
Water Specific
PDI Location ID Field Depth Average Content Liquid Plastic Plasticity Percent Percent Percent Fines  Clay-sized Particle Clay-sized Particle Gravity

Phase Sample ID Depth (ASTM D2216) Limit Limit Index Gravel Sand (clay & silt)  Content (0.005 mm)  Content (0.002 mm) (ASTM D854)
(ft) (ft) (%) (%) (%) (%) (%) (%) (%) (%)

I OL-STA-10015-VC OL-0119-05 9.9-13.2 11.55 233
I OL-STA-10016-VC OL-0119-02 0-3.3 1.65 108.3 45 31 23 0 1.5 98.5 32 12
I OL-STA-10017-VC OL-0119-06 0-3.3 1.65 152
I OL-STA-10017-VC OL-0119-07 9.9-12.6 11.25 126.6 66 40 26 0.5 4.7 94.8 35 14
I OL-STA-10018-VC OL-0119-04 6.6-9.9 8.25 217.6 115 74 41 0.4 8.6 91 33 11 2.54
I OL-STA-10022-VC OL-0119-01 9.9-13.2 11.55 171.8
I OL-STA-10024-VC OL-0119-08 6.6-9.9 8.25 120.2 99 68 31 0 25.3 74.7 32 17
I OL-STA-10026-VC OL-0119-03 3.3-6.6 4.95 54.7 69 45 24 0 55.3 44.7 18 11
I OL-STA-40001 OL-0113-01 6.6-9.9 8.25 58.3 36 26 10 0 23.2 76.8 14 10 2.65
I OL-STA-40002 OL-0113-02 9.9-13.2 11.55 73.5
I OL-STA-40003 OL-0113-03 9.9-13.2 11.55 72.3 59 35 24 0 16.3 83.7 32 19 2.58
I OL-STA-60016 OL-0112-01 14-16 15 73.1
I OL-STA-60017 OL-0112-03 8-10 9 86.9 53 34 19 0 11.2 88.8 22 14 2.61
I OL-STA-60019 OL-0112-02 16-18 17 84.7
I OL-STA-70006 OL-0112-04 2-4 3 61.1 58 33 25 0.3 26.2 73.5 26 16 2.52
I OL-STA-70006 OL-0112-05 10-12 11 106
I OL-STA-70007 OL-0112-06 10-12 11 80.1 62 37 25 0 20.6 79.4 27 21 2.57
I OL-STA-70007 OL-0112-07 18-20 19 91.6
II OL-STA-10108 OL-0298-05 47– 49 48 86.43 92 44 48 0 3.6 96.4 34 27 2.57
II OL-STA-30033 OL-0298-01 35 - 37 36 74.18 63 36 27 0 0.4 99.6 58 14 2.74
II OL-VC-10037 OL-0296-01 9.9-13.2 11.55 191.3 96 48 48 0 4.8 95.2 55 28 2.52
II OL-VC-10038 OL-0296-02 9.9-13.2 11.55 223.4
II OL-VC-10062A OL-0296-03 3.3- 6.6 4.95 194.8 113 60 53 0 4.3 95.7 43 22 2.54
II OL-VC-10080 OL-0296-04 9.9-13.2 11.55 224.3
II OL-VC-10081A OL-0296-05 13.2-16.5 14.85 206.3 117 82 35 4.8 7.1 88.1 40 22 2.58
II OL-VC-10105 OL-0296-06 0-3.3 1.65 215.3 89 55 34 0 11.7 88.3 35 20 2.60
II OL-VC-20070 OL-0302-01 9.9-13.2 11.55 44.7 42 26 16 0.5 16.8 82.7 38 24
II OL-VC-20074 OL-0297-01 13.2-16.5 14.85 69.8 77 36 41 0 1 99 70 45 2.69
II OL-VC-20079 OL-0297-02 0-3.3 1.65 123.3 55 36 19 0 70 99.3 11 7 2.58
II OL-VC-30036 OL-0302-02 6.6-9.9 8.25 150.3
II OL-VC-30038 OL-0302-03 3.3- 6.6 4.95 261.5 110 60 50 0 6 94 45 22
II OL-VC-30040 OL-0302-04 0-3.3 1.65 221.1 90 52 38 0 1.6 98.4 12 6 2.18
II OL-VC-30043 OL-0302-05 13.2-16.5 14.85 90.5 62 38 24 0 25.5 74.5 12 10 2.45
II OL-VC-40016 OL-0302-06 13.2-16.5 14.85 75.61 86 39 47 0 0.6 99.4 72 48
II OL-VC-40021 OL-0302-07 3.3-6.6 4.95 77 53 29 24 0 1.2 98.8 45 24 2.67
II OL-VC-40025 OL-0302-08 3.3-6.6 4.95 123.8 57 36 21 0 0.5 99.5 18 11
II OL-VC-40032 OL-0302-09 13.2-16.5 14.85 69.49 0 17.3 82.7 28 23 2.53
II OL-VC-40034 OL-0302-10 16.5-17.8 17.15 70.11 44 28 16 0 24.3 75.7 44 33
II OL-VC-60054 OL-0298-04 3.3 - 6.6 4.95 137.9 90 40 50 0 4.2 95.8 22 18
II OL-VC-60056 OL-0298-02 0.5 - 3.3 1.9 158.9 95 36 59 0 1.3 98.7 29 19
II OL-VC-60061 OL-0298-03 13.2 - 16.5 14.85 75.51 75 41 34 0 15.5 84.5 29 19
II OL-VC-60064 OL-0298-06 0 – 3.3 1.65 112.3 74 37 37 0 8.9 91.1 28 20 2.53
II OL-VC-70022 OL-0297-04 13.2-16.5 14.85 83.2 71 36 35 0 3 97 20 16 2.58
II OL-VC-70031 OL-0297-03 0- 3.3 1.65 163.3 103 45 58 0 2.2 97.8 29 19
II OL-VC-80028 OL-0303-06 3.3-6.6 4.95 109 64 37 27 0 0.8 99.2 17 11
II OL-VC-80030 OL-0303-04 9.9-13.2 11.55 176 95 61 34 0.1 1.3 98.6 41 17 2.60
II OL-VC-80031 OL-0303-05 3.3-6.6 4.95 179.4 80 45 35 0.4 1.3 98.3 34 13 2.55
II OL-VC-80037 OL-0303-02 0-3.3 1.65 166 100 43 57 0 1 99 19 14 2.52
II OL-VC-80041 OL-0303-03 0- 3.3 1.65 219.6 143 45 98 0 0.9 99.1 12 9 2.49
II OL-VC-80047 OL-0303-01 0-3.3 1.65 141

Atterberg Limits (ASTM D4318) Grain Size (ASTM D422)
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Introduction 
 
 This report presents the results of the consolidation testing for the following 
disturbed samples for the Onondaga Lake Pre-design Investigation: Phase II project: 
 
Location ID   Field Sample ID   Depth 
 
OL-VC-10037   OL-0296-01   9.9’-13.2’ 
OL-VC-10038   OL-0296-02   9.9’-13.2’ 
OL-VC-10062A  OL-0296-03   3.3’- 6.6’ 
OL-VC-10080   OL-0296-04   9.9’-13.2’ 
OL-VC-10081A  OL-0296-05   13.2’-16.5’ 
OL-VC-10105   OL-0296-06   0-3.3’ 
 
In this report the samples are identified by their Field Sample ID. 

We received the samples in a quart size glass jars. We also received Onondaga 
Lake water to be used in preparing the slurry sample and for performing the seepage 
induced consolidation tests (SICT). 
 The samples had plastic consistency and the process water was added to create a slurry 
sample suitable for SIC testing.   

The natural water and solids contents for the samples were: 
 

Sample    Water Content  Solids Content 
 
OL-0296-01   191.3%    33.4% 
OL-0296-02   223.4%    30.2% 
OL-0296-03   194.8%    33.2% 
OL-0296-04   224.3%    30.2% 
OL-0296-05   206.3%    32.0% 
OL-0296-06   215.3%    31.2% 
 
 The samples were first thoroughly mixed with additional process water to reach the 
desired consistency for testing. The obtained water and solids contents of the prepared slurries 
were: 
 
Sample    Water Content  Solids Content 
 
OL-0296-01   614.3%    13.7% 
OL-0296-02   737.1%    11.8% 
OL-0296-03   384.9%    20.4% 
OL-0296-04   606.2%    14.1% 
OL-0296-05   716.7%    12.1% 
OL-0296-06   606.2%    14.1% 
 
 The Seepage Induced Consolidation Test (SICT) and the step loading test were 
performed on the so prepared slurry. In calculations, the following specific gravity values were 
used. They were selected from the summary tables of geotechnical parameters at proposed SIC 
test locations. The specific gravity values obtained for adjacent samples were used in the 
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calculation as the specific gravity tests were not performed on the samples on which the SIC 
tests were performed. 
 
