................................................................ 15 

Figure 5:  Drive Assembly for MJP Rotation (guard in place)......................................... 16 

Figure 6:   Picture of the Transfer Demonstration System ............................................... 17 

Figure 7:   Solids Settled in the Receipt Tanks of Test 2 (1 day settling) ......................... 18 

Figure 8:   Solids Settled in the Receipt Tanks (1 day settling) ........................................ 19 

Figure 9:   SiC Settled in the Receipt Tanks ....................................................................... 21 

Figure 10:   Two Dead Zones in MDT at the end of Test 10 ............................................. 22 

Figure 11:   Test 11 Settling of Solids, 1 day vs. 3 days settling time ............................... 23 

Figure 12:   Tests 1, 5, 9, 11 and 3.5 Volume of Total Settled Solids ................................ 24 

Figure 13:  Receipt Tank SiC Level Test 6 (1 day settling) ............................................... 25 

Figure 14:  Solids Pumped from MDT, Test 6 ................................................................... 26 

Figure 15:  PSD Samples from Test 3.5, (1 day of settling) ............................................... 27 

 

 

 

LIST OF TABLES 
 

Table 1:   Full Size and Scaled Parameters .......................................................................... 8 

Table 2:   Instrument List ...................................................................................................... 9 

Table 3:   Receipt Tank Calibrations .................................................................................. 12 

Table 4:  Test Matrix for Transfer Demonstrations .......................................................... 13 



SRNL-STI-2009-00717 

Page 2 

Table 5:  Total Solids Transferred to Receipt Tanks (1 day settling) .............................. 19 

Table 6:  Total Sic Transferred to Receipt Tanks Settling (20 minutes after transfer) . 20 

Table 7:  Total Solids in Receipt Tanks, Two days or More Settling Time ..................... 23 

Table 8:  PSD from Test 11 and Test 3.5 ............................................................................ 27 

 



SRNL-STI-2009-00717 

Page 3 

 

LIST OF ACRONYMS 
 

 

 

 

DST  Double shell tank  

EDL Engineering Development Laboratory 

gpm  Gallons per minute 

MDT  Mixing Demonstration Tank 

MJP  Mixing Jet Pumps 

OD   Outer diameter  

PVC Polyvinyl Chloride 

rpm Revolutions per minute 

SiC Silicon Carbide 

SRNL Savannah River National Laboratory  

sst  Stainless steel 

TTQAP Task Technical and Quality Assurance Plan 

TTR  Task Technical Request 

WRPS  Washington River Protection Solutions  

WTP  Waste Treatment Plant 



SRNL-STI-2009-00717 

Page 4 

 

1.0 EXECUTIVE SUMMARY 
 

In support of Hanford’s AY-102 Tank waste certification and delivery of the waste to the 

Waste Treatment and Immobilization Plant (WTP), Savannah River National Laboratory 

(SRNL) was tasked by the Washington River Protection Solutions (WRPS) to evaluate the 

effectiveness of mixing and transferring the waste in the Double Shell Tank (DST) to the 

WTP Receipt Tank.  This work is a follow-on to the previous “Demonstration of Internal 

Structures Impacts on Double Shell Tank Mixing Effectiveness” task conducted at SRNL 
1
. 

 

The objective of these transfers was to qualitatively demonstrate how well waste can be 

transferred out of a mixed DST tank and to provide insights into the consistency between the 

batches being transferred.  Twelve (12) different transfer demonstrations were performed, 

varying one parameter at a time, in the Batch Transfer Demonstration System. The work 

focused on visual comparisons of the results from transferring six batches of slurry from a 

1/22
nd

 scale (geometric by diameter) Mixing Demonstration Tank (MDT) to six Receipt 

Tanks, where the consistency of solids in each batch could be compared.  The simulant used 

in this demonstration was composed of simulated Hanford Tank AZ-101 supernate, gibbsite 

particles, and silicon carbide particles, the same simulant/solid particles used in the previous 

mixing demonstration.    

 

Changing a test parameter may have had a small impact on total solids transferred from the 

MDT on a given test, but the data indicates that there is essentially no impact on the 

consistency of solids transferred batch to batch. 

 

Of the multiple parameters varied during testing, it was found that changing the nozzle 

velocity of the Mixer Jet Pumps (MJPs) had the biggest impact on the amount of solids 

transferred.  When the MJPs were operating at 8.0 gpm (22.4 ft/s nozzle velocity, UoD=0.504 

ft
2
/s), the solid particles were more effectively suspended, thus producing a higher volume of 

solids transferred.  When the MJP flow rate was reduced to 5 gpm (14 ft/s nozzle velocity, 

UoD=0.315 ft
2
/s) to each pump, dead zones formed in the tank, resulting in fewer solids being 

transferred in each batch to the Receipt Tanks.   The larger, denser particles were displaced 

(preferentially to the smaller particles) to one of the two dead zones and not re-suspended for 

the duration of the test.  

 

As the liquid level dropped in the MDT, re-suspending the particles became less effective (6
th

 

batch).   The poor consistency of the solids transferred in the 6
th

 batch was due to low liquid 

level in the MDT, thus poor mixing by the MJPs. 

