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EXECUTIVE SUMMARY 

The MetropoIjtan 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 biosolids in 
these cases augment and/or replace coilventional earthen materials thus providing 
beneficial and economical use for the biosolids. 

1%e present study is intended to provide the geotechnical characterization of the biosolids 
so that guidelines can be developed for construction and management when biosoIids are 
utilized. 

'The scope of the study required testing of six biosolids samples for various cmveritiond 
geotechnical properties. The testing included Sieve/Hydrometer Analysis and 
(jetemination 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 land5l cover 
material are provided. In addition, recommendations concerning further evaluation of 
biosolids for various civil and environmental applications are made. 
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1 INTRODUCTION 

The Metropolitan Water Reclamation District of Greater Chicago (District) generates 
approximately 200,000 dry tons of biosolids annually. Most of this biosolids i s  generated 
at the District's Calumet and Stickney water reclamation plants (WRP). Following 
anaerobic 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 greaIer than 
18 mouths (aged) or less than 18 months (under aged), then dried to approxinxatety 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, construi3icin 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 thm. 25 percent of soil volume) as a soil amendment. Also, the biosolids are 
utilized as n 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, pmperties 
such moisture-density relationships and shear strength need to be determined. If 
biosolids are considered as subbase or base course underneath pavements, geateclmical 
properties such as Illinois bearing ratio (IBR) and immediate bearing talue (XBlr) will be 
relevant. Index geotechnical properties such as grain size distribution md Atterberg 
Limits are needed to compare biosolids to natural soils. 
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2 OBJECTIVE AND SCOPE 

The overall objective of the study is to determine relevant geotechnical properties of 
bicrsolids 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 
ennbrankments (example: roadsides, final covers on landfills), as subbase or backfill, or on 
reczreational areas (example: parks and golf courses). 

'lie scope af this study included characterization of six District biosolids samples by 
pePfoming 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 teszs 
Primary and secondary consolidation characteristics based on consolidation test 
Unconfined compression 
Triaxial unconsolidated undrained shear 
Triaxid consolidated undrained shear 
IIlinois bearing ratio (IBR) 
Immediate bearing value (IBV) 
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3 EXPERIMENTAL METHODS 

3,l Biosolids Used In the Study 
The biosolids samples used in this study were obtained from the Stickney and Cal.umet 
P W s  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). 

'W = Water Redamation Plant. 

3.2 Overview of Tests 
'The following tests were performed on six biosolids samples to detemir~e 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 221 6, "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 moistwe 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 o f  water. For 
must inorganic soils, the specific gravity ranges from 2.6 to 2.7. Organic sods possess 
lower specific gravity values as compared to inorganic soils. 



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 fiom 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 Moikture-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 Si = 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 deternines 
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 stress the 
biosoiiids can withstand. Shear strength depends on consolidation and drainage 
conditions. The following tests were conducted to determine the shear srrcngth of 
biosolids: (a) ASTM D 2166, "Standard Test Method for Unconfined Compressive 
Strength of Cohesive Soil", (b) ASTM D 2850, "Standard Test Method for 
Llnconsoiidated-Undrained Triaxial Compression Test on Cohesive Soils", and (c) ASTM 
1) 4767, "'Standard Test Method for Consolidated Undrained Triaxial Compression for 
Cohesive Soils". 

3.2.8 Illinois Bearing Ratio (IBR) and Immediate Bearing Value @BV) 
Illinois Bearing Ratio (IBR) and Immediate Bearing Value (IBV) of biosoiids were 
determined using IDOT's "Method of Determining the IBR and the TBV of Soils. Treated 
Soils anti Aggregates" (Geotechnical Manual, IDOT 1999). IJ3R and IBV are useful to 
evaluate the suitability of biosolids for pavement construction. 

13.3 Quality Control 
Stmdard testing procedures were used in this study. Selected tests were coraducted in 
replicates to determine the variability in the determined soil property. The tests were 
conducted by technicians under the direct supervision of an experienced geutechnical 
engineer. Laboratory test procedures were reviewed with the technicians before the start 
of the testing program and periodically thereafter. Data were reviewed for corsistency 
and completeness. 



Geotechnical Clurracterizatiafi ofdiosot~ds 

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

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. 
111 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 biosolids 
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% to 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 t 7 and 
53, Atterberg limits tests conducted on oven-dried biosolids indicated the material to be 
non-plastic. Specific Gravity of the biosolids varied from 1.8 1 to 2.17. 

.As can. be seen from Table 4-1, the six biosolids samples are classified as fm-grained 
(soil equivalent with the group symbol of " O H  according to the Unified Soil 
Classificatior, System (USCS). The group name is "Sandy organic silt". Figwe 4-1 
shows a plot of the Atterberg Limits of all six samples on the Plasticity Chart. Figwe 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 Hi&..niay 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 
ofCQrganic Silt" and a grain-size distribution with 2% clay, 84 to 86% silt and 12 to 14% 
smd. Liquid Limit, Plastic Limit and moisture content ranged between 85 to 88,& to 65 
aard 34 to 36%, respectively. Atterberg limits tests conducted by CHHI on oven-diy 
materials indicated that the bio-solids were non-plastic, a characteristic typical for 
organic soils. Specific gravity was between 1.93 and 2.0 I .  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 
I I I I I I I I 

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 (ydv) for standard effort (Standard Proctor Test) ranged 
between 50 to 68 pcf and the optimum moisture content (OMC) ranged between 37 to 
64%. For the modified effort (Modified Proctor Test), ydv ranged between 52 and 72 pcf 
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. 



Figure 4-1 Atterberg Limits Summary 
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Standard Proctor Modified Proctor 

The high 8MC is reflective of the organic matter present in the biosolids sampler; and is 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 resnlrs indicate 
that in general, the maximum dry density values between the replicates were ciose. 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. 

Tlne OMC is the moisture content at which at which maximum dry density occ::rs 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 lower 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 rest 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 September 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 conlpression 
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. 
I 

Compression Index, Recompression Index, 

Sample ID cc Cr 

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, C, is 
found to be approximately 0.02. These values are in general agreement with those 
reported in the literature for organic silts and clays. Cc 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. 

41.4 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 TJU triaxial 
tests were conducted at various confining pressures. Each test resulted in a stress versus 
sitrain plot. The maximum stress in each test defined the failure stress. The faiIiure stress 
together with the confining pressure were plotted on an X-Y plot, as a "Mokr's Circle". 
' b e e  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 she Angle of 
1:ntemal Friction, "4", and the intercept with Y axis is the "Cohesion". The same 
l~rocedure was followed for the CU Triaxial Tests. However, for CU Triaxid tests, pore 
water pressures within the specimen were also measured and later used to determine the 
e-ffective stresses and corresponding and cohesion. 

'Tria~ial UU tests indicated parameters of cohesion between 0 and 20 kPa (0 and 420 psf) 
and Ection 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 trs $40 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 a d  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 W 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 tpaiues 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. 

14 September 2002 
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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 
Y I 

IBR IBV Swell (%) Sample ID 

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 
biosofids 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 suck, its 
particle size distribution falls essentially within the normally recognized limits for 
hst-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 
e m  be fairly easily eroded, enough moisture must also be present TO support 
compaction equipment and to permit the material to be well densified: ir, order to 
prevent or minimize erodibility. 

= As seen from Table 4.2, the maximum dry density of biosolids ranges from 50 to 68 
pcf 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. 

As 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 s110w that 
biosolids derive shear strength from internal friction and cohesion. The shear strength 
of biosoiids 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 
Wa. 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 fiom 2.2 to 9.4 percent 
in the unsoaked condition. For naturally occurring soils, IBR values nomally range 
from 3 to 15% for fine-grained materials (silts and clays) and fiom 10 to 40% for 
sand and sandy soils. 
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5.2 Assessment of Potential Uses 
A preliminary assessment of beneficial use of biosolids in various civil and 
environmental applications was made. These applications included: 

Embanlanent fill 
Base, subbase and subgrade under pavements, 
Structural backfill 
Landfill intermediate or funal 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 IBRIIBV 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. 