Sample      Gs 
 
OL-0296-01     2.50 
OL-0296-02     2.50 
OL-0296-03     2.70 
OL-0296-04     2.69 
OL-0296-05     2.69 
OL-0296-06     2.63 
 
The Seepage Induced Consolidation Test and analysis procedures are described in the 
attachment to this report 
 
 
Material Characteristics 
 
 The void ratio corresponding to the zero effective stress was found to be: 
Sample      eo 
 
OL-0296-01     10.99 
OL-0296-02     14.20 
OL-0296-03     10.39 
OL-0296-04     9.38 
OL-0296-05     13.49 
OL-0296-06     8.68 
 
 The test results are presented in Tables 2 to 7 and in Figures 1 to 6.  
 The model parameters A, B, Z, C and D in Table 1 define the compressibility and 
hydraulic conductivity relationships given by the following expressions, and presented in the 
figures 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
where e is the void ratio, k is the hydraulic conductivity. The values for the parameters A, Z and 
C depend on the system of units and are given for SI units. 
 
Table 1 – Consolidation model parameters 
 
Sample  A B Z(kPa) C(m/sec) D 
           
OL-0296-01  6.39 -0.133    0.017  8.7*10-10 3.22  
OL-0296-02  7.89 -0.107    0.008  6.3*10-12 5.19   
OL-0296-03  6.16 -0.103    0.006  1.8*10-10 4.26  
OL-0296-04  8.50 -0.114    0.424  1.8*10-10 4.44  
OL-0296-05  8.19 -0.104    0.008  1.3*10-11 5.20   
OL-0296-06  6.62 -0.104    0.073  4.9*10-10 4.40  
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Table 2 – SICTA results for sample OL-0296-01. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-10037 9.9-13.2 ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         24.52500 
  Initial Height of the Sample        =           .03631 
  Void Ratio at zero effective stress =         10.99000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .39600E-05 
  Final Height of the Sample          =           .02280 
  Final Bottom Effective Stress       =          2.65260 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         3.34000 
  Effective Stress                 =       130.00000 
  Permeability Coefficient         =      .42400E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        6.39074 
 
       Parameter B                  =        -.13330 
 
       Parameter Z                  =         .01713 
 
       Parameter C                  =     .87209E-09 
 
       Parameter D                  =         3.22065 
 
       Number of Iterations         =     6 
 
       Total Normalized Difference  =      .44792E-04 
 
------------------------------------------------------ 
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Figure 1 Compressibility and Permeability Characteristics for Sample OL-0296-01 
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Table 3 – SICTA results for sample OL-0296-02. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
          OL-VC-10038 9.9-13.2 ft                                               
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         24.52500 
  Initial Height of the Sample        =           .02822 
  Void Ratio at zero effective stress =         13.19200 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-05 
  Final Height of the Sample          =           .01789 
  Final Bottom Effective Stress       =          3.31000 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         4.70000 
  Effective Stress                 =       128.00000 
  Permeability Coefficient         =      .19400E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        7.88799 
 
       Parameter B                  =        -.10671 
 
       Parameter Z                  =         .00807 
 
       Parameter C                  =     .62795E-11 
 
       Parameter D                  =         5.19251 
 
       Number of Iterations         =    17 
 
       Total Normalized Difference  =      .17513E-04 
 
------------------------------------------------------ 
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Figure 2 Compressibility and Permeability Characteristics for Sample OL-0296-02 
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Table 4 – SICTA results for sample OL-0296-03. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-10062A 3.3-6.6 ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.49000 
  Initial Height of the Sample        =           .01914 
  Void Ratio at zero effective stress =         10.39000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-04 
  Final Height of the Sample          =           .01216 
  Final Bottom Effective Stress       =          2.98000 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         3.74700 
  Effective Stress                 =       127.00000 
  Permeability Coefficient         =      .50300E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        6.16399 
 
       Parameter B                  =        -.10275 
 
       Parameter Z                  =         .00621 
 
       Parameter C                  =     .18037E-09 
 
       Parameter D                  =         4.26262 
 
       Number of Iterations         =     9 
 
       Total Normalized Difference  =      .14797E-04 
 
------------------------------------------------------
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Figure 3 Compressibility and Permeability Characteristics for Sample OL-0296-03 
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Table 5 – SICTA results for sample OL-0296-04. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-10080 9.9-13.2 ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.39000 
  Initial Height of the Sample        =           .02700 
  Void Ratio at zero effective stress =          9.38000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-04 
  Final Height of the Sample          =           .02496 
  Final Bottom Effective Stress       =          1.07000 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         4.86000 
  Effective Stress                 =       132.00000 
  Permeability Coefficient         =      .20500E-06 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        8.50169 
 
       Parameter B                  =        -.11445 
 
       Parameter Z                  =         .42359 
 
       Parameter C                  =     .18176E-09 
 
       Parameter D                  =         4.44524 
 
       Number of Iterations         =    14 
 
       Total Normalized Difference  =      .37733E-04 
 
------------------------------------------------------ 
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Figure 4 Compressibility and Permeability Characteristics for Sample OL-0296-04 
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Table 6 – SICTA results for sample OL-0296-05. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-10081A 13.2-16.5 ft                                              
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.39000 
  Initial Height of the Sample        =           .02154 
  Void Ratio at zero effective stress =         13.48500 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .20000E-04 
  Final Height of the Sample          =           .01350 
  Final Bottom Effective Stress       =          4.52800 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         4.96400 
  Effective Stress                 =       123.01800 
  Permeability Coefficient         =      .53800E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        8.18515 
 
       Parameter B                  =        -.10392 
 
       Parameter Z                  =         .00820 
 
       Parameter C                  =     .13039E-10 
 
       Parameter D                  =         5.19601 
 
       Number of Iterations         =    15 
 
       Total Normalized Difference  =      .41300E-04 
 
------------------------------------------------------ 
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Figure 5 Compressibility and Permeability Characteristics for Sample OL-0296-05 
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Table 7 – SICTA results for sample OL-0296-06. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-10105 0.0-3.3 ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         25.80000 
  Initial Height of the Sample        =           .02096 
  Void Ratio at zero effective stress =          8.68000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-04 
  Final Height of the Sample          =           .01586 
  Final Bottom Effective Stress       =          5.16700 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         4.01830 
  Effective Stress                 =       124.63000 
  Permeability Coefficient         =      .22400E-06 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        6.62331 
 
       Parameter B                  =        -.10355 
 
       Parameter Z                  =         .07342 
 
       Parameter C                  =     .49505E-09 
 
       Parameter D                  =         4.39637 
 
       Number of Iterations         =    13 
 
       Total Normalized Difference  =      .85026E-04 
 
------------------------------------------------------
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Figure 6 Compressibility and Permeability Characteristics for Sample OL-0296-06 
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Seepage Induced Consolidation Test (SICT) 
 
 The seepage induced consolidation test is an experimental procedure used for 
determining the consolidation characteristics of soft soils and soil like materials (slurry mine 
waste, dredged spoils, sludge from waste water treatment plants etc.). The testing procedure 
consists of three steps.  
 In the first step the void ratio at the effective stress zero is determined by allowing a 
slurry column about 0.05 m high to consolidate under its own weight. The average void ratio of 
the settled slurry is considered the void ratio at the effective stress of zero, or the void ratio at 
which the soil is formed and the consolidation theory (as opposed to the sedimentation theory) 
applies.  
 In the second step, seepage at a constant flow rate is applied through the soil by means 
of a flow pump and the sample is allowed to consolidate completely, i.e. until the steady state is 
reached. The steady state is determined from the pressure difference across the sample that is 
continuously monitored during the test. At steady state, the pressure difference and the final 
height of the sample are recorded. It is recognized that during this phase of the test the void 
ratio within the sample is non-uniform and this is correctly accounted for in the test analysis. 
 In the third step the sample is consolidated under the maximum desired stress level and 
the hydraulic conductivity is measured with the flow pump using a low flow rate to maintain 
sample uniformity during the test. At the end of the test the sample is dried and the total volume 
of solids is determined. 
 The analysis of the test is performed using the software package SICTA (Seepage 
Induced Consolidation Test Analysis). The procedure is based on the inverse problem solution 
approach and the theory used is compatible with the finite strain nonlinear consolidation theory 
(i.e. no simplifying or restrictive assumptions are made in the analysis). The input data for the 
SICTA program are all obtained from the described test. The output gives five parameters A, B, 
Z, C and D that define the consolidation properties for the sample. The compressibility and 
hydraulic conductivity relations with the five parameters are defined as: 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
 The more detailed description of the testing equipment and testing and analysis 
procedures can be found in the following publications: 
 
Abu-Hejleh, A.N., and Znidarcic, D., 1992, User Manual for Computer Program SICTA, 
Prepared for Florida Institute of Phosphate Research, University of Colorado, Boulder, 122 pp. 
 