 

Of the twelve tests conducted the best transfer of solids occurred during Test 6 and 8 where 

the MJP rotation was reduced to 1.0 rpm.  
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2.0 INTRODUCTION 
 

 

 

The Hanford double shell tank (DST) system provides the staging location for feeding tank 

waste to the Waste Treatment and Immobilization Plant (WTP). ICD 19-Interface Control 

Document for Waste Feed Delivery (24590-WTP-ICD-MG-01-019) includes WTP 

acceptance criteria that describe physical and chemical characteristics of the waste that must 

be certified as acceptable prior to waste transfer from the DSTs to the WTP. The baseline 

feed delivery concept includes equipment capable of mixing the DST waste, obtaining 

representative samples of the DST contents, and delivering waste to the WTP within 

acceptable tolerance bands of waste chemical and physical properties. Understanding the 

three dimensional performance of the DST mixing systems is necessary to define the specific 

functional requirements of the DST sampling and feed transfer systems. The early stages of 

the Waste Feed Delivery Demonstration Program are focused on demonstrating in a scaled 

environment the performance of mixing the contents in a DST tank and transferring the 

contents out of the tank. 

 

During the previous “Demonstration of Internal Structures Impacts on Double Shell Tank 

Mixing Effectiveness” task, it was determined that the obstructions in the 1/22
nd

 scale Mixing  

Tank had little if any negative impact on tank mixing. Visually there was very little 

difference, if any, in mixing the contents of the tank with the obstructions in or out of the 

tank
1
.   During the mixing demonstrations, the contents of the 1/22

nd
 scale MDT could be 

mixed well (no dead zones) but the contents of the tank were never homogenous. 

 

This report focuses on the batch transfer demonstrations from the 1/22
nd

 scale MDT to six 

individual Receipt Tanks.   This testing models the batch transfers from the AY-102 Tanks to 

the WTP receipt tank where HLW slurry will be delivered in 160,000 gallon batches. 
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3.0 DISCUSSION 
 

 

 

 

3.1 EXPERIMENTAL APPROACH AND SETUP 

 

The test system used for the batch transfer demonstrations is shown in Figure 1.  The  

Transparent MDT (1/22
nd

 scale), along with internal obstructions, was used in the previous 

test, “Demonstration of Internal Structures Impacts on Double Shell Tank Mixing 

Effectiveness” 
1
.   The tank had an ID of 40.5” and a height of 30”.  The bottom of the tank 

was transparent to aid in visual observations.  

 

There were a total of 22 air lift circulators (ALC), a heating coil, a transfer pump feed line 

and two Mixer Jet Pumps (MJPs) that mimicked the obstructions in the MDT.  The 

obstructions were geometrically scaled to the AY-102 Tank.  The obstructions were in the 

MDT for all transfer demonstrations since it was found the obstructions had essentially no 

impact on the mixing in the MDT.  As found during the previous study, the critical 

dimension of the obstructions was the distance the ALCs were off the bottom of the tank (30” 

in the full-scale tank).  This clearance off the bottom of the tank allows for the MJPs to mix 

all areas without the obstructions causing blockage.  The slurry pump that fed the mixer jets 

was located external to the MDT and was controlled by a variable speed drive. The test fluid 

was pumped from the MDT and then circulated back to the 1/22
nd

 scale Mixer Jet Pumps.  

Detail drawings of the Mixing Jet Pumps and the obstructions are given in Appendix B.    
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Figure 1:  Drawing of the Transfer Demonstration Test System 
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Table 1 provides important parameters associated with the AY-102 Tank and the 1/22
nd

 scale 

MDT and transfer system. 

Table 1:   Full Size and Scaled Parameters 

Parameter Description AY-102 Full Scale Model@ 
1
/22=0.045 scale factor 

Tank diameter 75 ft (900 inches) 40.5 inches (actual 40.9”) 

Tank operating height 364 inches 16.5 inches 

Total waste height 347 inches 15.6 inches 

Sludge height 55 inches 2.49 inches (actual 1.75”) 

Supernate height 292 inches 13.2 inches 

Total waste volume 955,085 gal 87 gallons 

Batch volume to WTP 160,000 gal 14.3 gal 

Residence mixing time AY-102 45.2 minutes  

Flow for scaled  model to have full 

scale residence time 

-  0.47 gal/min/nozzle 

Nozzle velocity at full-scale 

residence  

-  2.6 ft/sec 

Pump location from tank center 22 ft 11.9 inches 

Pump above tank bottom 6 inches 0.27 inches 

Nozzle diameter  6 inches 0.27 inches 

Nozzle location from bottom of 

pump 

9 inches 0.41 inches 

Pump rotational speed 0.2 rpm 0.2 rpm, 1.0 rpm, 4.4 rpm 

Pump flowrate  

Nozzle Exit Velocity 

5280 gal/min/nozzle 

60 ft/sec 

10.8 gal/min/nozzle 

60 ft/sec 

UoD  30 ft
2
/s 1.35 ft

2
/s 

UoD at a flowrate of 8 gpm MJP  0.504 ft
2
/s 

UoD at a flowrate of 5 gpm MJP  0.315 ft
2
/s 

1/22
nd

  Pump flowrate (8 gpm) 

Nozzle Exit Velocity 

- 4 gal/min/nozzle 

22.4 ft/sec/nozzle 

1/22
nd

  Pump flowrate (5 gpm) 