Geotechnical Characterization t.f Brosolids 

-- ---- - - - - - 

The surface portion of biosolids embankment is subjected to frost heaving. C)b*i:iections 
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 e m b a h e n t .  
Each source of biosolids should be individually evaluated for its corrosiviry poxential. 
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 
blosolids could be used as subgrade materials under very light traffic pas=-ernents. 
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 lightwe~ght, they 
could be considered as backfill for retaining structures. However, theu 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% 
(3M:lV). Geotechnical properties that are necessary to evaluate the suitability of 
maxerials to use in final covers include shear strength parameters (c and 4) md hydraulic 
conductivity (k). Typically, a Factor of Safety (F.S.) of 1.5 is required against slope 
fBilkare for the final cover slopes. The biosolids tested in this study have ar: effective 
frictiorl 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 Landfdl Liner Material 
Conventionally landfill liners are designed to minimize the id~ltration of leachates into 
the subsurface below the landflll, thus eliminating the potential for groundwater 
contamination. Clay liners, geomembranes 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 prov~ded by 
the Ivaetropolitan Water Reclamation District from its plants in the Chicago rnerrapolitan 
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. 

(5.1 Conclusions 
'I. l ' e  biosalids samples are classified as fme-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 
nnd Plasticity Indices that are comparable to common inorganic soils. Specific 
Gravity af the biosolids is approximately 2.0, which is substantially less than that 
rdmal sails (approximately 2.7). 

2. The moismre-density relationship tests indicated that the compaction curve 1s "Rat" 
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 :1 times 
that of other natural inorganic soils. Therefore, biosolids may be used as a 
lightweight fill material. 

3. Biosolids when compacted would possess reasonably good shear strength 
characteristics thus making them useful materials for several appliesttions. 
embankments. 

4. The biosolids can undergo medium to high consolidation under overburden pressure. 
'This possibility precludes from being used underneath foundations where significant 
stresses 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 settiment 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. A11 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 futl-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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~ ~ . m p l e ~ 2 0 0 0 1  Lift -Stone)! Island 7 
- 

p p l s  ~essri~tion(6Iask Underaged High Solids 

LIQUID LIMIT DETERMINATION 7 

No. of blows, N 



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

Atterberg Limits 

(ASTM D4318) 

Project 

Client 

File No. 

LIQUID LIMIT DETERMINATION 

Sample Location 

Sample Description 

No. of blows, N 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

Black Under-aged High Solids 

Qc By 

Remarks 

NP 

SB 

Results 

Tested By 2355 Sample # R E m  RF@w-Sum-1001 Date Tested 8/8/2002 

28 I Plasticity Index, PI 59 Plastic Limit, PL Uquid Limit, LL 87 



I G G e h n i c a l  Characterization of Biosolids 7 

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

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

Atterberg Limits 

(ASTM 04318) 

LIQUID LIMIT DETERMINATION 

No. of blows, N , 
I 

Remarks 

- -- 

38 Plasticity Index, Pi 65 103 Plastic Limit, PL 



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

LIQUID LIMIT DETERMINATION 

Atterberg Limits 

(ASTM D4318) 

Sample Location 

Sample Description 

No. of blows, N 

CWRP-West 

Black Aged High Solids 

Remarks 

1 

Project 

Client 

File NO. 

Results 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 6061 1 

18 

2355 

Qc By 

1 Plasticity Index, PI 

SM 

85 

Sample # 

Plastic Limit, PL Liquid Limit, LL 103 

REF= RFP~~EAHS-1001 Date Tested 8/9/2002 Tested By NP 



Atterberg Limlts 
Great Lakes Soil & Environmental Consultants Inc. 

333 Shore Drive. Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 (ASTM 04378) 

edechnical Characterization of Biosolids 

LIQUID LIMIT DETERMINATION 

No. of blows, N 



I project1 Geotechnical Characterization of Biosolids 1 

Great Lakes Soil & Environmental Consultants Inc. 
333 Shore Drive, Burr Ridge. IL 60321 Ph: (630) 321-0944 Fax: (630) 321-0945 

Atterberg Limits 

(ASTM D4318) 

Client 

File NO. 
C 

LIQUID LIMIT DETERMINATION 

Sample Location 

Sample Description 

No. of blows, N 

Metropolitan Water Redamation District, ?00 East Erie Street, Chicago, 1L 6061 1 

Black Aged Low Solids 

Results 
I I I I I 1 - 

Qc By 

NP 

SB 

Remarks 

Tested By 2355 Sample # 

Plasticity Index, PI 22 I Liquid Limit, LL 

REFXGRFPIO-CALS-10MJ Date Tested 8/9/2002 

105 Plastic Limit, PL 83 



0 1 7  Washington St., Lansing, IL 60438. Ph: (708) 474-8880 Fax: (708) 474-7790 

Project Geotechnical Characterization of Biosolids 

Client I- 1 Metropolitan Water Reclamation Districi. 100 East Erie street, Chicago. IL 6061 1 

File No. I 
L i c a t l o n  SWRP Lagoon 23 RASMA MayIJune Lift 

Sample DescdpUon 

Sample 10 

Vol. Of Fiask @ 20% 

Black Aged Low Solids 

REF# 1-RFP 10-SALS-1001 

Temperature, Oc 24.0 24.0 24.0 

Mass fi.+wate? = Mbw k 357.32 359.35 361 .O 

Replicate 2 
I 

3 I 4 

f Replicate 1 

1- T n f  NO. 

Dish No. 

Mass dish + dry soil t 

1 

Mass of dish 

Mw %+Mhw*hwE 

2 

a s  J M ~  is the mass of the (ask Ped with water at same temp +l- 1Oc as for M, or value fmm 

calibration curve at T of Mb, 

- 



Great Lakes Soil & Environmental Consultants, Inc. 
3317 Washington St.. Lansing, iL 60438. Ph: (708) 474-8860 Fax: (708) 474-7790 

SPECIFIC GRAVITY 
ASTM D 854 

Project 

Client 

File No. 

Sample Location 

Sample Description 

Sample 1D 

Geotechnical Characterization of Biosolids 

Metropofitan Water Reclamation District, 100 East Erie street, Chicago, IL 6061 1 

SWRP Lagoon 24- HASMA 

Black Aged High Solids 

REF# 2-RFP 10-SAHS-1001 

Remarks: 

2355 

M, is the mass of the flask ftlled with water at same temp. +I- 1% as for MbwS or value from 

Replicate 1 Replicate 2 

Test No. 1 2 3 4 

calibration curve at T of M, 

Date 

Vol. Of Flask @ 20Oc 

Method of air removal' 

Mass fl.+ water+soll=Mb, 

Temperature, Oc 

Mass fl.+wtelf = M~~ 

Dish No. 

Mass dish + dry soil 

Mass of dish 

Mass of dry soil = M, 

M, Ms+M&- 

a =p&20°c 

G, = a MJM, 2.072 2.149 2.200 2 143 
I 

Average Specific Gravity = 2.1 I 2.17 

250.0 

Vacuum 

370.43 

22.0 

2121102 Report # 1 Tested by: 

250.0 

Vacuum 

372.70 

22.0 

SM AK QC by: 

250.0 

Vacuum 

374.96 

22.0 

357.47 

25.00 

12.04 

0.99780 

250.0 

Vacuum 

370.48 

22 0 

361.3 

25 00 

11.34 

0.99780 

359.31 

25.00 

11.61 

0.99780 

357.12 

25 00 

11.64 

0 99780 



ASTM C) 854 

- 
Project Gwtechnical Characterization of Biosollds 

Client Metropolitarl Water Reclamation District, 100 East Erie street, Chicago, IL 6061 1 

Flle No. I 

Mass fl.+ water+sail=M 

, Mass dish + drysoil , 

Vol. Of Ftirsk @ 20'62 

Methocl of air remavat' I- 

Mass af dish 

I Average Specific Gravity = I 2.15 I I 

250.0 

Vacuum 

-- 

250.0 

Vacuum 

250.0 

Vacuum 

250.0 

\rlacuum 



Great Lakes Soil 8 Environmental Consultants, Inc. SPECIFIC GRAVITY 
3317 Washhgton St.. Lansing. IL 60438. Ph: (708) 474-8860 Fax: (708) 474-7790 ASTM D 854 

Project 

Client 

File No. 