Znidarcic, D., Abu-Hejleh, A.N., Fairbanks, T. and Robertson A., 1992, Seepage-Induced 
Consolidation Test; Equipment Description and Users Manual, Prepared for Florida Institute of 
Phosphate Research, University of Colorado, Boulder, 52 pp. 
 
Abu-Hejleh, A.N. and Znidarcic, D., 1994, Estimation of the Consolidation Constitutive 
Relations, Computer Methods and Advances in Geomechanics, Siriwardane & Zaman (eds) 
Balkema, Rotterdam, pp. 499-504. 
 
Abu-Hejleh, A. N. and Znidarcic, D., 1996, Consolidation Characteristics of Phosphatic Clays, 
Journal of Geotechnical Engineering, ASCE, New-York, Vol. 122, No. 4. pp. 295-301. 
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Introduction 
 
 This report presents the results of the consolidation testing for the following 
disturbed samples for the Onondaga Lake Pre-design Investigation project: 
 
Location ID   Field Sample ID   Depth 
 
OL-VC-20074   OL-0297-01   13.2’-16.5’ 
OL-VC-20079   OL-0297-02   0.0’-3.3’ 
OL-VC-70031   OL-0297-03   0.0’- 3.3’ 
OL-VC-70022   OL-0297-04   13.2’-16.5’ 
 
In this report the samples are identified by their Field Sample ID. 

We received the samples in a quart size glass jars. We also received Onondaga 
Lake water to be used in preparing the slurry sample and for performing the seepage 
induced consolidation tests (SICT). 
 The samples had plastic consistency and the process water was added to create a slurry 
sample suitable for SIC testing.   

The natural water and solids contents for the samples were: 
 

Sample    Water Content  Solids Content 
 
OL-0297-01   69.8%    58.4% 
OL-0297-02   123.3%    44.4% 
OL-0297-03   163.3%    37.6% 
OL-0297-04   83.2%    54.1% 
 
 The samples were first thoroughly mixed with additional process water to reach the 
desired consistency for testing. The obtained water and solids contents of the prepared slurries 
were: 
 
Sample    Water Content  Solids Content 
 
OL-0297-01   429.9%    18.7% 
OL-0297-02   340.9%    22.5% 
OL-0297-03   434.2%    18.6% 
OL-0297-04   374.3%    20.9% 
 
 The Seepage Induced Consolidation Test (SICT) and the step loading test were 
performed on the so prepared slurry. In calculations, the following specific gravity values were 
used. They were selected from the summary tables of geotechnical parameters at proposed SIC 
test locations. The specific gravity values obtained for adjacent samples were used in the 
calculation as the specific gravity tests were not performed on the samples on which the SIC 
tests were performed. 
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Sample      Gs 
OL-0297-01     2.72 
OL-0297-02     2.37 
OL-0297-03     2.49 
OL-0297-04     2.52 
 
The Seepage Induced Consolidation Test and analysis procedures are described in the 
attachment to this report 
 
 
Material Characteristics 
 
 The void ratio corresponding to the zero effective stress was found to be: 
 
Sample      eo 
 
OL-0297-01     6.05 
OL-0297-02     4.34 
OL-0297-03     7.22 
OL-0297-04     5.52 
 
 The test results are presented in Tables 2 to 7 and in Figures 1 to 6.  
 The model parameters A, B, Z, C and D in Table 1 define the compressibility and 
hydraulic conductivity relationships given by the following expressions, and presented in the 
figures 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
where e is the void ratio, k is the hydraulic conductivity. The values for the parameters A, Z and 
C depend on the system of units and are given for SI units. 
 
Table 1 – Consolidation model parameters 
 
Sample  A B Z(kPa) C(m/sec) D 
           
OL-0297-01  3.51 -0.130    0.015  1.9*10-10 3.56  
OL-0297-02  4.17 -0.205    0.823  7.9*10-9 2.29   
OL-0297-03  4.70 -0.194    0.109  8.1*10-11 3.74  
OL-0297-04  3.28 -0.146    0.028  2.3*10-10 4.82  
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Table 2 – SICTA results for sample OL-0297-01. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
          OL-VC-20074 13.2-16.5 ft                                              
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.68000 
  Initial Height of the Sample        =           .01716 
  Void Ratio at zero effective stress =          6.05218 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .01089 
  Final Bottom Effective Stress       =          3.73449 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.88756 
  Effective Stress                 =       116.08500 
  Permeability Coefficient         =      .18100E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.50553 
 
       Parameter B                  =        -.13021 
 
       Parameter Z                  =         .01509 
 
       Parameter C                  =     .18808E-09 
 
       Parameter D                  =         3.56408 
 
       Number of Iterations         =     8 
 
       Total Normalized Difference  =      .21591E-04 
 
------------------------------------------------------
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Figure 1 Compressibility and Permeability Characteristics for Sample OL-0297-01 
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Table 3 – SICTA results for sample OL-0297-02. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-20079 0.0-3.3 ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         23.25000 
  Initial Height of the Sample        =           .02000 
  Void Ratio at zero effective stress =          4.34000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-05 
  Final Height of the Sample          =           .01600 
  Final Bottom Effective Stress       =          6.87000 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.48300 
  Effective Stress                 =       155.49000 
  Permeability Coefficient         =      .19500E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.17036 
 
       Parameter B                  =        -.20466 
 
       Parameter Z                  =         .82298 
 
       Parameter C                  =     .79009E-08 
 
       Parameter D                  =         2.29259 
 
       Number of Iterations         =     7 
 
       Total Normalized Difference  =      .67107E-04 
 
------------------------------------------------------
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Figure 2 Compressibility and Permeability Characteristics for Sample OL-297-02 
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Table 4 – SICTA results for sample OL-0297-03. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-70031 0.0-3.3 ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         24.43000 
  Initial Height of the Sample        =           .02310 
  Void Ratio at zero effective stress =          7.21680 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .01581 
  Final Bottom Effective Stress       =          3.73400 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.80600 
  Effective Stress                 =       138.45000 
  Permeability Coefficient         =      .73900E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.69546 
 
       Parameter B                  =        -.19376 
 
       Parameter Z                  =         .10879 
 
       Parameter C                  =     .81220E-10 
 
       Parameter D                  =         3.73556 
 
       Number of Iterations         =     5 
 
       Total Normalized Difference  =      .30167E-04 
 
------------------------------------------------------
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Figure 3 Compressibility and Permeability Characteristics for Sample OL-0297-03 
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Table 5 – SICTA results for sample OL-0297-04. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
          OL-VC-70022 13.2-16.5 ft.                                             
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         24.72000 
  Initial Height of the Sample        =           .01850 
  Void Ratio at zero effective stress =          5.52100 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .20000E-05 
  Final Height of the Sample          =           .01220 
  Final Bottom Effective Stress       =          4.18900 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.59700 
  Effective Stress                 =       136.53000 
  Permeability Coefficient         =      .21900E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.27819 
 
       Parameter B                  =        -.14627 
 
       Parameter Z                  =         .02833 
 
       Parameter C                  =     .22964E-09 
 
       Parameter D                  =         4.81739 
 
       Number of Iterations         =     9 
 
       Total Normalized Difference  =      .47470E-06 
 
------------------------------------------------------
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Figure 4 Compressibility and Permeability Characteristics for Sample OL-0297-04 
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Seepage Induced Consolidation Test (SICT) 
 
 The seepage induced consolidation test is an experimental procedure used for 
determining the consolidation characteristics of soft soils and soil like materials (slurry mine 
waste, dredged spoils, sludge from waste water treatment plants etc.). The testing procedure 
consists of three steps.  
 In the first step the void ratio at the effective stress zero is determined by allowing a 
slurry column about 0.05 m high to consolidate under its own weight. The average void ratio of 
the settled slurry is considered the void ratio at the effective stress of zero, or the void ratio at 
which the soil is formed and the consolidation theory (as opposed to the sedimentation theory) 
applies.  
 In the second step, seepage at a constant flow rate is applied through the soil by means 
of a flow pump and the sample is allowed to consolidate completely, i.e. until the steady state is 
reached. The steady state is determined from the pressure difference across the sample that is 
continuously monitored during the test. At steady state, the pressure difference and the final 
height of the sample are recorded. It is recognized that during this phase of the test the void 
ratio within the sample is non-uniform and this is correctly accounted for in the test analysis. 
 In the third step the sample is consolidated under the maximum desired stress level and 
the hydraulic conductivity is measured with the flow pump using a low flow rate to maintain 
sample uniformity during the test. At the end of the test the sample is dried and the total volume 
of solids is determined. 
 The analysis of the test is performed using the software package SICTA (Seepage 
Induced Consolidation Test Analysis). The procedure is based on the inverse problem solution 
approach and the theory used is compatible with the finite strain nonlinear consolidation theory 
(i.e. no simplifying or restrictive assumptions are made in the analysis). The input data for the 
SICTA program are all obtained from the described test. The output gives five parameters A, B, 
Z, C and D that define the consolidation properties for the sample. The compressibility and 
hydraulic conductivity relations with the five parameters are defined as: 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
 The more detailed description of the testing equipment and testing and analysis 
procedures can be found in the following publications: 
 
Abu-Hejleh, A.N., and Znidarcic, D., 1992, User Manual for Computer Program SICTA, 
Prepared for Florida Institute of Phosphate Research, University of Colorado, Boulder, 122 pp. 
 
