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1. The report transmitted herewith is the result of a work unit ini-
tiated as part of Task 5C (Disposal Area Reuse Research) of the Corps of
Engineers' Dredged Material Research Program (DMRP). Task 5C is part of
the Disposal Operations Project of the DMRP and, among other considera-
tions, includes developing methods to extend the useful life of confined
disposal areas.

2, Confining dredged material on land is a disposal alternative to
which little specific design or construction improvement investigations
have been addressed. There has been a dramatic increase in the last
several years in the amount of land disposal necessitated in part by
restrictions on open-water disposal. 1In order to minimize the amount of
land required for the confined disposal areas, a significant proportion
of the work in the DMRP has been aimed toward identifying ways of in-
creasing the capacities of containment areas.

3. One concept being considered is that of a reusable disposal site,
meaning that a disposal site acts primarily as a rehandling basin from
which the material is removed and put to a productive use. One obvious
use for dredged material is landfill or construction material; however,
very little information has been available on the physical and engineering
properties of dredged material., This study (Work Unit 5C02) was ini-
tiated to provide a better indication of the properties of dredged
material. It was also felt that this study was needed to offset the
misconception that dredged material is some exotic material with proper-
ties significantly different from upland soils.

4. Data were acquired from Corps of Engineers Districts, from published
reports, and a program of sampling and testing of sediments to be dredged.
Standard soil properties tests were used to determine the classification
and engineering properties of the sediment samples. Samples were
classified in accordance with each of four standard soil classification
systems: Unified Soil Classification System, the Federal Aviation

Agency Classification System, American Association of State Highway
Officials Classification System, and the U. S. Department of Agriculture
Classification System. The engineering properties of ten samples of
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compacted dredged material were determined. Tn addition, the engi-
neering properties of dredged material in some containment areas were
determined to characterize the variation of the properties with depth,
time, and distance from the location of the discharge pipe.

5. The study concludes that dredged material is a soil, may be
analyzed as a soil, and can be used as a soil. The comparison between
s0il and dredged material is presented to encourage the productive use

of dredged material as a natural resource in urban and other development

projects, especially in areas where landfill and construction material
needs can be met by available dredged material,.

JOHN L. CANNON

Colonel, Corps of Engineers
Commander and Director
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EXECUTIVE SUMMARY

This report presents data pertaining tc the classificaticn and
engineering properties of dredged material. The impetus for such a
study was provided in part by the lack of widespread information on the
properties of dredged material. Deta were acquired from Corps of Engl-
neers (CE) Districts and from published reports, and a program of sam-—
pling and testing of material to be dredged was undertaken. Grab sam-
ples of bottom sediment to be dredged were ccllected from frequently
dredged CE navigation projects.

A number of standard scil properties tests were used to determine
the physical and engineering properties of dredged materisl samples.
Scil properties tests included clagsification properties tests, such as
grain-size and plasticity analyses and organic content determinations,
and englneering properties ftests such as compaction, consolidation, and
shear strength tests. Dredged material sampling, test specimen prepara-
tion, and brief test descripticons are presented. The discussion is very
basic and is intended for use by those who deal with dredged material
but who may have little or no experience in soils engineering.

Four standard soil classification systems, the Unified Soil Classi-
fication System, the American Association of State Highway Cfficials
Classification System, the Federal Aviation Administration System, and
the U. 8. Department of Agriculture System, are discussed. The samples
were classified in accordance with each of the four classification
systems. A Tifth classification system, the Permanent International
Asscciation of Navigation Congresses classification of soils to be
dredged, is also discussed. Samples were nct classified using this
system because the system does nol relate to the properties of solls
after dredging.

The engineering properties of ten specimens of dredged material,
compacted to simulate anticipated field conditions, were determined;
the results show that dewatered dredged material has properties compa-
rable to those of similar types of soil. These properties are presented

and discussed in a very basic manner to show that dredged material 1s



not gimply the waste product of dredging, but is in fact made up of
various types of soil.

The engineering properties of dredged material in containment areas,
as reported by others, are reviewed, showing the variaticn of properties
with depth, time, and distance from the dredge discharsge pipe. The
dredged material in containment areas is generally characterized by a
high water content, low dry densibty, and low shear strength, Propertles
improve slowly with time and are generally better near the pipe than
near the outlet.