Nozzle Exit Velocity 

- 

- 

2.5 gal/min/nozzle 

14 ft/sec/nozzle 

Pump flowrate (power cal.) 5280 gal/min/nozzle 5.0 gal/min/nozzle 

Nozzle velocity (power calculation) 60 ft/sec  28 ft/sec 

UoD (power calculation)  -  0.63 ft
2
/s 

Liquid density 1,150 kg/m
3
 1,289 kg/m

3
 

Solids density 2,500 kg/m
3
 Gibbsite: 2,420 kg/m

3
 

SiC: 3,217 kg/m
3
 

Viscosity of liquid 2.8 cP 2.55 cP 

Air mixers (22 in tank) 30 inches 1.35” (used 1.25”) 

Air mixers above tank bottom 30 inches  1.35 inches 

Heating coil dia  (1 in tank) 40.375 inches 1.8 ” (used 1.75”) 

Transfer pump outer diameter 12 inches  0.54” (used 3/8” sst tube) 

Transfer pump inlet diameter 2.25 inches 0.1” (used 0.125”) 

Transfer pump above tank bottom 5 inches 0.23 inches 

Transfer pump, pump rate 90 – 140 gpm  0.29 gpm , 0.58 gpm 

Transfer pump, velocity 3.9 ft/s, 6.1 ft/s 3.6 ft/s, 7.2 ft/s 

Batch transfer volume 160,000 gal 14.3 gal 

Particle size distribution 2.5 ~ 16.8 μm SiC - 50 to 165 μm 

Gibbsite 30 μm, Max 
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To mimic the transfer system from the AY-102 Tank, a transfer pump was added to pump 

batches of simulant from the MDT to each of the six Receipt Tanks.   

 

A Moyno Pump, Model 33201 (0.13 to 2.0 GPM flow rate) was used to make the batch 

transfers. The transfer pump is Pump 3 in Figure 1.  The transfer pump had no problems 

handling the anticipated wear from the SiC material used in the tank.   

 

The transfer flow rate from the MDT to the Receipt Tanks was scaled by time and volume.  

When scaled by time, the flow rate was 0.29 gpm (7.5 ft/sec).  When we scaled by volume, 

the flow rate was 5.2 gpm.  At 0.29 gpm, the transfer time is approximately 50 minutes.  At 

5.2 gpm, the transfer time is less than 3 minutes.  Therefore time scaling was chosen for 

testing.    For all but three tests the velocity was increased to 15 ft/sec, resulting in a flow rate 

of 0.58 gpm.   A ¼”stainless steel tubing, 035” wall was used from Pump 3 to the Receipt 

Tanks 3/8”, 035” wall stainless steel tubing was used at the transfer line suction point in the 

MDT.  Flexible 3/8” tubing was used from the MDT to the transfer pump.   

 

The test was designed such that six independent batch transfers could be made from the 

MDT.  This simulates the multiple 160,000 gallon batches that will be transferred to the 

WTP.  Figure 1 shows valving configurations for the batch transfers of simulant to be 

pumped from the MDT to the six Receipt Tanks. 

 

Three flow meters were used in the transfer demonstrations to measure the flow rate of 

simulant being sent to the MJPs and the batch transfers.  Table 2 provides an instrument list 

along with calibration information of the instruments.  

 

Table 2:   Instrument List 

M&TE # Description Calibration range Uncertainty 

TR-03811 Magnetic flow meter,  ABB 

Instrumentation Inc. 

0 – 25 gpm ± 0.22 gpm 

TR-03674 Magnetic flow meter,  ABB 

Instrumentation Inc. 

0 – 25 gpm ± 0.18 gpm 

TR-03680 Magnetic flow meter,  

Fischer Porter for Transfers 

0 – 1.6 gpm  ± 0.009 gpm 

 

   

Six (6) Receipt Tanks were designed and constructed for the six batch transfers from the 

MDT.    The tanks are transparent (clear PVC) on the lower section of the tank (except for 

reducers) to allow for measuring the volume of solids that were transferred in each batch.  As 

shown in Figure 2, the bottom section of the tank makes a smooth transfer from a 6”, 

schedule 40  pipe (between point 3 and point 4) to a 3”, schedule 40 transparent PVC pipe 

(between point 1 and point 2).   The transparent section of the Receipt Tank was designed to 

hold approximately 4.3 gallons.  This ensured that an accurate measurement of the solids 

transferred in each batch could be obtained.   
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The Receipt Tanks holds approximately 22 gallons. Each tank was calibrated at five different 

elevations.  Point 5, the maximum volume (14.3 gallons) that would be transferred in each 

batch, was in the opaque section of the tank.  A sight glass was added to determine the level 

in this section of the tank.  Table 3 gives the calibration data of each of the six Receipt 

Tanks. The points in column 1 of the table correspond to the points in Figure 2. For example, 

point 3 of Receipt Tank 2 is at 30” with a volume of 1.23 gallons. 
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Figure 2:  Receipt Tank Drawing  
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Table 3:   Receipt Tank Calibrations 

 

 
Receipt Tank 1 

 
Receipt Tank 2 

 
Receipt Tank 3 

 
Receipt Tank 4 

 
Receipt Tank 5 

 
Receipt Tank 6 

 
Point inch gallon inch gallon inch gallon inch gallon inch gallon inch gallon 

1 8.38 0.26 8.38 0.19 8.32 0.20 8.56 0.19 8.75 0.20 8.69 0.21 

2 23.06 0.74 23.06 0.65 23.06 0.66 23.06 0.65 23.13 0.66 23.13 0.66 

3 30.00 1.32 30.00 1.23 30.06 1.22 30.13 1.23 29.94 1.23 30.00 1.26 

4 55.00 4.40 55.00 4.30 55.00 4.30 55.00 4.31 54.75 4.29 54.63 4.32 

5 - 14.30 - 14.30 - 14.30 - 14.30 - 14.30 - 14.30 

 

Air spargers were placed in the bottom of each of the Receipt Tanks.  The spargers were used 

to mix the simulant in the Receipt Tanks before pumping their contents back to the MDT.  