Znidarcic, D., Abu-Hejleh, A.N., Fairbanks, T. and Robertson A., 1992, Seepage-Induced 
Consolidation Test; Equipment Description and Users Manual, Prepared for Florida Institute of 
Phosphate Research, University of Colorado, Boulder, 52 pp. 
 
Abu-Hejleh, A.N. and Znidarcic, D., 1994, Estimation of the Consolidation Constitutive 
Relations, Computer Methods and Advances in Geomechanics, Siriwardane & Zaman (eds) 
Balkema, Rotterdam, pp. 499-504. 
 
Abu-Hejleh, A. N. and Znidarcic, D., 1996, Consolidation Characteristics of Phosphatic Clays, 
Journal of Geotechnical Engineering, ASCE, New-York, Vol. 122, No. 4. pp. 295-301. 



 1

 UUnniivveerrssiittyy  ooff  CCoolloorraaddoo,,  BBoouullddeerr 
Dobroslav Znidarčić, Professor 
Department of Civil, Environmental, and Architectural Engineering_____________________________________   
College of Engineering and Applied Science Telephone: 303.492.7577 
428 UCB, Engineering Center, Room OT 649 Fax: 303.492.7317 
Boulder, CO 80309-0428 e-mail: Dobroslav.Znidarcic@colorado.edu 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
      
     Jeffrey Coffin and Dobroslav Znidarčić 
 

Consolidation Test Results for 
Slurry Samples  
Onondaga Lake Pre-design 
Investigation project 
Purchase order No. 
441797.00010.00 
 

 
 

Prepared for: 
 
Parsons Engineering Science Inc. 
290 Elwood Davis Road, Suite 312 
Liverpool, NY 13088  
 

 
 
 
April 17, 2007 

 



 2

 
 
 
Introduction 
 
 This report presents the results of the consolidation testing for the following 
disturbed samples for the Onondaga Lake Pre-design Investigation project: 
 
Location ID   Field Sample ID   Depth 
 
OL-VC-20070   OL-0302-01   9.9’-13.2’ 
OL-VC-30036   OL-0302-02   6.6’-9.9’ 
OL-VC-30038    OL-0302-03   3.3’- 6.6’ 
OL-VC-30040   OL-0302-04   0.0’-3.3’ 
OL-VC-30043    OL-0302-05   13.2’-16.5’ 
OL-VC-40016   OL-0302-06   13.2’-16.5’ 
OL-VC-40021   OL-0302-07   3.3’-6.6’ 
OL-VC-40025   OL-0302-08   3.3’-6.6’ 
OL-VC-40032   OL-0302-09   13.2’-16.5’ 
OL-VC-40034   OL-0302-10   16.5’-17.8’ 
 
In this report the samples are identified by their Field Sample ID. 

We received the samples in a quart size glass jars. We also received Onondaga 
Lake water to be used in preparing the slurry sample and for performing the seepage 
induced consolidation tests (SICT). 
 The samples had plastic consistency and the process water was added to create a slurry 
sample suitable for SIC testing.   

The natural water and solids contents for the samples were: 
 

Sample    Water Content  Solids Content 
 
OL-0302-01   44.70%    68.2% 
OL-0302-02   150.3%    39.4% 
OL-0302-03   261.5%    27.3% 
OL-0302-04   221.1%    30.8% 
OL-0302-05   90.50%    52.0% 
OL-0302-06   75.61%    56.2% 
OL-0302-07   77.00%    56.0% 
OL-0302-08   123.8%    44.3% 
OL-0302-09   69.49%    58.2% 
OL-0302-10   70.11%    58.4% 
 
 The samples were first thoroughly mixed with additional process water to reach the 
desired consistency for testing. The obtained water and solids contents of the prepared slurries 
were: 
 
Sample    Water Content  Solids Content 
 
OL-0302-01   299.7%    24.9% 
OL-0302-02   815.8%    47.1% 
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OL-0302-03   834.0%    38.1% 
OL-0302-04   509.9%    16.3% 
OL-0302-05   337.4%    22.7% 
OL-0302-06   427.4%    18.8% 
OL-0302-07   243.4%    28.9% 
OL-0302-08   287.2%    25.6% 
OL-0302-09   497.5%    16.6% 
OL-0302-10   162.7%    37.8% 
 
 The Seepage Induced Consolidation Test (SICT) and the step loading test were 
performed on the so prepared slurry. In calculations, the following specific gravity values were 
used. They were selected from the summary tables of geotechnical parameters at proposed SIC 
test locations. The specific gravity values obtained for adjacent samples were used in the 
calculation as the specific gravity tests were not performed on the samples on which the SIC 
tests were performed. 
 
Sample      Gs 
 
OL-0302-01     2.72 
OL-0302-02     2.71 
OL-0302-03     2.65 
OL-0302-04     2.65 
OL-0302-05     2.72 
OL-0302-06     2.75 
OL-0302-07     2.78 
OL-0302-08     2.78 
OL-0302-09     2.70 
OL-0302-10     2.70 
 
The Seepage Induced Consolidation Test and analysis procedures are described in the 
attachment to this report 
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Material Characteristics 
 
 The void ratio corresponding to the zero effective stress was found to be: 
 
Sample      eo 
 
OL-0302-01     2.66 
OL-0302-02     8.90 
OL-0302-03     15.5 
OL-0302-04     10.5 
OL-0302-05     5.30 
OL-0302-06     5.91 
OL-0302-07     3.81 
OL-0302-08     4.84 
OL-0302-09     5.97 
OL-0302-10     3.32 
 
 The test results are presented in Tables 2 to 11 and in Figures 1 to 10.  
 The model parameters A, B, Z, C and D in Table 1 define the compressibility and 
hydraulic conductivity relationships given by the following expressions, and presented in the 
figures 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
where e is the void ratio, k is the hydraulic conductivity. The values for the parameters A, Z and 
C depend on the system of units and are given for SI units. 
 
Table 1 – Consolidation model parameters 
 
Sample  A B Z(kPa) C(m/sec) D 
           
OL-0302-01  1.77 -0.137    0.051  1.7*10-8  2.65  
OL-0302-02  4.92 -0.149    0.018  1.8*10-10 4.19   
OL-0302-03  6.20 -0.116    0.00037 5.4*10-11 5.29  
OL-0302-04  7.23 -0.114    0.039  9.6*10-12 6.33  
OL-0302-05  3.30 -0.149    0.041  2.5*10-9 4.11   
OL-0302-06  3.73 -0.184    0.082  2.5*10-10 3.09 
OL-0302-07  2.64 -0.146    0.081  2.4*10-9 3.28 
OL-0302-08  3.76 -0.099    0.077  3.9*10-9 3.63   
OL-0302-09  3.88 -0.167    0.076  8.0*10-11 5.17  
OL-0302-10  2.29 -0.127    0.054  1.6*10-9  3.44  
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Table 2 – SICTA results for sample OL-0302-01. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-20070 9.9-13.2ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.68000 
  Initial Height of the Sample        =           .01350 
  Void Ratio at zero effective stress =          2.66100 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-05 
  Final Height of the Sample          =           .01076 
  Final Bottom Effective Stress       =          1.29290 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =          .90280 
  Effective Stress                 =       132.55900 
  Permeability Coefficient         =      .12600E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        1.76682 
 
       Parameter B                  =        -.13738 
 
       Parameter Z                  =         .05075 
 
       Parameter C                  =     .16529E-07 
 
       Parameter D                  =         2.65445 
 
       Number of Iterations         =     7 
 
       Total Normalized Difference  =      .62681E-04 
 

------------------------------------------------------



 6

0

1

2

3

4

5

6

7

8

9

10

0.1 1 10 100 1000

Effective Stress (kPa)

Vo
id

 R
at

io

e = 1.767(σ’ + 0.051)-0,137

 

0

1

2

3

4

5

6

7

8

9

10

1.E-10 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05

Hydraulic Conductivity (m/s)

