
 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
 

TYPE C MATRIX TRAIN 18 LONESOME  
SOLIDS SIZE ANALYSIS TEST 
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PARTICLE SIZE ANALYSIS
A KSB America Company

Date: 12/11/2006 Tested For: Sample:
(Bucket #1, Summation)

Test Method: Test #: D50 Value (micron): 144
Initial Sample Weight (g): Work Order #: D85 Value (micron): 399

Sieve Mass Total Total % Total %
Size Held Mass Held Held Passed
(mm) (g) (g) (%) (%)
4.750 9.77 9.77 1.14 98.86
3.350 5.66 15.43 1.80 98.20
2.360 5.30 20.73 2.42 97.58
2.000 2.46 23.19 2.71 97.29
1.700 2.97 26.16 3.06 96.94
1.400 3.71 29.87 3.49 96.51
1.180 3.31 33.18 3.88 96.12
1.000 5.22 38.40 4.49 95.51
0.850 4.47 42.87 5.01 94.99
0.600 18.84 61.71 7.21 92.79
0.425 46.68 108.39 12.66 87.34
0.300 96.41 204.80 23.93 76.07
0.212 144.43 349.23 40.80 59.20
0.180 27.07 376.30 43.96 56.04
0.150 29.29 405.59 47.38 52.62
0.106 161.72 567.31 66.27 33.73
0.075 50.15 617.46 72.13 27.87
0.053 10.91 628.37 73.41 26.59
0.038 5.09 633.46 74.00 26.00
0.032 0.97 634.43 74.12 25.88
0.020 5.64 640.07 74.77 25.23
Fines 215.93 856.00 100.00 0.00

856.00

    Test Engineer : Jonathan Latta

Wet Sieve

FIPR

COMMENTS: 5-gal bucket #1 Lonesome Type C Matrix sample taken on 11/15/06 from drag-line bucket.
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PARTICLE SIZE ANALYSIS
A KSB America Company

Date: 12/11/2006 Tested For: Sample:
(Bucket #2, Summation)

Test Method: Test #: D50 Value (micron): 279
Initial Sample Weight (g): Work Order #: D85 Value (micron): 3713

Sieve Mass Total Total % Total %
Size Held Mass Held Held Passed
(mm) (g) (g) (%) (%)
4.750 110.54 110.54 12.28 87.72
3.350 33.02 143.56 15.95 84.05
2.360 27.33 170.89 18.99 81.01
2.000 11.25 182.14 20.24 79.76
1.700 11.03 193.17 21.46 78.54
1.400 8.87 202.04 22.45 77.55
1.180 6.82 208.86 23.21 76.79
1.000 8.56 217.42 24.16 75.84
0.850 6.45 223.87 24.87 75.13
0.600 22.70 246.57 27.40 72.60
0.425 54.23 300.80 33.42 66.58
0.300 105.12 405.92 45.10 54.90
0.212 181.81 587.73 65.30 34.70
0.180 47.16 634.89 70.54 29.46
0.150 41.95 676.84 75.20 24.80
0.106 35.62 712.46 79.16 20.84
0.075 11.36 723.82 80.42 19.58
0.053 6.56 730.38 81.15 18.85
0.038 4.09 734.47 81.61 18.39
0.032 0.33 734.80 81.64 18.36
0.020 4.35 739.15 82.13 17.87
Fines 160.85 900.00 100.00 0.00

Wet Sieve

FIPR

COMMENTS: 5-gal bucket #2 Lonesome Type C Matrix sample taken on 11/15/06 from drag-line bucket.

Lonesome Type C Matrix

N/A
N/A900.00

    Test Engineer : Jonathan Latta
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Appendix D 
 

SAND-CLAY MIX LAB TESTS 
 



 

 
 
 

Sand-Clay Mix Test Program 
Summary 

 
 
 
 

Performed for: 
 

FIPR 
1855 West Main Street 
Bartow, Florida 33830 

 
 
 

Reported by: 
 

Jonathan Latta 
 
 
 
 

on behalf of: 
 

GIW Industries Inc. 
 
 
 
 
 
 
 
 
 
 
 
 
 

December 18, 2006 
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INTRODUCTION 
 

In December 2006, sand-clay mixes from CF Industries were tested in the 3” 
pipeline loop system at GIW Hydraulic Testing Laboratory.  The respective test 
concentrations and resulting sand to clay ratios were back calculated based upon input 
associated with the field application as detailed in the schematic below. 
 