I Replicate 1 I Replicate 2 
1 I 

Sample Location 

Sample Description 

Sampte ID 

Geotechnical Characterization of Biosoiids 

Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 6061 1 

SWRP 2001 Lift-Stoney Island 

Black Under-aged High Solids 

REF# CRFP 10-SUHS-1001 

I 

SM 

Mass dish + dry sol1 I 

AK QC by: 2355 

4 Test No. 1 

250.0 

Vacuum 

372.84 

22.0 

361.65 

Vol. Of Flask @ 20% 

Method of air removal' 

Mass fl.+ water+soil=Mb, 

Temperature, Oc 

Mass fl.+wate? = Mbw 

Dish No. 

I I 2 3 

I 

I 

Remarks: M, IS the mass of the flask filled with water at same temp. +I- 1% as for Mb or value from 

calibration curve at T of M,, 

L 

250.0 

Vacuum 

369.26 

22.0 

Tested by: Date 2/28/02 Report # 

- - -- 

25.00 

13.81 

0.99780 

1.806 

Mass of dish 

Mass of dry soil = M, 

M, = Ms+Mm-Mb, 

a =dp20°c 

G, = a M,M, 

1 

250.0 

Vacuum 

373.19 

22.0 

250.0 

Vacuum 

366.20 

22.0 

357.13 1 361.37 

Average Specific Gravity = 

25.00 

12.87 

0.99780 

1.938 

354.7 

t .92 

25.00 

13.18 

0.99780 

1.893 

1.83 

25.00 

13.50 

0.99780 

1.848 



[~eotechnical Characterization of Biosolicis 

Great Lakes Soil & Environmental Consultants, Inc. 
3367 Washington St, Lansing. IL 60438. Ph: (708) 474-8860 Fax: (708) 474-7790 

I Client /~atmpelitan Water Reclamation District. 100 East Erie street. Chicago, IL 6061 I I 

SPECIFIC GRAVfTY 
ASTM B 854 

Sample Lc~cation CWRP- West 

File No. 2355 

/ Sample Dwcriptian I~iack Aged High Solids I 

f Replicate 1 Replicate 2 
I t 

Date 

d af air remova 

Mass fl.+ water+soil=# - I I I I 

Temperature, Oc I 24.0 1 24.0 24.0 1 24.0 

2/25/02 

1R.mark.s: is the mass of the flask filled with water at same temp +I- 1% as for M, or value from '7 
- - 

calibration curve at T of Mb, 

Report # 1 Tested by: AK QG by: SM 



Great Lakes Soil & Environmental Consultants, Inc. 
3317 WasMngton St.. Lansing, 1L 60438. Ph: (708) 474-8860 Fax: (708) 474-7790 

SPECIFIC GRAVITY 
ASTM D 854 

Project 

Client 

File No. 

Remarks: Mb, is the mass of the flask l led with water at same temp. +I- 1% as for Mbws or value from 

calibration curve at T of Mws 

Sample Location 

Sample Description 

Sample ID 

Test No. 

Voi. Of Flask @ 20°c 

Method of air removal' 

Mass fl.+ water+soll=Mb, 

Temperature, Oc 

Mass fl.+wate? = Mbw 

Dish No. 

Mass dish + dry soil 

Mass of dish 

Mass of dry soil = M, 

M, = M,+Mb-Mb, 

a =dp20°c 

G, = a MAM, 

Average Specific Gravity = 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie street, Chicago, IL 6061 1 

2355 

CWRP- East 

Black Aged Low Solids 

REF# 6-RFP 10-CALS-1000 

Date 2/26/02 Report # 1 

Replicate 

1 

250.0 

Vacuum 

369.75 

24.0 

357.26 

25.00 

12.51 

0.99732 

1.993 

Replicate 

3 

250.0 

Vacuum 

373.35 

24.0 

361.4 

25.00 

13.05 

0.99732 

1.91 1 

1 

2 

250.0 

Vacuum 

366.46 

24.0 

354.66 

25 00 

13.20 

0.99732 

1.889 

Tested by: AK 

2 

4 

250.0 

Vacuum 

371.79 

24.0 

359.56 

25.00 

12.77 

0 99732 

1.952 

1.94 

QC by: SM 

1.93 



Appendix B 

Moisture-Density Relationship Test Results 

Standard Proctor Test 
Modified Proctor Test 



- - 

meotechnical Characterization of Biosolids 

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

-- -- 

I client1 Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

MOISTURE DENSITY 
RELATlONSIliP CURVE 

ASTIM D598-91 

I-~~SWRP Lagoon-23 RASMA MaylJune L i  1 

I File ~ o . 1  2355 Sample # RR~#~-SWS-~OO~-STO-~ 

- - 

l~arnple ~escriptionl~lack Aged Low Solids 

Qc BY 

Date Tested 

Moisture, % I 

No. of Layers 

211 812002 Tested By 

25 3 

46.0 

No. of Blows per Layer 

Natural 
Moisture Content, % 59.9 Optimum 

Moisture Content, % 49.0 



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

Remarks 

MOISTURE - DENSITY 
RELATIONSHIP CURVE 

ASTM D698-91 

Results 

Project 

Client 

46,0 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

62.0 

b. 

Qc By 

AK -- 
SM 

Sample Location SWRP Lagoon-23 RASMA MaylJune Lift 

Sample Description 

Type of Proctor 

No. of Layers 

Black Aged Low Solids 

Standard 12 5.5 

3 

Method: A Drop, in. 

No. of Blows per Layer 

MoId 
Size 

25 

Hammer 
Weight, Ib. 



Great Lakes Soil & Environmental Consultants Inc. RELATIQNSMIP CURVE 

333 Shore Drive. Bun ftidge. lL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 

Sample Location SWRP Lagoon-23 RASMA MaylJune Lift 

l~arn~le  ~ e s c r i ~ t i c ~ I ~ ) a c k  Aged Low Solids I 

Moisture, ./. 

I Results 1 - 



Moisture. % 

Great Lakes Soil & Environmental Consultants Inc. 
333 Shore Drive, Bun Ridge, li 60521 Ph: (630) 321-0044 Fax: (630) 321-0945 

MOISTURE - DENSITY 
RELATIONSHIP CURVE 

ASTM D1557-91 

Remarks 

Results 

Project 

Client 

File NO. 
* 

46.0 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

Qc By 

48.0 

SM 

Tested By 2355 Sample # AK Date Tested Ref#l-SNS-tO07MOD-2 

Sampk Location 

Sample Description 

Type of Proctor 

No. of Layers 

2/23/2002 

SWRP Lagoon-23 RASMA MaylJune Lift 

Black Aged Low Solids 

Drop, in. Mold 
Size In. Modified 18 Method: A 

25 5 No. of Blows per Layer 



Great Lakes Soil & Environmental Consultants Inc. 
333 Shorn Drive, Burr Ridge. lL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D698-91 

~ ~ ~ e c h n i c a i  Characterization of Biosolids ----I 

I NO. of ~ a ~ e r s l  3 NO. of Blows per ~ a ~ e r l  25 1 

Moisture, % 

Remarks r- 
-- 

42.0 Natural Optimum 37.0 Moisture Content, % Dry Density, pc Moisture Content, % 



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

Remarks 
- 

MOISTURE - DENSITY 
RELATIONSHIP CURVE 

ASTM 0698-91 

Results 

project 

Client 

File No. 