 

During Test 1 the spargers were used to mix the contents of the Receipt Tanks to determine if 

a better measurement could be made of the SiC transferred in each batch.  Once the Receipt 

Tanks were mixed, the contents of the tanks were allowed to settle over night.  It was 

determined that this process did not allow for a better measurement of the SiC transferred 

when compared to the natural settling during the batch transfers.    

 

The operating liquid level in the scaled MDT was scaled from the total liquid level (347”) 

currently in the AY-102.  The mixing demonstration used 15.7” to 16” of simulant to be 

geometrically scaled with the Hanford tanks.   

 

When the MDT liquid level dropped to approximately 1.5” during tank mixing, The MJPs 

began to pull in air, impacting mixing during the last batch transferred (6
th

 transfer) on each 

test.  The flow rate supplied to the MJPs was slowly decreased during batch 6 until the 

mixing was completely stopped before the end of batch 6.  Batch 6 continued until 14.3 

gallons was transfer into Receipt Tank 6 or the Transfer pump started pulling in air, ending 

the transfer.  At the end of the 6
th

 transfer there was approximately 1.5 gallons (1” in the 

MDT equals 5.58 gallons) or more of simulant left in the MDT.   

 

Testing was conducted per the R&D Direction in Appendix A.  Test results were also 

recorded in a Laboratory Notebook, SRNL-NB-2009-00014. 

 

Simulant  

The same supernate and solids that were used in the Mixing Demonstrations were used for 

the transfer demonstrations.  The supernate used was prepared from a previous task at SRNL.  

This simulant was intended to represent an average Hanford tank waste.  The supernate itself 

is transparent.  The recipe for this simulant is given in the “Revised Preparation of Simulated 

Feed Solution for Pilot Plant”, CH2M-0701541.1 report (July, 2007). The recipe was 

modified from the report; the sodium dichromate was not added to the simulant to prevent it 

from being a hazardous solution.  Gibbsite (30 μm maximum particle size) and SiC (50 to 

165 μm) particles were added to act as the tank sludge.  The particles size distribution 

reported here is from the vendor.  Each demonstration was conducted using the same 87 

gallons (15.6”) of simulant that was used in the Mixing Demonstration.  There was 

approximately 82.6 lb of gibbsite and 9.3 lb of SiC in the MDT at the start of each test. 
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Twelve tests, consisting of six batch transfers in each test, were conducted.  These transfers 

mimicked the number of 160,000 gallons batch transfers that would be required from the 

AY-102 tank with 1,000,000 gallons of stored waste.  Table 4 lists the twelve demonstrations 

in the order they were conducted.   

 

Table 4:  Test Matrix for Transfer Demonstrations 

Test # Location of  

Transfer 

pump  

in tank 

Transfer  

Type 

Elevation of 

Transfer Pump 

suction 

(inches) 

Transfer 

from 

Mixing 

Tank 

(gpm) 

Mixer Jet pumps 

 

Rotation 

(rpm) 

Flowrate 

(gpm) 

1 1 (baseline) Batch (6 days) 0.25 0.29 4.4 8.0 

2 1 (baseline) Continuous 0.25 0.29 4.4 8.0 

3 1 (baseline) Continuous 0.25 0.58 4.4 8.0 

4 1 (baseline) Continuous 2.0     (8X) 0.58 4.4 8.0 

5  1 (baseline) Continuous 0.25 0.58 4.4 5.0 

6 1 (baseline) Continuous 0.25 0.58 1.0  (5X) 8.0 

7 3 (riser # 1) Continuous 0.25 0.58 4.4 8.0 

8 3 (riser # 1) Continuous 0.25 0.58 1.0  (5X) 8.0 

9 3 (riser # 1) Continuous 2.0     (8X) 0.58 4.4 8.0 

10   3 (riser # 1) Continuous 0.25 0.58 4.4 5.0 

11 3 (riser # 1) Continuous 0.25 0.29 4.4 8.0 

3.5 Duplicate Test 3 to demonstrate repeatability of data 

  

Test 3.5 was originally planned to be between Tests 3 and 4.  However, it was decided during 

Test 3 to move Test 3.5 to the end of the test campaign at the request of WRPS.  In each of 

the tests, only one parameter was changed at a time.  For the location of the transfer pump 

suction line, two points were tested.  Point 1 is the baseline point and the location of the full-

scale Transfer Pump in the AY-102 Tank.  Point 3 (Riser #1 on the AY-102 Tank) was on a 

line passing through the center of the tank that is perpendicular to the line connecting the two 

mixer pumps (M).    Figure 3 depicts these locations in the 1/22
nd

 scale MDT.  Points 2 and 4 

on the drawing were proposed to transfer from but were not tested. 
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Figure 3:   Top View of MDT Transfer Lines locations (Point 1 and 3 tested) 

 

The transfer type was either batch or continuous.  The batch transfer on Test 1 was more true 

to what will occur on the batch transfers from the AY-102 Tank to the WTP.  In between 

each transfer, the contents of the MDT were allowed to settle for approximately 24 hours.  