 
Phase 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Phase 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Mixing 
Tank 

1000 – 1200 Ton / Hr 
Semi-dry Sand 

 

15,000 gpm 

Lower tonnage operation 
Sand @ 1000 ton/hr 
1.24 SG, 2:1 ratio 

Upper tonnage operation 
Sand @ 1200 ton/hr 
1.28 SG, 2.5:1 ratio 

19” ID  Pipe 

1.08 SG [5% Cv, 12.3% Cw] 
Clay Slurry 

 
Mixing 
Tank 

1000 – 1200 Ton / Hr 
Semi-dry Sand 

 

15,000 gpm 

Lower tonnage operation 
Sand @ 1000 ton/hr 
1.27 SG, 1.45:1 ratio 

Upper tonnage operation 
Sand @ 1200 ton/hr 
1.31 SG, 1.82:1 ratio 

19” ID  Pipe 

1.11 SG [6.78% Cv, 16.19% 
Cw] Clay Slurry 
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Phase 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GIW therefore performed closed loop testing to evaluate the sand-clay mix 
slurries for both the lower and upper sand tonnage operations for each phase as indicated 
above. 
 
 
EXPERIMENTAL SETUP  
 

The 3X4 LCC 12 GIW pump was connected to existing 3” slurry loop system at 
the GIW Hydraulic Test Laboratory.  A schematic of the test loop can be seen in Figure 
D-1.  As shown, the system ran from a mixing tank to the pump and then back to the 
tank.  Friction head loss was measured in the 3” pipe with a 10-foot long loss section. 
 

Pump head pressure taps were located two diameters away form the suction and 
discharge flange connections.  The suction and discharge piping was standard wall 4 inch 
and 3 inch, respectively. 
 

The system drive train was powered by a 75 hp, 460-volt, 1780-rpm motor 
connected to a variable frequency drive to vary the speed and therefore pipeline 
velocities.  The output of this motor was connected to the pump using a standard v-belt 
drive.  

 
Mixing 
Tank 

1000 – 1200 Ton / Hr 
Semi-dry Sand 

 

15,000 gpm 

Lower tonnage operation 
Sand @ 1000 ton/hr 
1.30 SG, 1.143:1 ratio 

Upper tonnage operation 
Sand @ 1200 ton/hr 
1.34 SG, 1.428:1 ratio 

19” ID  Pipe 

1.14 SG [8.6% Cv, 19.98% 
Cw] Clay Slurry 
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Figure D-1. Standard GIW 3” closed test loop diagram. 
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TEST INSTRUMENTATION 
 

The GIW Hydraulic Test Laboratory instrumentation was used for the testing.  All 
instrumentation was calibrated to ISO 9001 standards at intervals as specified in GIW 
calibration procedure ER001.  A copy of this procedure can be provided upon request.   
During all testing, measurements were taken with both a primary and a secondary 
instrument.  If any one instrument varied outside its specified accuracy, then the 
transducer would be examined and re-calibrated if necessary. 
 

The primary flow meter for the 3-inch slurry system was a 3” Yokagawa 
magnetic flow meter.  As shown in Figure D-1, this flow meter was located down stream 
of the pump.  The secondary flow meter in the system was a 3-inch bend flow meter.  
This meter calculates flow rate from the measured pressure difference between the inner 
and outer curvature of the bend.  As shown in Figure D-1, this elbow meter was located 
downstream of the pump. 
 

All pressure measurements used for the pump suction, discharge, and bend meters 
were measured during the tests with Yokogawa differential pressure transducers.  These 
transducers are certified bi-annually using a certified dead weight tester, mercury 
manometer and a 20 foot water column.  Transducers that had converted readings that 
varied more than 0.25% of full scale were re-calibrated. 
 

To account for variation in the density and vapor pressure of water with changes 
in temperature, an RTD type temperature transducer was located in the tank.  A second 
RTD was used to measure lab ambient temperature.  Measurement of the slurry density 
was accomplished by use of a specific gravity loop located downstream of the pump.  
 
 
TEST PROCEDURE AND TESTS CARRIED OUT 
 

In December 2006, 3 phases of lab tests were conducted with a 3X4 LCC 12 GIW 
pump in the GIW Hydraulic Test Lab.  Table D-1 below has been provided to summarize 
the lab test work in sequential form for each phase.  All test data mentioned can be found 
in Attachment 1 of this report. 
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Table D-1.  Summary of Laboratory Tests. 
 

