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EXECUTIVE SUMMARY

The Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) generates
approximately 200,000 dry tons of biosolids annually. These biosolids are utilized
beneficially and economically in a variety of projects. These projects include of
protective vegetative layer of landfill final covers, soil substitute and conditioner for golf
courses, parks, athletic fields, highway medians and embankments. The bicsolids in

these cases augment and/or replace conventional earthen materials thus providing
beneficial and economical use for the biosolids.

The present study is intended to provide the geotechnical characterization of the biosolids

so that guidelines can be developed for construction and management when biosclids are
utilized.

The scope of the study required testing of six biosolids samples for various conventional
geotechnical properties.  The testing included Sieve/Hydrometer Analysis and
determination of Atterberg Limits for classification purposes; bulk density, particle
density and compaction tests to determine moisture-density relationships under various
compactive energies; unconfined compression and triaxial shear tests to evaluate shear
strength parameters that could be used in evaluating slope stability and bearing capacity;
CBR tests to determine the properties required when biosolids are used as a soil substitute

or conditioner in applications involving traffic loading. All tests were performed
according to ASTM or IDOT methods.

The test results are analyzed to determine the effects of solids content and aging as well
as source of biosolids on geotechnical properties of biosolids. Recommendations for
applying biosolids in various applications such as embankment fill and landfill cover
material are provided. In addition, recommendations concerning further evaludtion of
biosolids for various civil and environmental applications are made.

4 Septeinber 2002



00-RFP-10

MWRDGC Geotechnical Characterization uf Bioxolids

1 INTRODUCTION

The Metropolitan Water Reclamation District of Greater Chicago (District) generates
approximately 200,000 dry tons of biosolids annually. Most of this biosolids is generated
at the District’s Calumet and Stickney water reclamation plants (WRP). Following
anacrobic digestion of sewage sludge, biosolids are produced by taking the digested
sludge through two main processing trains: by centrifugation (high solids processing
train-HSPT) and by gravity thickening (low solids processing train-LSPT). Except for
some of the centrifuge cake biosolids (25 percent solids) which are immediately applied
to farmland, after generation, most of the biosolids are stored in lagoons for greater than
18 months (aged) or less than 18 months (under aged), then dried to approximately 65
percent solids before final utilization. The biosolids are used in a variety of beneficial
reuse projects such as final cover at municipal solid waste landfills, construction of golf
courses, parks, and athletic fields, and for reclamation of brownfields. In these projects,
biosolids are utilized as a soil substitute or at relatively high application rates (usually

greater than 25 percent of soil volume) as a soil amendment. Also, the biosolids are
utilized as & fertilizer amendment to farmland.

Information on the geotechnical characteristics of biosolids is essential to adequately
evaluate the suitability of biosolids for various applications, especially in civil
engineering projects. For example, if biosolids are to be used as a fill material, properties
such moisture-density relationships and shear strength need to be determined. If
biosolids are considered as subbase or base course underneath pavements, geotechnical
properties such as Illinois bearing ratio (IBR) and immediate bearing value (IBV) will be
reievant. Index geotechnical properties such as grain size distribution and Atterberg
Limits are needed to compare biosolids to natural soils.

5 Segiteneber 2002
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2 OBJECTIVE AND SCOPE

The overall objective of the study is to determine relevant geotechnical properties of
biosolids that can be used to determine the behavior or biosolids and to develop
management guidelines when biosolids are used as a soil substitute, on slopes and
embankments (example: roadsides, final covers on landfills), as subbase or backfill, or on
recreational areas (example: parks and golf courses).

The scope of this study included characterization of six District biosolids samples by
performing the following standard geotechnical tests:

» Moisture content

»  Specific gravity (or particle density)

= Particle size analysis (based on combined sieve and hydrometer analyses)

»  Atterberg limits

= Moisture-density relationship based on Standard and Modified Proctor tests

Primary and secondary consolidation characteristics based on consolidation test
* Unconfined compression

»  Traxial unconsolidated undrained shear
»  Triaxial consolidated undrained shear

» Illinois bearing ratio (IBR)

» Immediate bearing value (IBV)

6 September 2002
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3 EXPERIMENTAL METHODS

3.1 Biosolids Used In the Study

The biosolids samples used in this study were obtained from the Stickney and Calumet
WRPs and were generated through the District’s low solids (LS) and high solids (HS)
processing trains, and were aged (greater than 18 months) or under-aged (Table 3-1).

Table 3-1 Description of Biosolids Used in the Study

Sample ID Source' Process
SALS Stickney WRP Low Solids, Aged
SAHS Stickney WRP High Solids, Aged
SULS Stickney WRP Low Solids, Under-aged
SUHS Stickney WRP High Solids, Under-aged
CAHS Calumet WRP High Solids, Aged
CALS Calumet WRP Low Solids, Aged

WRP = Water Reclamation Plant.

3.2 Overview of Tests

The following tests were performed on six biosolids samples to determine their
engineering parameters and to make recommendations concerning their use in civil
engineering applications. Tests were performed according to the American Society for

Testing and Materials (ASTM) and the Illinois Department of Transportation (IDOT)
procedures.

3.2.1 Moisture Content

The moisture content of the biosolids was determined using ASTM D 2216, “Standard
Test Method for Laboratory Determination of Water (Moisture) Content of Soil and Rock
By Mass”. The moisture content (or water content) is the ratio of the mass of water to the
dry mass of biosolids in that volume. Moisture content, usually expressed as a
percentage, can range from 0 to several hundred percent. Most soils will have natural

moisture content well below 100%. Marine and organic soils can have moisture contents
up to 500%.

3.2.2 Specific Gravity (Particle Density)

The specific gravity (particle density) of biosolids was measured using ASTM D 854,
“Standard Test Method for Specific Gravity of Soil Solids by Water Pycnometer™.
Specific gravity is the ratio of the density of solid particles to the density of water. For
most inorganic soils, the specific gravity ranges from 2.6 to 2.7. Organic soils possess
lower specific gravity values as compared to inorganic soils.

7 September 2002
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3.2.3 Particle Size Analysis
The particle size distribution of biosolids samples was determined using ASTM D 422,
“Standard Test Method for Particle-Size Analysis of Soils”. Both sieve analysis and

hydrometer analysis were performed to determine the distribution of coarser and finer
fractions of the biosolids samples.

3.2.4 Atterberg Limits

Atterberg Limits of biosolids were determined using ASTM D 4318, “Standard Test
Method for Liquid Limit, Plastic Limit and Plasticity Index of Soils”. These limits define
the consistency of biosolids. Liquid limits (LL) defines the threshold water content at
which biosolids will change from plastic state to fluid state, while the plastic limit (PL)
defines the threshold water content at which biosolids change from semi-plastic state to
plastic state. Plasticity index (PI) is the difference between the liquid limit and the plastic
limit (PI=LL-PL). These limits are useful for classification for engineering purposes and
can be used for correlation with other engineering properties.

3.2.5 Moisture-Density Relationship (Compaction) Tests

Moisture-density relationship of biosolids was determined using both the Standard
Proctor testing and the Modified Proctor testing procedures in accordance with: (a)
ASTM D 698, “Standard Test Method for Laboratory Compaction Characteristics of Soil
Using Standard Effort”, and (b) ASTM D 1557, “Standard Test Method for Laboratory
Compaction Characteristics of Soil Using Modified Effort”. Compaction refers to the
densification of materials by the application of mechanical energy. Compaction tests
provide the optimum moisture content (OMC) at which maximum dry unit weight
(density) will occur. The OMC and the maximum dry unit weight are used in
establishing compaction criteria when the material is used in fill applications.

3.2.6 Consolidation Tests
Consolidation characteristics of biosolids were determined using ASTM D 2435,
“Standard Test Method for One-Dimensional Consolidation Properties of Soils”.
Consolidation properties are required to calculate the primary consolidation (S;) and
secondary compression (S;) components of the total settlement under applied load as
given by:

St = Si + Sc + Ss
Where S; = the immediate or distortion settlement, S; = the primary consolidation
settlement, and S, = the secondary compression. The immediate or distortion settlement
is generally estimated using the elastic theory. The consolidation settlement is a
phenomenon that is associated with saturated fine-grained materials which have a low
coefficient of permeability. Rate of settlement of these soils depend on the rate of
dissipation of porewater pressures created by the increased loading. Secondary
compression, which is time-dependent process, occurs under constant effective pressure,
with no changes in porewater pressures.

8 September 2002
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3.2.7 Shear Strength Tests

Shear strength of biosolids is the most important engineering property which determines
the bearing capacity, slope stability, pavement design of structures built on or of
biosolids. Shear strength can be defined as the ultimate or maximum shear siress the
biosolids can withstand. Shear strength depends on consolidation and drainage
conditions. The following tests were conducted to determine the shear strength of
biosolids: (2) ASTM D 2166, “Standard Test Method for Unconfined Compressive
Strength of Cohesive Soil”, (b) ASTM D 2850, “Standard Test Method for
Unconsolidated-Undrained Triaxial Compression Test on Cohesive Soils”, and (¢) ASTM

D 4767, “Standard Test Method for Consolidated Undrained Triaxial Compression for
Cohesive Soils™.

3.2.8 Hlinois Bearing Ratio (IBR) and Immediate Bearing Value (IBV)

Illinois Bearing Ratio (IBR) and Immediate Bearing Value (IBV) of bicsolids were
determined using IDOT’s “Method of Determining the IBR and the IBV of Soils, Treated
Soils and Aggregates” (Geotechnical Manual, IDOT 1999). IBR and IBV are useful to
evaluate the suitability of biosolids for pavement construction.

3.3 Quality Control

Standard testing procedures were used in this study. Selected tests were conducted in
replicates to determine the variability in the determined soil property. The tests were
conducted by technicians under the direct supervision of an experienced geotechnical
engineer. Laboratory test procedures were reviewed with the technicians before the start

of the testing program and periodically thereafter. Data were reviewed for consistency
and completeness.
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4 RESULTS AND ANALYSIS

Test results are grouped, summarized and presented in various subsections. Test reports
are included in appendices. Discussion and analysis of the test results is also presented.
In addition to the test results from this study, results from a similar, previous study by
Claude H. Hurley Company, Inc. (CHHI), Chicago, dated March,1994 on two hiosolids
samples are also summarized as applicable.

4.1 Index Properties

Table 4-1 summarizes the particle-size analysis, Atterberg Limits, Specific Gravity and
Classification for the six biosolids samples tested as part of this study. Based on these
results, the biosolids were classified according to the Unified Soil Classification System

(USCS) and the American State Highway and Transportation Officials (AASHTO)
system. The classification results are also shown in Table 4-1.

‘None of the samples contained gravel size particles. The amount of sand, silt size
particles and clay size particles ranged from 39% to 49%, 46% to 52%, and 2% tc 11%,
respectively.  Atterberg Limits tests conducted on air-dry biosolids indicated Liquid
Limit (LL) ranging between 71 to 119 and Plasticity Index (PI) ranging between 17 and
53. Atterberg limits tests conducted on oven-dried biosolids indicated the material to be
non-plastic. Specific Gravity of the biosolids varied from 1.81 to 2.17.

As can be seen from Table 4-1, the six biosolids samples are classified as fine-grained
soil equivalent with the group symbol of “OH” according to the Unified Soil
Classification System (USCS). The group name is “Sandy organic silt”. Figure 4-1
shows a plot of the Atterberg Limits of all six samples on the Plasticity Chart. Figure 4-2
shows a combined grain-size distribution plots for the six samples and their replicates.
The biosolids samples were also classified according to the American State Highway and
Transportation Officials (AASHTO) system. This classification system indicates a soil’s
acceptability as a highway and road subgrade and base course. The six samples used in
the study are classified as “A-7-6". CHHI(1994) results indicated a USCS classification
of “Organic Silt” and a grain-size distribution with 2% clay, 84 to 86% silt and 12 t0 14%
sand. Liquid Limit, Plastic Limit and moisture content ranged between 85 to 88, 64 to 65
and 34 to 36%, respectively. Atterberg limits tests conducted by CHHI on oven-dry
materials indicated that the bio-solids were non-plastic, a characteristic typical for
organic soils. Specific gravity was between 1.93 and 2.01. The soils possessed a loss on
ignition (LOI) of 32 to 34%.
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- TABLE 4-1 Index and Classification Properties of Biosolids Samples

=] - = o g
B |3 2 £ z : |z | | £ | ¢
£ z ® g g S ] £ g g
& & ° = A £ 3] 3
1 45 .
SALS 47 8 108 74 34 OH 1.94
2 39 30 i1 96 71 25 OH 2.02
1 .
SAHS 49 48 4 119 66 53 OH 2.11
2 49 48 3 71 54 17 OH 2.17
1 44 0 .
SULS 49 8 93 66 | 27 H | 215
2 42 49 10 105 82 23 OH 1.88
1 48 46 4 [.
SUHS 6 108 60 8 | OH 9
2 48 46 5 87 59 28 OH 1.83
1 43 1.
CAHS 52 5 103 65 38 OH 81
2 42 438 10 103 85 18 OH 1.82
1 49 4 70 21 9) 1.94
CALS 5 5 91 H
2 49 49 2 105 83 22 OH 1.93

4.2 Moisture-Density Relationships

Table 4-2 summarizes the results of Standard and Modified Proctor tests performed on
the six (6) biosolids samples. Detailed test reports are provided in Appendix B. The
Standard and Modified Proctor tests result in compaction curves are essentially variations
of dry density with moisture content. The optimum moisture content (OMC) is defined
as the moisture content at which the dry density is a maximum.

The maximum dry density (ysy) for standard effort (Standard Proctor Test) ranged
between S0 to 68 pcf and the optimum moisture content (OMC) ranged between 37 to
64%. For the modified effort (Modified Proctor Test), yary ranged between 52 and 72 pef
and the OMC between 31 to 64%. The initial moisture content of the six biosolids
samples as they were received by the lab ranged between 46 and 75% with an average of
56%.

Most maximum dry densities varied only by 2 to 4 pcf for the range of moisture contents
used in testing. Inorganic clayey soils, in general, have a well-defined density-moisture
curve. In the present study, due to the organic matter in the biosolids, the curves are
almost “flat”, a characteristic of organic soils, indicating that changes in moisture content
of the biosolids does not significantly affect their compactibility. In addition, natural
soils have a compacted dry density of more than twice that of the biosolids samples.
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TABLE 4-2 Results of Moisture-Density Relationship (Proctor) Tests
Standard Proctor Modified Proctor ;‘i
g2 | ¢ .
=2 g £ 5 £ < b
‘é‘ £ £ 2 o £ £ S £
3 S-S s < 2 o 2 7 = =
& & e 2 E % e 2 £EEL s <
=) s & e - B & P
» g v ¥ © 3 =
5 5 s = £
1 59
SALS 49 58 48 46
2 54 62 64 40
1 67 4
SAHS 38 72 3 47
. 2 68 37 72 31
1 58 4
SULS 8 63 33 65
2 50 70 56 54
1 61 42
SUHS 68 30 75
2 60 49 68 34
1 51
CAHS 64 34 30 30
2 50 64 52 64
i 55 53 59 45
CALS 55
2 36 51 61 45

The high OMC is reflective of the organic matter present in the biosolids samples and 1s 2
to 3 times that of natural clayey soils. For most of the samples, the initial moisture
content was higher than the OMC.

Standard and Modified Proctor tests were conducted in replicates. The resulis indicate
that in general, the maximum dry density values between the replicates were close. The
OMCs were close between replicates in most cases. However, for a few tests, the
variation in OMC between replicates is significant. This can be attributed to the very
“flat” nature of the compaction curve, making determination of OMC more subjective.

The OMC is the moisture content at which at which maximum dry density occurs under a
specified compaction effort such as standard or modified. Modified compaction tests
imparts approximately three times more energy compared to a standard compactive
effort. In general, for natural soils, the OMC of Standard Proctor test is higher than that
of the Modified Proctor test; the maximum dry density of Standard Proctor is iower than
that of the Modified Proctor test. The test results for biosolids indicate similar pattern,
however, the effect of moisture content on dry density is not as pronounced as that for
natural soils.  Higher compactive effort such as that in Modified Proctor test produces
higher dry density, however, the increase is not significant. This implies that higher level
of compactive effort need not pay itself in terms of achieving higher dry density.