Vo
id

 R
at

io

k = 1.68x10-8 e2.65

 
 
Figure 1 Compressibility and Permeability Characteristics for Sample OL-0302-01 
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Table 3 – SICTA results for sample OL-0302-02. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-30036 6.6-9.9ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.58510 
  Initial Height of the Sample        =           .01344 
  Void Ratio at zero effective stress =          8.90370 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-05 
  Final Height of the Sample          =           .00832 
  Final Bottom Effective Stress       =          2.78240 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         2.35700 
  Effective Stress                 =       140.00000 
  Permeability Coefficient         =      .66300E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.91658 
 
       Parameter B                  =        -.14878 
 
       Parameter Z                  =         .01847 
 
       Parameter C                  =     .18197E-09 
 
       Parameter D                  =         4.19356 
 
       Number of Iterations         =     9 
 
       Total Normalized Difference  =      .10058E-04 
 
------------------------------------------------------
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Figure 2 Compressibility and Permeability Characteristics for Sample OL-0302-02 
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Table 4 – SICTA results for sample OL-0302-03. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-30038 3.3-6.6ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         25.99650 
  Initial Height of the Sample        =           .02545 
  Void Ratio at zero effective stress =         15.50000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-04 
  Final Height of the Sample          =           .01023 
  Final Bottom Effective Stress       =         12.71200 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         3.53930 
  Effective Stress                 =       127.07800 
  Permeability Coefficient         =      .43100E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        6.20410 
 
       Parameter B                  =        -.11585 
 
       Parameter Z                  =         .00037 
 
       Parameter C                  =     .53770E-10 
 
       Parameter D                  =         5.29030 
 
       Number of Iterations         =     7 
 
       Total Normalized Difference  =      .49101E-04 
 
------------------------------------------------------
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Figure 3 Compressibility and Permeability Characteristics for Sample OL-0302-03 
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Table 5 – SICTA results for sample OL-0302-04. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-30040 0.0-3.3ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         25.99650 
  Initial Height of the Sample        =           .02478 
  Void Ratio at zero effective stress =         10.48900 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-04 
  Final Height of the Sample          =           .01785 
  Final Bottom Effective Stress       =          4.06090 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         4.03219 
  Effective Stress                 =       167.27600 
  Permeability Coefficient         =      .64900E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        7.23486 
 
       Parameter B                  =        -.11418 
 
       Parameter Z                  =         .03867 
 
       Parameter C                  =     .95747E-11 
 
       Parameter D                  =         6.32677 
 
       Number of Iterations         =    13 
 
       Total Normalized Difference  =      .47584E-04 
 

------------------------------------------------------
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Figure 4 Compressibility and Permeability Characteristics for Sample OL-0302-04 
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Table 6 – SICTA results for sample OL-0302-05. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-30043 13.2-16.5ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.68320 
  Initial Height of the Sample        =           .02280 
  Void Ratio at zero effective stress =          5.30090 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-05 
  Final Height of the Sample          =           .01621 
  Final Bottom Effective Stress       =          2.22700 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.59780 
  Effective Stress                 =       130.63000 
  Permeability Coefficient         =      .17100E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.29821 
 
       Parameter B                  =        -.14874 
 
       Parameter Z                  =         .04117 
 
       Parameter C                  =     .24879E-08 
 
       Parameter D                  =         4.11335 
 
       Number of Iterations         =    12 
 
       Total Normalized Difference  =      .16253E-04 
 

------------------------------------------------------
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Figure 5 Compressibility and Permeability Characteristics for Sample OL-0302-05 
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Table 7 – SICTA results for sample OL-0302-06. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-40016 13.2-16.5ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.97750 
  Initial Height of the Sample        =           .01972 
  Void Ratio at zero effective stress =          5.90845 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .01245 
  Final Bottom Effective Stress       =          6.71230 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.48570 
  Effective Stress                 =       150.59000 
  Permeability Coefficient         =      .83900E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.73386 
 
       Parameter B                  =        -.18376 
 
       Parameter Z                  =         .08229 
 
       Parameter C                  =     .24725E-09 
 
       Parameter D                  =         3.08630 
 
       Number of Iterations         =     6 
 
       Total Normalized Difference  =      .39676E-04 
 

------------------------------------------------------
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Figure 6 Compressibility and Permeability Characteristics for Sample OL-0302-06 
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Table 8 – SICTA results for sample OL-0302-07. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-40021 3.3-6.6ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         27.27180 
  Initial Height of the Sample        =           .02240 
  Void Ratio at zero effective stress =          3.80760 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-05 
  Final Height of the Sample          =           .01673 
  Final Bottom Effective Stress       =          3.42740 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.29410 
  Effective Stress                 =       131.74700 
  Permeability Coefficient         =      .55000E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        2.63774 
 
       Parameter B                  =        -.14588 
 
       Parameter Z                  =         .08076 
 
       Parameter C                  =     .23634E-08 
 
       Parameter D                  =         3.27614 
 
       Number of Iterations         =     8 
 
       Total Normalized Difference  =      .30028E-04 
 

------------------------------------------------------
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Figure 7 Compressibility and Permeability Characteristics for Sample OL-0302-07 
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Table 9 – SICTA results for sample OL-0302-08. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-40025 3.3-6.6ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         27.27000 
  Initial Height of the Sample        =           .02147 
  Void Ratio at zero effective stress =          4.83980 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-04 
  Final Height of the Sample          =           .01701 
  Final Bottom Effective Stress       =          4.24840 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         2.29150 
  Effective Stress                 =       152.00000 
  Permeability Coefficient         =      .79600E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.76005 
 
       Parameter B                  =        -.09856 
 
       Parameter Z                  =         .07721 
 
       Parameter C                  =     .39317E-08 
 
       Parameter D                  =         3.62749 
 
       Number of Iterations         =     9 
 
       Total Normalized Difference  =      .56651E-04 
 

------------------------------------------------------
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Figure 8 Compressibility and Permeability Characteristics for Sample OL-0302-08 
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Table 10 – SICTA results for sample OL-0302-09. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-40032 13.2-16.5ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.48700 
  Initial Height of the Sample        =           .01580 
  Void Ratio at zero effective stress =          5.96690 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-05 
  Final Height of the Sample          =           .00984 
  Final Bottom Effective Stress       =         20.04120 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.72660 
  Effective Stress                 =       129.92000 
  Permeability Coefficient         =      .13500E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.88383 
 
       Parameter B                  =        -.16655 
 
       Parameter Z                  =         .07590 
 
       Parameter C                  =     .79964E-10 
 
       Parameter D                  =         5.17489 
 
       Number of Iterations         =     7 
 
       Total Normalized Difference  =      .36789E-04 
 

------------------------------------------------------
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Figure 9 Compressibility and Permeability Characteristics for Sample OL-0302-09 
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Table 11 – SICTA results for sample OL-0302-10. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-40034 16.5-17.8ft                                                
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.48700 
  Initial Height of the Sample        =           .03065 
  Void Ratio at zero effective stress =          3.32343 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .02237 
  Final Bottom Effective Stress       =          5.56596 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.26228 
  Effective Stress                 =       108.87800 
  Permeability Coefficient         =      .34800E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        2.29242 
 
       Parameter B                  =        -.12721 
 
       Parameter Z                  =         .05396 
 
       Parameter C                  =     .15612E-08 
 
       Parameter D                  =         3.44156 
 
       Number of Iterations         =     7 
 
       Total Normalized Difference  =      .59270E-05 
 

------------------------------------------------------
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Figure 10 Compressibility and Permeability Characteristics for Sample OL-0302-10 
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Seepage Induced Consolidation Test (SICT) 
 
 The seepage induced consolidation test is an experimental procedure used for 
determining the consolidation characteristics of soft soils and soil like materials (slurry mine 
waste, dredged spoils, sludge from waste water treatment plants etc.). The testing procedure 
consists of three steps.  
 In the first step the void ratio at the effective stress zero is determined by allowing a 
slurry column about 0.05 m high to consolidate under its own weight. The average void ratio of 
the settled slurry is considered the void ratio at the effective stress of zero, or the void ratio at 
which the soil is formed and the consolidation theory (as opposed to the sedimentation theory) 
applies.  
 In the second step, seepage at a constant flow rate is applied through the soil by means 
of a flow pump and the sample is allowed to consolidate completely, i.e. until the steady state is 
reached. The steady state is determined from the pressure difference across the sample that is 
continuously monitored during the test. At steady state, the pressure difference and the final 
height of the sample are recorded. It is recognized that during this phase of the test the void 
ratio within the sample is non-uniform and this is correctly accounted for in the test analysis. 
 In the third step the sample is consolidated under the maximum desired stress level and 
the hydraulic conductivity is measured with the flow pump using a low flow rate to maintain 
sample uniformity during the test. At the end of the test the sample is dried and the total volume 
of solids is determined. 
 The analysis of the test is performed using the software package SICTA (Seepage 
Induced Consolidation Test Analysis). The procedure is based on the inverse problem solution 
approach and the theory used is compatible with the finite strain nonlinear consolidation theory 
(i.e. no simplifying or restrictive assumptions are made in the analysis). The input data for the 
SICTA program are all obtained from the described test. The output gives five parameters A, B, 
Z, C and D that define the consolidation properties for the sample. The compressibility and 
hydraulic conductivity relations with the five parameters are defined as: 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
 The more detailed description of the testing equipment and testing and analysis 
procedures can be found in the following publications: 
 
Abu-Hejleh, A.N., and Znidarcic, D., 1992, User Manual for Computer Program SICTA, 
Prepared for Florida Institute of Phosphate Research, University of Colorado, Boulder, 122 pp. 
 