This would allow for the contents of the MDT to settle before being remixed for the 

following batch transfer.  The continuous transfer is where the contents of the MDT were 

mixed and not allowed to settle between batches and the transfer pump was not turned off 

between batches.  Once a batch of 14.3 gallons was transferred to a Receipt Tank, the valve 

line up was changed, sending the following batch to the next Receipt Tank.  This change was 

made to allow testing to be completed in a shorter time.  Figure 4 is a picture of the MDT 

after the SiC and gibbsite solids were allowed to settle for more than a day.   
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Figure 4:   MDT, Settled Solids 

 

The elevation of the transfer line, above the bottom of the MDT was tested at two different 

heights, 0.25” (1/22
nd

 scale of the AY-102 transfer pump) and 2.0” (8 times the baseline).   

 

The flow rate of the batch transfers from the MDT to the Receipt Tanks was tested at two 

different flows, 0.29 gpm and 0.58 gpm.  Over the test campaign, the flow rate of the 

transfers was found to be very consistent and accurate.  This was determined by timing the 

transfers and measuring the total volume. 

 

Two rotational speeds of the MJPs were tested during the transfer demonstrations, 4.4 rpm 

and 1.0 rpm (MJPs full-scale AY-102 Tank rotation is 0.2 rpm).  In scaling the MJP rotation 

speed between the full-scale tank and the pilot-scale tank, the following approach was used.  

As the MJP rotates, it lifts particles off of the tank bottom.  Some of the particles will be 

lifted to the top of the liquid, and then settle back to the tank bottom.  Since the particle 

settling rate is the same in both tanks, they will need less time to settle to the bottom in the 

MDT.  Because the liquid level in the MDT is 1/22 of the liquid level in the full-scale tank, 
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the time to settle a scaled distance in the MDT is 1/22 the time in the full-scale tank.  

Therefore, we selected a pump rotation rate of 4.4 rpm (0.2 rpm x 22) so that the particles 

that are lifted by the pump in the full-scale and settle before the jet rotates around will see the 

same phenomenon in the pilot-scale tank. The 1.0 rpm MJP rotation speed test condition was 

selected to determine if a major change in the MJP rotational speed would have an impact on 

tank mixing and the solids transfer.  

 

Figure 5 below is a picture of the chain and sprocket assembly used to rotate the Mixer Jet 

Pumps.   The rotation system was modified to obtain a rotational speed of 4.4 rpm, up from 

the rotation system used during the AY-102 tank mixing demonstrations, 0.2 – 0.7 rpm. Each 

pump had its own drive assembly and motor.  The drive motors were connected to one motor 

controller, and consequently were given the same frequency adjusted power.  This resulted in 

fairly uniform rotational speed.   

  

 
 

Figure 5:  Drive Assembly for MJP Rotation (guard in place) 

 

 

Both MJPs rotated counter clockwise and for the most part at the same speed using one 

motor controller.  But conditions existed (i.e., friction in the pumps from the SiC) where one 

pump rotated slightly slower than the other during the six batch transfers.   From this it was 

conjectured that the jet position between the two pumps may have some impact on the 
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mixing.  Additional testing and studies may be needed to determine whether synchronous 

operation of the two MJPs (i.e. optimization of the synchronous phase angle between 

separate nozzle rotations) impacts the suspension of solids.   

 

The simulant in the MDT was mixed at two different flow rates supplied to each Mixer Jet 

Pump, 8.0 gpm (velocity, 22.4 ft/s/nozzle) and 5.0 gpm (velocity, 14 ft/s/nozzle).  8.0 gpm 

was chosen due to this being the lowest flow rate to each MJP where no dead zones existed 

in the MDT. This data was obtained during the mixing study. 

 

3.1.1 Test Results 

 

All transfer demonstrations were conducted in the pilot-scale system shown in Figure 6.  The 

test system was designed and constructed at SRNL.   The picture shows the 1/22
nd

 scaled 

MDT on the left and the six Receipt Tanks to the right.   

 

 

 
 

 

Figure 6:   Picture of the Transfer Demonstration System  

 

 

A total of twelve transfer demonstrations tests were conducted using the same simulant in 

each demonstration.  Each test consisted of six batch transfers that were pumped to 

individual Receipt Tanks.   
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After each test, the batch transfers to the Receipt Tanks were allowed to settle at a minimum 

overnight.  Figure 7 is a picture showing the solids in each of the six Receipt Tanks after 

settling overnight on Test 2. 

 

 

 
 

Figure 7:   Solids Settled in the Receipt Tanks of Test 2 (1 day settling)   

 

 

Table 5 gives the total height of solids (SiC and Gibbsite) in each Receipt Tank for each of 

the 12 tests conducted.  The measurements were taken after settling in the Receipt Tanks for 

about a day.  It is important to note that it took about two days of settling time for the solids 

to settle completely.  The Receipt Tanks where allowed to settled for two days or more on 

Tests 1, 5, 9, 11, and 3.5.  The volume of solids transferred is discussed in more detail later in 

this report.   
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Table 5:  Total Solids Transferred to Receipt Tanks (1 day settling) 

 