12 Septenber 2002
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The HS sample from the Stickney WRP exhibited higher maximum dry density and
lower OMC compared to low solids (LS) samples. In general, aged samples resulted in
slightly higher maximum dry densities compared under-aged samples. The effect of aging
on the OMC, however, is less distinct.

For Calumet WRP samples, the maximum dry densities are lower and OMCs are higher
than the Stickney WRP samples. Calumet aged high solids (CAHS) exhibited lower
densities compared to Calumet Aged Low Solids (CALS) samples, which is contrary to
the observations made for Stickney samples.

The CHHI(1994) study indicated maximum dry unit weights of 66 and 70 pcf and OMCs
of 36.7% and 43% from Modified Proctor tests. These results fall within the range of
results obtained in the present study.

4.3 Consolidation Test Results

Table 4-3 summarizes the results of consolidation tests performed on the six (6) biosolids
samples. Test reports are included in Appendix C. The results from consolidation tests
are plotted to yield effective normal stress versus void ratio plots. The compression
index (Cc) is the slope of the straight line portion of the loading curve, while the
recompression index (Cr) is the slope of the unloading curve.

TABLE 4-3 Results of Consolidation Tests.

Compression Index, | Recompression Index,
Sample ID Ce Cr
SALS 0.26 0.05
SAHS 0.37 0.03
SULS 0.44 0.10
SUHS 0.28 0.06
CAHS .0.48 0.08
CALS 0.50 0.08

The compression index (Cc) ranged from 0.26 to 0.50 with an average value of 0.39 and
the recompression index (Cr) ranged from 0.03 to 0.10 with an average value of 0.07.
For the biosolids tested, the secondary compression index (C,) is calculated based on the
slope of time-settlement curve beyond the primary consolidation. For all samples, Cq is
found to be approximately 0.02. These values are in general agreement with those
reported in the literature for organic silts and clays. C. and C, are essential to calculating
consolidation settlement under any applied loading.
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The CHHI(1994) study reports the compression index, C. to range between 0.17 and

0.58, indicating wide range of compressibility of biosolids as observed in the present
study.

4.4 Shear Strength

Table 4-4 summarizes the results of triaxial unconsolidated undrained (UU), triaxial
consolidated undrained (CU) tests and unconfined compressive strength tests. Test
reports are included in Appendix D. For each biosolids sample, a set of three UU triaxial
tests were conducted at various confining pressures. Each test resulted in a stress versus
strain plot. The maximum stress in each test defined the failure stress. The failure stress
together with the confining pressure were plotted on an X-Y plot, as a “Mohr’s Circle”.
Three such circles were drawn from the results of the three tests. A tangent line drawn to
these circles defined the “failure envelope”. The slope of this envelope is the Angle of
Internal Friction, “¢”, and the intercept with Y axis is the “Cohesion”. The same
procedure was followed for the CU Triaxial Tests. However, for CU Triaxial tests, pore

water pressures within the specimen were also measured and later used to determine the
effective stresses and corresponding ¢ and cohesion.

Triaxial UU tests indicated parameters of cohesion between 0 and 20 kPa (0 and 420 psf)
and friction angle between 25 to 40 degrees. Specimens were tested as compacted.

Based on the triaxial CU test results, total and effective shear strength parameters were
determined. The total shear strength parameters ranged from 0 to 40 kPa (0 to 840 psf)
for cohesion and 21.1 to 29.7 degrees for friction angle. The effective shear strength
parameters ranged between 0 and 50 kPa (0 and 1050 psf) for cohesion and 32 and 42
degrees for friction angle.

Unconfined compression tests indicated strengths ranging from 32 to 46 kPa (670 to 960
psf) with the exception of 126 kPa (2630 psf) for sample ‘SAHS’. Strain at failure
ranged between 4.0 and 5.2%.

The CHHI(1994) study reported UU triaxial test results ranging between 25 and 39
degrees friction angle and 30 and 78 kPa cohesion. These cohesion values seem to be
much higher than those observed in the present study. Friction angle values are,
however, fall within the range.

CU triaxial test results reported by CHHI(1994) ranged between 25 to 70 kPa for total
cohesion and 0 kPa effective cohesion. Total Friction angle ranged between 23 to 33
degrees and effective friction angle ranged between 32 and 41 degrees.
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TABLE 4-4 Results of Shear Strength Tests
CU Triaxial Test Unconfined Compressive
UU Triaxial Test Strength
a Total Strength Effective Tests
; Strength
g g :
s g g A & Ry ¥ | ¢ 3 g o
~ >~ E =~ 3 H E‘ = s &
@) - L - @) - = S ¥ £
= &
SALS 20 23.2 10 37.6 15 322 46 5.2
SAHS 0 29.7 0 40.6 0 322 126 5.0
SULS 15 26.6 0 42 10 31.0 36 47
SUHS 40 29.7 50 333 20 39.6 42 4.0
CAHS 10 25.2 10 322 0 376 23 5.1
CALS 40 21.1 30 32.2 20 24.6 36 49

4.5 Bearing Strength
Table 4-5 summarizes the results of the Illinois Bearing Ratio (IBR) and the Immediate

Bearing Value (IBV) tests conducted on the biosolids samples. Test reports are included
in Appendix E.

TABLE 4-5 Results of Bearing Strength Tests
Sample ID IBR IBV | Swell (%)
SALS 2.5 43 1.55
SAHS 48 6.8 0.93
SULS 2.0 3.6 3.37
CAHS 16 22 1.73
CALS 1.8 6.0 245

The IBR for the biosolids ranged between 1.6 to 4.8 with an average of 2.4, and the IBV
value ranged between 2.2 and 9.4 with an average value of 5.4. IBV test is performed on
unsoaked specimens, while the IBR test is performed on soaked specimens. Swell is
defined as a ratio of change in length to original length and expressed as a percentage.
Swell measured for all the specimens after soaking ranged between 0.93 to 3.37%.
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5 PRELIMINARY ASSESSMENT OF BENEFICIAL USE IN CIVIL AND
ENVIRONMENTAL ENGINEERING APPLICATIONS

5.1 Assessment of Geotechnical Properties

Geotechnical engineering properties of biosolids that are of particular interest when
biosolids are considered as substitute material for natural soils are particle size
distribution, moisture-density relationship, consolidation characteristics, shear strength,

bearing strength, and permeability. Based on the results of this study, the biosolids
exhibit the following characteristics:

* As seen Table 4.1, biosolids are predominantly a silt-size material. As such, its
particle size distribution falls essentially within the normally recognized limits for
frost-susceptible soils. The fine particle sizing of biosolids, together with the relative
uniformity of the gradation in the coarse silt range, makes it imperative that the
biosolids be handled with sufficient water to prevent dusting. Since fine-grained soils
can be fairly easily eroded, enough moisture must also be present to support

compaction equipment and to permit the material to be well densified, in order to
prevent or minimize erodibility.

= As seen from Table 4.2, the maximum dry density of biosolids ranges from 50 to 68
pef which is one-half of the density of natural soils. Thus, biosolids may be used as
lightweight fill material in earthfill projects. The compaction test results (Table 4-2)
also showed that the compaction does not depend significantly on the moisture
content, thus moisture adjustments may not be needed.

»  Ag seen in Table 4.3, the consolidation characteristics of biosolids are similar to that

of normally consolidated clays. Designs should consider total and differential
settlements, depending on the application.

= As shown in Table 4.4, shear strength tests conducted on biosolids samples show that
biosolids derive shear strength from internal friction and cohesion. The shear strength
of biosolids depends on the solids content, aging as well as source. Biosolids possess
a friction angle ranging from 21 to 39 degrees and a cohesion ranging from 0 to 40
kPa. These shear strength parameters are comparable to some natural soils.

»= Bearing values indicate the suitability of using the materials for pavement
applications. As shown in Table 4.5, IBR values for biosolids found to range from 1.6
to 4.8 percent in the soaked condition and IBV values ranged from 2.2 to 9.4 percent
in the unsoaked condition. For naturally occurring soils, IBR values normally range

from 3 to 15% for fine-grained materials (silts and clays) and from 10 tc 40% for
sand and sandy soils.
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8.2 Assessment of Potential Uses

A

preliminary assessment of beneficial use of biosolids in various civil and

environmental applications was made. These applications included:

Embankment fill

Base, subbase and subgrade under pavements,
Structural backfill

Landfill intermediate or final cover material
Landfill liner material
Reactive media in permeable reactive barriers

These applications are briefly described below.

5.2.1 Embankment Fill

Biosolids possess relatively low unit weight that makes them as suitable lightweight fill
. material to construct embankments over soft or low bearing strength soils. The design of

biosolids embankment is essentially the same as the design of an earthern embankment.

However, there are certain special design considerations that should be considered when
biosolids are used in embankment applications:

Embankment slopes should be stable. The basic principle of slope stability analysis is to
compare the factors contributing to instability with those resisting failure. The principal
resistance to failure is the shear strength of the embankment material.

The ability of the top portion of a biosolids embankment to support a pavement
structure depends on the bearing values. Based on the IBR/IBV results, biosolids are
not suitable to support pavement with traffic loading. Therefore, the biosolids
embankments can not be used to adequately support pavements unless it is blended
with other materials that can enhance the bearing capacity.

The design of embankment slopes should consider the potential for erodibility of
biosolids by runoff, or even high winds. Erosion control on side slopes is usually
provided by placing from 6 inches to 2 feet of soil cover on the slopes. An alternative
approach is to build outside dikes of soil to contain the biosolids as the embankment
is being constructed.

Because of its predominance of silt-size particles, biosolids may tend to wick water
into itself and become saturated, resulting in a loss of shear strength. An effective
way to prevent capillary rise or the effects of seepage in biosolids emabankments is
the placement of a drainage layer of well-drained granular material at the base of the
embankment.
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w  The surface portion of biosolids embankment is subjected to frost heaving. Objections
to the use of compacted biosolids within the frost depth can be overcome by
substituting a soil that is not susceptible to frost within the frost zone.

Biosolids may be potentially corrosive to metal pipes placed within an embankment.
Each source of biosolids should be individually evaluated for its corrosivity potential,
If protection of metal pipes is deemed necessary, the exterior of the pipes may be
coated with tar or asphalt cement, the pipes may be wrapped with polyethylene
sheeting, or the pipes can be backfilled with sand or an inert material.

Methods to construct biosolids embankments will be the same as that used to construct
earthen embankments. Standard construction equipment can be used to construct
biosolids embankment. The equipment includes a bulldozer for spreading the material, a
compactor, a water truck to provide water for compaction (if needed) and to control
dusting, and a motor grader, where final grade control is critical. To achieve the desired

degree of compaction in the field, the biosolids should have moisture content close to
optimum moisture content.

5.2.2 Base, Subbase and Subgrade Under Pavements

Figure 5-1 shows approximate correlation of soil ratings based on CBR values for use in
design of light-traffic pavements. IBR values (same as CBR) for biosolids tested in this
study ranged from 1.6 to 4.8. Clearly, the biosolids are rated as ‘unacceptable’ as base or
subbase materials. They are rated as ‘poor” as a subgrade material. It is possible that
biosolids could be used as subgrade materials under very light traffic pavements.
However, if the bearing strength could be improved by amending biosolids with soils,
lime or flyash, they may be suitable as subgrade for light-traffic pavements.

5.2.3 Structural Backfill

Although the biosolids seem to have requisite shear strength, other issues such as
settlement, frost and swell potential may restrict their use. Due to their lightweight, they
could be considered as backfill for retaining structures. However, their drainage
characteristics and aesthetics should be considered in such applications.

5.2.4 Intermediate or Final Cover Over Landfills

Landfill final cover slopes typically range from 5% (for drainage purposes) to 33%
(3H:1V).  Geotechnical properties that are necessary to evaluate the suitability of
materials to use in final covers include shear strength parameters (¢ and ¢) and hydraulic
conductivity (k). Typically, a Factor of Safety (F.S.) of 1.5 is required against slope
failure for the final cover slopes. The biosolids tested in this study have an effective
friction angle ranging from 32 to 40 degrees when compacted to 95% of Modified
Proctor density and optimum moisture content (OMC). Infinite slope analysis indicated
that the final cover slopes would have sufficient factors of safety. Biosolids should be
compacted to at least 95% of Modified Proctor Density at not more than 5% wet of
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optimum moisture content. In landfill final cover type applications, the overburden
pressure from protective cover soils on biosolids is not significant (typically less than 350
psf when natural soils are used). Preliminary calculations based on typical biosolids’
compression indices and typical overburden pressures resulting from protective covers,
the initial thickness should be 10 percent more than the desired final thickness. It
appears that conventional compactors such as sheeps-foot roller and pneumatic tired
roller would be suitable to achieve required densities and proper lift bonding between
various lifts. Although, a potential application for biosolids, the use of biosolids in such
applications should be thoroughly investigated with field scale pilot studies as several

environmental and compactibility issues could not be assessed are addressed from
laboratory studies.

Other potential applications include low height screening berms, temporary berms
constructed to less than 1V:3H outslopes. These applications could be attractive
particularly when embankments need to be built on soft soils. Due to their lightweight
(only half of other natural soils), biosolids will lessen the severity of foundation and
settlement issues inherent to such soils. Slope stability analyses should be performed to
determine the available factors of safety for a particular application. Again, as mentioned
above, field scale pilot tests should be under taken with monitoring slope movement and
settlements to assess the suitability of biosolids in such application.

5.2.5 Landfill Liner Material

Conventionally landfill liners are designed to minimize the infiltration of leachates into
the subsurface below the landfill, thus eliminating the potential for groundwater
contamination. Clay liners, gecomembranes and geosynthetic clay liners are commonly
used for this purpose. Modified clay liners which consist of clays mixed with selected
additives provide both hydraulic and chemical containment. Biosolids, because of their
high organic content, may be used as an additive to modify the clays to provide chemical
containment. Geosynthetics, such as geosynthetic clay liner composition could be also
altered with the incorporation of biosolids to provide effective chemical containment.

5.2.6 Reactive Media in Permeable Reactive Barriers

Permeable reactive barriers (PRBs) are used for the treatment of groundwater under in-
situ conditions. PRBs essentially involve placing reactive media in the path of a
migrating contaminant plume, either in a trench or buried as a broad continuous wall.
The reactive media reacts with the contaminants and converts them into nontoxic form
such as by redox reactions or immobilization the contaminants by sorption processes.
Due to high organic content, biosolids may function as an effective sorptive media for
different types of contaminants in PRBs.
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6 CONCLUSIONS AND RECOMMENDATIONS

Six biosolids samples were tested as part of this study. These samples were provided by
the Metropolitan Water Reclamation District from its plants in the Chicago meiropolitan
area. The biosolids samples are termed as ‘Aged Low Solids’ or ‘Aged High Solids’
depending on the process through which they were generated. Based on the present
study, the following conclusions are drawn.

6.1 Conclusions

1. The biosolids samples are classified as fine-grained soils with a group symbol of
*OH’ as per USCS classification system. The group name for these soils is “organic
soil with sand’. The soils contained approximately 50% sand, 45% silt size and 5%
clay size particles. All biosolids samples have high moisture content, Liquid Limit
and Plasticity Indices that are comparable to common inorganic soils. Specific

Gravity of the biosolids is approximately 2.0, which is substantially less than that
natural soils (approximately 2.7).

2. The moisture-density relationship tests indicated that the compaction curve is “flat”
and that maximum dry density varied only slightly with moisture content changes.
The maximum dry density is half and the optimum moisture content is 2 to 3 times
that of other natural inorganic soils. Therefore, biosolids may be used as a
lightweight fill material.

(¥8 )

Biosolids when compacted would possess reasonably good shear strength

characteristics thus making them useful materials for several applications.
embankments.