42.0 
Natural 

Moisture Content, % 
Optimum 

Moisture Content, % 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

38.0 

Qc By 

AK 

SM 

Tested By 2355 Sample # 

Sample Location 

Sample Description 

Type of Proctor 

No, of Layers 

ReM2 SAHMm1-STD2 Date Tested 2/25/2002 

SWRP-Lagoon 24 HASMA 

Black Aged High Solids 

12 Drop, in. Standard 

3 

Method: Mold A in. 
No. of Blows per Layer 25 



333 Shore Drive, Burr Ridge. 1L 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D1557-91 

[=~UO~/SWRP Lagmn-24 HASMA 7 
- -  - -  - 

G e  Descriptianrt&k~~ed High Solids 

I NO. o f  ~ a ~ e r s /  5 1 NO. o f  BIOWS per Layer 25 

Moisture. % 

42,0 
Natural 

Moisture Content, % 
Optimum 

Moisture Content, % 34.0 



Moisture, % 

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

MOISTURE -DENSITY 
RELATIONSHIP CURVE 

ASTM D l  557-91 

Remarks 

Results 

Project 

Client 

File No. 

42.0 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, I1 6061 1 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

QC BY 

31 .O 

AK 

SM 

Tested By 2125l2002 2355 Sample # 

Sample Location 

Sample Description 

ROW ~ ~ 1 w 1 - M O P 2  Date Tested 

SWRP- Laggon 24 HASMA 

Black Aged High Solids 

Hammer 
Type of Proctor Modified Weight. Ib. - - 

No. of Layers 5 No. of Blows per Layer 25 

Drop, in. 10 18 



Great Lakes Soil & Environmental Consultants Inc. RELATlONSHlP CURVE 

333 Shore Drive, Bun Ridge, lL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM Mi9842 

Hammer 5.5 Drop, in. 12 
Weight, Ib. 

( NO. of ~ a ~ e r s /  3 1 No. of Blows per Layer 

Moisture, % 

1 Dry Density, ~ c f l  
J0.U I .."." 

Moisture Content, 4/01 Moisture Content, %I ""' 1 



Moisture, % 

Great Lakes Soil 8 Environmental Consultants Inc. 
333 Shore Drive, Bun Ridge. lL 60521 Ph: (630) 321-0944 Fax: (630) 327-0945 

MOISTURE - DENSITY 
RELATIONSHIP CURVE 

ASTM 069881 

Remarks 

Results 

Project 

Client 

File No. 

65.0 Optimum 
Qnolsture Content, % 

Geatechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 f 

Natural 
Molsture Content, % 

Qc By SM 

2355 Sampte # AK 

Sample Location 

Sample Descrjption 

Type of Proctor 

No. of Layers 

Tested By Ref#j-suLs-1m+-sDa 

SWRP Lagoon-16 Marathon 

Black Under-aged Low Solids 

Date Tested 21232002 

12 Standard 

3 

Method: A 

No. of Blows per Layer 25 

Mold 
Size in. Drop, in. 



Great Lakes Soil & Environmental Consultants Inc. 
353 Shore Drive. Bun Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D1557-91 

Project Geotechnical Characterization of Biosolids 
7 

Client hrletropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 
I 

File No. 2355 Re~3-SULS-1~1-~00-1 Date Tested 2/21/2002 Tested By ! 71 

SWRP Lagoon-16 Marathon -- 
Sample Description Black Under-aged Low Solids 

1 No. of liayersl 5 1 No. of Blows per ~ a y e r l  25 1 

--, 

Moisture, % I 

Modified 

Remarks 

A Method: 

Results 

Site 

65.0 
Dry Density, pc P 4 Moisture Content, % 

Maximum 63.0 

Hammer 
Weight, Ib. 

35.0 
Optimum Natural 

Moisture Content, % 

Drap, in. 18 



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

Remarks 

MOISTURE - DENSITY 
RELATIONSHIP CUFWE 

ASTM 0155181 

Results 

Project 

Client 

File No. 

65.0 Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

54,0 

Qc By 

AK 

SM 

Tested By 2355 Sample # ~ ~ ~ U L S - ~ ~ I - M O  Date Tested 2/23/2002 

Sample Location 

Sample Description 

Type of Proctor 

No. of layers 

SWRP Lagoon-16 Marathon 

Black Under-aged Low Solids 

18 Modified 

5 

,0 Method: Drop, in. 

No. of Blows per Layer 25 

Hammer 
Weight, Ib. A Mold 

Size in. 



Great takes Soil & Environmental Consultants Inc. 
333 Shore Drive, Bun Ridge, lL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM Bti98-91 

1 project1 Geoteehnical Characterization of Biosolids 

SWRB 2001 Lift-Stoney Island 

Black Under-aged High Solids 

Client 

File No. 

Ivletrapoiitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

1 NO. o f ~ a ~ e r s l  3 1 No. of Blows per Layer 25 

I Moisture, % 

- 

1 Results \ 

Drop9 in. Type of Proctor Standard 

Remarks I?- - 

12 Method: A Mold 
Size in. 



Great Lakes Soil & Environmental Consultants, Inc. 
333 Shore Drive, Bun Ridge, IL 60527 Ph.: (630) 321-0944 Fax: (630) 3219945 

Source of Material 

Description of Soil 

PERCENT FINES 
ASTM D l  140 

Project 

Client 

File No. 

Control Sieve No. - - 

Weight of empty pan, gm. 

Weight of pan + dry sample 

Weight of pan + dry sample after washing = 

Percent fines, % 

- 

Remarks I 
I 

Date 

Quality, Service & Cornrnifmenf 

Sampb # Tested By 



333 Shore Dnve, Burr Ridge, lL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM 8698-91 

Project (;sotechnical Characterization of Biosolids 1 

(=osation!~~~F+ 2001 Lift - Stony island 7 
Isample ~escrlption~~iack Under-aged High Solids 

I No. of Layen/ 3 1 No. of Blows per Layer 25 
I 

I Moisture, % 

Remarks 

( DryD:?E:g ''*' 

Optimum 
Moisture Content, % 

49.0 
Natural 

Moisture Content, % 75.0 



MOISTURE -DENSITY 

Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE 

333 Shore Drive, Bun Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM 01557-91 

Moisture, % 

project 

Client 

File No. 

Remarks 

Geotechnical Characterization of Biosoiids 

Metropotitan Water Redarnation District, 100 East Erie Street, Chicago, IL 6061 1 

Results 

Qc By 

AK 

SM 

75,0 

Tested By 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

2/21/2002 

L 

30.0 

2355 

Sample Location 

Sample Description 

Type of Procfor 

No. of Layers 

R ~ U H S - ~ O O ~ . M O D - I  Sample # Date Tested 

SWRP 2001 Li-Stoney Island 

Black Under-aged High Solids 

18 Drop, in. Modified 

5 

Method: A Mold' 
in. 

No. of Blows per Layer 25 



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

- -  -- 

I l<e ~ o . 1  2355 l&wnple #I ~eW-~~Hs-raal-MoD-2(  Date ~este' I 2/26/2002 ( Tested By 1 JM I 

MOISTURE -DENSITY 
RELATlDNSHfP CURVE 

ASTM 01 557-91 

Project 

Client 

I QcBy 1 SM I 

13eote~hnicat Characterization of Biosolids - 
IMetropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

Sample Location SWRP 2001 L i i  - Stony Island 

Sarnpta Description Black Under-aged High Solids F- 
I No. of ~ayersl 5 1 No. of Blows per ~ a ~ e r l  25 1 

Moisture, % 

Remarks 

1 



I Moisture, YO 

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

MOISTURE - DENSITY 
RELATIONSHIP CURVE 

ASTM D698-91 

Remarks 

Results 

project 

Client 

File NO. 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

64.0 

Qc By 

JM 

SM 

Tested By 2355 

Sample Location 

Sample Descrlptian 

Type of Proctor - 
No, of Layers 

L 

2/12/2002 Sample # RemSCAtff-l001-SX)-l 

CWRP-West 

Black Aged High Solids 

Date Tested 

12 Standard 

3 

Method: Mold 
A Size in. 