Receipt 
Tank 1, 
inches 

Receipt 
Tank 2, 
inches 

Receipt 
Tank 3, 
inches 

Receipt 
Tank 4, 
inches 

Receipt 
Tank 5, 
inches 

Receipt 
Tank 6, 
inches 

Test 1 37.63 40.38 41.63 36.88 36.56 27.00 

Test 2 39.88 40.94 41.00 41.38 38.19 35.44 

Test 3 39.81 40.13 40.44 41.00 40.38 35.13 

Test 4 37.50 38.50 38.50 38.75 38.31 26.50 

Test 5 36.25 36.75 37.13 37.63 38.00 38.00 

Test 6 37.88 38.19 40.69 40.75 40.25 40.38 

Test 7 41.88 42.25 42.50 42.75 42.68 41.75 

Test 8 41.00 41.06 41.06 41.19 41.06 40.13 

Test 9 38.19 38.75 38.75 39.00 38.50 26.50 

Test 10 42.75 43.06 43.63 43.50 43.69 42.63 

Test 11 38.50 38.13 37.75 38.00 36.94 35.13 

Test 3.5 40.63 41.88 42.00 42.31 41.88 40.88 

Note:  See Table 4 for operating conditions of each test 

 

 

Figure 8 shows the data from Table 5 in graph form.  After one day of settling, the batch 

transfers are quite similar except for the transfers to Receipt Tank 6(Batch 6 was affected by 

upstream poor mixing in the MDT).   
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Figure 8:   Solids Settled in the Receipt Tanks (1 day settling)   
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The transfer of solids on the 6
th

 batch was impacted by poor mixing in the MDT when the 

liquid level was low and the transfer suction line high (Tests 4 and 9).  Another impact 

realized on the 6
th

 batch is the requirement to regulate the speed of the MJPs as the liquid 

level dropped in the MDT. In full scale DST operation it is estimated that mixer pumps 

cannot be operated at full speed when the liquid level drops below approximately 6 feet.   If 

the flow rate to the MJPs were slowly decreased to prevent air from being sucked in, the 

MJPs would continue to mix the contents of the MDT fairly well to pump out more solids on 

the 6
th

 batch (last batch).  

 

Table 6 gives the measured height of the SiC settled to the bottom of each Receipt Tank.  It 

was discovered during Tests 1 and 2 that the SiC had settled with a clear line of transition 

from the SiC and the gibbsite in each batch approximately 20 minutes after the transfer was 

completed.  

 

Table 6:  Total SiC Transferred to Receipt Tanks Settling (20 minutes after transfer) 

 

Receipt 
Tank 1, 
inches 

Receipt 
Tank 2, 
inches 

Receipt 
Tank 3, 
inches 

Receipt 
Tank 4, 
inches 

Receipt 
Tank 5, 
inches 

Receipt 
Tank 6, 
inches 

Test 1  ** 11.25 13.00 14.00 13.00 12.50 7.50 

Test 2 ** 12.50 14.00 14.00 13.50 13.00 4.50 

Test 3 14.38 14.00 14.50 14.19 12.81 9.38 

Test 4 13.38 14.25 14.50 13.25 13.78 7.13 

Test 5 2.75 2.75 2.63 2.63 2.63 0.00 

Test 6 14.63 15.00 14.63 14.44 14.19 13.25 

Test 7 14.00 14.25 14.50 15.00 14.25 11.75 

Test 8 14.50 14.75 14.50 14.38 14.25 13.00 

Test 9 13.50 14.75 15.68 14.63 12.25 0.00 

Test 10*** 0.00 0.00 0.00 0.00 0.00 0.00 

Test 11 13.75 16.38 16.25 16.00 13.63 9.63 

Test 3.5 15.75 14.44 14.13 14.06 12.88 7.00 

** Settling time for SiC on first two tests was 1 day 

***While some SiC was observed to be transferred, in most batches it was not easily 

measured due to the small amount, therefore all SiC data for test 10 is recorded as zero in this 

report 

 

 

In Tests 5 and 10, the MJPs were operated at 5.0 gpm, very little SiC was transferred in each 

batch as shown in Figure 9.  In these two tests, the SiC settled in one of the two dead zones.  

Once the material settled into the dead zone, it remained there for the duration of the test.  
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Receipt Tank SiC Solids Level
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Figure 9:   SiC Settled in the Receipt Tanks   

 

The SiC transferred on the 6
th

 batch was always the lowest when compared to the previous 

five batches.  The most SiC transferred during the 6
th

 batch occurred on Test 6 and Test 8.  

These are the two tests where the MJPs were operated at 8 gpm while rotating at 1.0 rpm.  

This observation suggests that that the mixer pump rotational speed played a role in a better 

transfer of solids. 

 

The MJPs operating at 5.0 gpm (14 ft/s) resulted in poor mixing in the MDT.  Figure 10 is a 

picture of the material that was in the two dead zones at the end of the Test 10.  In Test 10 

there was minimal SiC observed in the six batch transfers.    The two dead zones were 180 

degrees apart from each other, the furthest distance from the two Mixer Jet Pumps.  The 

picture on the left is on the south wall and the picture on the right was on the north wall of 

the MDT.  The rest of the tank was essentially clean except for fines of gibbsite in the ½” of 

simulant in the bottom of the MDT when the transfer ended. 
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Figure 10:   Two Dead Zones in MDT at the end of Test 10  

 

 

When a dead zone formed, it consisted predominately of SiC particles.  For all tests except 

Test 6, dead zones typically started forming during the 3
rd

 batch, suggesting the MJP nozzle 

line up and or the liquid level in the MDT played a role in mixing and transfer of solids. 

Tests 6 with MJP operating at 8.0 gpm, rotating at 1.0 rpm and the transfer suction line at 

baseline location, showed no dead zones throughout the six batch transfers.  Test 8 had only a 

small amount of material in the dead zones.  Test 8 operated at the same parameters as Test 

6, except for the suction line was off-center (location 3, see Figure 3). 

