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APPENDIX I – LABORATORY GEOTECHNICAL 
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B-01-18 ST-35 68.0 - 70.0' CL Grey CLAY - - - - - - - 2.750 0.42 0.30 98.0 15.0 120.7 138.9 139.3 2.38E-08

B-03-18 ST-34 66.0 - 68.0' CL Dark Grey Silty CLAY - - - - - - - 2.750 0.38 0.28 92.0 12.7 124.3 140.2 141.5 4.77E-08

B-05-18 ST-37 72.0 - 74.0' CL Brown-Grey CLAY - - - - - - - 2.750 0.67 0.40 99.0 24.3 102.6 127.5 127.8 4.85E-08

B-10-18 ST-30 58.0 - 60.0' CL-ML Grey Silty CLAY with thin layers of dry SILT - - - - - - - 2.750 0.45 0.31 87.0 14.3 118.1 135.0 137.6 9.84E-08

B-11-18 ST-29 56.0 - 58.0' CL Grey CLAY - - - - - - - 2.750 0.46 0.31 100.0 16.6 117.9 137.5 137.4 3.63E-08

B-14-18 ST-33 64.0 - 66.0' CL Grey Silty CLAY - - - - - - - 2.750 0.35 0.26 84.0 10.8 126.9 140.6 143.2 3.65E-08

B-01-18 SS-23 44.0 - 46.0' CL Grey Lean CLAY with Sand 2.2 19.1 51.8 26.9 11 26 15 - - - - - - - - -

B-01-18 SS-27 52.0 - 54.0' CL Light Grey Lean CLAY 0.8 5.5 52.9 40.8 12 34 22 - - - - - - - - -

B-02-18 SS-30 58.0 - 60.0' CL Light Brown Lean CLAY 0.2 7.7 55.9 36.2 12 30 18 - - - - - - - - -

B-02-18 SS-33 64.0 - 66.0' CL Grey Silty Lean CLAY with Sand 1.3 18.1 58.5 22.1 10 21 11 - - - - - - - - -

B-03-18 SS-29 56.0 - 58.0' CL Grey Lean CLAY 1.7 7.7 55.6 35.0 15 30 15 - - - - - - - - -

B-03-18 SS-32 62.0 - 64.0' CL Grey Silty Lean CLAY 0.9 6.4 52.2 40.5 15 32 17 - - - - - - - - -

B-04-18 SS-20 38.0 - 40.0' CL Greay Sandy Lean CLAY 9.4 27.4 51.2 12.0 11 19 8 - - - - - - - - -

B-04-18 SS-23 44.0 - 46.0' CL Light Grey Lean CLAY with Sand 2.9 19.8 48.0 29.3 11 29 18 - - - - - - - - -

B-05-18 SS-31 60.0 - 62.0' CL Light Grey Lean CLAY 0.0 12.3 52.9 34.8 13 28 15 - - - - - - - - -

B-06-18 SS-31 60.0 - 62.0' CL Grey Lean CLAY 1.1 11.2 52.3 35.4 12 33 21 - - - - - - - - -

B-07-18 SS-15 28.0 - 30.0' CL Light Brown Lean CLAY 0.9 12.5 64.7 21.9 14 23 9 - - - - - - - - -

B-07-18 SS-24 46.0 - 48.0' CL Grey Lean CLAY with Sand 1.4 18.0 56.8 23.8 13 27 14 - - - - - - - - -

B-08-18 SS-30 58.0 - 60.0' CL Brown, Grey Lean CLAY with Sand 0.6 19.1 53.2 27.1 13 28 15 - - - - - - - - -

B-09-18 SS-22 42.0 - 44.0' CL-ML Grey Silty CLAY with Sand 1.0 27.4 62.0 9.6 14 18 4 - - - - - - - - -

B-09-18 SS-28 54.0 - 56.0' CL Grey Lean CLAY with SAND 2.0 17.2 52.1 28.7 14 27 13 - - - - - - - - -

B-10-18 SS-23 44.0 - 46.0' CL Brown-Grey Lean CLAY with Sand 2.6 17.6 49.7 30.1 14 26 12 - - - - - - - - -

B-10-18 SS-28 54.0 - 56.0' CL Grey Lean CLAY with SAND 3.2 16.6 49.7 30.5 14 28 14 - - - - - - - - -

B-11-18 SS-22 42.0 - 44.0' CL-ML Grey Sandy Silty CLAY 3.1 36.2 49.4 11.3 12 17 5 - - - - - - - - -

B-11-18 SS-28 54.0 - 56.0' CL Grey Lean CLAY with Sand 0.9 19.2 50.4 29.5 14 27 13 - - - - - - - - -