Znidarcic, D., Abu-Hejleh, A.N., Fairbanks, T. and Robertson A., 1992, Seepage-Induced 
Consolidation Test; Equipment Description and Users Manual, Prepared for Florida Institute of 
Phosphate Research, University of Colorado, Boulder, 52 pp. 
 
Abu-Hejleh, A.N. and Znidarcic, D., 1994, Estimation of the Consolidation Constitutive 
Relations, Computer Methods and Advances in Geomechanics, Siriwardane & Zaman (eds) 
Balkema, Rotterdam, pp. 499-504. 
 
Abu-Hejleh, A. N. and Znidarcic, D., 1996, Consolidation Characteristics of Phosphatic Clays, 
Journal of Geotechnical Engineering, ASCE, New-York, Vol. 122, No. 4. pp. 295-301. 
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Introduction 
 
 This report presents the results of the consolidation testing for the following 
disturbed samples for the Onondaga Lake Pre-design Investigation project: 
 
Location ID   Field Sample ID   Depth 
 
OL-VC-80047   OL-0303-01   0.0’-3.3’ 
OL-VC-80037   OL-0303-02   0.0’-3.3’ 
OL-VC-80041    OL-0303-03   0.0’- 3.3’ 
OL-VC-80030   OL-0303-04   9.9’-13.2’ 
OL-VC-80031    OL-0303-05   3.3’-6.6’ 
OL-VC-80028   OL-0303-06   3.3’-6.6’ 
 
In this report the samples are identified by their Field Sample ID. 

We received the samples in a quart size glass jars. We also received Onondaga 
Lake water to be used in preparing the slurry sample and for performing the seepage 
induced consolidation tests (SICT). 
 The samples had plastic consistency and the process water was added to create a slurry 
sample suitable for SIC testing.   

The natural water and solids contents for the samples were: 
 

Sample    Water Content  Solids Content 
 
OL-0303-01   141.0%    39.9% 
OL-0303-02   166.0%    37.3% 
OL-0303-03   219.6%    30.9% 
OL-0303-04   176.0%    35.9% 
OL-0303-05   179.4%    35.5% 
OL-0303-06   109.0%    47.5% 
 
 The samples were first thoroughly mixed with additional process water to reach the 
desired consistency for testing. The obtained water and solids contents of the prepared slurries 
were: 
 
Sample    Water Content  Solids Content 
 
OL-0303-01   449.2%    18.1% 
OL-0303-02   394.1%    20.1% 
OL-0303-03   495.6%    16.7% 
OL-0303-04   487.9%    16.9% 
OL-0303-05   426.8%    18.9% 
OL-0303-06   240.9%    29.1% 
 
 The Seepage Induced Consolidation Test (SICT) and the step loading test were 
performed on the so prepared slurry. In calculations, the following specific gravity values were 
used. They were selected from the summary tables of geotechnical parameters at proposed SIC 
test locations. The specific gravity values obtained for adjacent samples were used in the 
calculation as the specific gravity tests were not performed on the samples on which the SIC 
tests were performed. 
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Sample      Gs 
 
OL-0303-01     2.66 
OL-0303-02     2.72 
OL-0303-03     2.66 
OL-0303-04     2.69 
OL-0303-05     2.69 
OL-0303-06     2.73 
 
The Seepage Induced Consolidation Test and analysis procedures are described in the 
attachment to this report 
 
 
Material Characteristics 
 
 The void ratio corresponding to the zero effective stress was found to be: 
 
Sample      eo 
 
OL-0303-01     7.09 
OL-0303-02     7.15 
OL-0303-03     8.70 
OL-0303-04     7.92 
OL-0303-05     8.85 
OL-0303-06     4.77 
 
 The test results are presented in Tables 2 to 7 and in Figures 1 to 6.  
 The model parameters A, B, Z, C and D in Table 1 define the compressibility and 
hydraulic conductivity relationships given by the following expressions, and presented in the 
figures 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
where e is the void ratio, k is the hydraulic conductivity. The values for the parameters A, Z and 
C depend on the system of units and are given for SI units. 
 
Table 1 – Consolidation model parameters 
 
Sample  A B Z(kPa) C(m/sec) D 
           
OL-0303-01  4.72 -0.208    0.140  2.7*10-10 4.37  
OL-0303-02  4.26 -0.207    0.081  7.4*10-11 4.03   
OL-0303-03  5.97 -0.220    0.180  4.1*10-11 3.42  
OL-0303-04  4.41 -0.073    0.00032 7.5*10-10 3.85  
OL-0303-05  5.91 -0.169    0.091  5.6*10-10 4.10   
OL-0303-06  3.35 -0.134    0.071  1.3*10-9  3.60  
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Table 2 – SICTA results for sample OL-0303-01. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-80047 0.0-3.3ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.09460 
  Initial Height of the Sample        =           .02344 
  Void Ratio at zero effective stress =          7.09260 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-05 
  Final Height of the Sample          =           .01586 
  Final Bottom Effective Stress       =          5.64760 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.71080 
  Effective Stress                 =       132.23420 
  Permeability Coefficient         =      .27900E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.71749 
 
       Parameter B                  =        -.20761 
 
       Parameter Z                  =         .14028 
 
       Parameter C                  =     .26685E-09 
 
       Parameter D                  =         4.37112 
 
       Number of Iterations         =     5 
 
       Total Normalized Difference  =      .89941E-04 
 
------------------------------------------------------
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Figure 1 Compressibility and Permeability Characteristics for Sample OL-0303-01 
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Table 3 – SICTA results for sample OL-0303-02. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-80037 0.0-3.3ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.68320 
  Initial Height of the Sample        =           .02560 
  Void Ratio at zero effective stress =          7.15313 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .01651 
  Final Bottom Effective Stress       =          4.16288 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.50883 
  Effective Stress                 =       151.79290 
  Permeability Coefficient         =      .38800E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.25961 
 
       Parameter B                  =        -.20662 
 
       Parameter Z                  =         .08136 
 
       Parameter C                  =     .73985E-10 
 
       Parameter D                  =         4.02870 
 
       Number of Iterations         =     5 
 
       Total Normalized Difference  =      .75812E-04 
 
------------------------------------------------------
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Figure 2 Compressibility and Permeability Characteristics for Sample OL-0303-02 
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Table 4 – SICTA results for sample OL-0303-03. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-80041 0.0-3.3ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.09460 
  Initial Height of the Sample        =           .02440 
  Void Ratio at zero effective stress =          8.70460 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .01531 
  Final Bottom Effective Stress       =          8.56750 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         2.03710 
  Effective Stress                 =       132.43720 
  Permeability Coefficient         =      .47100E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        5.96820 
 
       Parameter B                  =        -.21993 
 
       Parameter Z                  =         .17978 
 
       Parameter C                  =     .41188E-10 
 
       Parameter D                  =         3.42464 
 
       Number of Iterations         =     5 
 
       Total Normalized Difference  =      .15218E-05 
 
------------------------------------------------------
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Figure 3 Compressibility and Permeability Characteristics for Sample OL-0303-03 
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Table 5 – SICTA results for sample OL-0303-04. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-80030 9.9-13.2ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.38890 
  Initial Height of the Sample        =           .02304 
  Void Ratio at zero effective stress =          7.92110 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .25000E-04 
  Final Height of the Sample          =           .01248 
  Final Bottom Effective Stress       =         24.31860 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         3.05290 
  Effective Stress                 =       152.14640 
  Permeability Coefficient         =      .54900E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.40524 
 