The study concludes that dewatered dredged material 1s a soil, may
e analyzed ag a soil, and can be used az 2 soil. The comparison be-
tween soils and dredged material is presented to encourage the produc-
tive use of dredged material as a natural resource in urban and other
development projects, especially in areas where landfill needs can be

met by available dredged material.



PREI'ACE

Tuia report 13 the result of an investigation concerning the classi-
Proablon and engpiaeering properties of dredged material. The study,
work Uric 4000, is part of the Dredged Material Research Program {DMRP),
condpelbed for the Offlce, Chief of Engineers, at the U. 5. Army Engineer
Wotorwaye Bxperiment Station (WES), Vicksburg, Mississippi. The work
ani Io part of the DMRP Disposal Operations Preject (DOP), Mr., C. C.
dodboun, ., Manager.

Triitial phases of the study were conducted by Dr. J. W, Spotts,
Yormer PO otalft member. The study wag completed by personnel of the
v ronmental Fngineering Division (EED) of the Envirommental Effects
Laavoratory (BEL) at WES, under the general supervision of Dr. J.
Hipvinon, Chief, ERL, and Mr. A. J. Green, Chief, EED, and under the
divect nupervision of Mr. R. L. Montgomery, Chiefl, Design and Concept
Deyepopment Branch, BED.

The prineipal investigator was Mr. M. J. Bartos, Jr. Mr., D. A.
Gorsoassisted in the sample procurement and in the preparation of the
Pigures ond tables.  Laboratory analysis of dredged material samples
vbialned during Lhe study was performed by the Scils and Pavements
Laboratary (8&PL) ot WES under the supervision of Mr. G. P. Hale, Chief,
Coth Testing Branch, Soil Mechanics Divisicon., Assistance was provided
by many Corps of Engineers (CE) personnel who cooperated in the data
and sample procurcment.  The report was written by Mr. Bartos.

The Commanders and Directors of WES during this study were COL G. H.
titt, Ck, and CON J. L. Cannon, CE. Technical Director was Mr. ¥. R.

Brown.
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CONVERSTON FACTORS, U.

3. CUSTOMARY TO METRIC (ST)

UNITS OF MEASUREMENT

U. 5. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply

inches

fect

miles (U. 8. statute)
square inches

square feet

cubic feet

cubic yards

pounds (mass)

pounds (mass) per cubic
foot

tons (forece) per
sguare foot

foot-pounds {force)
per cubie foot

degrees

By

N

o o O O & HoOo o own

s
O

b

L3048

. 609344
L4516
05290304
02831685
7645549
4535624
.01846

LT6052
880339

L01745326

To Obtaln

mnillimetres

metres

kilometres

square centimetres
square nmetres
cubhic metres

cubic metres
kilograms

kilograms per cubic
metre

kilonewtcocns per square
metre

Joules per cublc metre

radians



CLASSIFICATION AND ENGINEERING PROPERTIES
CF DREDGED MATERTAL

PART T: TINTRODUCTION

Background

1. 'The Corps of Engineers (CR) is responsible for the maintenance
of over 19,000 miles¥® of navigable waterways and more thar 1,000 harbors.
Maintenance of these waterways and harbors 1s currently accomplished by
dredging, which involves removing bottom sediments from navigation pro-
Jects and transporting these sediments elsewhere for disposal. DBoyd
et al.l have conservatively estimated that maintenance dredging results
in an annual volume of 300,000,000 cu yd of dredged material. Disposal
of thig large volume of dredged material is accomplished by one of two
general methods: the material is sither disposed in open water or con-
fined on land. Concern for the effect of open-water disposal cperations
on benthic organisms, as well as the effect of contaminants released
from the dredged material into the water column, has brought about a de-
crease in the practice of open-water disposal and a corresponding in-
crease in the use of confined land disposal sites. The regulting short-
age of land diszsposal sites wag one Tactor that led to the creation of
the Dredged Material Research Program (DMRP).

2. The objective of the DMRP is to provide more definitive infor-
mation on the environmental impact of dredging and dredged material dig-
posal cperations and to develop new or improved disposal practices.