4. The biosolids can undergo medium to high consolidation under overburden pressure.

This possibility precludes from being used underneath foundations where significant
siresses occur,

5. The biosolids have relatively poor soil rating based on IBR (CBR) and high swell
potential. They are unacceptable as base or subbase material and rated as poor for
subgrade material for light-traffic pavements. They may be suitable as subgrade
materials for very light traffic pathways such golf cart pathways.

6. The biosolids should be restricted from structural backfills due to settlement and
swell potential. Potential backfill applications include behind retaining walls if
hydraulic conductivity properties do not pose a limitation.
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6.2 Recommendations

The following recommendations are offered regarding the use and further evaluation of
biosolids in geotechnical applications:

1. All design issues such as strength, compressibility, factors of safety against failure,
long-term maintenance and environmental effects should be properly considered.

2. Field scale pilot studies should be conducted to evaluate the performance of biosolids
before full-scale use.

3. Additional studies involving stabilizing biosolids with soils, lime or fly-ash to

improve their bearing strength and compactibility characteristics and reduce their
potential for swell.
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Project |Geotechnical Characterization of Biosolids

Glient  |Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, Il 60611

File No. 2355  |Sampie #| Re#6-CALS-1000-HYD-1 | Date Tested|  3/1/2002 | Tested by, MC

Qe by SB

Sample Location] CWRP-East

Sample Deseription| Black Aged Low Solids

(-3 L3
2z 2 3 r 2.z b s s e g.
3 23388 ¢ ¢ § £ ¢
100 o
90
g 80
2 7 A
T 60 P
S 4
Ez; 50 u
B s
) \
10 \._1
0 4 ;
100 10 1 0.1 0.0 2.001
PARTICLE SIZE IN MILLIMETERS
Fines
% + 3" % Gravel % Sand % Silt Size % Clay Size
0.0 0 ’ 49 45 &
For coarse.gra‘“ed DGO(mm) D30(mm) D1 O(mm) Cu ) Cc
solis with <12% Fines
Sieve Size Percent Passing Liquid Limit, L Plastic Limit, Pi.| Plasticity index, Pl
a.0" 100.0 ”
1'5" 100.0 91 70 £1
1.0" 100.0
34" 100.0 Lo
TR 100.0 Soil Classification:|OH
38" 100.0 . s .
No 4 150.0 Soil Description: |Sandy organic soil
No. 10 100.0 .
No 40 553 System;{USCS
No. 100 51.3
Neo. 200 50.6

Remarks: L




N Great Lakes Soil & Environmontal Consultants, inc.
] 'ﬂy‘“ ! 333 Shore Drive, Burr Ridge, IL 80521 -Ph: (830) 3210944 -Fax: (630) 321-0845

GRAIN SIZE ANALYSIS
(ASTM D422)

Project |Gectechnical Characterization of Biosolids

Client |Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355 [Sample #‘ Rama-(:ALs-moo-'Hvo-zl Date Tested 3/4/2002 Tested by] MC
Qc by sB
Sample Location] CWRP-East
Sample Description| Black Aged Low Solids
< ¢ g € 8
100 - -
90 ™ ‘
z © It
%r 70 N
a 60
S 40
o
- 1
ol \
0 ’ \M\—“- o
100 10 1 0.1 0.04 0.001
PARTICLE SIZE IN MILLIMETERS
Fines
% + 3" % Gravel % Sand % Silt Size % Clay Size
0.0 0 49 49 2
For coarse-grained |D60(mm) D30(mm) D10(mm) Cu Ce
soils with <12% Fines
Sieve Size Percent Passing Liguid Limit, L, Plastic Limit, PL| Plasticity index, Pi
3.0 100.0
15" 100.0 108 83 2
1.0° 100.0
3/4" 100.0 . . ]
T 1000 Soil Classification: |OH
348" 100.0 , , s
No.4 100.0 Soil Description:{Sandy organic soi!
No. 10 100.0 .
NG 40 8.0 System:{USCS
No. 100 52.3
No. 200 51.0

Remarks:




N

(§

Great L.akes Soil & Environmental Consultants Inc. Atterbarg Limits

333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

(ASTM D4318}

Project

Geotechhical Characterization of Biosolids

Client

Metropolitan Water Reclamation District, 100 East Erle Street, Chicago, IL 60611

File No.

2355 Sample #

RFP10-Reft1 SALS-1001-ABL

Date Tested

3/2712002 Tested By AK

Qc By 38

Sample Location

SWRP LAGOON-23 RASMA May/June Lift

Sample Description

Black Aged Low Solids

200
190
180
179
160
150 -
140
130

Water content, w%

110
100

LIQUID LIMIT DETERMINATION

20

80

80

TO

50

50

10

25

No. of blows, N

100

Resuits

Liquid Limit, LL 108

Plastic Limit, PL

74

Plasticity Index, P! 34

Remarks




) . Atterberg Limits
Great Lakes Soll & Environmental Consultants Inc. 9
333 Shore Drive, Burr Ridge, I 80521  Ph: (530) 321-0944 Fax: (630) 321-0945

{ASTM D4318)

Project] Geotechnical Characterization of Biosolids

Client] - Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, iL 60611

File No. 2355 Sample #| REF#1 RFP10-5ALS-1001

Date Tested

8/8/2002 Tested By NP

Qc By 88

Sample Location

Sample Description|Black aged low solids

200

LIQUID LIMIT DETERMINATION

190

180

170

160

150

140

130

120

110

100

Water content, w%

90

80

70

60

50

10

25

No. of blows, N

1060

Results

Liquid Limit, LL 96

Plastic Limit, PL,

71

Plasticity index, Pt 25

Remarks




Great Lakes Soil & Environmental Consultants Inc.
f 333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

Atterberg Limits

(ASTM D4318)

Project| Geotechnical Characterization of Biosolids

Client! Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, iL 60611

File No. 2355 Sample #|RFric-rew2 sans-1001-48L  Date Tested 3/27/2002 Tested By AK

Qc By SB

Sampile lLocation]|SWRF Lagoon-24 HASMA

Sample Description|Black Aged High Solids

LIQUID LIMIT DETERMINATION

200

190

180

170

160

150

140

130

120

110 : e ———

100

90

Water content, w%
r

80

70

60

50 +

10 25

No. of blows, N

100

Results

Liquid Limit, LL 119 Plastic Limit, PL 66

Plasticity Index, P, 53
1

Remarks




Great Lakes Soil & Environmental Consultants Inc.
333 Shore Drive, Burr Ridge, 1L 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

Atterberg Limits

(ASTM:D4318)

Project] Geotechnical Characterization of Biosolids

Client; Metropoiitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No.

2355 Sample #|ReFsz RFP10-5aHS-1001]  Date Tested 8/8/2002 Tested By NP

Qc By SB

Sample Location

Sample DescriptionBlack Aged High Solids

200

LIQUID LIMIT DETERMINATION

190

180

170

160

150

140

130

120

110

100

0

Water content, w%

80

70

60

50

10

25

No. of blows, N

100

Resuits

Liquid Limit, LU 71 Plastic Limit, PL| 54

Plasticity Index, Pl 17

Remarks




‘tf Great Lakes Soil & Environmental Consultants Inc.
‘ 333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

Atterberg Limits

(ASTH D4348)

Project| Geotechnical Characterization of Biosolids

Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Sample #|rrPiormnsustotsat| Date Tested |  3/27/2002 | Tested By

AK

Qc By

SB

Sample Location]SWRP Lagoon-18 Marathon

Sample DescriptionBlack Under-aged Low Solids

LIQUID LIMIT DETERMINATION

200

180

180

170

160

150

140

130

120

110

100

80

Water content, w%

80

70

60

50

10 25

No. of blows, N

100

Results

Liquid Limit, LL} 93 Plastic Limit, PL 66

Plasticity Index, P

27

Remarks




s ) Atterberg Limits
Great Lakes Soil & Environmental Consultants Inc. g
333 Shore Drive, Burr Ridge, IL 60621 Ph: (630) 321-0944 Fax: (630) 321-0945

(ASTM D4318)

Project| Geotechnical Characterization of Biosolids

Client{ Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Sample #| ReFs3 rFP10.5ULS-1001]  Date Tested 8/8/2002 Tested By NP

Qc By sB

Sample Location

Sample DescriptionjBlack Under-aged Low Solids

LIQUID LIMIT DETERMINATION

200
190
180
170
160
150
140
130
120
110 4 i
100
90
80
70
80
50

Water content, w%

10 % 100

No. of biows, N

Results

Liquid Limit, LL 105 Plastic Limit, PL 82 Plasticity Index, P! 23

Remarks




A!:;‘ Great Lakes Soil & Environmental Consultants Inc.
(4 333 Share Drive, Burr Ridge, IL 60521  Ph: (630) 321-0944  Fax: (630) 321-0845

Atterbery Limits

(ASTM D4318)

Project] Geotechnical Characterization of Biosolids

Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL. 60611

File No. 2355 Sample #|rFrioRremasuns-onias  Date Tested 3/16/2002 Tested By

SM

Qc By

SB

Sample Location|SWRFP 2001 Lift -Stoney island

Sample Desa-rifsﬁun Black Under-aged High Solids

LIQUID LIMIT DETERMINATION

200

190

180

170

160 -

150

140

130

120

110 =

100 ——

Water content, w%

90

80

70

60

50

10 25

No. of blows, N

100

f

1
Results E

Liquid Limit, LL| 108 Plastic Limit, PL| 60

Plasticity Index; Pl

48

Remarks




Great Lakes Soil & Environmental Consuitants Inc.
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0844 Fax: (630) 321-0945

Atterberg Limits

(ASTM D4318)

Project| Geotechnical Characterization of Biosolids

Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Sample #| ReFr4 RFP10-SUHS-1001}  Date Tested 8/8/2002 Tested By NP

Qc By sB

Sample L.ocation

Sample Description|Black Under-aged High Solids

LIQUID LIMIT DETERMINATION

200

190

180

170

160

150

140

130

120

110 . -+~

100

90 - ’

Water content, w%

80

70

60

10
No. of blows, N

100

Results

Liquid Limit, LL 87 Plastic Limit, PL| 59

Plasticity Index, Pl 28

Remarks




-

Great Lakes Soil & Environmental Consultants Inc.

333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

Afterberg Limits

(ASTM D4318)

Project

Geotachnical Characterization of Biosolids

Client

Me@rspolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No.

2355 Sample #|RFP10-ReMS CANS-1001-ABL

Date Tested

3/26/2002 Tested By

AK

Qc By

sB

Sample

Location| CWRP -West

Sample Description

Biack Aged High Solids

200
160
180
170
160
150
140
130
120
110
100
90
80
70
60
50

Water content, w%

LIQUID LIMIT DETERMINATION

10

25

No. of blows, N

100

Results

Liguid

Limit, LL| 103

1 Plastic Limit, PL

65

Plasticity Index, Pl

Remarks




Great Lakes Soil & Environmental Consultants Inc.
333 Shore Drive, Burr Ridge, IL 60527 Ph: (630) 321-0944  Fax: (630) 321-0845

Atterberg Limits

(ASTM D4318)

Project

Geotechnical Characterization of Biosolids

Client

Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 60611

File No.

2355 Sample #| ReFes RrPtocans-1001 | Date Tested 8/9/2002 Tested By NP

Qc By SM

Sample Location|CWRP-West

Sample Description|Black Aged High Solids

200

LIQUID LIMIT DETERMINATION

190

180

170

160

150

-140

130

120

110

100

Water content, w%

80

80

70

60

50

10

25

No. of blows, N

100

Resuits

Liquid Limit, LL 103 Plastic Limit, PL| 85

Plasticity index, Pl 18

Remarks




“tr-

Great Lakes Soil & Environmental Consultants inc.
332 Shore Orive, Burr Ridge, IL 60521 Ph: (630) 321-0944  Fax: (630) 321-0945

Atterberg Limits

(ASTM [4218)

Project

Geotechnical Characterization of Biosolids

Client

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No,

2385 Sample #{ RFP10-REFKE-CALS-1000-A8L

Date Tested

4/2/2002 Tested By

AK

Qc By

SB

Sample

Location|CWRP-East

Sample Description|Black Aged Low Solids

200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50

Water content, w%

LIQUID LIMIT DETERMINATION

' 5
10 2

No. of blows, N

100

Results

Liquid

Limit, LL 91 Plastic Limit, PL

70

T
Plasticity Index, Pl
{

21

Remarks




333 Share Drive, Burr Ridge, iL 60521

, . tterberg Limit
Great Lakes Soil & Environmental Consultants Inc. Atterberg Limits
Ph: (630) 321-0044 Fax: (630) 321-0945

(ASTM D4318)

Project| Geotechnical Characterization of Biosolids

Client!" Metropolitan Water Rectamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355

Sample #

REF#6 RFP10-CALS-1000

Date Tested

8/9/2002 Tested By NP

Qc By SB

Sample Location

Sample Description|Black Aged Low Solids

200

LIQUID LIMIT DETERMINATION

190

180

170

160

150

140

130

120

110

100

90.

Water content, w%

.80

70

60

50

10

25

No. of blows, N

100

Resuilts

Liquid Limit, LL

105

Plastic Limit, PL

83

Plasticity Index, P1 22

Remarks




A Great Lakes Soil & Environmental Consultants, Inc. SPECIFIC GRAVITY
‘tf 3317 Washington St.. Lansing, it 60438. Ph: (708) 474-8860 Fax: (708) 474-7790 ASTHM D 854
Project (eotechnical Characterization of Biosolids
Client ‘Metropolitan Water Reclamation District, 100 East Erie street, Chicago, i 60611
Flie No. 2358 Date 3/1/02 Report # 1 Tested by: AK QC by: SM
Sample Location SWRP Lagoon 23 RASMA May/June Lift
Sample Description Biack Aged Low Solids
Sample 1D REF# 1-RFP 10-SALS-1001
Replicate 1 Replicate 2
Test No. 1 2 3 4
Vol. Of Flask @ 20%: 2500 250.0 250.0 250.0
Method of air removal’ Vacuum Vacuum Vacuum Vacuum
Mass fl.+ water+soil=M,., 370.09 370.89 373.62 367.28
Temperature, °c 24.0 24.0 240 24.0
Mass fl.+water” = M,,, 357.32 359.35 361.0 354.6
Dish No.
Mass .djsh +dry soil
Mass of dish
Mass of dry soil = M, 25.00 25.00 25.00 25.00
M, = M+Mp, My, 12.23 13.46 12.38 12.32
a=pyp20°c 0.99681 0.99681 0.99681 0.99681
G, = ¢ M,/M,, 2,038 1.851 2.013 2.023
Average Specific Gravity = 1.94 2.02

Remarks:

M is the mass of the flask filled with water at same temp. +/- 1°C as for My, or value from

calibration curve at T of My,




Great Lakes Soil & Environmental Consultants, Inc. SPECIFIC GRAVITY
!%:" 3317 Washington St., Lansing, iL 60438. Ph: (708) 474-8860 Fax: {708) 474-T790 ASTM D 854
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 60611
File No. 2355 Date 2121102 Report # 1 Tested by: AK QC by: sM
Sample Location SWRP Lagoon 24- HASMA
Sample Description Black Aged High Solids
Sample ID REF# 2-RFP 10-SAHS-1001
Replicaie 1 Replicate 2
Test No. 1 2 3 4
Vol. Of Flask @ 20% 250.0 250.0 250.0 250.0
Method of air removal’ Vacuum Vacuum Vacuum Vacuum
Mass fl.+ water+soll=M,,, 370.43 372.70 374.96 370.48
Temperature, °c 22.0 220 220 22.0
Mass fl.+water’ = M, 357.47 359.31 361.3 357.12
Dish No.
Mass dish + dry soil
Mass of dish
Mass of dry soil= M, 25.00 25.00 25.00 25.00
My = My +My-Mows 12.04 11.61 11.34 11.64
a =pyp20°c 0.99780 0.99780 0.99780 0.99780
G, = a M,/N,, 2072 2.149 2.200 2,143
Average Specific Gravity = 211 2147

Remarks:

Mg, is the mass of the fiask filled with water at same temp. +/- 1% as for Mgy or value from

calibration curve at T of My,




P Great Lakes Soil & Environmental Consultants, Inc. SPECIFIC GRAVITY
(44 3317 Washingtan St., Lansing, IL 60438. Ph: (708) 474-8860 Fax: (708) 474-7780 ASTMD 854
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 60611
File No. 2355 Date 2i21/02 Report # 1 Tested by: AK Qé bﬁ SM
Sample Location SWRP Lagoon 16- Marathon
Sample Description Black Under-aged Low Solids
Sample ID REF# 3-RFP 10-SULS-1001
Replicate 1 Replicate 2
Test Na. 1 2 3 4
Vol. Of Flask @ 20°% 250.0 250.0 250.0 250.0
Method of air removal’ Vacuum Vacuum Vacuum vacuum
Mass fl.+ watar+soil=My. 369.47 37013 372.70 373.06
Temperature, % 22,0 220 220 22.0
Mass fl.+water” = My, 356.82 356.09 360.9 361.36
Dish No.
Mass dish + dry soll
Mass of dish
Mass of dry soil = M, 25.00 25.00 25.00 25.00
My, = M+ Muy,-Mows 12.35 10.96 13.20 1330
a=p/p20°c 0.98780 0.99780 0.99780 0.99780
G, = a MJM,, 2.020 2.276 1.890 1.876
Average Specific Gravity = 2.15 1.88
Remarks: |M, is the mass of the flask filled with water at same temp. +/- 1% as for My, or value from
calibration curve at T of My,




|

SPECIFIC GRAVITY

TP Great Lakes Soil & Environmental Consuitants, inc.
| [T 3317 Washington St., Lansing, IL 60438, Ph: (708) 474-8860 Fax: (708) 474-7760 ASTM D 854
Project Geotechnical Characterization of Biosolids
Client Metropotitan Water Reclamation District, 100 East Erie street, Chicago, IL 60611
File No. 2355 Date 2/28/02 Report # 1 Tested by: AK QC by; SM
Sample Location SWRP 2001Lift-Stoney island
Sample Description Black Under-aged High Solids
Sample ID REF# 4-RFP 10-SUHS-1001
Replicate 1 Replicate 2
Test No. 1 2 3 4
Vol. Of Flask @ 20% 250.0 250.0 250.0 250.0
Method of air removal' Vacuum Vacuum Vacuum Vacuum
Mass fl.+ water+soil=M,,, 369.26 373.19 366.20 372.84
Tomperature,’c 220 220 22.0 22,0
Mass fl.+water” = M,,,, 357.13 361.37 354.7 361.65
Dish No.
Mass dish + dry soll
Mass of dish
Mass of dry soil = M, 25.00 25.00 25.00 25.00
M, = M +Mp,, My, 12.87 13.18 13.50 13.81
a=p/p20°c | 0.99780 0.99780 0.99780 0.99780
G, =a M,/M,, 1.938 1.893 1.848 1.806
Average Specific Gravity = 1.92 1.83

Remarks:

My is the mass of the flask filled with water at same temp. +/- 1% as for My, o value from

calibration curve at T of My,




Great Lakes Soil & Environmental Consultants, Inc.

SPECIFIC GRAVITY

3317 Washinglon St., Lansing, IL 60438, Ph: (708) 474-8860 Fax: (708) 474-7790 ASTM D 854
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street, Chicago, il 60611
File No. 2365 Date 2/25/02 | Report# 1 Tested by: AK QC by: SM
Sample Lacatien CWRP- West
Sampie Description Biack Aged High Solids
Sample ID REF# 5-RFP 10-CAHS-1001
Replicate 1 Replicate 2.
Test No. 1 2 3 4
Vol. Of Flask @ 20" 250.0 250.0 250.0 250.0
Method of air removal’ Vacuum Vacuum Vacuum Vacuum
Mass fl.+ water+soil=M,,, 372.53 368.41 370.80 365.95
Tamperéture, ‘e 24,0 24.0 24.0 24.0
Mass fl.twater® = M,,, 361.36 357.18 359.3 354.8
Dish No.
Mass dish + dry soii
Mass of dish
Mass of dry soil = M, 25.00 25.00 25.00 25.00
My, = My # MMy 13.83 13.77 13.50 13.85
o =pyp20°c 0.99732 0.99732 0.99732 0.89732
G, = a M/M,, 1.803 1.811 1.847 1.800
Average Specific Gravity = 1.81 1.82
Remarks: |[M,. is the mass of the flask filled with water at same temp. +/- 1% as for My Of value from

calibratior: curve at T of My




SPECIFIC GRAVITY

?@" Great Lakes Soil & Environmental Consultants, Inc.
& 3317 Washington St., Lansing, !l. 60438. Ph: (708) 474-8860 Fax: (708) 474-7790 ASTM D 854
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 60611
File No. Date 2/28/02 Report # 1 Tested by: AK Qc by: SM
Sample Location CWRP- East
Sample Description Black Aged Low Solids
Sample ID REFi# 6-RFP 10-CALS-1000
Replicate 1 Replicate 2
Test No. 1 2 3 4
Vol. Of Flask @ 20°c 250.0 250.0 250.0 250.0
Method of air removal' Vacuum Vacuum Vacuum Vacuum
Mass fl.+ water+soll=M,,,, 369.75 366.46 373.35 371.79
Temperature, ’c 24.0 24.0 24.0 24.0
Mass fl.+water = My,, 357.26 354.66 361.4 350.56
Dish No.
Mass dish + dry soil
Mass of dish
Mass of dry soii = M, 25.060 25.00 25.00 25.00
M, = MMy -Mpus 12.51 13.20 13.05 12.77
o =py/p20°c 0.99732 0.99732 0.99732 0.99732
G, = a MM, 1.993 1.889 1.911 1.952
Average Specific Gravity = 1.94 1.93
Remarks: |M,, is the mass of the fiask filled with water at same temp. +/- 1% as for My, Or value from

calibration curve at T of My,




Appendix B

Moisture-Density Relationship Test Results

» Standard Proctor Test
» Modified Proctor Test



AE" Great Lakes Soil & Environmental Consultants Inc.
f 333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

MOISTURE - DENSITY
RELATIONSHIP CURVE

ASTM D693-81

Project; Geotechnical Characterization of Biosolids

Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Sample # Reft1-sALs-1001-8TD-1] Date Tested 2/18/2002 Tested By HS
Qc By 5M
Sample Location|SWRP Lagoon-23 RASMA May/June Lift
Sample Description;Black Aged Low Solids
. ‘ ) Moid Hamme ,
Type of ProctoriStandard Method: A Size. in. 4 Weight, Ib. 5.5 Drop, in.j 12
No. of Layers 3 No. of Blows per Layer| 25 '
90
80
XD
2
c
3
[=]
E 60 v o ey
s L.
50
40 ;
30 40 50 60 70 80 90
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pef 9.0 Moisture Content, % 43.0 Moisture Content, % 46.0

Remarks




Great Lakes Soil & Environmental Cansultants Inc.

333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: {630) 321-0945

MOISTURE ~ DENSITY
RELATIONSHIP CURVE

ASTM D698-01

Project| Geotechnical Characterization of Biosolids
Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Ret#1-8ALS-1001-.5T0-2{  Date Tested 2/23/2002 Tested By AK
Qc By SM
Sample Location|SWRP Lagoon-23 RASMA May/June Lift
Sample Description|{Black Aged Low Solids
. . Mold Hammer| .
Type of Proctor|Standard] Method: A Size. In. 4 Welaht. Ib. 5.5 Drop, in.| 12
No. of Layers 3 No. of Blows per Layer] 25
80
80
En
Z
B
8
o
2 60
[ =]
— R~
50 e
40
30 40 50 60 70 80 90
Molsture, %
Results
Maximum Optimum Naturaﬂ
Dry Density, pc 540 Moisture Content, % 62.0 Moisture Content, % 46.0

Remarks




MOIST! URE » DENSITY
Great Lakes Sail & Environmental Consultants Inc. RELATIONSHIP CURVE
f 333 Shore Drive. Burr Ridge, IL 60521 Ph: (630)321-0044 Fax: (630) 321-0945

ASTM D1557-91
Project| Geotechnical Characterization of Biosolids
Client| Metropalitan Water Reclamation District, 100 East Erie Strest, Chicago, IL 60611
File No. 23585 Sample #| Ret*1-5ALS-1001-M0D-1 | Date Tested 2/18/2002 Tested By HS
Qc By SM
Sample Location]SWRP Lagoon-23 RASMA May/June Lift
Sample Description|Black Aged Low Solids
- . Mold Hammer
Type of Proctor| Modified| Method:] A Size. in. 4 Weiaht. ib. 10 | Drop, in.j 18
No. of Layers 5 No. of Blows per Layer| 25
80
80
o
z
"
g e
” -
g €0 \#
50
40
0 20 30 40 50 80 70
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pef 64.0 Moisture Content, % 40.0 Moisture Content, % 46.0

Remarks




‘Ef Great Lakes Soil & Environmental Consuitants inc.
f 333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

MOISTURE - DENSITY
RELATIONSHIP CURVE

ASTM D1557-91

Project| Geotechnical Characterization of Biosolids

Client| Metropoiitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Sample #| Retr1-sALs-100+-M00-2;  Date Tested 2/23/2002

Tested By AK
Qc By SM
Sample Location|{SWRP Lagoon-23 RASMA May/June Lift
Sample Description|Black Aged Low Solids
. . Mold] Hamme .
Type of Proctor| Modified| Method:| A Size. in. 4 _ Weight Ib, 10 Drop, in.| 18
No. of Layers 5 No. of Blows per Layer| 25

90
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“g k{4
z
g
a
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a

N
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P e
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30 40 50 80 70 80 90
Moisture, %
Resuits
Maximum Optimum Natural
Dry Density, pef] 58.0 Moisture Content, % 48.0 Moisture Content, % 46.0

Remarks




MOISTURE ;_Dsusmr
‘?T Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
Jal 333 Shore Drive, Burr Ridge, IL 80521 Ph: (630) 321-0944  Fax: (630) 321-0945 ASTM D598-91
Project| Geotechnical Characterization of Biosolids
Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Ret#2.5AHS-1001-570-1] Date Tested 2/11/2002 Tested By AK
Qc By M
Sample Location{SWRP Lagoon-24 HASMA
Sample Description|Black Aged High Solids
B , Moid Hamme :
Type of ProctoriStandard Method: A Size. in. 4 Weight, Ib. 5.5 Drop,in.| 12
No. of Layeis 3 No. of Blows per Layer|] 25
90
80
E, 70
.é l——' —
g -
a
2 60
a
50
40
10 20 30 40 50 £0 70
Maisture, %
Results
Maximum Optimum _Naturalj 20
Dry Density, ch 68.0 Moisture Content, % 37.0 Moisture Content, % 42.

Remarks




MOISTURE - DENSITY
Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
333 Shore Drive, Burr Ridgs, IL 60521 Ph: (630) 321-0944  Fax: (630) 321-0945 ASTM D698-91
Project| Geotechnical Characterization of Biosolids
Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Refi2 SAHS-1001-STD-2} Date Tested 2/25/2002 Tested By AK
Qc By SM
Sample Location}SWRP-Lagoon 24 HASMA
Sample Description]Black Aged High Solids
' . Moid| Hamme .
Type of Proctor{Standard Method: A Size. in. 4 Weight, Ib.| 55 Drop, in.] 12
No. of Layers 3 No. of Blows per Layer, 25
o0
80
En -
2 80 '
[=]
50
40
16 20 30 40 50 60 70
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pc 67.0 . Moisture Content, % 38.0 Moisture Content, % 42.0

Remarks




MOISTURE - BENSITY
% Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
333 Share Drive, Burr Ridge, IL 60521  Ph: {630) 321-0944  Fax: (630) 321-0945 ASTM D1557-91
Project] Geotechnical Characterization of Biosolids
Client; Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Reft2-sans-1001-M0D-1|  Date Tested 2/11/2002 Tested By AK
Qc By SM
Sample Location|SWRP Lagoon-24 HASMA
Sample Description|Bilack Aged High Solids
. . Mold Hamme L
Type of Proctor| Modified] Method:j A Size, in. 4 Weight, Ib. 10 Drop, in.| 18
No. of Layers 5 No. of Blows per Layer| 25
90
80
En n =
] d SN
]
a
2 60
(=
‘50
0 ‘
10 20 20 40 50 0 70
Motsture, %
Resuits
Maximum Optimum Natural
Dry Density, ,;::c:f| 7_2'0 Moisture Content, "/g‘ 34.0 Moisture Content, % 420

Remarks




- MOISTURE - DENSITY
Great Lakes Soll & Environmental Consultants Inc. RELATIONSHIP CURVE
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D1557-91
Project]  Geotechnical Characterization of Biosolids
Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, I 60611
File No. 2355 Sample #| Retez sAHs-1001-MoD-2]  Date Tested 212512002 Tested By AK
Qc By SM
~ Sample Location|SWRP- Laggon 24 HASMA
Sample Description|Black Aged High Solids
' . Moid Hammer -
Type of Proctor| Modified} Method:| A Size. in. 4 Weight. Ib. 10 Drop, in.| 18
No. of Layers 5 No. of Blows per Layer; 25
0
80
En
z 7
2
(]
a
2 60
[=]
50
40 —
10 20 30 40 80 60 70
Moisture, %
Resulits
Maximum Optimum Naturaf
Dry Density, pcf{ 720 Moisture Content, % 310 Moisture Content, % 42.0

Remarks




MOISTURE - DENSITY
‘\I" Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
f 333 Share Drive, Burr Ridge, IL 60521  Ph: (630) 321-0944  Fax: (630) 321-0045 ASTM D693-91
Project] Geatechnical Characterization of Biosolids
Ciient] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Rea-suLS-1001-ST0-1{ Date Tested 2/21/2002 Tested By AK
Qc By SM
Sample Location{SWRF Lagoon-16 Marathon
Sample DescriptioniBlack Under-aged Low Solids
Mold Hammer| .
] .
Type of Proctor|Standard] Method: A Size. in. 4 Weight, Ib. 55 Drop, in.| 12
No. of Layers 3 No. of Blows per Layer; 25
80
8¢
R
z
]
8
[=]
o 60
o]
— >~ ey,
50
40
hid 20 30 40 80 60 70
Moisture, %
Results
Maximum Optimum Natural 65.0
Dry Density, pcf] 58.0 Moisture Content, % 43.0 Moisture Content, % ’

Remarks




8 MOISTURE - DENSITY
g ?Ef Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
: 333 Shore Drive, Burr Ridge, IL. 80521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D698-91
Project| Geotechnical Characterization of Biosolids
Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, iL 60611
Fite No. 2355 Sample #| RemasuLs-1001-5TD2| Date Tested | 2/23/2002 | Tested By AK
' Qc By SM
Sample Location|SWRP Lagoon-16 Marathon
Sample Description|Black Under-aged Low Solids
‘ . Mold Hamme :
Type of Proctor{Standard;  Method:| A Size, in, 4 Welght, Ib. 55 Drop, in.| 12
No. of Layers 3 No. of Blows per Layer] 25
10
60
%w . , -
2 = = =
a
240
E ;
30
20.
0 40 50 60 70 80 90
Moisture, %
Resuilts
Maximum Optimum _ Natural{
Dry Density, pcf], - 500 Moisture Content, %! 70.0 Moisture Content, % 65.0
Remarks




MOISTURE - DENSITY

*n:f Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP. CURVE
333 Shore Drive, Burr Ridge, IL 60521  Ph: (630) 321-0944  Fax: (630) 321-0845 ASTM D1557-91
Project Geotechnical Characterization of Biosolids
Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Ref#3-suLs-1001-Mop-1| Date Tosted 2/21/2002 Tested By AK
Qc By sM
Sample LocationjSWRP Lagoon-16 Marathon
Sample Description|Black Under-aged Low Solids
. . ] Mold Hammer| )
Type of Proctor] Medified] Method: A size. in. 4 Weight, Ib. 10 Drop, in.| 18
No. of Layers 5 No. of Blows per Layer; 25
%0
80
R
2
2
&
o -8
2 60
a
50
40
10 20 30 40 50 60 70
Moisture, %
Results
Maximum| Optimum Natural
Dry Density, pcf 63.0 Moisture Content, % 33.0 Moisture Content, % 65.0

Remarks




MOISTURE - DENSITY
Great Lakes Soll & Environmental Consuitants inc. RELATIONSHIP GURVE
333 Shore Drive, Burr Ridge, IL 60521  Ph: (630) 321-0944 Fax: (630) 324-0945 ASTM D1557-91
Project|  Geotechnical Characterization of Biosolids
Client] Metropclitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611 7
File No. 2355 .  |Sample #| Rewssuis-10otMon2| Date Tested | 2/23/2002 | Tested By AK
Qc By SM
Sample Location]SWRP Lagoon-16 Marathon
Sample Description|Black Under-aged Low Solids
- . Mold Hammer .
Type of Proctor| Modified) Method:}] A Size. in. 4 Weight. Ib. 10 Drop, in.} 18
No. of Layers 5 No. of Blows per Layer|, 25
90
80
2
z
2
Q
a
2 60
=]
-
50
40
30 40 50 60 70 80 90
Moisture, %
Results
Maximum| Optimum Natural 65.0
Dry Density, pcf] 55.5 Moisture Content, % 5.0 Moisture Content, % .