GIW Test 
Number Description of Test / Material Description 

Pump     
Speed      
(rpm) 

  Phase 1 (1.08 SG Clay Slurry)   

M376 -06 Variable speed water test 423 to 1063 
M377 -06 Variable speed slurry test, Clay only 1.08 S.G. 423 to 976 
M378 -06 Fixed speed slurry test, Clay only 1.08 S.G. 1000 
M379 -06 Variable speed slurry test, Sand-clay mix 1.24 S.G. 459 to 993 
M380 -06 Fixed speed slurry test, Sand-clay mix 1.24 S.G. 1000 
M381 -06 Variable speed slurry test, Sand-clay mix 1.28 S.G. 501 to 999 
M382 -06 Fixed speed slurry test, Sand-clay mix 1.28 S.G. 1000 

  Phase 2 (1.11 SG Clay Slurry)   
M388 -06 Variable speed slurry test, Clay only 1.11 S.G. 504 to 1023 
M389 -06 Fixed speed slurry test, Clay only 1.11 S.G. 1000 
M390 -06 Variable speed slurry test, Sand-clay mix 1.29 S.G. 646 to 1064 
M391 -06 Fixed speed slurry test, Sand-clay mix 1.29 S.G. 1000 
M392 -06 Variable speed slurry test, Sand-clay mix 1.31 S.G. 676 to 1091 
M393 -06 Fixed speed slurry test, Sand-clay mix 1.31 S.G. 1000 

  Phase 3 (1.14 SG Clay Slurry)   
M394 -06 Variable speed slurry test, Clay only 1.14 S.G. 626 to 1068 
M395 -06 Fixed speed slurry test, Clay only 1.14 S.G. 1000 
M396 -06 Variable speed slurry test, Sand-clay mix 1.30 S.G. 703 to 1109 
M397 -06 Fixed speed slurry test, Sand-clay mix 1.30 S.G. 1000 
M398 -06 Variable speed slurry test, Sand-clay mix 1.34 S.G. 745 to 1147 
M399 -06 Fixed speed slurry test, Sand-clay mix 1.34 S.G. 1000 

 
Before testing could begin, the loop was polished with 662 micron sand for 

approximately 3 hours to remove any rust or rough spots that would smooth during the 
upcoming tests and result in a change in the relative roughness of the pipe.  Test M376 –
06 was used to verify that the relative roughness (e/d) of the loss section had not changed 
since M 78 –04. 
 

For each of the tests listed above, all pressure transducer lines were purged prior 
to testing to ensure that lines did not contain air, and all instrumentation readings checked 
against the respective backup before proceeding. 
 

The initial test of Phase 1, test M377 –06 was conducted on clay only slurry 
having a SG of 1.08.  The tank was flushed and slurry received from CF Industries 
having a SG of 1.06 was loaded into the tank; additional phosphate clay was then loaded 
into the tank to increase the concentration to 1.08 SG.  For test M379 –06 and M381 –06, 
tailings sand, having the particle size as indicated below in Figure D-2, was loaded into 
the tank to achieve the desired concentrations. 
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The initial test of Phase 2, test M388 –06 was conducted on clay only slurry 
having a SG of 1.11.  The tank was flushed and filled with clean water.  Phosphate clay 
was loaded into the tank to increase the concentration to 1.11 SG.   For test M390 –06 
and M392 –06, tailings sand, having the particle size as indicated below in Figure D-2, 
was loaded into the tank to achieve the desired concentrations.  Test M390 -06 
represented the sand-clay mix for the lower tonnage operation with 1000 tons per hour 
resulting in a SG of 1.27 as indicated in the schematic above.  During the process of 
loading sand to the system, too much sand was added to the tank increasing the 
concentration to 1.29 SG. 
 

The initial test of Phase 3, test M394 –06 was conducted on clay only slurry 
having a SG of 1.14.  The tank was flushed and filled with clean water.  Phosphate clay 
was loaded into the tank to increase the concentration to 1.14 SG.   For test M396 –06 
and M398 –06, tailings sand, having the particle size as indicated below in Figure D-2, 
was loaded into the tank to achieve the desired concentrations. 
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Figure D-2. Particle Size Analysis for the Tailings Sand. 
 