The DMRP will, in effect, result in the development of alternative
measures that can be applied singly or in combinations by each CE Dis-

trict to sclve its dispogal problems. One important improvement iz to

¥ A table of factors for converting U. 5. customary units of measure-
ment to metric (SI) units can be found on page T.



extend the service life of existing containment areas by removing all or
part of the dredged material. The needs for landfill and construction
material in terms of dredged material availability have been docu-
mented,2 and dredged materisl can also be used at the containment area
for dike raising. Data concerning the physical and engineering prop-
erties of dredged material were required to help evaluate the feasibil-
ity of using dredged material for on-site and off-gite uses, and this

study was conducted to accumulate these data.
Purpose

3. The lack of knowledge of the properties of dredged material has
been a major factor contributing to its lack of acceptance as a manage-
able resource. Past endeavors to describe dredged material according
to its physical and engineering properties have produced widely ranging
results. In some instances dredged material has been classified accord-
ing to a recognized system such ag the Unified So0il Clasgification
System (USCS), while in other cases dredged material has been described
in ambiguous or incorrect terms (such as mud, muck, and sludge) with
nonquantified or nonquantifiable properties. The purpose of this study
was to accumulate and present information pertaining to the classifica-

tion and engineering properties of dredged material.
Scope

i, While nationwide in scale, the study focused on those regions
of the country where most maintenance dredging occurs. Because of the
large area encompassed by this study and because of time and funding
iimitations, investigations were limited to navigation projects requir-
ing frequent dredging. Investigation of each project studied was nec-
essarily cursory. Properties determined for dredged material samples
from study projects included grain-size distribution, plastieity, and
organic content. BSelected samples were subjected to standard soils
engineering tesgts such as compaction, consolidation, and shear strength

tests. The study was not intended to characterize all the dredged



material in the nation, but rather to provide an indication of the
ranges and types of properties of material dredged from estuarine, riv-

erine, and lacustrine dredging operations.

Study Projects

5. The large geographical area involved in this study required
that only those projects involving the largest volumes of material
dredged within a given CE District be investigated. The most up-to-date
dredging statistics were furnished in response to =z questionnaire3 sent
to each District by the A. D. Little Company of Cambridge, Massachusetts,
as part of the National Dredging Study. The questionnaire requested
that Districts provide information concerning the dredging performed on
each project for the past four maintenance operations, as well as an
estimate of dredging for the next 10 years. Raw data from these gques-
tionnaires were used in selecting projects to be studied. Figure 1
shows the locations of the projects studlied. The study projects are
listed individually by District in Table 1, which also shows what per-
centage of a District's total dredging occurs within a given study pro-
Ject., The information contained in Table 1 is presented graphically in
FTigure 2, which shows the boundaries of the five study regions.

6. The five study regions used during this study are patterned
alter those used by Green Assoclates to repert the needs for dredged
material.2 While the Guif States, South Atlantic, and Pacific Coast
study reglons are the same ag those used by Green Associates, the North
Atlantic and Great Lakes study regions were expanded sc that more data
could be presented. Thege study regions were used to facilitate the
presentation of the data and to show comparisons of the properties of
dredged material in different areas of the country. In addition, use of
study regions comparable to those of Gresen Associates permits compari-
gon between regional material needs and regional dredged material

characteristics.

10
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PART IT: FIELD TNVESTIGATIONS

7. An objective of this study was to report the claggification and
enginecring properties of dredged material from as many dredging sites
ag possible. The accomplishment of this cbjective required acquisition
of data from a variety of sources. Data were made available from the
files of CE District offices and were also extracted from published re-
ports. These avallable data were augmented by a program of bottom sedi-
ment gsampling and laboratory analysis. The sampling and testing pro-
grams provided data for material to be dredged from projects not investi-
gated by previous studies.

8. Detailed information concerning sampling equipment, site selec-
ticn, and sampling techniques was generally not found in the reports of
these previous situdies. Bometimes the type equipment used or the rea-
son fer sampling was stated, in which case the type of sample may be
determined. For example, a District may cobtain samples from full hopper
binsg and record the dredging areas. In such cascs the general areas
from which the samples were taken and the technigue for taking the sam-
ples were both known. In other cases, however, only the name of the
project was known and details could be determined only through the
agency responsible for taking the samples. The sampling program used

during this study is the subject of the remainder of this part.

Philosophy of Sampling Program

9. The philoscophy of the sampling program, that samples he ob-
tained from as many study projects as possible without duplicating
available data, limited the number of samples obtained from any study
project. Therefore, care must be used in the interpretation and appli-
cation of the data obtained. Determination of the properties ol an
entire shoal reguires a much more exhbensive gsampling program than the
one undertaken during this study. The properties of one sample may not
be representative of the properiies of the entire shoal from which the

sample was taken. Since there can be considerable variability in the

13



types of material comprising a shoal, complete characterization of a
shoal requires that representative samples of each type of material be
obtained and tested. Therefore, the data presented herein are nct nec-
gssarily representative of all dredged material. Rather, the data may
be uzed to show qualitatively the types of material dredged throughout
the nation.