       Parameter B                  =        -.07298 
 
       Parameter Z                  =         .00032 
 
       Parameter C                  =     .74951E-09 
 
       Parameter D                  =         3.84722 
 
       Number of Iterations         =     6 
 
       Total Normalized Difference  =      .63940E-05 
 

------------------------------------------------------
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Figure 4 Compressibility and Permeability Characteristics for Sample OL-0303-04 
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Table 6 – SICTA results for sample OL-0303-05. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-80028 3.3-6.6ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.38900 
  Initial Height of the Sample        =           .02893 
  Void Ratio at zero effective stress =          8.85300 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-04 
  Final Height of the Sample          =           .02078 
  Final Bottom Effective Stress       =          2.61934 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         2.42760 
  Effective Stress                 =       192.98980 
  Permeability Coefficient         =      .21200E-07 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        5.90856 
 
       Parameter B                  =        -.16901 
 
       Parameter Z                  =         .09140 
 
       Parameter C                  =     .55775E-09 
 
       Parameter D                  =         4.10174 
 
       Number of Iterations         =    11 
 
       Total Normalized Difference  =      .68624E-04 
 

------------------------------------------------------
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Figure 5 Compressibility and Permeability Characteristics for Sample OL-0303-05 
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Table 7 – SICTA results for sample OL-0303-06. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-80028 3.3-6.6ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.80000 
  Unit Weight of Solids               =         26.78130 
  Initial Height of the Sample        =           .03088 
  Void Ratio at zero effective stress =          4.77240 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .25000E-05 
  Final Height of the Sample          =           .02144 
  Final Bottom Effective Stress       =          8.35566 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.71230 
  Effective Stress                 =       151.03640 
  Permeability Coefficient         =      .92700E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.34819 
 
       Parameter B                  =        -.13364 
 
       Parameter Z                  =         .07050 
 
       Parameter C                  =     .13360E-08 
 
       Parameter D                  =         3.60163 
 
       Number of Iterations         =     7 
 
       Total Normalized Difference  =      .73068E-04 
 

------------------------------------------------------
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Figure 6 Compressibility and Permeability Characteristics for Sample OL-0303-06 
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Seepage Induced Consolidation Test (SICT) 
 
 The seepage induced consolidation test is an experimental procedure used for 
determining the consolidation characteristics of soft soils and soil like materials (slurry mine 
waste, dredged spoils, sludge from waste water treatment plants etc.). The testing procedure 
consists of three steps.  
 In the first step the void ratio at the effective stress zero is determined by allowing a 
slurry column about 0.05 m high to consolidate under its own weight. The average void ratio of 
the settled slurry is considered the void ratio at the effective stress of zero, or the void ratio at 
which the soil is formed and the consolidation theory (as opposed to the sedimentation theory) 
applies.  
 In the second step, seepage at a constant flow rate is applied through the soil by means 
of a flow pump and the sample is allowed to consolidate completely, i.e. until the steady state is 
reached. The steady state is determined from the pressure difference across the sample that is 
continuously monitored during the test. At steady state, the pressure difference and the final 
height of the sample are recorded. It is recognized that during this phase of the test the void 
ratio within the sample is non-uniform and this is correctly accounted for in the test analysis. 
 In the third step the sample is consolidated under the maximum desired stress level and 
the hydraulic conductivity is measured with the flow pump using a low flow rate to maintain 
sample uniformity during the test. At the end of the test the sample is dried and the total volume 
of solids is determined. 
 The analysis of the test is performed using the software package SICTA (Seepage 
Induced Consolidation Test Analysis). The procedure is based on the inverse problem solution 
approach and the theory used is compatible with the finite strain nonlinear consolidation theory 
(i.e. no simplifying or restrictive assumptions are made in the analysis). The input data for the 
SICTA program are all obtained from the described test. The output gives five parameters A, B, 
Z, C and D that define the consolidation properties for the sample. The compressibility and 
hydraulic conductivity relations with the five parameters are defined as: 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
 The more detailed description of the testing equipment and testing and analysis 
procedures can be found in the following publications: 
 
Abu-Hejleh, A.N., and Znidarcic, D., 1992, User Manual for Computer Program SICTA, 
Prepared for Florida Institute of Phosphate Research, University of Colorado, Boulder, 122 pp. 
 
Znidarcic, D., Abu-Hejleh, A.N., Fairbanks, T. and Robertson A., 1992, Seepage-Induced 
Consolidation Test; Equipment Description and Users Manual, Prepared for Florida Institute of 
Phosphate Research, University of Colorado, Boulder, 52 pp. 
 
Abu-Hejleh, A.N. and Znidarcic, D., 1994, Estimation of the Consolidation Constitutive 
Relations, Computer Methods and Advances in Geomechanics, Siriwardane & Zaman (eds) 
Balkema, Rotterdam, pp. 499-504. 
 
Abu-Hejleh, A. N. and Znidarcic, D., 1996, Consolidation Characteristics of Phosphatic Clays, 
Journal of Geotechnical Engineering, ASCE, New-York, Vol. 122, No. 4. pp. 295-301. 
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Introduction 
 
 This report presents the results of the consolidation testing for the following 
disturbed samples for the Onondaga Lake Pre-design Investigation project: 
 
Location ID   Field Sample ID   Depth 
 
OL-STA-30033  OL-0298-01   35.0’ - 37.0’ 
OL-VC-60056   OL-0298-02   0.5’ - 3.3’ 
OL-VC-60061    OL-0298-03   13.2’ - 16.5’ 
OL-VC-60054   OL-0298-04   3.3’ - 6.6’ 
OL-STA-10108   OL-0298-05   47.0’ – 49.0’ 
OL-VC-60064   OL-0298-06   0.0’ – 3.3’ 
 
In this report the samples are identified by their Field Sample ID. 

We received the samples in a quart size glass jars. We also received Onondaga 
Lake water to be used in preparing the slurry sample and for performing the seepage 
induced consolidation tests (SICT). 
 The samples had plastic consistency and the process water was added to create a slurry 
sample suitable for SIC testing.   

The natural water and solids contents for the samples were: 
 

Sample    Water Content  Solids Content 
 
OL-0298-01   74.18%    57.4% 
OL-0298-02   158.9%    38.6% 
OL-0298-03   75.51%    57.0% 
OL-0298-04   137.9%    42.0% 
OL-0298-05   86.43%    53.6% 
OL-0298-06   112.3%    47.1% 
 
 The samples were first thoroughly mixed with additional process water to reach the 
desired consistency for testing. The obtained water and solids contents of the prepared slurries 
were: 
 
Sample    Water Content  Solids Content 
 
OL-0298-01   298.0%    25.1% 
OL-0298-02   386.7%    20.5% 
OL-0298-03   377.0%    21.0% 
OL-0298-04   419.5%    19.2% 
OL-0298-05   494.1%    16.8% 
OL-0298-06   370.9%    21.2% 
 
 The Seepage Induced Consolidation Test (SICT) and the step loading test were 
performed on the so prepared slurry. In calculations, the following specific gravity values were 
used. They were selected from the summary tables of geotechnical parameters at proposed SIC 
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test locations. The specific gravity values obtained for adjacent samples were used in the 
calculation as the specific gravity tests were not performed on the samples on which the SIC 
tests were performed. 
 
Sample      Gs 
 
OL-0298-01     2.64 
OL-0298-02     2.49 
OL-0298-03     2.66 
OL-0298-04     2.51 
OL-0298-05     2.61 
OL-0298-06     2.74 
 
The Seepage Induced Consolidation Test and analysis procedures are described in the 
attachment to this report 
 
Material Characteristics 
 
 The void ratio corresponding to the zero effective stress was found to be: 
 
Sample      eo 
 
OL-0298-01     4.78 
OL-0298-02     6.09 
OL-0298-03     5.30 
OL-0298-04     6.69 
OL-0298-05     4.56 
OL-0298-06     4.56 
 
 The test results are presented in Tables 2 to 7 and in Figures 1 to 6.  
 The model parameters A, B, Z, C and D in Table 1 define the compressibility and 
hydraulic conductivity relationships given by the following expressions, and presented in the 
figures 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
where e is the void ratio, k is the hydraulic conductivity. The values for the parameters A, Z and 
C depend on the system of units and are given for SI units. 
 