Remarks




MOISTURE - DENSITY

AE" Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
‘ 333 Shore Drive, Burr Ridge, IL 60521  Ph: (830) 321-0944  Fax: (630) 321-0945 ASTM D698-91
Project Geatetnnicat Characterization of Biosolids
Client] Metropotitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2358 Sample #| Refit4-SUHS-1001-STD-1] Date Tested 22112002 Tested By AK
Qc By sM
Sample Location] SWRF 2001 Lift-Stoney Island
Sample Description|Black Lnder-aged High Solids
Mold Hammer| ' .
= . .
Type of Proctor{Standard, Method: A Size. in. 4 Waight. Ib. 55 Drop, in.j 12
No. of Layars 3 No. of Blows per Layer! 25
%
80
E’_ 70
S
0
$
a
2 60
[=]
,
50
40
0 10 20 30 40 50 80
Moisture, %
Results T
Maximum Optimum Matural
Dry Density, pcf] 61.0 Moisture Content, % 42.0 Moisture Content, % 75.0

Remarks




?W" Great Lakes Soil & Environmental Consultants, Inc. PERCENT FINES
| ‘"" 333 Shore Drive, Burr Ridge, IL 60527 Ph.: (630) 321-0944 Fax; (630) 321.0945 ASTM D1140

Project

Client

File No. Date Sample # Tested By

Source of Material

Description of Soil

Control Sieve No. =

Weight of empty pan, gm.

Weight of pan + dry sample

i

Weight of pan + dry sample after washing

Percent fines, %

Remarks

Quality, Service & Commitment




MOISTURE - BENSITY
‘.h:f Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
333 Shore Drive, Burr Ridge, IL 60521  Ph: (630) 321-0844 Fax: (630) 321-0945 ASTM D698-91
Project| Geotechnical Characterization of Biosolids
Client| Metropoiitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2385 Sample #| Refid SUKs-1001.5TD-2| Date Tested 2/26/2002 Tested By AK
Qc By SM
Sample Location|SWRP 2001 Lift - Stony Island
Sample DescripticniBlack Under-aged High Solids
y . Moid Hamme :
Type of ProctoriStandard] Method:{ A Size. in. 4 Weight, Ib. 55 Drop, In.| 12
No. of Layers 3 No. of Blows per Layer| 25
70
&0
)
z
0
g
o
2 40
Q
30
20
k1] 40 50 60 10 80 90
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pef] 60.0 Moisture Content, % 43.0 Moisture Content, % 75.0

Remarks




Great Lakes Soil & Environmental Consuitants Inc.
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

MOISTURE - DENSITY
RELATIONSHIP CURVE

ASTM D1557-91

Project] - Geotechnical Characterization of Biosolids

Client] Metropolitan Water Reclamation Districi, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Sample ﬂnmun&mwoa—1 Date Tested 2/21/2002 Tested By AK
Qc By SM
Sample Location|SWRP 2001 Lift-Stoney Island
Sample DescriptioniBiack Under-aged High Solids
. J Mold| Hammoer| .
Type of Proctor{Modified| Method:] A Size. in. 4 Weight, Ib. 10 Drop,in.] 18
No. of Layers 5 No. of Blows per Layer| 25
90
80
i
z I X A
g
&
a
2 60
o
§0
40
0 10 20 30 40 50 60
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pcf 68.0 Moisture Content, % 30.0 Moisture Content, % 5.0

Remarks




“

Great Lakes Soil & Environmental Consuitants Inc.
433 Shore Drive, Burr Ridge, IL 60521  Ph: (630) 321-0944  Fax: (630) 321-0945

MOISTURE « DENSITY
RELATIONSHIP CURVE

ASTM D1557-91

Project| Geotechnical Characterization of Biosolids
Client| Metrepolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sampie #| Rers.5uHs-1001-M00-20  Date Tested 2/26/2002 Tested By JM
Qc By SM
Sample Location{SWRP 2001 Lift - Stony island
Sample Description|Black Under-aged High Solids
. Mold Hammer| .
Type of Proctor| Modified] Method:| A Size. in. 4 Weight, Ib. 10 Drop, in.| 18
No. of Layers 5 No. of Blows per Layer] 25
S0
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..g 70
'é ey
g =
[ o
o
60
Q
50
40
10 20 30 40 50 60
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pcf] 68.0 Moisture Content, % 34.0 Moisture c'antgnt, % 75.0

Remarks




MOISTURE - D_ENSI‘I’Y
Great Lakes Soll & Environmental Consultants Inc. RELATIONSHIP CURVE

"333 Shore Drive, Burr Ridge, IL. 60521 Ph: (630)321-0944 Fax: (630) 321-0945

ASTM D698-91
Project! Geotechnical Characterization-of Biosolids
Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #|Rems-Cans-1001.5T0-1| Date Tested | 2/12/2002 | Tested By M
Qc By SM
Sample Location]CWRP-West
Sample Description|Black Aged High Solids
' ' . Mold] Hamme .
Type of Proctor|Standard; Method:} A Size. in. 4 Weight, Ib. 5.5 Drop, in.} 12
No. of Layers 3 No. of Blows per Layer] 25
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2 T
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30 40 56 60 70 -] 90
Moisture, %
Resuits
Maximum Optimum Natural
Dry Density, pcf| 51.0 Moisture Content, %| 64.0 Moisture Content, % 50.0

Remarks




MOISTURE - DENSITY
% Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM DE38-91
Project| Geotechnical Characterization of Biosolids
Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611 7
File No. 2355 Sample #| Ref#5-CAHS-1001 STD-2| Date Tested 22112002 Tested By IM
Qe By SM
Sample Location|CWRP-West
Sample DescriptioniBlack Aged High Solids
. . Mold Hammer .
Type of Proctor{Standard) Method: A Size, in. 4 Weight, Ib. 5.5 Drop, in.| 12
No. of L.ayers 3 No. of Blows per Layer! 25
70
80
8: % - = "‘\
& =
[}
s
(=]
2 40
o
30
20
a0 40 50 80 70 80 90
Moisture, %
Results |
Maximum Optimum Natural
Dry Density, pcf 505 Moisture Content, % 64.0 Moisture Content, % 50.0

Remarks




MOISTURE - DENSITY
Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
333 $hore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944  Fax: (630) 321-0045 ASTM D1557-91
Project| Geotechnical Characterization of Biosolids
Client| Metropolitan Water Reciamation District, 100 East Erie Street, Chicago, il 60611
File No. 2355 Sample #| Retzs-Caris-1001-moD-1} Date Tested 2/12/2002 Tested By AK
Qc By SM
Sample Location|CWRP-WEST
Sample DescriptionBlack Aged High Solids
: . Moﬁ; Hamme .
Type of Proctor Modlﬁeq Method: A Size. in. 4 Weight, Ib. 10 Drop, in.] 18
No. of Layers 5 No. of Blows per Layer| 25
70
80
Es ;
z ==
g
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o
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204 ; .
30 40 50 &0 70 80 80
Moisture, %
Resuits
Maximutn Optimum Natural
Dry Density, pcr‘ 54.0 _ Moisture Content, % 50.0 Moisture Content, % 50.0

Remarks




MOISTURE - DENSITY
% Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D1557-91
Project] Geotechnical Characterization of Biosolids
Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Res-cans-1001mon-2|  Date Tested 2/21/2002 Tested By M
Qc By SM
Sample Location|]CWRP WEST
Sample Description{Black Aged High Solids
. Mold Hamme o
Type of Proctor! Modified] Method: A Size. in. 4 Welght, Ib. 10 Drop, in.| 18
No. of Layers 5 No. of Blows per Layer| 25
70
80
% 50 = Fo=
%‘ n
§
a
& 40
[=]
30
20
30 40 50 80 70 80 %0
Moisture, %
Results
Maximum Optimum| Natural
Dry Density, pcf] 52.0 Moisture Content, % 64.0 Moisture Content, % 50.0

Remarks




Great Lakes Soil & Environmental Consuitants Inc.
Ph: (630)321-0944 Fax: (630) 321-0845

333 Shore Drive, Burr Ridge, IL 60521

MOISTURE - DENSITY
RELATIONSHIP CURVE

ASTM D698-81

~ Project] Geotechnical Characterization of Biosolids
Client| Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 7 Sample #| Ref#6-CALS-1000-5T0-1| Date Tested 2/13/2002 Tested By AK
Qc By SM
Sample Location| CWRP-EAST
Sample Description|Black Aged Low Solids
: ‘ . Mold Hamme .
Type qf ProctoriStandard) Method:| A Size. in. 4 Weight. Ib. 85 Drop, in.] 12
No. of Layers| 3 No. of Blows per Layer| 25
70
60
w0
2
o
a0
=]
30
20
30 40 50 €0 70 80 .90
Moisture, %
Results
Maximu Optimum . Natural
Dry Density, pcf] 55.0 Moisture Content, % 53.0 Moisture Content, % $5.0

Remarks




MOISTURE - DENSITY
A-,:f Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE
‘ 333 Shore Drive, Burr Ridge, IL 80521  Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D896-31
Project] Geotechnical Characterization of Biosolids
Client] Msatropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| Ref#e-CaLS-1000-5TD-2] Date Tested 2/25/2002 Tested By AK
Qc By SM
Sample Location [ CWRP- East
Sample Description|Black Aged Low Solids
. Mold Hammer
Type of Proctor Standard| Method: A Size, in. 4 Weight, Ib. 5.5 Drop, in.| 12
No. of Layers 3 No. of Blows per Layer| 25
70
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B 5o
g
[
o
[
e
240
=]
30 ;
20
30 40 50 80 7 80 90
Moisture, %
Results
Maximum Optimum Natural
Dry Density, pc(l 56.0 Moisture Content, % 51.0 Moisture Content, % 55.0

Remarks




MOISTURE - DENSITY

Great Lakes Soil & Environmental Consuitants inc. RELATIONSHIP CURVE
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0844 Fax: (830) 321-0945 ASTM D1557-91
Project] Geotechnical Characterization of Biosolids
Client] Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Sample #| ReecaLs-1000Mo0-1| Date Tested | 2/13/2002 | Tested By AK
Qc By SM
Sample Location| CWRP-East
Sample Description|Black Aged Low Solids
o . . Mold Hammer]
Type of Pro§tor Modified| Method:| A Size lﬂ-l 4 Weight, Ib. 10 Drop,in.| 18
No. of Layers 5 No. of Blows per Layer] 25
70
60
4 s
-3
2
[
a
& 40
[=]
]
20 4 )
30 40 50 60 70 8¢ 90
Moisture, %
Resuits
Maximum Optimum Natural
Dry Density, pef 59.0 . ‘Moisture Content, % 45.0 Moisture Content, % 5.0

Remarks
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Great Lakes Soil & Environmental Consultants Inc.
333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945

MOISTURE - DENSITY
RELATIONSHIP CURVE

ASTM D1557-91

Project| Geotechnical Characterization of Biosolids

Client| Matropolitan Water Reclamation District, 100 East Erie Street, Chicago, iL 60611

Tested By JM

File No. 2358 Sample #| REF# 6 CALS-MOD2| Date Tested 2/26/2002
Qc By SM
Sample LocationiCWRP-EAST
Sample Description|Black Aged Low Solids
: . Mold| Hammer! o
Type of Proctor| Modified| Method: A Size. In. 4 Weight, Ib. 10 Drop, in| 18
No. of Layers 5 No. of Blows per Layer| 25
70
60
s
Z
-]
5
=1
& 40
[=
30
20
30 40 50 60 70 80 90
Moisture, %
Results
Maximurmn Optimum Natural
Dry Density, pcfl 61.0 Moisture Content, % 43.0 Moisture Content, % 55.0

Remarks




Appendix C

Consolidation Test Results



P Great Lakes Soil & Environmental Consultants Inc. CONSOLIDATION TEST ASTM
f 3:}" 333 Shore Drive, Burr Ridge, IL 60521; Ph: (630)321-0944; Fax: (630)321-0945 D243%
Project |Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicage, 100 East Erie Street, Chicago, IL. 60611
File No. 2355 Date 5/6/2002 | Sample # SALS Tested By PA Checked By SB
Source of Material | Stickney WRP LL% PL% Pl
Atterberg Limits
Description of Soil |Black Aged Low Solids 102 73 29
Specimen Dats and Test Results
Initial Moisture Content, % 55.00]Final Moisture Content, % 53.29
Initial Dry Unit Weight, pcf 54.79]Final Dry Unit Weight, pcf 57.68
Initial Void Ratio, e 1.251Final Void Ratio, e 0.99
Initial Degres of Saturation, % 86.79}Final Degree of Saturation, % 94.89
l.og P versus Void Ratio, e
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Remariks




Great L.akes Soil & Environmental Consultants Inc. CONSOLIDATION TEST ASTM
333 Shore Drive, Burr Ridge, It 60521; Ph: (630)321-0844; Fax: (630)321-0945 D2435

Project |Geotechnical Characterization of Biosolids

Cllent |Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Date | 4/12/2002 | Sample # SAHS Tested By PA | Checked By SB

Source of Material | Stickney WRP LL% PL% ) Pl
Aftterberg Limits

Description of Soil  |Black Aged High Solids 95 60 35

Specimen Data and Test Results

initial Moisture Content, % 33.00{Final Moisture Content, % 37.96
Initial Dry Unit Weight, pcf 68.431Final Dry Unit Weight, pcf 77.79
Initial Void Ratio, e 0.95!Final Void Ratio, e 0.55
Initial Degree of Saturation, % 74.22|Final Degree of Saturation, % 13342

Log P versus Void Ratio, e
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Rerarks




P Great Lakes Soil & Environmental Consultants Inc.
fﬁ‘ 333 Shore Drive, Burr Ridge, IL 60521; Ph: (630)321-0944; Fax: (630)321-0945

CONSOLIDATION TEST ASTM
D2435

Project |Geotechnical Characterization of Biosolids

Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611

Flle No. 2358 Date 5/6/12002 | Sample # SULS Tested By PA Checked By sB

Source of Material  [Stickney WRP L% PL% Pl
Atterberg Limits

Description of Saif  |Black Under-Aged Low Solids 99 74 25

Specimen Data and Test Results

initial Moisture Content, % 60.00|Final Moisture Content, % 50.55
initial Dry Unit Weight; pcf 52.28|Final Dry Unit Weight, pcf 68.76
Initial Void Ratio, e 1.40{Final Void Ratio, ¢ 0.82
Initial Degree of Saturation, % 86.19|Final Degree of Saturation, % 123.98

Log P versus Void Ratio, e
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Remarks




Great Lakes Soil & Environmental Consultants Inc.
333 Shore Drive, Burr Ridge, IL 60521; Ph: (630)321-0844; Fax: (630)321-0945

CONSOLIDATION TEST ASTM
D2435

Project  |Geotechnical Characterization of Biosolids

Client Metrapaliﬁn Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, iL 60611