As shown above, the D50 value of the tailings sand was 267 micron and the D85 
value was 406 micron.  The Dmax was 2.0 mm with only 1 percent passed below 106 
micron. 
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EVALUATION PROCEDURES AND RESULTS 
 

Pressure drop and flow rate data from experiments were transferred into the pipe 
wall stress and velocity, V. The pipeline shear stress, τ0, is related to the friction loss 
gradient, j, and the pressure gradient, ∆p/∆x, through the following relationship: 
 

                       
4

gjD
4

D)x/p(
0

ρ
=

∆∆
=τ                                                                          

 
where D is the pipeline diameter. The gradient, j, is the friction losses expressed in ft of 
slurry per ft of pipe, ρ is the delivered density of the slurry, and g is the acceleration due 
to gravity (32.2 ft/sec2).  Figures D-3, D-5, and D-7 contain the test results of Phase 1, 2, 
and 3 respectively for this test program. 
 
Phase 1 

Sand - Clay Mix Data Summary

0.0

0.5

1.0

1.5

2.0

0 100 200 300 400 500 600
8V/D (1/sec)

Ta
u 

0 
(p

sf
)

Water 1.08 SG (Clay only) 1.24 SG (Sand-Clay) 1.28 SG (Sand-Clay)
 

Figure D-3.  8V/D Versus τ0 for Sand-Clay Mix Test Program. 
 

The above test data can also be represented in terms of pipeline velocity versus 
hydraulic gradient, j, for the test pipe diameter of 3.15 inches as shown below in Figure 
D-4. 
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Sand - Clay Mix Data Summary
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Figure D-4.  Pipeline Velocity Versus Hydraulic Gradient for 3.15” Pipe. 
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Phase 2 

Sand - Clay Mix Data Summary
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Figure D-5.  8V/D Versus τ0 for Sand-Clay Mix Test Program. 
 

The above test data can also be represented in terms of pipeline velocity versus 
hydraulic gradient, j, for the test pipe diameter of 3.15 inches as shown below in Figure 
D-6. 
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Sand - Clay Mix Data Summary
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Figure D-6.  Pipeline Velocity Versus Hydraulic Gradient for 3.15” Pipe. 
 
 
Phase 3 

Sand - Clay Mix Data Summary
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Figure D-7.  8V/D Versus τ0 for Sand-Clay Mix Test Program. 
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 The above test data can also be represented in terms of pipeline velocity versus 
hydraulic gradient, j, for the test pipe diameter of 3.15 inches as shown below in Figure 
D-8. 
 

Sand - Clay Mix Data Summary
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Figure D-8.  Pipeline Velocity versus Hydraulic Gradient for 3.15” Pipe. 
 
 
 
CONCLUSION 
 

Based on the above test program, GIW will establish a transport model suitable 
for field applications up to production pipeline sizes.  This is to be addressed by Dr. 
Anders Sellgren. 
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Attachment 2 
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Illustrative Field Operation: 

 

• Assuming dredge technique optimized for delivery 

Determine possible transport SG’s & resulting sand-clay mix ratios: 

 

1. Consider 1000 ton/hr sand input: 

 1000 ton/hr = (1.8)(62.4)(0.7854) 
2

12
19







 (2.65)(Cv) 








2)"19(

)15000)(4085.0( gpm
  

  Cv  = 0.10 sand in 19” line @ 15,000 gpm 

           10 % Cv                 22.78% Cw              1.16 Slurry SG (sand alone) 

     Total Cv = 10 % sand + 5 % clay + 85 % H2O = 100 % slurry 

       Roughly…SGm = 0.16 + 0.08 + 1.00 = 1.24 

    15,000 gpm, 1.24 SGm, 19” ID pipe @ 2:1 sand: clay ratio 

2. Consider 1200 ton/hr sand input: 

 1200 ton/hr = (1.8)(62.4)(0.7854)( 
2

12
19







  (2.65)(Cv) 








2)"19(

)15000)(4085.0( gpm
  

  Cv  = 0.12 sand in 19” line @ 15,000 gpm 

           12 % Cv                 22.78% Cw              1.20 Slurry SG (sand alone) 

     Total Cv = 12 % sand + 5 % clay + 83 % H2O = 100 % slurry 

       Roughly…SGm = 0.20 + 0.08 + 1.00 = 1.28 

    15,000 gpm, 1.28 SGm, 19” ID pipe @ 2:5 sand: clay ratio 

  Mixing 
    Tank 

 
1.08 SG [5% Cv, 12.3% Cw] 
               Clay Slurry 

  1000 – 1200 Ton/Hr 
       Semi-dry Sand 

19” ID 

15,000 gpm 

1. @ 1000 ton/hr 
     1.24 SG 
     2:1 ratio 

2. @ 1200 ton/hr 
     1.28 SG 
     2.5: 1 ratio 