No. of Blows per Layer 

Drop, in. 

25 



Project G80technical Characterization of Biosolids -7 

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

(sample ~escriptionl~lack Aged High Solids 

MOISTURE - DENSIN 
RELATIOFQSHIP CURVE 

ASfM W98-91 

I ~ o o f ~ a y e r s l  3 1 No, of Blows per Layer 25 

I 

Moisture, % 

Type of Proctor 

Remarlts , F7 -----I 

I I I 

Standard Method: A 
Size 



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

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

MOISTURE - DENSITY 
RELATlONSHlP CURVE 

ASTM Dt557-91 

Project Geotechnical Characterization of Biosolids 

Sample LOC~~~O~~CWRP-WEST I 

1 

(sample ~escriptionl~lack Aged High Solids I 

Fife No. I Tested By 

I 

Moisture, % 

AK 

No. of Blows per Layer 

2/12/2002 2355 ~enrxrurs-iwl.~oc-~ 

18 

25 

Remarks 

Date Tested 

Drop, in. Type of Proctor 

Results 

Modified Method: 

50,0 Optimum 
Moisture Content, % 

Natural 
Moisture Content, % 

A 10 



Great Lakes Soil & Environmental Consultants Inc. RELATIONSHIP CURVE 

333 Shore Dnve. Burr Ridge, iL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM Di557-91 

Project C;e~bchnical Characterization of Biosolids 
-1 

- 

L e n 1  hfietropolitan Water ~eclarnatiin District, 100 East Erie Street, Chicago, IL 6061 1 

bimple  ~escri~t ianl~lack Aged High Solids 

I NO. of ~ayers/ 5 1 No. of Blows per Layer 25 

Moisture, % 

Remarks Y 
Results 

Optimum 
Moisture Content, % 64.0 



C. 

MOISTURE - DENSITY 

Great takes Soll& Environmentat Consultants Inc. RELATIONSHIP CURVE 

333 Shore Drive, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D698-91 

Moisture, % 

Project 

Client 

File No. 

Geotechnical Characterization of Biasolids 

Metropolitan Water Redarnation District, 100 East Erie Street, Chicago, IL 6061 1 

Results 

Qc By 

Remarks 

AK 

SM 

55.0 

7 

Tested By 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

2/13/2002 2355 

Sample Location 

Sample Description 

Type of Proctor 

No. of Layers 

53.0 

Sample # RetrwCALSrOoOSTo-I 

CWRP-EAST 

Black Aged Low Solids 

Date Tested 

12 standard Method: A Drop, in. 

3 No. of Blows per Layer 25 



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

Characterization of Biosolids 

Water Reclamation District, 100 East Erie Street, Chicago, IL 6061 1 

File NO. ReftlGCALS1000-STD-2 Date Tested 2/25/2002 Tested By AK 

Type of I 

QC BY 1 SM 

( No. of LaYrtrsl 3 No. of Blows per Layer1 25 1 

Sample Location 

Sample Des,cription F 

Moisture, % 

CWRP- East - 
Black Aged Low Solids 

I Results I 



I project! Geotechnical Characterization of Biosoiids I 

r 

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 0155781 

-- 

Moisture, ./o 

Client 

FITe No. 

Sample Location 

Sample Description 

Type of Proctor 

No. of Layers 

Remarks 

Metropolitan Water Redamation District, 100 East Erie Street, Chicago, IL 6061 I 

CWRP-East 

Black Aged Low Solids 

Results 

Qc By 

AK 

SM 

Modified 

55.0 

s 

Tested By 

Drop, in. 

Natural 
Moisture Content, % 

Optimum 
Moisture Content, % 

211312002 2355 Sample # 

18 

5 

Method: 

45.0 

R e f M ~ ~ l ~ - M O O - 1  Date Tested 

Mold 
A In. 

No, of Blows per Layer 25 



Great Lakes Soil & Environmental Consultants Inc. 
333 Shore Dnve, Burr Ridge, IL 60521 Ph: (630) 321-0944 Fax: (630) 321-0945 ASTM D1557-91 

Moisture, % 

Remarks 

-1 - 



Appendix C 
 

Consolidation Test Results 



Source of 

Descriptia E 

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

Specimen Date and Test Results 

CONSOLIDAT16N TEST ASTM 
02435 

(initial Moistwe Content. O/e ( 55.001~inal Moisture Content. % 1 53.291 

l i n i l ~ g r s s  o: Saturation. K i 86.ni~ina1 Degree of Saturation. x i 94.891 

1 54.79 Final Dry Unit Weight, pcf 

Log P versus Void Ratio, e 

57.68 

10 100 1000 10000 1 
Pressure, kPa 1 

f 
i 

I 1 .251Final Void Ratio, e 1 0.99 

Remarks -7 



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

CONSOLIDATION TEST ASTM 
D2435 

Project 

Client 

F ie  No. 

(initial %d Ratio, e I 0.951~inal Void Ratio, e 1 0.551 

Geotechnical Charactedmtion of BiosoI'i 

Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago. IL 6061 1 

PI 

35 

Specimen Data and Test Results 

nitial Degree of Saturation. % I 74.221~inal Degree of Saturation, O/a 1 133.4 

1 Log P versus Void Ratio, e 

SB 

LLah 

95 
Atterberg Limits 

S~urce of Material 

Description of Soil 

37.96 

77.79 

Initial Moisture Content, % 

Initial Dry Unit Weight, pcf 

10 100 1000 

Pressure, kPa 

PA Checked By 

PL% 

60 

Stickney WRP 

Black Aged High Sdids 

33.00 Final Moisture Content, % 

68.431~inal Dry Unit Weight. pcf 

Remarks 

SAHS Tested By 2355 Date 4/12/2002 Sample # 



Great Lakes Soil & Environmental Consultants Inc. CONSOUDATIOPI WST ASTM 

333 Shore Drive, Bun Ridge, IL 60521; Ph: (630)321-0944; Fax: (630)321-0945 02435 

Specimen Data and Test Results 

1 
Log P versus Void Ratio, e i 

t 

10 100 1000 10000 j 
Pressure, kPa 

I 



Great Lakes Soil & Environmental Consultants Inc. 
333 Shore Drive, Burr Ridge. IL 60521; Ph: (630)321-0944; Fax: (830)321-0945 

CONSOLIDATION TEST ASTM 
D2435 

Project 

Client 

Fiie No. 

Log P versus Void Ratio, e 

Geotechnical Characterization of Biosolids 

MetmpOlibn Water Redamation DisWd of Greater Chicago, 100 East Erie Street, Chicago, IL 6061 1 

PI 

38 

Specimen Data and Tact Results 

1 10 100 1000 10000 

Pressure, kPa 

Initial Moisture Content, % 

lnitial Dry Unit Weight, p d  

Initial Void Ratio, e 

Initial Degree of Saturation, % 

Remarks 

SB 

LL% 

98 
Atterberg Limits 

Source of Material 

Description of Soil 

2355 

PL% 

60 

Stickney WRP 

Btack.Under-Aged Low Solids 

32.00 

64.69 

0.81 

73.97 

Checked By Tested By Date 

Rnal Moisture Content. % 

Final Dry Unit Weight. pcf 

Final Void Ratio, e 

Final Degree of Saturation, '% 

PA 412012002 Sample # SULS 

28.61 

69.86 

0.00 

89.30 



Great Lakes Soil & Environmental Consultants Inc. CONSOLIDATIBM TEST ASTM 

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

I Project (~eolechnlcal Characterization of Biosolids 1 
1 Client I h t r w i t m  WaBr Reclamation District of Greater Chicago, 100 East Erie Street. Chicago, IL 6061 1 I 

j 2355 File No. Date 4i2012002 Sample # CAHS I Tested By I PA I Check=-] - 

Soecimen Data and Test Results 

llnlbaltsture W e n t .  % I 65.00i~inal Moisture Content. % 1 53.391 

Initial Degree of Saturation, % I - 87,00(~inal Degree of Saturation. % 1 121.89 1- 

I 

48.30 

I 1.34 

Log P versus Void Ratio, e 

i 
Pressure, kPa I 

Final Dry Unit Weight, pcf 

Final Void Ratio, e 

65.39 

0.85 



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

CONSOLIDAT~ON TEST ASTM 
D2435 

Praject 

Client 

File No. 