B-12-18 SS-27 52.0 - 54.0' CL Grey Lean CLAY with Sand 4.4 18.1 49.2 28.3 13 25 12 - - - - - - - - -

B-12-18 SS-32 62.0 - 64.0' CL Grey Lean CLAY with Sand 3.6 17.4 55.7 23.3 12 25 13 - - - - - - - - -

B-13-18 SS-17 32.0 - 34.0' CL-ML Grey Silty CLAY 0.0 1.5 79.5 19.0 15 22 7 - - - - - - - - -

B-13-18 SS-26 50.0 - 52.0' CL Grey Lean CLAY with Sand 5.5 17.8 50.8 25.9 14 26 12 - - - - - - - - -

B-14-18 SS-26 50.0 - 52.0' CL Grey Lean CLAY 0.0 0.4 49.7 49.9 18 40 22 - - - - - - - - -

B-14-18 SS-31 60.0 - 62.0' CL-ML Brownish Grey Sandy Silty CLAY 0.6 41.6 43.8 14.0 12 18 6 - - - - - - - - -

B-15-18 SS-24 46.0 - 48.0' CL Greay Sandy Lean CLAY 6.0 25.2 42.9 25.9 14 28 14 - - - - - - - - -

B-15-18 SS-29 56.0 - 58.0' CL Grey Lean CLAY 0.0 1.5 54.9 43.6 15 32 17 - - - - - - - - -

0.0 0.4 42.9 9.6 10.0 17.0 4.0 2.750 0.35 0.26 84.0 10.8 102.6 127.5 127.8 2.38E-08

9.4 41.6 79.5 49.9 18.0 40.0 22.0 2.750 0.67 0.40 100.0 24.3 126.9 140.6 143.2 9.84E-08

2.1 16.4 53.5 28.0 13.2 26.6 13.4 2.750 0.46 0.31 93.3 15.6 118.4 136.6 137.8 4.85E-08

e = n / (1-n)

�Jsat  =  [(Gs + e)  x  �Jw ] / (1+e)

S% = (w x Gs)  /  e

n = e / (1+e)

�Jdry  =  [(Gs  x  �Jw ] / (1+e)

�Jtotal = [(Gs + Se) x �Jw ] / ( 1+e)

�Jtotal  =  �Jd  x  (1 + (w% / 100))

Soil Density Relationships:

Note:

1) Values in cells shaded in gray were calculated using the soil density relationships below.

Saturation
"S"
(%)

Silt
(%)

Clay
(%) PL LL

Specific 
Gravity

"Gs"PI

Void 
Ratio

"e"

USCS 
Soil 

Class.

Minimum:

Maximum:

Average:

TABLE 1
ZION LANDFILL SITE 2 NORTH EXPANSION

SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS FOR WADSWORTH TILL

Boring 
No.

Sample 
No.

Depth BGS 
(feet) Soil

Grain Size Analysis:
ASTM C136 & ASTM D1140

Atterberg Limits:
ASTM D4318

Properties Below Taken from Hydraulic Conductivity Test Data (ASTM D5084) 
or Specific Gravity Test Data (ASTM D854)

Hydr. Cond.

"k"              
(cm/sec)

Total Unit 
Weight

"�vtotal"

(pcf)

Sat. Unit 
Weight

"�vsat"

(pcf)
Gravel

(%)
Sand
(%)

Porosity

"n"

Dry Unit 
Weight

"�vdry"

(pcf)

Moisture 
Content

"w"
(%)

�W���P�����í���}�(���ó



B-05-18 SS-59 116.0 - 118.0' SM Grey Silty SAND 0.0 77.6 20.6 1.8 2.789 0.76 0.43 63.0 17.1 99.0 116.0 125.9

B-06-18 SS-53 104.0 - 106.0' SM Grey Silty SAND 4.4 82.7 12.3 0.6 2.814 0.53 0.35 75.0 14.2 114.5 130.8 136.2

B-08-18 SS-61 120.0 - 122.0' SM Grey Silty SAND 0.0 81.7 16.3 2.0 2.790 0.73 0.42 84.0 22.0 100.8 123.0 127.2

0.0 77.6 12.3 0.6 2.789 0.53 0.35 63.0 14.2 99.0 116.0 125.9

4.4 82.7 20.6 2.0 2.814 0.76 0.43 84.0 22.0 114.5 130.8 136.2

1.5 80.7 16.4 1.5 2.798 0.67 0.40 74.0 17.8 104.8 123.3 129.8

n = e / (1+e)

e = n / (1-n)

Soil Density Relationships:

�Jdry  =  [(Gs  x  �Jw ] / (1+e)

�Jtotal = [(Gs + Se) x �Jw ] / ( 1+e)

�Jtotal  =  �Jd  x  (1 + (w% / 100))

�Jsat  =  [(Gs + e)  x  �Jw ] / (1+e)

S% = (w x Gs)  /  e

TABLE 2 
ZION LANDFILL SITE 2 NORTH EXPANSION

SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS FOR SHALLOW DRIFT AQUIFER

Minimum:

Maximum:

Average:

Boring 
No.