 

The solids in the Receipt Tank do not settle completely in one day.  It was found that the 

contents of the Receipt Tanks settled an additional 15% to 20% in height (in the 6” clear 

pipe) from one day settling to three day settling.    Figure 11 gives a visual indication of how 

the solids settled in Test 11 from one day settling time to three day settling time.  For all 

practical purposes the solids in the Receipt Tanks had settled completely in about two days.  

To ensure consistency between solid measurements, total solids levels were recorded after 

settling for approximately a day so that a comparison could be made between the twelve 

tests.  
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Figure 11:   Test 11 Settling of Solids, 1 day vs. 3 days settling time 

 

 

As depicted in the pictures, Receipt Tanks 1 – 5 settled an additional 15%.  Receipt Tanks 6 

settled a little more than 20%.  On all tests, Receipt Tank 6 settled more than the other five 

tanks when comparing one day settling to more than two day settling.   This may be due to 

more fines being transferred on the 6
th

 batch. 

 

There were five transfer demonstrations where the solids settled in the Receipt Tanks for two 

days or more, Tests 1, 5, 9, 11 and 3.5.  Table 7 gives the inches and volume of total solids 

(gibbsite and SiC) in each Receipt Tank after two pus days of settling time.   

 

Table 7:  Total Solids in Receipt Tanks, Two days or More Settling Time 

 
RT 1 RT 2 RT 3 RT 4 RT 5 RT 6 

inches gal inches gal inches gal inches gal inches gal inches gal 

Test 1 31.38 1.49 32.25 1.51 31.88 1.45 32.00 1.46 31.13 1.37 26.56 0.83 

Test 5 30.50 1.38 30.13 1.24 29.94 1.21 29.94 1.20 29.94 1.23 30.88 1.37 

Test 9 33.25 1.72 34.00 1.72 33.88 1.69 34.25 1.74 33.38 1.65 17.38 0.50 

Test 11 32.13 1.58 32.25 1.51 32.13 1.48 32.25 1.49 32.31 1.52 27.50 0.95 

Test 3.5 33.44 1.74 33.25 1.63 33.13 1.60 33.44 1.64 32.75 1.57 30.9 1.34 

 

 Out of the twelve transfer demonstrations tests, these five tests are well suited for comparing 

volumes of solids transferred to the Receipt Tanks.  For the other seven transfer 

demonstrations the solids Receipt Tanks were not settled.  Thus the amount of solids 

transferred to each Receipt Tank would be over estimated for there tests.    The material 

balance for these five tests in Table 7 is realistic since the amount of solids transferred is less 

that the total volume of solids that were in the MDT at the start of the transfer.  

 

Figure 12 depicts the volume of solids settled in each of the six batches during Tests 1, 5, 9, 

11 and 3.5 
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Figure 12:   Tests 1, 5, 9, 11 and 3.5 Volume of Total Settled Solids 

 

Changing a parameter in a given test may have had an impact on total solids transferred, but 

the plot indicates that there is essentially no impact on the solids transferred batch to batch on 

that particular test when the 6
th

 batch is neglected.   

 

Approximately 9.5 gallons of solids were transferred in the six batches of Test 3.5, which is 

the highest of the five tests shown in Figure 12.  The total volume of solids added to the 

MDT at the start of testing is approximately 10 gallons.  Test 5 had the least solids 

transferred (indicated in Figure 12), with a total of 7.6 gallons. Although Test 5 had the least 

total amount of solids transferred, it showed the highest consistency batch to batch.  The 

reduction is due to poor mixing in the MDT when the MJPs were operated at 5.0 gpm.   

 

Visually, the best transfer of solids from the MDT to the Receipt Tanks occurred in Test 6 

(Test 6 had 1.0 rpm rotational speed and 22.4 ft/s nozzle velocity).  Figure 13 is two pictures 

(up close) of the solids settled in the six Receipt Tanks after one day of settling.  The dark 

material in the lower 3” clear section of the pipe is mainly the SiC.   Only a small amount of 

solids was left in the MDT after the transfer of the 6
th

 batch of Test 6.    
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Figure 13:  Receipt Tank SiC Level Test 6 (1 day settling)  

 

Estimating the total volume of SiC transferred in each batch proved to be difficult.  As shown 

in Figure 13, one can visually see that the transfer of the SiC in each batch was excellent and 

consistent (neglecting the 6
th

 batch).  The dark material in the lower 3” pipe is not all SiC 

(Gibbsite, being a smaller particle, was able to migrate a significant distance down into the 

SiC, affecting the accuracy of the measurement).  Thus, calculating the volume of SiC using 

the height of the dark material (or the data in Table 5) in the 3” pipe over-estimates the SiC 

in each batch.  For instance the there is 15” of SiC in Receipt Tank 2 which equates to a 

volume of 0.4 gallons.  This over estimates the SiC by more than a factor of two. 

 

Inspection of the MDT at the end of Test 6 found essentially no SiC and only gibbsite fines 

suspended in the ½” of simulant left in the tank at the end of the 6
th

 batch.  Figure 14 gives a 

visual indication of how well total solids were pumped from the MDT on Test 6 (all 6 

batches). 
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Figure 14:  Solids Pumped from MDT, Test 6  

 

 

 

 

The highest flow rate to the Mixing Jet Pumps was 8.0 gpm (16 gpm total).  With a total 

volume of 87 gallons in the 1/22
nd

 MDT, the residence time is approximately 5.5 minutes.  