Table 1 – Consolidation model parameters 
 
Sample  A B Z(kPa) C(m/sec) D 
           
OL-0298-01  4.95 -0.247    1.153  2.0*10-9 2.49  
OL-0298-02  4.15 -0.202    0.150  1.7*10-10 3.79   
OL-0298-03  3.46 -0.178    0.091  4.8*10-10 4.17  
OL-0298-04  4.13 -0.218    0.110  1.7*10-10 3.67  
OL-0298-05  8.05 -0.298    6.727  9.9*10-11 3.67   
OL-0298-06  3.10 -0.170    0.031  3.1*10-10 3.90  
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Table 2 – SICTA results for sample OL-0298-01. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-STA-20033 35-37ft                                                   
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         25.89840 
  Initial Height of the Sample        =           .02036 
  Void Ratio at zero effective stress =          4.78000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-05 
  Final Height of the Sample          =           .01766 
  Final Bottom Effective Stress       =          2.85500 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.49500 
  Effective Stress                 =       125.86000 
  Permeability Coefficient         =      .55100E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.95111 
 
       Parameter B                  =        -.24720 
 
       Parameter Z                  =        1.15290 
 
       Parameter C                  =     .20229E-08 
 
       Parameter D                  =         2.49186 
 
       Number of Iterations         =     6 
 
       Total Normalized Difference  =      .23718E-05 
 
------------------------------------------------------
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Figure 1 Compressibility and Permeability Characteristics for Sample OL-0298-01 
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Table 3 – SICTA results for sample OL-0298-02. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-60056 0.5-3.3 ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         24.42690 
  Initial Height of the Sample        =           .02463 
  Void Ratio at zero effective stress =          6.08590 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .50000E-06 
  Final Height of the Sample          =           .01818 
  Final Bottom Effective Stress       =          2.56600 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.55600 
  Effective Stress                 =       130.00000 
  Permeability Coefficient         =      .92500E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.15173 
 
       Parameter B                  =        -.20158 
 
       Parameter Z                  =         .14997 
 
       Parameter C                  =     .17321E-09 
 
       Parameter D                  =         3.78925 
 
       Number of Iterations         =     6 
 
       Total Normalized Difference  =      .37110E-05 
 
------------------------------------------------------
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Figure 2 Compressibility and Permeability Characteristics for Sample OL-0298-02 
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Table 4 – SICTA results for sample OL-0298-03. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
          OL-VC-60061-13.2-16.5 OL-0298-03                                      
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.10000 
  Initial Height of the Sample        =           .02320 
  Void Ratio at zero effective stress =          5.30000 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .15000E-05 
  Final Height of the Sample          =           .01650 
  Final Bottom Effective Stress       =          3.40000 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.45100 
  Effective Stress                 =       130.00000 
  Permeability Coefficient         =      .22800E-08 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.45672 
 
       Parameter B                  =        -.17831 
 
       Parameter Z                  =         .09100 
 
       Parameter C                  =     .48339E-09 
 
       Parameter D                  =         4.16682 
 
       Number of Iterations         =     8 
 
       Total Normalized Difference  =      .27290E-06 
 
------------------------------------------------------
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Figure 3 Compressibility and Permeability Characteristics for Sample OL-0298-03 
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Table 5 – SICTA results for sample OL-0298-04. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-VC-60054 3.3-6.6ft                                                  
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         24.62310 
  Initial Height of the Sample        =           .02558 
  Void Ratio at zero effective stress =          6.68570 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-05 
  Final Height of the Sample          =           .01491 
  Final Bottom Effective Stress       =         12.20500 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.38250 
  Effective Stress                 =       150.76775 
  Permeability Coefficient         =      .56600E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        4.12795 
 
       Parameter B                  =        -.21806 
 
       Parameter Z                  =         .10956 
 
       Parameter C                  =     .17263E-09 
 
       Parameter D                  =         3.66619 
 
       Number of Iterations         =     4 
 
       Total Normalized Difference  =      .69860E-04 
 
------------------------------------------------------
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Figure 4 Compressibility and Permeability Characteristics for Sample OL-0298-04 
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Table 6 – SICTA results for sample OL-0298-05. 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
         OL-STA-10108 47-49ft                                                   
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         25.60410 
  Initial Height of the Sample        =           .01316 
  Void Ratio at zero effective stress =          4.55800 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-05 
  Final Height of the Sample          =           .01205 
  Final Bottom Effective Stress       =          7.07900 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.87600 
  Effective Stress                 =       125.00000 
  Permeability Coefficient         =      .99500E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        8.05043 
 
       Parameter B                  =        -.29844 
 
       Parameter Z                  =        6.72665 
 
       Parameter C                  =     .99059E-10 
 
       Parameter D                  =         3.66694 
 
       Number of Iterations         =     4 
 
       Total Normalized Difference  =      .12512E-04 
 
------------------------------------------------------
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Figure 5 Compressibility and Permeability Characteristics for Sample OL-0298-05 
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Table 7 – SICTA results for sample OL-0298-06. 
 
 
---------------------------------------------------------- 
         DESCRIPTION OF THE PROBLEM                   
          TITLE OF THE PROBLEM  IS                    
          OL-VC-60064 0.0-3.3ft                                                 
--------------------------------------------------------- 
          Seepage Induced Consolidation Results :       
  Unit Weight of Water                =          9.81000 
  Unit Weight of Solids               =         26.87900 
  Initial Height of the Sample        =           .02526 
  Void Ratio at zero effective stress =          5.59660 
  Top Effective Stress                =           .07000 
  Darcian   Velocity                  =       .10000E-05 
  Final Height of the Sample          =           .01415 
  Final Bottom Effective Stress       =         12.46123 
--------------------------------------------------------- 
         Step Loading Test Results :                 
  Void Ratio                       =         1.32000 
  Effective Stress                 =       151.79000 
  Permeability Coefficient         =      .90200E-09 
------------------------------------------------------- 
 
------------------------------------------------------ 
------------------------------------------------------ 
 
        THE OUTPUT RESULTS ARE LISTED AS FOLLOWS :     
------------------------------------------------------ 
 
              PARAMETER ESTIMATION RESULTS             
 
       Parameter A                  =        3.09568 
 
       Parameter B                  =        -.16970 
 
       Parameter Z                  =         .03052 
 
       Parameter C                  =     .30549E-09 
 
       Parameter D                  =         3.89973 
 
       Number of Iterations         =     6 
 
       Total Normalized Difference  =      .39020E-04 
 
------------------------------------------------------
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Figure 6 Compressibility and Permeability Characteristics for Sample OL-0298-06 
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Seepage Induced Consolidation Test (SICT) 
 
 The seepage induced consolidation test is an experimental procedure used for 
determining the consolidation characteristics of soft soils and soil like materials (slurry mine 
waste, dredged spoils, sludge from waste water treatment plants etc.). The testing procedure 
consists of three steps.  
 In the first step the void ratio at the effective stress zero is determined by allowing a 
slurry column about 0.05 m high to consolidate under its own weight. The average void ratio of 
the settled slurry is considered the void ratio at the effective stress of zero, or the void ratio at 
which the soil is formed and the consolidation theory (as opposed to the sedimentation theory) 
applies.  
 In the second step, seepage at a constant flow rate is applied through the soil by means 
of a flow pump and the sample is allowed to consolidate completely, i.e. until the steady state is 
reached. The steady state is determined from the pressure difference across the sample that is 
continuously monitored during the test. At steady state, the pressure difference and the final 
height of the sample are recorded. It is recognized that during this phase of the test the void 
ratio within the sample is non-uniform and this is correctly accounted for in the test analysis. 
 In the third step the sample is consolidated under the maximum desired stress level and 
the hydraulic conductivity is measured with the flow pump using a low flow rate to maintain 
sample uniformity during the test. At the end of the test the sample is dried and the total volume 
of solids is determined. 
 The analysis of the test is performed using the software package SICTA (Seepage 
Induced Consolidation Test Analysis). The procedure is based on the inverse problem solution 
approach and the theory used is compatible with the finite strain nonlinear consolidation theory 
(i.e. no simplifying or restrictive assumptions are made in the analysis). The input data for the 
SICTA program are all obtained from the described test. The output gives five parameters A, B, 
Z, C and D that define the consolidation properties for the sample. The compressibility and 
hydraulic conductivity relations with the five parameters are defined as: 
 
Compressibility   e = A (σ’ + Z)B 
 
Hydraulic Conductivity  k = C eD 
 
 The more detailed description of the testing equipment and testing and analysis 
procedures can be found in the following publications: 
 
Abu-Hejleh, A.N., and Znidarcic, D., 1992, User Manual for Computer Program SICTA, 
Prepared for Florida Institute of Phosphate Research, University of Colorado, Boulder, 122 pp. 
 
Znidarcic, D., Abu-Hejleh, A.N., Fairbanks, T. and Robertson A., 1992, Seepage-Induced 
Consolidation Test; Equipment Description and Users Manual, Prepared for Florida Institute of 
Phosphate Research, University of Colorado, Boulder, 52 pp. 
 
Abu-Hejleh, A.N. and Znidarcic, D., 1994, Estimation of the Consolidation Constitutive 
Relations, Computer Methods and Advances in Geomechanics, Siriwardane & Zaman (eds) 
Balkema, Rotterdam, pp. 499-504. 
 
Abu-Hejleh, A. N. and Znidarcic, D., 1996, Consolidation Characteristics of Phosphatic Clays, 
Journal of Geotechnical Engineering, ASCE, New-York, Vol. 122, No. 4. pp. 295-301. 
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