Specimen Data and Test Resuits 

llnitiai Moisture Content, % ( 55.00(Final Moisture Content, % 1 38.251 

Geotechnical Characterization of 8iosolids 

Metropolitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago, IL 6061 1 

Source of Material 

Description of Soil 

llnitial Dry Unit Weight. pcf 1 56.96lFinal Dry Unit Weight. pcf 1 76.231 

PL% 

77 

(lnitial Vold Ratio, e 1 1.30I~inal Void Ratio, e 1 0.731 

SB 2355 Date 5/6/2002 Sample # CALS Tested By 

PI 

21 

Calumet WRP 

Black Aged Low Solids 

p%a l  &rw of Saturation. % I 88.811~inal Degree of Saturation, % 1 115.061 

Log P versus Void Ratio, e 

PA 

Atterberg Limits 

Remarks 
1 

Checked By 

LL% 

98 



Appendix D 

Triaxial Compression Test Results 

Unconsoiidatcd-Undraincd (UU) Triaxial Tests 
= Consolidated-Undrained (CU) Triaxial Tests 



Great Lakes Soil & Environmental Consultants, Inc. I Unconsolidate Undsained 
333 Shore W e ,  &m Rldge, IL 60521. Ph: (630) 3210944 Fax: (630) 3210945 (UU) Triaxial Test ASTM 52890 I 

1 0 50 1W 150 200 250 300 350 1 
1 Normal Stress, o, kPa 1 

Results 1 
32.2 DBq. Friction Angle Total Strength Parameters 15.0 Cohesion kPa 



Great Lakes Soil 8 Emrironmental Consultants, Inc. 
333 Shan, Drive.. Burr Ridge. IL 60521. Ph: (630) 321-0944 Fax: (630) 321-0645 

- r 
0 50 100 150 200 250 300 350 

Normal Stress, o, kPa 

Unconsolidate Undrained 
(UU) Trlaxial Test ASTM D2850 

P w c t  

Cllent 

File No. 

spec. 1 

spec. 2 

Geotechnical Characterization of B i l i i s  

Metropolitan Water Rsclamatlon District of Greater Chiwgo, 100 East Erie St., Chicago, IL 60611 

Spec. 3 

Resdts I 
Total Strength Parameters Coheslon 0.0 kPa Friction Angle 32.2 Deg. 

Ref#2-SAHS-1001 

SWRP LagoanQCHASMA 

Checked By SB 

Remarks: I 

r I 
Fallure Sketeches 

Sample No. 

Location 

NP 

2355 

Description of Soil 

Date 5/22/2002 

Back Aged High Solids 

Tested By 



Geotechnical Characterization of Biosolis 

Clbnf Metropo&an Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago. IL 6061 1 

I Date 511012002 Sample No. Reftt3-SULS-1001 

Dewiotion of Sol Black Unaaed Low Solids 1 Location ISWRP Lagoon-$6 Marathon 

I - 
0 50 100 150 200 250 3W 350 

Normal Stress, a, kPa 
I 

NP I Checked By ) 

Saturation (% 

Water mkent(% ; iDwa^(>ll -. 
Votd Ratio I I I 

0.00 l 0.001 0.00 
Specific Gravity, Gs 2.00 1 2.001 2 00 

Results I 
Total Strength Parameters Cohesion 10.0 kPa I Frlction Angle / H . O ~ D ~  

_&- 



1 Pr&t ~~mtechnical Characterization of Biosolids I 

Great Lakes Soil & Environmental Consultants, Inc. 
333 Shm Drhre.. Burr Ridge. IL 60521. Ph: (830) 3210944 Fax: (630) 3219845 

UnconsoMdate Undrained 
(UU) Triaxial Test ASTM D2850 

-- - -- 

Tested By NP Checked By SB 

Failure Sketeches 
3 5 0 , , , , , , , , , , , , , , 1 , , , , , , , , , , , 1 , , 1 1 , 1 , , ,  

Cllent 

File No. 

Metropolitan Water Reclamation DisMct of Greater Chicago, 100 East Erie St., Chiigo, IL 6061 1 

Soec. 1 

3 

12.78 

1.17 

0.70 

- 
lea& pmsswe (kpa) 

Specific Gravity, Gs 

Minor Principal Stress (kPa) 

Spec. 2 

Ref#4-SUHS-1001 

SWRP 2001 Lifl-Sbney Island Descrlptlon of Sdl )Back Unaged High Solids 

Specimen 

s p c .  3 

Sample No. 

Location 

2355 

I 
12.78 

1.18 

0.69 

- 
g .- 

0.00 

2.00 

34.47 

2 

12.78 

1.16 

0.72 

water content(%) 

OW mnsw to/anA3) 

Void Rat10 

Remarks: I 

Date 

0.00 

2.00 

68.95~ 

Results I 

5/7/2002 

0.00 

2.00 

103.42 

Total Strength Parameters Cohesion 20.0 kPa Friction Angle 39.6 Deg. 



rLleCt ~ ~ e o w h n i e a ~  Characterization of Biosolids -7 

Spec 1 

Spec 2 



Great Lakes Soil & Environmentaf Consultants, Inc. Unconsolidate Undrained 
333 Shore Drhra.. Bun Ridge. K 65521. Ph: (630) 321-0944 Fax: (630) 321-0945 (UU) Triaxial Test ASTM D2850 

Project 

Client 

File No. 

Remark: I 

- 

Results I 

Geotechnical Characterizatlon of Biosolids 

Metmpclitan Water Reclamation District of Greater Chicago, 100 East Erie St., Chicago. IL 60611 

Deg. 

Ref%-CALS-1000 

CWRP-East 

Checked By SB 

2355 

Description of Soll 

Friction Angle 24.6 Total Strength Parameters 

Date 4/23/2002 

Black Aged Low Solids 

350 

300 

250 

m 
,a 200 
r- 
V1 m 150 
2 
65 
$100 
2 
m 

50 

0 
0 50 1W 150 200 2% 300 

Normal Stress. o, kPa 

Cohesion 

Sample No. 

Location 

Tested By 

Fa~lure Skeleches 

spec. I 

spec. 2 

spec. 3 

20.0 kPa 

NP 



Pr* Geotechnicai Charac€erization of Biosdids 

Client l~etmmlitan Water Reclamation District of Greater Chicago, 100 East Erie St.. Chicago, 1L 60611 

0 50 1W 150 200 250 300 350 

Normal Stress, o, kPa 

Specific Gravity Gs I 2.00( 2.001 2.00 

Mimr Principal Siress (-1 34.5) 68.91 103.4 

Failure SKeWb 



Great Lakes Soil & Environmental Consultants, Inc. 
333 Shorn Drive... Bun Ridge. IL 60521. Ph: (630) 3214944 Far (630) 3214345 

0 50 100 1% 200 250 300 350 

Normal Stress, o, kPa 

Triaxial (CU) Test 
ASTM D4767 

Project 

Client 

File No. 

Failure Sketeches 

Spec. t 

'~eotechnical Characteriratim of Biosofids 

Metropolitan Water Reciamation District of Greater Chicago. 100 East Erie St.. Chicago. IL 6061 1 

Spec. 2 

u 
Spec. 3 

Ref#2-SAHS-1001 

SWRP Lagoon.24-HASMA 

Checked BY I SB 

Sample No. 

Loation 

NP 

2355 

Description of Soil 

Remarks: 1 

Date 512212002 

Btack Aged High Solids 

Results I 

lfested Bv 

Deg. 

Deg. 