File No. 2355 Date | 4/20/2002 | Sample # SULS Tested By PA Checked By SB
Source of Material |Stickney WRP LL% PL% Pl
- Afterberg Limits
Description of Soil  |Biack Under-Aged Low Solids 98 60 38
Specimen Data and Test Results
Initial Moisture Content, % 32.00{Final Moisture Content, % 28.61
Initial Dry Unit Weight, pcf 84 .69(Final Dry Unit Weight, pcf 69.86
Initial Void Ratio, e 0.81|Final Void Ratio, e 0.00
Initial Degree of Saturation, % 73.97|Final Degree of Saturation, % 89.30
L.og P versus Void Ratio, e
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Remarks
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Great Lakes Soil & Environmental Consultants Inc.
333 Shore Drive, Burr Ridge, IL 60521; Ph: (630)321-0944; Fax: (630)321-0945

CONSOLIDATION TEST ASTM

D2435

Project |Geotschnical Characterization of Biosolids
Client  |Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Date 4/20/2002 | Sample # CAHS Tested By PA Checked By SB
Source of Material  |Calumat WRP LL% PL% Pl
— Atterberg Limits
Description of Soif  {Black Aged High Solids 103 75 28

Specimen Data and Test Results

initial Moisture Content, % 65.00{Final Moisture Content, % §3.39
Initial Dry Unit Weight, pcf 48.30{Final Dry Unit Weight, pcf 65.39
Initial Void Ratio, e 1.34|Final Void Ratio, e 0.85
initial Degrae of Saturation, % 87.90|Final Degree of Saturation, % 121.89

Log P versus Void Ratio, e
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Remarks




Great Lakes Soil & Environmental Consultants Inc.
333 Shore Drive, Burr Ridge, IL 60521; Ph: (630)321-0944; Fax: (630)321-0945

D2435

CONSOLIDATION TEST ASTM

Project  [Geotechnical Characterization of Biosolids
Client Metropolitan-Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Date 5/6/2002 | Sample # CALS Tested By PA Checked By sB
Source of Material | Caitimet WRP LL% PL% Pl
Atterberg Limits
Description of Soil  |Black Aged Low Solids 08 77 21
Specimen Data and Test Results
initial Moisture Content, % 55.00]Final Moisture Content, % 38.25
Initial Dry Unit Weight, pef 56.96{Final Dry Unit Weight, pcf 76.23
Initial Vold Ratio, e 1.30{Finai Void Ratio, e 0.73
Initial Degree of Saturation, % 88.81|Final Degree of Saturation, % 115.06
Log P versus Void Ratio, e
1.4 L
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1.2 1
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S 14
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14
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0.4 J l
1 10 100 1000 10000
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Remarks




Appendix D

Triaxial Compression Test Results

»  Unconsolidated-Undrained (UU) Triaxial Tests
« Consolidated-Undrained (CU) Triaxial Tests



Great Lakes Soil & Environmental Consultants, inc. Unconsolidate Undrained
333 Shore Orive., Burr Ridgs, IL 60521, Ph: (630) 321-0944 Fax: (630) 321-0945 (UU) Triaxial Test ASTM D2850
Project Geotechnical Characterization of Biosolids
Cliant Metropolitan Water Raclamation District of Greater Chicago, 100 East Erie St., Chicago, IL 60611
File No, 2355 Date | 51672002 | Sample No. |Ref#1-SALS-1001
Description of Seil Black Aged Low Solids Location |SWRP Lagoon 23, RASMA May/June Lift
|Tested By NP Checked By T se
50 Faliure Sketaches
300
250
o Sosc. t
% 0 :
oy » 4
o
}2 150 ]
A »
(-] | 'Y
| € 100 > - Spec. 2
= 7 ™
i 73]
Y s
v
ol 1
I 1
g I 1
\ 0 50 100 150 200 250 300 350
Normal Stress, ¢, kPa Soec. 3
1.
|Specimen 1 2 3
Walsr content(%h) 12.78 12.78 12.78
] Dry Den i) 1.16 1.16 1.18
E Void Ratio 0.72 0.72 0.70
Saturation {%) - -
E Watgr mﬂt&hq%!
£ Dry Density (glemt3)
g \old. Ratio
3 Saturation (%)
Back pressure (kPa) 0.00 (.00 0.00
Specific Gravily, Gs 2.00 2.00 2.00
Minos Principal Stress (kPa) 34.47 68.95 403.42
Max. Deviator Strass (kPa) 130 200 280
Rate of Strain Inc. (%/min) 1 1 4
Initial Diameter {crm) 7.2 72 7.2
Initiat Height (om) 15 15 14.7
B-Value “ - -
Results ]
‘fotal Strength Parameters Cohesion [ 15.0|kPa Friction Angle | :mﬂ Deg. J
Remarks: |




&3‘« Great Lakes Soil & Environmental Consultants, inc. Uncensolidate Undrained
IR 33 shoro Dive., Bur Ridge, IL.60521. P {530) 321-0944 Fax: (630) 321-0945 {UU) Triaxial Test ASTM D2850
Project Geotechnical Characterization of Bioselids _
Cilent Metropolitan Water Reclaration District of Greater Chicago, 100 East Erie St., Chicago, IL 60611
Fite No, 2355 Date 1 5/22/2002 [ Sample No. |Ref#2-SAHS-1001
Description of Soil Black Aged High Solids Location |[SWRP Lagoon-24-HASMA
|vested By NP Checked By sB
350 3 ) Fallure Skeleches
6o
250
%“‘: : Spec. 1
«~ 200 P
[
&
a of
g 150
) o
b P, oS
,{8—:-, 100 - Spec. 2
sl N
50 . N
7 A
Fi
oL s B Myvoe s i
[ 50 100 150 200 250 300 350
Normal Stress, ¢, kPa Spec. 3
Specimen 1 2 3
Water content(%) b 2"(8 12.78 12.78
E Dry Density {g/cm?3) 1:21 1.16 127
= Void Ratio 0.65 0.72 058
Satyration {%) - - -
5 Water content(%}
% Density (gfem*3)
o Vold Ratio
(e
= Saturation (%
. Back pressure {kPa) 0.00 0.00 0.00
Spacific Gravity, Gs 200 200 2.00
Minor Principal Stress (kPa) 34.47 68.95 103.42
Max. Deviator Stress {kPa} 50 115 228
Rate of Strain Inc. (%/min) 1 1 1
Initial Diameter {em) 7.2 7.2 7.2
Initial Height (cm) 15 15 14.3
B-Value - - -
Results l
Totat Strength Parameters l Cohesion [ o.olkPa Friction Angle l 322 lDeg. J

Remaiks: r




ey

“Wv Great Lakes Soil & Environmental Consultants, Inc. Unconsolidate Undrained
L 333 Shore Drive., Bur Ridge, IL 80521, Ph: (630) 321-0944 Fax: (630) 321-0945 (UU) Triaxial Test ASTM D2830
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicage, 100 East Erie St., Chicago, IL 60611
File No. 2355 Date [ 5/10/2002 ] Sample No. |Ref#3-SULS-1001
Description of Soil Black Unaged Low Solids Location {SWRP Lagoon-16 Marathon
[Tested By NP Checked By T SB
Failure Sketsches
asn
309
250 Spes. 1
& ermcmA——
. e :
=< 200 -
-
m' 7
% 180
=
7z
& Spec. 2
& N
7 T2
] N
i N
A A I
I §
9 i A
0 50 160 150 200 250 300 350 emec 3
Normal Stress, &, kPa
Specimen 1 2 3
Walar content(%) 12,78 12.78 12.78
g Dry Density (g/em3) 1.21 1.16 1.18
£ Ivid Ratio 0.65 0.72 0.70
Saturation (%} - - -
% 'Water content{%)
% Dry Density (g/em"3)
2 Vgid Ratio
2 Saturation (%)
| Back pressure (kPa) 0.00 0.00 0.00
Specific Gravity, Gs 2.00 2.00 2.00
Minor Principal Strass (kPa) 34.47 68.95 103.42
Max. Deviator Stress (kPa) 101 200 290
Rate-of Strain Inc, (%/min) 1 1 1
initial Diamster (cm) 7.2 7.2 7.2
initial Height (om) 14 15 14.7
B-Valye - - -
Resuits ‘ ‘
Total Strength Parameters ' Cohesion l 10.D!kPa ] Friction Angle 310 ?Deg, J
Remarks:




r— -
y Great Lakes Soil & Environmental Consultants, Inc, Uneconsolidate Undrained
| 77 333 Shore Drive., Burr Ridge, It 80521. Ph: (630) 321-0344 Fax: (530} 321:0845 (UU) Triaxial Tast ASTM D2850

Project Geotechnical Characterization of Biosolids

Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago, L 60611
Flie No. 2355 Date i 51712002 l Sample No. |Ref#4-SUHS-1001
Description of Soll Biack Unaged High Salids Location |SWRP 2001 Lit-Stoney island
|Tested By NP Checked By S8
’ Failura Sketeches
350
300 7
»
250 = Spec. 1
[ P
e R0 17 g P > ;
< 200 B o B
o ; T L
v
m
© 150
Eé . g A
§ 100 ¥ Spec. 2
m 7.
50 s u
PARY; {
¥
0 I 1Y
0 50 160 150 200 250 300 350 —
Normal Stress, o, kPa "
Specimen 1 2 3
Water content{%) 12.78 12.78 12,78
g Dry Density {g/cm*3) 148 1.16 147
= Void Ratio 0.69 0.72 0.70
Saturation (%) - - .
% 'Water content({%)
% Diry Density {g/6m*3)
g Void Ratio
g Saturation (%)
HBack pragsure {kPa) 0.00 0.00 0.00
Specific Gravity, Gs 2.00 2.00 2.00
Minor Principal Stress (kPa) 34.47 68.95 103.42
Max. Deviator Stress (kPa) 110 419 450
Rate of Strain Inc. (%/min) 1 1 1
)nitial Diameter (cm) 7.2 72 7.2
Initial Height (cm) 14.8 15 14.8
B-Value » - -
Results l
Total Strength Parameters l Cohesion ‘ 20.0}kPa [ Friction Angle { 39.6|Deg. J

 Remarks: |




JA*_‘ Great Lakes Soil & Environmental Consultants, Inc. Unconsolidate Undrained
% 333 Share Drive., Burr Ridge, 1L 60521, Ph: (630) 321-0944 Fax: (530) 321-0845 (UU) Triaxial Test ASTM D2850
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie $t., Chicago, IL. 60611
File No. 2355 Date ] 5/1/2002T Sample No. |Ref#5-CAHS-1001
Dsscxfption of Soil Black Aged High Solids Location |CWRP West
[Tested By NP Checked By SB
Faliure Skeisches
350 17 R
]
250 Spec. 1
35_“ -
= 200 <
[ v
[ V.
& 150
v Y.
=
w2 =
Soes.
B 108 ‘ oes. 2
&
it
[<p] 2 N
50 ol
= \Y
>
o 44 A i1
o 50 100 450 200 250 300 350 >
Spec. 2
Normal Stress, o, kPa
So 1 1 2 3
Water contert(%) 12.78 12.78 12.78
B ry Dansity {a/em”3) 1.14 1.23 1,11
= Vold Ratio 0.76 0.63 0.79
Saturation (%) - . .
5 Water content(%)
:% Dry Density (g/cm*3)
® Vold Ratio
(=]
3 Saturation (%)
§Back pressure (kPa) 0.00 0.00 0.00
Specific Gravity, Gs 2.00 2.00 2.00
Minos Princigal Stress (kPa) 34.47 8.95 103.42
Max. Devistor Stress (kP3) 62.6 232 70
Rate of Strain Inc. (%/min) 1 1 1
irtitial Diameter (cm) 7.2 7 7.2
|Initial Heignt {cm) 14.3 14 145
8-value - - -
Resulis }
Total Strength Parameters | conesion | 0.0|kPa [ Friction Angle | 37.6/Deg. |

: Remarks: i




Great Lakes Soil & Environmernital Consultants, Inc. Unconsolidate Undrained
333 Shora Orive., Bur Ridge, IL 60521. Ph: (630) 321-0944 Fax: (630) 321-0945 (UU) Triaxial Test ASTM D2850
Projact Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago, IL 60611
File No. 2355 Date | 4/23/2002 ] : Sample No, |Ref#6-CALS-1000
Description of Soil Black Aged Low Solids Location |CWRP-East
|Tested By NP CheckedBy | 8B
Failure Skateches
350 .
300
250 Spec. 1
~
5 200
&
2 150
s
» -
5 100 Spec. 2
w
= :
m .
50
i X
0 L X
0 50 100 150 200 250 300
Spec. 3
Normal Stress. o, kPa
|Specimen 1 2 3
Water content(%) 1278 12.78
s Ory Density (gicm*3) 1.28 1.30
= Vold Ratio 0.57 0:5¢
Saturation (%) - - hd
5 Water content(%)
z Dry Density (g/em*3)
g Void Ratio
E: Saturation (%)
Back pressure (kPa) 0.00 0.00
Specific Gravity, Gs 2.00 2.00 2.00
Minor Principal Stress {(kPa) 34,47 68.95
[Max. Deviator Stress (kPa) 125 185
Rate of Strain Ing. {%/min) 1 i 1
Initial Diameter (cm) 7 7]
Initial Height (cm) 14.5 14
B-Value - ~ -
Resuits l
Total Strength Parameters J Cohesion l 20.0lkPa I Friction Angle l 24.6T Deg. |

Remarks: |




Great Lakes Soil & Environmenta! Consultants, Inc. Triaxial {CU) Test
233 Share Drive., Burr Ridge, IL 60521, Ph: (630) 321-0944 Fax: (§30) 321-0045 ASTM DA767
Prajact Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago, 1L 60611
Fiie No. 2356 Date [ 5/16/2002 I Sample No. |Ref#1-SALS-1001
Description of Soll Black Aged Low Sclids Location |SWRP Lagoon 23, RASMA MayfJuse Lilt
{Tested By NP Checked By sB
a0 Failure Skelechies
300
1 250 :
ﬁ i Spec. |
w200 4
o
0 &
[~ L
& 150
oot
By
C’% oo XL = Spee. 2
e - 0 .
50 . N
o T K !
PATA. &
o 1 ,‘t Y
0 ) 100 150 200 250 300 350
( Normal Stress, ¢, kPa Spec. 3
|
Specimen 1 2 3
\Water content(%) 79.9 774 73.4
3 ry Density (glemt3) 0.74 0.75 0.77
£ Void Ratio 1.72 1.65 1.50
Saturation {%) 93.2 93.7 92.1
% Water content(%}
% Dy Density (g/em*3)
2 Voig Ratio
3 Satiration (%)
sure (kPa) 517 5§17 517
Specific Gravity. Gs 2.00 2.00 2.00
Minor Principal Bress (kPa) 34.5 €8.9 103.4
Max. Deviator Stress (kPa) 89 155 191
Rate of Strain Inc. {(%/min) 0.1 0.1 0.1
initial Diameter {cm) 7.2 7.2 1.2
Initial Height (cm) 14.8 14.5 14.8
B.Vaiue 0.95 0.85 0.95
Resuits L
Total Strength Parameters Cohesion 20(kPa Friction Angle 73.2!0eg.
Etfactive Strength Parameters Cohesion 10{kPa Friction Angle 37.51Deg.
Remarks: |




| Great Lakes Soil & Environmental Consultants, Inc. Triaxiaf (CU)} Test
L § 233 Shore Drive., Burr Ridge, /L 60521, Ph: (630} 321.0944 Fax: (630) 321-0945 ASTM D4767