This contrasts with the residence time of the AY-102 Tank, with 1,000,000 gallons, which is 

about 45 minutes with both MJPs operating.  The residence time of the 1/22
nd

 scale was one 

of the scaling concerns from the full scale AY-102 Tank addressed in the test matrix. 

 

Particle Size Distribution (PSD)  

 

Samples were taken from the bottom of each the Receipt Tanks and one of the MDT dead 

zones at the end of Test 11 and Test 3.5.  This was done to determine if the tank mixing 

segregated the more difficult particles from the easier particles.  A sample bottle on a wire 

was placed standing on the bottom of each of the six Receipt Tanks before making a batch 

transfer. Then a batch transfer was made to each of the Receipt Tanks.  The contents of the 

tanks were allowed to settle for 24 hours before retrieved the samples. 

  The sample bottles were retrieved by pulling the wire/bottle up out of the tank.  A core 

sample was taken from the center of the solids left in one of the dead zones of the MDT.    

 

This PSD analysis was performed to compare the particle distribution of heavy solids (SiC) 

left behind in the MDT to what was being transferred to the Receipt Tanks.  Figure 15 is a 

picture of the samples retrieved from the Receipt Tanks (RT) and the MDT. 
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  Figure 15:  PSD Samples from Test 3.5, (1 day of settling) 

 

As intended, the solids samples were taken at the bottom of the Receipt Tanks; therefore the 

PSD represents mostly the larger, heavier SiC particles with some embedded gibbsite 

particles.  Samples from Receipt Tank 1, Receipt Tank 5 and the MDT were submitted for 

particle size distribution for both Tests 11 and 3.5.    Table 8 gives the mean particle size by 

volume of the 6 samples analyzed.  

 

Table 8:  PSD from Test 11 and Test 3.5 

 MDT 

μm 

Receipt Tank 1 

μm 

Receipt Tank 5 

μm 

Test 11 119.2 103.2 109.3 

Test 3.5 126.3 150.1 117 

 

Detailed information of the PSD analysis is given in Appendix C. 

 

The PSD data suggests that the particle size distribution in the tank remains consistent 

between batches and the solids left in the tank. 
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4.0 CONCLUSIONS 
 

 

 

• For the twelve test conducted, the solids (gibbsite and SiC) transferred were 

consistent for the first five batches transferred regardless of mixing or batch transfer 

conditions.   

• The poor consistency of the solids transferred in batch 6 was due to low liquid level 

in the MDT, and thus poor solids distribution throughout the volume of liquid 

remaining on the tank. 

• At a flow rate of 8.0 gpm (22.4 ft/s per nozzle, UoD=0.504 ft
2
/s) to each MJP the 

contents of the MDT were well mixed and the solid particles effectively suspended.   

• At 5.0 gpm (14.0 ft/s per nozzle, UoD=0.315 ft
2
/s) to each Mixing Jet Pump, solids 

(mainly SiC) deposited out in the Mixer Tank, creating two large dead zones in the 

MDT (see Tests 5 & 10).   

• The large, dark SiC particles, that normally fell out to the tank bottom immediately, 

transferred well when the MJP was operated at 8.0 gpm, rotating at 1.0 rpm.  This 

suggests that that the rotational speed of the pumps plays a role in the homogeneity 

and suspension of particles in the MDT, and hence the consistent transfer of solids. 

• As the liquid level dropped in the MDT, mixing of the solids in the tank became less 

effective and areas of solids accumulation (dead zones) began to appear. 

• Relocating the height of transfer line suction point in the MDT (Test 4 & 9) did not 

impact the consistency of total solids transferred from batch to batch.  This 

phenomenon was demonstrated whether the transfer pump was in the center or near 

the wall of the tank.  Visual inspections suggest that the higher suction position is less 

effective in transferring the heavy solids (SiC) in batches 5 and 6. 

• The two batch transfer flow rates tested had little or no impact on the consistency 

between the batch transfers to the Receipt Tanks, because the transfer pump provided 

the velocity that was needed to lift the particles and prevent them from settling in the 

transfer lines.  

• Changing a parameter may have had a small impact on total solids transferred from 

the MDT on a given test, but the data indicates that there is essentially no impact on 

the solids transferred batch to batch, barring the 6
th

 batch. 

• The particle size distribution analysis indicate that the larger more dense particles 

remains consistent between transfer batches and the remaining piles of accumulated 

solids. 

• Visual inspections suggest that the nozzle positions (i.e., the synchronous phase 

angle) between the two MJPs may have an impact on how well a tank mixes. 
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APPENDIX A:  R & D DIRECTION FOR DEMONSTRATION OF 

SIMULATED WASTE TRANSFERS FROM TANK AY-102 TO THE 

HANFORD WASTE TREATMENT FACILITY  
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APPENDIX B:  DRAWINGS   

 

 

 
 

Figure B1:  Jet Pump 
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Figure B2:  Side View of Obstructions MJP Assembly and Transfer Tubing 
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Figure B3:  Top View of Obstructions and jet Pump Assembly 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SRNL-STI-2009-00717 

Page 46 

 

 

 

 
 

 

Figure B4:  Top View of MDT Transfer Lines locations (Point 1 and 3 tested) 
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APPENDIX C:  PSD ANALYSIS OF SIC TESTS 11 AND 3.5 
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