29.7 

40.6 

Friction Angle 

Friction Angle 

kPa 

kPa 

0 Totel Strength Parameters Cohesion 

Effective Strength Parameters Cohesion 0 



( 0 50 101 110 200 254 300 

I Normal Stress, o, kPa 



Great Lakes Soil L Environmental Consultants, Inc. 
333 Shore Drive.. Bun Ridp, lL 60521. Ph. (630) 321.219944 Fax: (630) 3214945 

I File No. 1 2355 1 Date 1 5/7/2002 1 I Sample No. ~RI?~#~-SUHS-IOOI I 

Triaxiai [CU) Test 
ASTM B4767 

Project 

Wlent 

Geotechnical Characterization of Biosolids 

Metropoiitan Water Redarnation District of Greater Chicago, 100 East Erie St., Chicago, IL 6061 1 

0 50 100 150 2WJ 250 300 360 400 

Normal Stress, o, kPa 

Description of Soil Black Unaged High Solids 

Tested By 

spec. 1 

Spec. 2 

I I Fanlure Sketeches 

Location 

NP 

Swc. 3 

SWRP 2001 Lift-Stoney Island 

Remarks: ( 

L 

Checked By 

* 

Results I 

SB 

Deg. 

Deg. 
b 

29.7 

33.3 

Friction Angle 

Friction Angle 

kPa 

kPa 

40 

50 

Total Strength Parameters 

Effective Strength Parameters 

Cohesion 

Coheslon 



sose 2 

spec. 3 

Great takes Soil & Environmental Consultants, Inc. Triaxial (CU) Test 1 
333 Shcm Drlvs . Bun Rldge, IL 60521. Ph: (630) 3210944 Fax: (630) 321-0945 ASTM D4767 



Great Lakes Soil & Environmental Consultants, lnc. 
333 Shore Drive.. Bun Rdge. IL 60521. ~ h :  (630) 3214844 Fac (630) 3214945 

I Checked By 1 

Triaxial (CU) Test 
ASTM D4767 

Project 

Client 

File No, 

100 200 300 

Normal Stress, a, kPa 

Failure Skeleches 

Geotechnical Characterization of Biisolids 

Metropd'in Weter Reclamation District of Greater Chicago, 100 East Erie St., Chicago, IL 6061 1 

Spec. 1 

Description of Soil IBlack Aged Low Solids 1 Location 

spec. 2 

Ref#6-CALS-1000 

CWRP-East 

2355 Date 4/23/2002 Sample No. 

Remarks: I 

Results 
Deg. 

Deg. 

21.1 

32.2 

Friction Angle 

Friction Angle 

kPa 

kPa 

40 

30 

Total Strength Parameters 

Effective Strength Parameters 

Cohesion 

Cohesion 



Appendix E 

Unconfined Compression Test Results 



(ASTM D 2166) 

I Remolded 
I 

HeightlDiameter Ratio = I 

Failure Sketch 

Moisture Conknt = 49.5 % 

Dry Density = I 

Unconfined Compresrive Strength = k 45.9 958 kPa psf 



Great Lakes Soil 8 Environmental C ~ n s ~ l t a n h ,  I ~ c .  UNCONFINED COMPRESSNE STRENGTH 

333 Shore Drive Burr Ridge. It. 60527: Ph:(630)321-0944, Fax: (630)321-0945 (ASTM D 21 66) 

Type of Sample ( Remolded 
I 

Project 

Client 

File No. 

I 

Average Height = I 

HeightlDiameter Ratio = 1.97 

Geotechniwl Characterization of Biosolids 

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

I 

Wet Sample We$ht= 1 
I 

Wet Density = 1.43 glcc 
I 

REF#2-RFP 10-SAHS-I001 

Stickney WRP 

Checked By I SB 

I 
Moisture Content = 35.1 % 

I 

Sample No. 

Source 

NP 

2355 

Description of Sol1 

I 

Strain Rate = I 0.30 %/rnrn 

Date 8/1212002 Report No. 

Black Aged High Solids 

126.4 kPa 
Unconfined Compressive Strength * 

2640 psf 
63 kPa 

Shear Strength = 
1320 psf 

Strain at Failure = 5.0 % - 

1 Tnstnd Rv 

Remarks: I 



333 Shore Drive &m Ridge. JL 60527; Ph:(630)3214944, Fax: (630)321-0945 

1 Remolded 
I 

I~verage Height I 14.20 cm 

\~eightl~~ameter Ratio = 1.97 1 

' Failure Sketch 

I 
Wet Saniple W e i g h t 2  ! 773.30 

1 wet Derrsity = I 1.34 glcc 

g 

0.93 glcc 

Uncon'f id Compressive Strength = 36.0 kPa 
752 psf 

!Shear Strength = 

60 

60 

a 
I?. - p 40 
L 
tj 

20 

0 
0.0 5.0 10.0 15.0 

Strain (%) 



Great Lakes Soil & Environmental Consultants, I ~ c .  
333 Shore DrW Bun Ridge. IL 60527: Ph:(BJ0)3219944, Fax: (630)321-0945 

Type of Sample I Remolded 
I 

UNCONFINED COMPRESSIVE STRENGTH 
(ASTM D 2166) 

prowt 

Client 

File No. 

I 
t Sample Weightr I 794.20 g 

Geotechnical Characterization of Biosolids 

Metropotitan Water Reclamation District of Greater Chicago, 100 East Erie Street, Chicago. IL 60611 

I 

Dry Density = 1 

Moisture Content = I 42.8 

I 
Strain Rate = 0.30 %/min 

REF#-RFP 10-SUHS-I001 

Stickney WRP 

Checked By SB 

% 

Sample No. 

Source 

NP 

2355 

Description of Soil 

Failure Sketch 

Date 8ll412002 Report No. 

Black Under-aged High Solids 

Remarks: 1 

i 

Tested By 

kPa 

psf 
kPa 
psf 
% 

Unconfined Compressive Strength = 

Shear Strength = 

Straln at Failure = 

41.7 
870 
21 

435 
4.0 



333 ShwcPOrive Burr Ridge, 11 60527; Ph:(630)321-0944. Fax: (630)321-0945 

chnbt  Characterization of Biosolids 

I Remolded 
I 

I 
1.29 glcc 

I 
I 

Moisture Cantent = I 57.2 % 

I 

I 0.82 glcc 

Unconfined Carnpressive Strength = t 22.9 kPa 
479 psf 

11 kPa Shear Strength L 240 psf 
(Strtan af Failure = 5.11% 

Remarks: I -- 



Great Lakes Soil & Environmental Consultants, hc. 
333 Shorn Drive Bun Ridge, IL 60527; Ph.(630)321-0944, Fax: (630)321-0945 

Type of Sample 1 Remolded 
I 

UNCONFINED COMPRESSIVE STRENGTH 
(ASTM D 2 1 66) 

Project 

Client 

File No. 

l~verage Height = - 1 13.80)cm 

Geotechnical Characterization of Bisolids 

Metropolitan Water Redamation District of Greater Chicago, 100 East Erie Street. Chicago, I1 6061 1 

Average Diameter = 

REFSRFP 10-CALS-1000 

Calumet WRP 

Checked By SB 

2355 

Description of Soll 

Remarks: ( 

7.20 

kPa 

psf 
Unconfined Compressive Strength = 

Shear Strength = 

Strain at Failure = 

Date 8/13/2002 Report No. 

Black Aged Low Sdids 

crn 

35.7 
746 

Sample No. 

Source 

I Tested By 

18 
373 
4.9 

NP 

kPa 

psf 
% 



Appendix F 

lllinais Bearing Ratio (TRR), Immediate Rearing Value (IBV) Tests 



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

l ~ i l e  No. 1 2355 Report No 1 Tested By I Checked By I SB 

Project 

Client 

Genbchnical Characterization of Biosolids 

Metrapolitan Water Reclamation District, 100 East Erie street,Chicago, IL 6061 1 

Date of Soaking 911 1/02 

1 IBR & IBV 

59.0 

700 ---- F i z z  
1 (IBR) , 

~nsoaked' 
--- I i-..- (IBY) I 

Dry Density(pcf) 
-. 