Project ‘Geotechnical Characterization of Biosolids

Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicage. ik 60611
File No. 2355 Date §/22/2002 [ Sample No. |Ref#2-SAHS-1001
Descriptibn of Soil Biack Aged High Solids Location [|SWRF Lagoon.24-HASMA
|Tested By NP CheckedBy | 5B
350 Failure Sketeches
300
250 T
o o 4 ] Spec. 1
200 :
3 - -
7150
o
=
o p o i
= 100 - - = Spec. 2
© 5 ‘
—c‘;—‘j S <
50 " i ¥
<
. 1
¥ ¥ A -
[} iy . iR Fan
5] 50 160 150 200 250 300 350
Normal Stress, &, kPa Spec. 3
| Specimen 1 2 3
Water content(%) 59.7 54.8 46.5
s Dry Density (g/em"3) 0.88 0.93 1.01
= Void Ratio 124 1.5 097
Saturation (%} ) 96.2 85.6 95.7,
& Watar content(%)
2 |Dry.Density (gfom’3)
g Void Ratio
z Saturation (%)
Back pressure (kPa) 5§17 517 517
Specific Gravity, Gs 200 2,00 2.00
Minor Principal Stress (kPa) 345 68.9] 103.4
Max; Deviator Stress (kPa) 60 100 205
Rate of Strain Inc. (%/min) 0.1 0.1 0.1
Initial Diameter (cm) 7.2 7.2 7.2
initial Height (cm) 14.8 14.2 14,2
B.Value 0.95 (.95 0.85
Results
Total Strength Parameters Cohesien 0}kPa Friction Angle 29.7|Deg.
Effective Strength Parameters Cohesion C{kPa Friction Angle 40.6]|Deg.
Remarks: l




P Great Lakes Soll & Environmental Consultants, Inc. Triaxial (CU) Test
e ASTM D4767
333 Shera Drive., Burr Ridge, IL 50521. Ph: (630) 321.0944 Fax: (530} 321-0045 STM D4
Projact Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago, IL 60611
File No. 2355 Date | 511072002 | Sample No. |Ref#3-SULS-1001
Description of Soil Black Unaged Low Solids Location SWRP Lagoon-16 Marathon
|vested By NP CheckedBy |  SB
Failyra Skatechas
350
300 e
250 Bpec. 1
gi ]
A 200
Z 150 7
1 Al
= 4
“ D S 2
= 100 et ot
'g:): ’ Yy
P N i
“ 50 —— - a
7 > o i =S
=) I 1 A 1
o« 1 L 1}
0 50 100 186 200 250 300 350 Spee 3
Normal Stress, o, kPa
Specimen : 2 3
Weater contont(%) 68.2 67.4 §2.3
g Dry Density {g/em*3) 0.80 0.82 0.83
£ void Ratio 1.51 145 1.41
Saturation (%) 906 3.0 88.7
5 Water content{%)
% Diry Density (g/om?3)
g Void Ratle
E‘; Saturation (%
Back pressura {(kPa) 517 S17 517
Specific Gravity, B3s 2.00 2,00 2,00
Miror Principal Stress (kPa) 345 68.9 103.4
|Max. Deviator Stréss (kPa) 103 168 211
Rate of Strain inc, {%/min} 0.1 0.1 0.1
7.2 72 7.2
14.2 13.8 13.8
0.95 0.95 0.95
Results l _
Total Strength Parameters Cohesion 15|kPa Friction Angle 26.6|0eg.
Effective Strength Parameters Cohesion OikPa Friction Angle 42 0illeg.

Remarks: i




Great Lakes Soil & Environmental Consultants, Inc. Triaxial (CU) Test
333 Shore Drive., Burr Ridge, IL. 60521, Ph: (530) 321-0944 Fax: (630) 321-0945 ASTM D4767
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago, IL 60611
File No. 2355 Date 1 /712002 ] Sample No. |Refi#4-SUHS-1001
Description of Soll Black Unaged High Solids Location |SWRP 2001 Lift-Stoney island
lTested By NP Checked By l s8
Failure Sketeches
400
350
300
] Spec. 1
3-250
=200 _
")
% a
150 7
o ras § 2
o i - pec.
% 100
= 5 Y
17 S s
50 A N .
Fi 8 T
Y 1 5 % LIk Y
(I ¥ i I i A o Y
D i 1 I e N
o 50 100 150 200 250 300 350 . 400
Spec. 3
Normal Stress, o, kPa
Specimen 1 2 3
Water content{%) 57.4 $0.7 49.5
g Dry Density (g/cm*3 0.88 0.88 0.89
£ Void Ratio 1.28 1.26 1.24
Saturation (%) 89.7 80.2 79.7
- Water content{%
8 |owDensiy ey
g Void Ratio
5 Saturation {%)
Back pressure (kPa) 517 517 517
Specific Gravity, Gs 2,00 2.00 2.00
Minor Principal Stress (kPa) 45 8.9 103.4
Max. Deviator Strass (kPa) 194 248 266
Rate of Strain inc_ (%/min) 0.1 0.1 0.1
Initial Diameter (cm} 7.2 1.2 7.2
Initial Height {crm) 14.2 14.8 14.8
B-Value 0.95 0.95 0.95
Results [
Total Strength Parameters Cohesion 40{kPa Friction Angle 29.7|Deg.
Effective Strength Parameters Cohesion 50{kPa Friction Angle 33.3|Deg.

Remarks: |




A-’ﬁ Great Lakes Soll & Environmental Consultants, Inc. Triaxial (CU) Test
1% 333 Shore Drive., Burr Ridga, L 60521. Ph; (630) 321-0944 Fax: (§30) 321-0945 ASTM D4767
Project  |Geotachnical Characterization of Biosalids
Client Metropolitan Water Reclamation District of Greater Chicaga, 100 East Erie St., Chicago, IL 60611
Fiie No. 2388 Date 5/1/2002 | Sample No. |Ref#5-CAHS-1001
Dascription of Sail Black Aged High Solids Location {CWRP West
|Tested By NP CheckedBy |  SB
{ Failure Sketaches
| 30
|
I =00
] 250 P
et A
G 200 rp
" z
g 150 -
4] am
= z
m ’ Pl
400 P Spec. 2
_g o =
2] ] y -
50 B - A
P P e & . B
LA F LY 4 I
F 1 Fin ! 1
0 Lt A - 1 3
0 50 100 150 200 2560 300 350
Spec. 3
Normal Stress, o, kPa
Specimen 1 2 3
Water content{%} 79.5 80.1 54.0
;-_; Dry Density (gfem”3) 0.69 0.69 0.83
= Veid Ratio 1,89 1.81 1.42
Saturation (%) 84.1 83.8 76.3
% Yvater content{%)
5‘; Dry Density (grom*3
g Vold Ratio
E’ Saturation (%)
: IBack ra (kPa) 517 517 517
Specific Gravity, Gs 2.00 2.00 2.00
Minor Principal Stress {kPa) .5 68.9 103.4
Max: Deviator Stress (kPa) 89 128 184
Rate of Strain inc. (%/min) 0.1 0.1 Q.1
Initial Diameter {cm) 7.2 7.2 7.2
Initiat Height (em} 14.8 14.8 14
8.-Yaiue _0.85 0.95 0.95
Results
Tatal Strength Parameters Cohesion 10/kPa Friction Angle 25.2{Deg.
EHective Strength Parameters Cohesion 10|kPa Friction Angle 32.2i0eq.

Remarks: |




o

&“ Great Lakes Soil & Environmental Consultants, inc. Triaxlal ({CU) Test
i 333 Shore Drive., Burr Ridge, IL 60521, Pn: (630) 321-0844 Fax: (630) 321.0945 ASTM D4767

Project Geotechnical Characterization of Biosolids

Client 'Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago, iL 60611
File No, 2355 Date 4/23/2002 l Sample No. |Ref#6-CALS-1000
Description of Soit Black Aged Low Solids Location [CWRP-East
|Tested By NP Checked By sB
Failure Sketeches
350
300
250 > Spec, 1
& e
&2 200 =L "
v =1 =
- v > el
& 150 - >
o =
b - o
100 R i - Spec. 2
5 S
P \‘\ g o5 \\
v i e N2 P
o f X o X
T 1 1WA N Y
[ 1 ot 1 T
o : 1 Ty 1 1y
0 100 200 300 400
.3
Normal Stress, o, kPa Spec
Spacimen 1 2 3
Water content(%) 62.9 61.8 68.6
3 Bry Density (g/emn3) 0.92 0.91 0.87
£ Void Ratio 147 1.20 1.30
Saturation (%} 107.4 103.4 105.9
5 Water content(%})
2 g Densig gg_lcm"?:)
g Void Ratio
3 Saturatlon (%)
Back pressure (kPa) 517 517 517
Spacific Gravity, Gs 2.00 2.00 2.00
Minor Principat Stress (kPa) 4.5 103.4 172.4
Max. Deviator Stress (kPa) 160 223, 202
Rate of Strain inc. (%/min) 0.1 0.1 0.1
Initial Diameter {cm) 7 7 7
| Initial Height {cm) 135 14 14.5
B-Value 0.85 0.95 0.95
Results
Total Strength Parameters Cohesion 40|kPa Friction Angle 21.1|Deg.
Effective Strongth Parametors Coheslon 30{kPa Friction Angie 32.2|Deg.

Remarks: |




Appendix E

Unconfined Compression Test Results



Great Lakes Soil & Environmental Consultants, Inc.
333 Shere Drive Burr Ridge, 1L 60527; Ph:{630)321-0044, Fax: (630)321-0845

UNCONFINED COMPRESSIVE $TRENGTH]
(ASTM D 2165)

Project Geotechnical Charactarization of Biosolids
Client ‘Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Date 8/13/2002 | Report No. | Sample No. REF#1-RFP 10-8A1.3-1001
Description of Soil Black Aged Low Solids Source  [Stickney WRP
Tested By NP Checked By S8
Type of Sample Remolded /
Average Height = 13.80icm / 7 |
{ !
Average Diameter = 7.20icm ; ) ‘
Height/Diameter Ratio = 1.92 3 P
Uy
od
Wet Sample Weight= 779.40lg
Failure Sketch
Wet Density = 1.391g/ce
Moisture Content = 49.5(%
100 : "T-'“A— T x;
Dry Density = 0.93(g/cc :
80 :
Strain Rate = 0.30]%/min !
T w !
=!_' H
2 = i
5 ValiRY f
@ 40 / N !
/ z
20 el :
i
Unconfined Compressive Strength = 45.8)kPa 7 y
958 |psf 0 e
Shear Strength = 23|kPa 0.0 50 10.0 150
479|psf Strain (%)
Strain at Failyre = 5.21%

Remarks: |




| » Great Lakes Soil & Environmental Consultants, inc. UNCONFINED COMPRESSIVE STRENGTH
1% 333 Shore Drive Burr Ridge, I 60527; Ph:(630)321-0044, Fax: (630)321-0945 (ASTM D 2166)

Project }Geotechnical Characterization of Biosolids

Client Metropolitan - Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL. 60611

File No. 2355 Date 8/12/2002 | Report No. | Sample No. REF#2-RFP 10-SAHS-1001
Description of Soll Black Aged High Solids Source |Stickney WRP
Tested By NP Checked By SB
Type of Sample Remolded 5
|Average Height = 14.20icm | Lo
i i | i
i P f iy
Average Diameter = 7.20|cm . i Vol
. § _"‘
Height/Diameter Ratio = 1,97 : ‘,; ,
“_l
Wet Sample Weight= 827.50|g
Faifure Sketch
Wet Density = 1.43lg/cc
Moisture Content = 351i%
180 T
Dry Density = 1.06{g/cc 160 ‘
140
Strain Rate = 0.30]%/min
) 120 ford e
w H—H
& 100 et
;‘ 7 JT -
g &0 =
",“, ll 1
60
40 +
L
Unconfined Compressive Strength = 126.4kPa 20 A
2640;psf o - —
Shear Strength = 63(kPa 0.0 50 100 150
1320{pst Strain (%)
Strain at Failure = 5.01% J

Remarks: |




PN Great Lakes Soil & Environmental Consultants, Inc. UNCONFINED COMPRESSIVE STRENGTH|
n:"' 333 Shore Brive Burr Ridge, IL 60527; Ph:(630)321-0944, Fax: (630)321-0845 (ASTM D 2166}

Project Gsotechnical Characterization of Biosolids

Client Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611

File No. 2355 Date 8/13/2002 | Report No. | Sample No. REF#3-RFP 10-SULS-1001
Description of Soll Biack Under-aged Low Solids Source  |Stickney WRP
Tested By NP Checked By s8
Type of Sample Remolded }
Average Height = 14.20jcm ; ’r g
Average Diameter = 7.20em
HeightDiameter Ratio = 1.07 "1
Wet Sample Weight= 773.30]q |
Failure Sketch
Wet Dersity = 1.34|g/cc
Moisture Content = 43.2}%
B8O l vr‘ ‘\}
Dry Density = 0.93|g/cc i ]
i
Strain Rate = 0.30{%/min 60 ;
5 f
£ .
g 40 — T
2 ~ et
5 A ]
/ B
20 -
/ :
i
Unconfined Compressive Strength = 36.0]kPa | {1 T
752|psf . T T
Shear Strength = 18|kPa 6.0 50 120 15.0
376¢psf Strain (%)
Strain at Faliure = 4.71%

Remarks: I




Great Lakes Soil & Environmental Consultants, Inc.
333 Shore Drive Burr Ridga, iL §0527; Ph:(830)321-0944, Fax: (630)321-0945

UNCONFINED COMPRESSIVE STRENGTH
(ASTM D 2166)

Project  |Geotechnical Characterization of Biosolids

Client Métropotitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, I 60611

File No. 2355 Date 8/14/2002 | Report No. | Sample No. REF#4-RFP 10-SUHS-1001
Description of 80§| Black Under-aged High Solids Source |Stickney WRP
Tested By NP Checked By SB
Type of Sample Remolded
Average Height = 14.00icm
Average Diameter = 7.20icm
HeightDiameter Ratic = 1.94
Wet Sample Weight= 794.20]g
Failure Sketch
Wet Density = 1.39]glecc
Moisture Content = 42.8|%
100 T T
Dy Density = 0.98jg/cc
_ 80
Strain Rate = 0.30}%/min
T 60 -
&
L3
$
5 40 <
4
20 b1l
Unconfined Compressive Strength = 41.71kPa 7
870|psf 0 ™ |
Shear Strength = 21}kPa 0.0 5.0 10.0 150
435 psf Strain (%)
Strain at Failure = 4.0]%

Remarks: ‘




U Great Lakes Soil & Environmental Consultants, inc. UNCONFINED COMPRESSNESTRENGT;P
f.’:" 333 Shore Drive Burr Ridge, L 60527; Ph:{630)321-0044, Fax: (630)321-0845 {(ASTM D 2166}
Project Geotechnical Characterization of Biosolids
Client tMetropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611
File No, 235% Date 8/14/2002 | Report No. | Sample No. REF#5-RFP 10-CAHS-1001
Description of Soil Black Aged High Solids Source {Caiumet WRP
Tested By NP Checked By SB
Type of Sampie Remotded f
S
{Average Height = 15.00{cm ‘ E
Average Diameter = 7.20/cm ' , l;
o ]
o i
HeightDiameter Ratio = 2.08 Dol
? {
Wet Sample Weight= 786.00]g | ’
Failure Sketch
Wet Density = 1.29{glcc
Moisture Céntent = 57.2|%
0 .
. L] i
Dry Density = 0.82lg/cc L
Strain Rate = 0.30!%/min
40
=
%
o
g
20
v
(//
Unconfined Compressive Strength = 22.9 kPa -
479|psf 0 Lo
Shear Strength = 111kPa 0.0 5.0 100 15.0
240|psf Straln (%) i
Strain at Failure = 5.11% i

Remarks: [




Great Lakes Soil & Environmental Consultants, Inc.
333 :Shore Drive Burr Ridge, iL 60527; Ph:(630)324-0944, Fax: (630)321-0945

UNCONFINED COMPRESSIVE STRENGTH
(ASTM D 2166)

Project Geotachnicat Characterization of Biosolids
Client  |Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 60611
File No. 2355 Date 8/13/2002 Repon' No. | Sample No. REF#6-RFP 10-CALS-1000
Description of Soil Black Aged Low Solids Source  |Calumet WRP
Tested By NP Checked By SB
Type of Sample Remolded L
Average Height = 13.80icm "
Average Diameter = 7.20jcm { \
5 t \
: i
Height/Diameter Ratio = 1.89 \ i P /
i H
\ i
Wet Sample Weight= 745.90|g Iy
Failure Sketch
Wet Density = 1.35/a/ce
Moisture Content = 47.91% B
® |
Dry Density = 0.91{glce }
Strain Rate = 0.30]%/min
40
£ 7T
v
»
20
Unconfined Compressive Strength = 35.7|kPa /
746ipsf o i
Shear Strength = 18{kPa 0.0 50 10.0 150
373|psf Strain (%)
Straln at Failure = 4.91%

Remarks: |




Appendix F

Ilinois Bearing Ratio (TBR), Immediate Bearing Value (IBV) Tests



Great Lakes Soil & Environmental Consultants, Inc.
| 333 Shore Drive,, Burr Ridge, IL 60521. Ph: (630) 321-0944 Fax: (630) 321-0845

IBR &{BV TEST AASHTO T193

Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street,Chicago, IL 60611
File No. 2355 Date | 9/16/2002 | Report No 1 | Tested By NP Checked By SB
Sample D SALS Dry Density(pcf) 59.0
Source of Materiai Stibkney WRP Moisture Content(%) 49.0
Description of Soil Biack Aged Low Solids Date of Soaking 9/11/02
initial Swell Reading - 0 143 |Final Swell Reading 19 65 Swell Percent 0.56
IBR & IBV
900
700 3
" | ——Soaked |
8 800 i BR)
5":' j . Unsoaked{
g 500 ‘ LA
= | /
5 4004
[T]
5 1 /
@ 300 [
200 4 /
| 100 //
O i B B e e e e e ey e e e o s ey
0.00 128 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 1375
Penetration (mm)
|
IBR (%} 1@2.54mm 347 @5.08mm 4.07
IBV (%) [@2.54mm @5.08mm
REMARKS :-




I

5
g | . .