Sample 
No.

Depth BGS 
(feet)

USCS 
Soil 

Class. Soil

Grain Size Analysis:
ASTM C136 & ASTM D1140

Gravel
(%)

Sand
(%)

Silt
(%)

Clay
(%)

Properties Below Taken from Hydraulic Conductivity Test Data (ASTM D5084) 
or Specific Gravity Test Data (ASTM D854)

Specific 
Gravity
"Gs"

Void Ratio
"e"

Porosity
"n"

Saturation
"S"
(%)

Moisture Content
"w"
(%)

Dry Unit Weight

"�vdry"

(pcf)

Total Unit Weight

"�vtotal"

(pcf)

Sat. Unit Weight

"�vsat"

(pcf)
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B-01-18
Brown and Grey CLAY

6.0 - 79.0' CL 118.1 14.5 112.2 128.5 133.8 106.3 121.7 130.0

B-05-18
Grey CLAY

16.0 - 115.5' CL 119 13.2 113.1 128.0 134.3 107.1 121.2 130.6

118.1 13.2 112.2 128.0 133.8 106.3 121.2 130.0

119 14.5 113.1 128.5 134.3 107.1 121.7 130.6

118.6 13.9 112.6 128.2 134.1 106.7 121.5 130.3

�Jsat  =  [(Gs + e)  x  �Jw ] / (1+e)

�Jtotal  =  �Jd  x  (1 + (w% / 100))

Soil Density Relationships:

MINIMUM:

MAXIMUM:

Notes: 

1) Values in cells shaded in gray were calculated using the soil density relationships below.

95% of Standard Proctor

AVERAGE:

�vdry-max

(pcf)
�vdry

(pcf)
�vtotal

(pcf)

TABLE 3
ZION LANDFILL SITE 2 NORTH EXPANSION

SUMMARY OF SOIL PROPERTIES AND STANDARD PROCTOR TEST DATA - WADSWORTH FORMATION

Boring Location

Depth
BGS
(feet)

USCS Soil 
Class.

Standard Proctor Test Results 
(ASTM D698)

90% of Standard Proctor

�vdry

(pcf)
�vsaturated

(pcf)
�vsaturated

(pcf)
�vtotal

(pcf)
MCopt

(%)
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Opt+ 0% 2.750 0.49 0.33 78 14.0 114.9 131.0 135.5 2.13E-07

Opt+ 2% 2.750 0.50 0.33 88 16.0 114.4 132.8 135.2 3.05E-08

Opt+ 4% 2.750 0.51 0.34 99 18.2 113.9 134.7 134.9 1.95E-08

Opt+ 0% 2.750 0.50 0.33 71 12.9 114.6 129.3 135.3 1.73E-07

Opt+ 2% 2.750 0.47 0.32 87 15.0 116.5 134.0 136.6 3.53E-08

Opt+ 4% 2.750 0.49 0.33 97 17.4 115.0 135.0 135.6 1.54E-08

2.750 0.47 0.32 71 12.9 113.9 129.3 134.9 1.54E-08

2.750 0.51 0.34 99 18.2 116.5 135.0 136.6 2.13E-07

2.750 0.49 0.33 87 15.6 114.9 132.8 135.5 4.78E-08

6'- 79'

e = n / (1-n)

�Jsat  =  [(Gs + e)  x  �Jw ] / (1+e)

Dry Unit 
Weight

"��dry"

(pcf)

�Jdry  =  [(Gs  x  �Jw ] / (1+e)

�Jtotal = [(Gs + Se) x �Jw ] / ( 1+e)

�Jtotal  =  �Jd  x  (1 + (w% / 100))

MAXIMUM:

MINIMUM:

1) Values in cells shaded in gray were calculated using the soil density relationships below. 

Total Unit 
Weight

"��total"

(pcf)

Sat. Unit 
Weight

"��sat"

(pcf)

B-01-18

16'-115.5'B-05-18

TABLE 4
ZION LANDFILL SITE 2 NORTH EXPANSION

SUMMARY OF REMOLDED PERMEABILITY TEST RESULTS FOR REMOLDED WADSWORTH TILL SAMPLES

Note:

S% = (w x Gs)  /  e

n = e / (1+e)

Soil Density Relationships:

Boring No.