Sample ID 

i Penetration (mm) I 

I SALS 

Moisture Content(%) ! 49.0 1 Source of Materrai Sticknev WRP 



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

> 

Project 

Client 

File No. 

L 
In 

$ 600 -- - 

0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 

Penetration (mm) 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District, 100 East Erie Street,Chicago, IL 6061 I 

60.0 

49.0 

Sample ID 

Source of Material 

2355 Date 

Description of Soil Black Aged Low Solids Date of Soaking 3122102 

Initial Swell Reading Swell Percent 2.53 - - - - - - - 

IBR & IBV 

SALS 

Stickney WRP 

2.52 

6.05 

3/27/2002 

Dry Density(pcf) 

Moisture Content(%) 

REMARKS :- 

IBR (%) 

IBV (%) 

1.92 

4.30 

@2.54mm 

@2.54mm 

Report No 

@5.08mm 

@5.08mm 

1 Tested By AK Checked By SM - 



(p, ject]~eorechnicai Characterization of Biorolids 1 

IBR & IBV 1 

I , -  ' - - ,, - , 

i o.:10 q.25 2.50 3.75 5.00 6.25 7.50 8.75 lo.oO 11.25 12.50 i 3  75 
Penetration (mm) 

-- . - - -- - .- - -- - - 

IBR (%) @2 54mm I! 5.25 @5.08mm 6.74 
w- 

I 

IBV (%) 

REMARKS :- i 
@'?.54mm @5.08mm 



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

IBR LlBV TEST AASHTO TI93 

- 1 
Project Geotechnical Characterization of Biosolids 

I I I I - I  

1 I 1.30 Initial Swell Reading 10 99 1 ~ i n a i  Swell Reading I 7 50 \Swell Percent - - 
I 

Client 

File No. 

Source of Material 

Description of Soil 

IBR & IBV 

Metropolitan Water Reclamation Districtloo, East Erie street.Ch~cago, IL 6061 1 

SWRP-Lagoon 24 HASMA 

Black Aged High Solids ( ~ a t e  of Soaking 

1400 - - 
1200 s 

Moisture Content(%) 

3/22/02 

- 
- - t- Soaked 

-- -- I (IBR) 
1 

-Unsoaked I 

Checked By 2355 

33.0 
I 

I 

SM 1 Tested By Date 3/27/2002 Report No 

V) 

i- -- - -- 

000  125 250 375 500 625 750 875 1000 1125 1250 1375 

Penetration (mm) 

-- - - 

AK 

REMARKS:- 

5.58 

8.51 

@5.08mm 

@5.08rnrn 

- 4.33 

6.81 

tBR(%) 

IBV(%) 

@2.54rnrn 

@2.54rnm 



IBR & IBV 

... . -  -.> . ,; -. -- . - l . . .  ' . . .  . . " . , . ~  , '  I 

0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 1 3 7 5  
I 

Penetration (mm) 
i 
! 
I 
I 



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

IBR &IBV TEST AASHTO TI93 

Project 

Client 

File No. 

(~escription of Soil l ~ l a c k  Under-aged Low Solids  ate of Soaking 1 3/22/02 1 I 

.s 

t I I I 

Initial Swell Reading I 10-90 1 ~ i n a l  Swell Reading 1 3-118 Iswell percent I 2.74 -- 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District1 00, East Erie streetChicago, IL 6061 1 

IBR & IBV 

1 

2355 

58.0 

49.0 

Sample iD 

Source of Material 

. - 
>: 

700 ----- . -- 
__.- +Soaked I (OR) i .  

i' 
,C -. -Unsoakedl 

500 - , /' 
..'. I (lev) j - 
,i; 

1 400 - 
D 

i&. 

1 200 - ,/' 

I 

0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13.75 
I Penetration (mm) 

I 
I 

sM I Date 

SULS 

Stickney WRP 

Dry Density(pcf) 

Moisture Content ('10) 

t 

3/27/2002 Report No 

-- - - - -- - - - 

Checked By 1 Tested By 

a 

AK 

REMARKS.- 

@5.08mm 

@5.08mm 

2.68 

3.57 

IBR (%) 

IBV (%) 

2.93 

4.52 

@2.54mm 

@2.54mm 



File No. 

1 IBR 8 IBV 

I Penetration (mm) I 
I 



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

Project 

Client 

File No. 

I I 

nitial Swell Reading I 8-32 ( ~ i n a l  Swell Reading 0-1 59 l ~ w e l l  Percent I 2.95 

Sample ID 

Source of Material 

Description of Soil 

IBR 8 IBV 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation Districtloo, East Erie street,Chicago, IL 6061 1 

m 
P x. Unsoaked 
2: 2000 
E 
tj 

2355 

Penetration (mm) 

SUHS 

Stickney WRP 

Dry Density(pcf) 

Moisture Content(%) 

3/26/02 Black Under-aged High Solids 

Date 3/30/2002 

68.0 

32.2 - 
Date of Soaking 

-- 

Report No 1 

* 

AK Tested By 

L 

REMARKS :- 
I 

2.26 

13.00 

Checked By SM 

@5.08mm 

@5.08mm 

1.86 

9.41 

IBR(%) 

IBV(%) 

@2.54mm 

@2.54mm 



nvlronmen IBR &IBV TEST AASHTO ~ 1 9 3  ' 

Geolechnical characterization of Biosolids 

Client Metropolitan Water Reclamation District, 100 East Erie street,Chicago, IL 6061 1 I 

I 

1 18 140 1~inal Swell Reading I 15 57 l ~ w e l l  Percent / 1.37 
-"-- 

I 

I 
- 

IBR & IBV 

-- 

, -  . , , ---- 
0.OC 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 125C 1 3 7 5  

Penetration (mm) 

N P  Checked 8:. SB File No. 2355 Report No 1 Tested By 



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

l.Sarnple ID 1 CAHS I Dry Density(pcf) [ 51 .O I 

IBR &IBV TEST AASHTO ~ 1 9 3  

Project 

Client 

f i le No. 

Initial Swell Reading I 9-193 l ~ i n a l  Swell Reading I 4-142 Iswell Percent I 2.10 
I 

Ceotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District1 00, East Erie street,Chicago, IL 6061 1 

- - 

Source of Material 

Descriotion of Soil 

IBR & IBV ' 1  

Penetration (mm) 

SM 

-- 

Calumet WRP 

Black Aaed Hiah Solids l ~ a t e  of Soakina 

AK Checked By 2355 

Moisture Content(%) 

3/22/02 

I - - 

Date 3/29/2002 

64.0 

Tested By Report No 1 

REMARKS:- 

@5.08mrn 

@5.08mm 

1.77 

2.16 

IBR(%) 

IBV (%) 

2.36 

2.99 

@2.54rnrn 

@2.54mm 



IBR BlBV TEST AASHTO T i 9 h  1 
Characterization of Biosolids 

Water Reclamation District, 100 East Erie street,Chicago, IL 6061 1 

2355 Date 912212002 Report No 1 Tested By NP I Checked ~4 

IBR & IBV 

Penetration (mm) 

i 



IBR &iBV TEST AASHTO TI93 n 
Project 

Client 

File No. 

l~escription of Soil l ~ l a c k  Aged Low Solids l ~ a t e  of Soaking 1 3/22/02 1 I 

1 

Geotechnical Characterization of Biosolids 

Metropolitan Water Reclamation District100, East Erie street,Chicago, IL 6061 1 

Sample ID 

Source of Material 

IBR & IBV 

I I I I I I 

0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 13 75 

Penetration (mm) 

SM 2355 

lnitral Swell Reading 

60.0 

45.0 

CALS 

Calumet WRP 

10-96 l ~ i n a l  Swell Reading ) 19-169 Iswell Percent I 4.25 

Date 

Dry Density(pcf) 

Motsture Content(%) 

3/27/2002 Report No 1 Tested By AK Checked By 