. Great La'kes Sml. & Environmental Consultants, Inc. IBR &IBV TEST AASHTO T197 |
‘L‘,, 959' 333 Shore Drive., Burr Ridge, IL 60521. Ph: {630) 321-0944 Fax: (630) 321-0945

Project Geotechnical Characterization of Biosolids

Client Metropolitan Water Reclamation District, 100 East Erie Street,Chicago, IL 60611
File No. 2355 Date | 3/27/2002 | Report No 1 | Tested By AK Checked By SM
Sample ID SALS Dry Density(pcf) 60.0
Source of Material Stickney WRP Moisture Content(%) 49.0
Description of Soil - |Black Aged Low Solids Date of Soaking 3122/02
Initial Swell Reading 727 |Final Swell Reading 0 180 Swell Percent 253
IBR & IBV
1600
1400
1200 P - —4—.«Soaked_——
3 R
X 1000 — - | —42 - Unsoaked
& L v
2 L -
b 800
5
| %’ N /‘ ) / /
400 — Fa
"_L‘T/v /
200 i

0.00 1.25 2.50 375 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75
Penetration (mm)

BR (%) |@2.54mm 192 |@508mm | 252

BV (%) |@2.54mm 4.30 @5.08mm | 6.05
REMARKS :-




|

Great Lakes Soil & Environmental Consultants, Inc.

2

i

_ : . IBR &IBYV TEST AASHTO T193 !
333 Shore Drive., Burr Ridge, 1L 60521, Ph: (630} 321-0944 Fax: (630) 321-0945
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street,Chicago, L 60811
File No. 2385 Date | 9/16/2002 | ReportNo| 1 | Tested By NP Checked By SB
Sampie ID SAHS Dry Density(pcf) 68.0
Saurce of Material Stickney WRP Moisture Content(%) 37.0
Description of Soil Black Aged High Solids Date of Soaking 9/11/02
Initial Swell Reading 0143 |Final Swell Reading 19 65 Swell Percent 0.56
IBR& IBV
i
1600 -
1400
/ o
— 1200 : |~ Saaked
% L {/BR) :
£ 1000 1 - ev- Unsoaked
8 / ST
@ |
E w0 e
b
g 500 / )
0 / )
00 | /
200 /
Oir""' o e ] R R veo- B LI, L
0.00 1.25 2.50 375 5.00 8.25 7.50 8.75 10.00 11.25 12 50 13.75
Penetration {(mm}
IBR (%) |@2.54mm 5.25 @5.08mm 6.74
IBV (%) |@2.54mm @5.08mm
REMARKS -




Great ques Soxl' & Environmental Consultants, Inc. IBR &IBV TEST AASHTO T194
333 Shore Drive., Burr Ridge, [L 60521. Ph: {(630) 321-0944 Fax; (630) 321-0945
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District100, East Erie street,Chicago, IL 60611 .
File No. 2355 Date | 3/27/2002 | Report No 1 Tested By AK Checked By SM
Sample 1D RFP10-Reff#2-SAHS-1001 Dry Density(pcf) 72.0 ]
Source of Material SWRP-Lagoon 24 HASMA Moisture Content(%) 33.0 :
{
Description of Soil |Black Aged High Solids Date of Soaking 3/22/02 l
Initiat Swell Reading 10 99 Final Swell Reading 7 50 Swell Percent 1.30 "
IBR & 1BV
1800 - -
i
1600 :
1400 — e —_
- T —e&—- Soaked
& 1200 i | (er |
X - .. - Unsoaked, |
2 1000 — S " U
ﬁ ’/_,.;'f; — /
§ 50 """"’ /
£ A
9 600 — -
8.00 1.%5 250 375 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75
Penetration {(mm)
IBR(%) |@2.54mm 4.33 @5.08mm 5.58
IBV(%) |@2.54mm 6.81 @5.08mm | 8.51
REMARKS:-




-y

i

Great Lakes Soil & Environmental Consultants, Inc.

IBR &IBV TEST AASHTO T193 i
333 Shore Drive., Burr Ridge, IL 80521, Ph: (630) 321-0944 Fax: (630) 321-0945

Project Geotechnical Characterization of Biosolids

REMARKS :-

Client Metropolitan Water Reclamation District, 100 East Erie street,Chicago, IL 60611
File No. 2355 Date | 9/23/2002 | ReportNo | 1 | Tested By NP Checked By SB
Sample ID SULS Dry Density(pcf) 68.0
Source of Materiat Stickney WRP Moisture Content(%) 37.0
Description of Soil Black Under-aged Low Solids Date of Soaking 9/18/02
initial Swell Reading 19 108 |Final Swell Reading 9 106 Swell Percent ' 4.00
IBR & IBV
350 1
300 / S '
/
—~ 250 / | ——Soaked 1
. . s
! H N
= |~ Unsoaked;
@ 200 ! (svy G
2 L
a /
§ 150 /
L
[77]
100 / JS—
50 /. -
[ T SR S e R S e e e . . B i
000 1.25 2.50 375 5.00 6.25 7.50 8.75 10.00 11.25 12.50 1375 i
Penetration {mm) 1.
%
IBR (%) 1@2.54mm 1.28 @5.08mm 1.50 \
1BV (%) ®2.54mm _ @5.08mm t
i
1




iy

5?};” "Great-La_kes Sm{ & Environmental Consultants, Inc. IBR &IBY TEST AASHTO T193
{ . 333 Shore Drive., Burr Ridge, IL 60521. Ph: (630) 321-0844 Fax: (630) 321-0945
|
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District100, East Erie street,Chicago, iL 60611 4
File No. 2355 Date | 3/27/2002 ) ReportNo| 1 | Tested By AK Checked By SM
Sample iD SULS Dry Density(pcf) 58.0
Source of Materiat Stickney WRP Moisture Content (%) 49.0
Description of Soil Black Under-aged Low Solids Date of Soaking 3/22/02
initial Swell Reading 1090 |Final Sweli Reading 3-118 Swell Percent 2.74
IBR & IBV
900 -
800 .
700 e
.y —&— Soaked
8 600 (BR)
5 P e -UnsoakedE
@ 500 . —_ (o) |
;;- s A /
5 400 —7
Y -1
g P /
i 300 / &
200 L
100
/-u-.ﬂ
0 %&’ . , . . — . :
0.00 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75
Penetration (mm})
IBR (%) |@2.54mm 2,68 @5.08mm 2,93 )
1BV (%) |@2.54mm 3.57 @5.08mm 4.52

REMARKS:-




Great Lakes Soil & Environmental Consultants, Inc.

IBR &IBV TEST AASHTO 7192
333 Shore Drive., Burr Ridge, Il 60521, Ph: (630) 321-0944 Fax: (630) 321-0045

Project Geaiechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street,Chicago, IL 60611
File No. 2355 Date | 9/16/2002 | ReportNo| 1 | Tested By NP Checked By SB
Sample ID SUHS Dry Density(pcf) 62.0 \
|
Source of Material Stickney WRP Moisture Content(%} 440 ‘
Description of Soil Biack Under-aged HighSolids Date of Soaking 9/12/02 !
Initial Swell Reading 19 47 |Final Swell Reading 13 172 Swell Percent 2.15 ‘
IBR & 1BV
400
350 ! N
/ e T
300 l‘ .—O—Soaked i
= ‘ | {1BR) :
€ r U !
e 2%0 T L Unscaked!
g L 1B
! E 200
-
| @ 180 t / —_—
\ 100 \ /
l 5C T/'/ PO,
E 0 S — B sl et {5 A = teaki e e e e P ]
| 0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 1373
( Penetration {mm)
|
IBR (%) |@2.54mm 1.34 @5.08mm | 1.63 ‘
1BV (%) B2.54mm @5.08mm

REMARKS :~




I Great Lakes Soil & Environmental Consultants, Inc.
iF 333 Shore Drive., Burr Ridge, IL 80521. Ph; (630) 321-0944 Fax; (630) 321-0945

IBR &IBV TEST AASHTO T19%

Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District100, East Erie street,Chicago, IL 60611 _ .
File No. 2355 Date | 3/30/2002 | Report No 1 | Tested By AK Checked By SM
)
Sample 1D SUHS Dry Density(pcef) 68.0
Source of Material Stickney WRP Moisture Content(%) 32.2
Description of Soil Black Under-aged High Solids Date of Soaking 3/26/02
Initial Swell Reading 8-32 {Final Swell Reading 0-159 Swaell Percent 2.95
IBR & IBV
3500 -
3000
| —o—Soaked i
oake:
= 2500 1BR)
o i
% -~ Ungoaked:
g 2000 e g8V
a .
& 1500
2 s
7] L
1000 g
.-"r/
//E_E//
500 L *
0 e ) 4 — — ; —_— .
0.00 125 2.50 3.75 5.00 £.25 7.50 8.75 10.00 11.25 12.50 13.75
| Penetration (mm)
J
IBR(%} @2.54mm 1.86 @5.08mm 2.26
IBV(%) @2.54mm 9.41 @5.08mm 13.00
REMARKS :- ,




| Great Lakes Soil & Environmental Consultants, Inc.

: : IBR &IBYV TEST AASHTO T193
333 Shore Drive.. Burr Ridge, IL 80521. Ph: (630) 321-0944 Fax: (630) 321-0945

- 1T aun

Project Geutechnica! Characterization of Biosolids

Client Metropolitan Water Raclamation District, 100 East Erie street,Chicago, IL 60611
File No. 2355 Date | 9/23/2002 § Report No| 1 [ Tested By NP Checked By SB
Sample ID CAHS Dry Density{pcf) 62.0
Source of Material Calumet WRP Moisture Content(%) | 44.0
Descripticn of Soil Black Under-aged HighSolids Date of Soaking 9/18/02
Initial Swell Reading 18 140 |Final Swell Reading 15 67 Swell Percent 137
IBR & IBV
350 -
300 /
en i / i——" - SC;;;:"
5 0- A (1BR)
o 5 ;
X ] / i - Unsoawec
v 200 e {igv:
[ e
ﬁ /
® 150
Q@
=
7 /
100 _—
50 / ‘/ o
O st o e i o m B R e e - . o . ey
0.08 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 11.25 1250 13.75
Penetration (mm)
IBR (%) (@2.54mm 1.34 @5.08mm 1.65
IBV (%) @2.54mm @5.08mm

REMARKS :-




‘Great La-kes Sonll & Environmental Consultants, Inc. [BR A1BV TEST AASHTO T153
333 Shore Drive., Burr Ridge, IL 60521. Ph: (630) 321-0944 Fax: (630) 321-0845
Project Geotechnical Characterization of Biosolids
Ciient Metropolitan Water Reclamation District100, East Erie street,Chicago, IL 60611 i
File No. 2355 Date | 3/29/2002 | Report No 1 | Tested By AK Checked By SM
Sample ID CAHS Dry Density(pcf) 51.0
Source of Material Calumet WRP Moisture Content(%) 64.0
Description of Soil Black Aged High Solids Date of Soaking 3/22/02
Initial Swell Reading 8-193  |Final Swell Reading 4-142 Swell Percent 2.10
IBR & IBV
700 4 -
800 e ——
_/"’/ — —o—Soaked | |
o 50 = (BR) | |
2 e i
X L ¢ - Unsoaked|
B 400 —= gBvy
E J"’.
‘2 (J// /
i 300 ’/*
zs ~
200 . s
e
vy
100 v,/”:’r
0 * j ’ '
0.00 1.25 2.50 375 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75
Penetration (mm)
IBR(%) @2.54mm 1.77 @5.08mm 2.36 p
IBV (%) |[@2.54mm 2.16 @5.08mm 2.99

REMARKS:-




| Great Lakes Seil & Environmental Consultants, Inc.

w i ; IBR &IBV TEST AASHTO T193
333 Shore Drive., Burr Ridge, IL 60521. Ph: (630) 321-0944 Fax: (630) 321-0945 i

Project Geotechriical Characterization of Biosolids
Client Metropolitan Water Reclamation District, 100 East Erie street,Chicago, IL 60611
File No. 2355 Date | 9/22/2002{ ReportNo| 1 | Tested By NP Checked By SB
Sampie ID CALS Dry Density(pcf) - 62.0
Source of Material Calumet WRP Moisture Content(%) 44.0
Description of Sail Black Aged HighSolids Date of Soaking 9/18/02
initial Swell Reading 18 115 iFinal Swell Reading 16 187 Sweill Percent 0.66
IBR & IBV
600 Qo e e
500
!——O—Soaked t
T | (IBR) ‘
o 400 ; |
S ! - Unsoaked|
» 7 (18v) 1
e S
§ %00 /
5
D
£
D 200 /
100 / —
o
0 &ttt - .: . FER— e ey sip 7 e Syt
0.00 1.25 2.50 3.75 5.00 .25 7.50 875 10.00 11,25 12 50 1375
Penetration (mm)
IBR (%) (@2.54mm 2.16 @5.08mm 248
1BV (%) (@2.54mm @>5.08mm

REMARKS -




Great Lakes Soil & Environmental Consultants, Inc.

, ) A IBR &IBV TEST AASHTO T193
| 333 Shore Prive., Burr Ridge, IL 60521. Ph: (630) 321-0944 Fax: (630) 321-0945
Project Geotechnical Characterization of Biosolids
Client Metropolitan Water Reclamation District100, East Erie street,Chicago, IL 60611
File No. 2355 Date | 3/27/2002 | RepottNo} 1 | Tested By AK Checked By SM
Sample ID CALS Dry Density(pcf) 60.0
Source of Material Calumet WRP Moisture Content(%) 45.0
Description of Soil Black Aged Low Solids Date of Soaking 3/22/02
Initiat Swell Reading . 10-96 JFinal Swell Reading 19-169 Swell Percent 4.25
IBR & IBV
0o S
2000 ;

- e —4—Soaked |

- — (BR) .

¥ s ST !

& 1500 e -~ Unsoaked|

0 e Bv) |

¢ .

0 o

2 1000 — =

) s

v-‘//
500 ' /
B
0.00 1.25 2.50 3.75 5.00 6.25 750 8.75 10:00 11.25 12.50 13.75
Penetration (mm)

IBR(%) @2.54mm 1.40 @5.08mm 1.79
IBV(%) @2.54mm 6.05 @5.08mm 8.45
REMARKS:-

u