Depth
BGS
(feet) Description

Hydraulic Conductivity Test Data (ASTM D5084)

Specific 
Gravity
"Gs"

Void 
Ratio
"e"

Porosity
"n"

Moisture 
Content

"w"
(%)

Hydr. Cond.
"k"          

(cm/sec)

Saturation
"S"
(%)

AVERAGE:
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Failure 
Stress 1 2 3

Cohesion

( c )

Friction Angle

( �I��)
Cohesion

( c' )
Friction Angle

( �I' )

�V1 : 4,752 psf 8,496 psf 14,976 psf

�V3 : 864 psf 2,016 psf 3,888 psf

�V1 : 9,173 psf 11,750 psf 12,845 psf

�V3 : 2,218 psf 2,851 psf 3,125 psf

�V1 : 6,106 psf 9,202 psf 9,821 psf

�V3 : 1,253 psf 2,174 psf 2,578 psf

752 psf 11.1 deg 48 psf 29.5 deg

2,740 psf 24.9 deg 726 psf 37.2 deg

1,822 psf 16.0 deg 427 psf 33.3 deg

�V1 : 8,640 psf 12,816 psf 21,168 psf

�V3 : 2,016 psf 4,032 psf 8,064 psf

�V1 : 7,344 psf 10,368 psf 15,120 psf

�V3 : 2,016 psf 3,312 psf 8,064 psf

�V1 : 8,064 psf 10,656 psf 15,840 psf

�V3 : 2,016 psf 4,032 psf 8,064 psf

1,519 psf 6.0 deg

2,481 psf 20.7 deg

2,115 psf 11.5 deg

MINIMUM:

MAXIMUM:

AVERAGE:

11.1 deg 726 psf 29.5 deg1,974 psfB-13-18 ST-29 56.0-58.0' Grey Silty CLAY

MINIMUM:

MAXIMUM:

AVERAGE:

74.0 - 76.0'

B-15-18

2,481 psf 6.0 deg

Brown-Grey CLAY

Brown-Grey Silty 
CLAY

56.0 - 58.0'

58.0 - 60.0' 2,344 psfST-30 7.8 deg

37.2 deg48 psf12.1 deg

B-07-18 ST-29

B-12-18 ST-34 Grey Silty CLAY66.0 - 68.0' 2,740 psf

B-06-18 ST-38

Unconsolidated Undrained - Triaxial Shear Strength: ASTM D4767

Brown-Grey CLAY 1,519 psf 20.7 deg

Consolidated Undrained - Triaxial Shear Strength: ASTM D2850

752 psf 24.9 degB-01-18 33.2 deg508 psfST-31 60.0 - 62.0' Brown-Grey CLAY

TABLE 5
ZION LANDFILL SITE 2 NORTH EXPANSION

SUMMARY OF TRIAXIAL SHEAR STRENGTH TEST DATA - WADSWORTH FORMATION

Boring 
Location

Sample 
No.

Depth
(Feet MSL) Soil

Total (Undrained)
Shear Strength

Effective (Drained)
Shear StrengthMohr Circles
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Dry Unit 

Weight1
Total Unit 

Weight1

Saturated 
Unit 

Weight1

�vdry �vtotal �vsat

Gs (pcf) % (%) (pcf) (pcf)

Clay:
B-02-18, ST-29

(56.0 - 58.0' bgs)
2.750 124.0 13.3 94.8 140.5 141.2 5,600 6,870 0.82 0.385 0.09 0.009 0.0036

Clay:
B-04-18, ST-27

(52.0 - 54.0' bgs)
2.750 115.5 16.8 95.1 134.9 135.9 8,400 5,528 1.52 0.486 0.09 0.015 0.0036

Clay
B-09-18, ST-31

(60.0 - 62.0' bgs)
2.750 124.6 13.2 95.7 141.0 141.6 7,000 7,097 0.99 0.378 0.07 0.027 0.0028

Averages: 2.750 120.1 15.0 95.4 138.0 138.8 7,700 6313 1.25 0.432 0.08 0.021 0.0032

TABLE 6
ZION LANDFILL SITE 2 NORTH EXPANSION

SUMMARY OF 2018 CONSOLIDATION PARAMETERS

Compression 
Index (Cc)

Recompression 
Index (Cr)

Secondary 
Compression 

Index (C�.)Void Ratio (eo)

Pre-
Consolidation 

Stress 
�2'pc

(psf)

Existing 
Effective 

Overburden 
Stress 
�2'vo

(psf)

Notes:
1.  B-02-18 was assumed to be disturbed and was not inlcuded in the averages values reported in the table.
2. Consolidation tests were performed on representative soil samples taken at the borings/sample locations noted above. 
3. The pre-consolidation stresses reported above were derived from the consolidation test data plots provided the attached pages. 
4. The existing overburden stresses were calculated using the unit weight and the sample depth intervals reported above.

Specific 
Gravity

Moisture 
Content Saturation

OCR
Geoligc Unit
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