10, The design of the sampling program reguired determination of
the type and location of samples to bhe taken, and these factors are de-
scribed in the fcellowing sections, with sample type, site selection,

sampling equipment, and sampling techniques presented as separate topiecs.

Sample e

11. Although some samples were collected from working hopper
dredges and a few others from within disposal sites, most samples were
collected from shoals of material to be dredged, because this was the
most operationally feasible way to obtain a large number of samples in a
short period of time. Collecting all samples during the dredging pro-
cess would have greatly delayed the study by restricting sampling teo
the dredging schedule. Bampling in disposal sites presents difficulties
such as site inaccessibility and material consistency. The soft mate-
rial is often incapable of supporting the men and equipment necessary to
rerform the sampling.

12. The dredged material properties reported herein were deter-
mined by testing samples of bottom sediment to be dredged. Although the
structure and water content of sediment are changed during dredging,
reporting sediment properties as those of dredged material is wvalid, be-
cause the test procedures also result in gtructural disturbance. No
tests were intended to determine in situ properties of the shoal and no
samples were undisturbed. The classification proverties are independent
of in situ structure and of natural water content, and engineering pro-

perties were determined for samples that had been dewatered and compacted.

Sampling Site Selection

13. Samples of bottom sediment subject to removal by maintenance

1L



dredging were obtained. While the study projects were selected on the
basis of maintenance dredging volumes, sampling sites within the study
projects were selected on the basis of maintenance dredging locaticns.
Utilizing personal experience, dredging records, and condition surveys,
iccal CE personnel egtimated the size and location of the largest repe-
titive shoals within each study project. With the shoals located and
ranked, the largest shoals, equal in number to the number of samples
planned for that project, were selected, and a sample was obtained from
the vicinity of the center of the shoal. In the case of anchorages,
turning basins, and other projects of irregular shape where the shoal
was not well defined, the samples were obtained at safe, convenient

locations.

Sediment Sampling IEquipment

14. Push tube samplers and grab samplers are two general classes
of sampling equipment used for cbtaining sampies of sediment, and sev-
eral of these samplers are described helow. Each of the specific sam-
plers described was used to cobtain samples during this study.

Push tube samplers

15. A tube gampler is an open-ended tube that is thrust vertically
into the sediment deposit to the depth desired. The sampler is with-
drawn from the deposit with the sample retained within the tube. Dif-
ferences among tube samplers relafe to tube gize, tube wall thickness,
type of penetrating nose, head design including wvalve, and type of
driving force. These terms are illustrated for the iypes of samplers
described below.

16. Phleger tube sampler. The Phleger tube sampler (Figure 3a),

often called a harpoon sampler, is widely used for obtaining samples
from the wpper portion of underwater deposits. Because it obtains its
penetrating force from its weight and from pushing by operstors in a
work boat, it must necessarily be substantially heavy without being
awkward to manipulate. The harpoon is available with adjustable weights

in the range of 17 to 77 1b and in fixed weights in excess of 90 1b.

15



The amount of weight required depends upon the texture of the deposit
and the required depth of penetration. Phleger samplers, like most
sampling tubes, sample a small area, usually between 2 and Lk sq in.

17. Bplit barrel gample spoon. This sampler (Figure 3b), often

called a split spoon, is a heavy-wall sampler. This term is applied to
gamplers with a relatively high ratio cof ftube wall thickness to tube
diameter. The split spoon usually has an outside diameter of 2 in. and
a wall thickness of 1/4 in. A principel feature of the split spoon is
a tall valve in the head, which permits water to pass through the tube
during penetration. During retrieval, the valve closes and reduces the
possibility of having water wash the sample out of the tube. The sam-
pler is thrust into the deposit by a hammering force exerted on rods
connected to the head. The spoon is capable of penetrating very hard
sediments provided sufficient force is applied to the rods, During re-
trieval, the sample is retained within the barrel by a flap. The nose
and head are separated from the barrel in order to transfer the sample
tc a container.

Grab samplers

18. Grab samplers consist of a scoop or bucket container that
bites into the sediment deposit and encloses a sample. Grab samplers
vary in size and design from the simple Petersen and Ponar samplers to
the more gsophisticated Shipek. Basic features that may vary include
scoop opening and closing mechanism, area of sediment sampled, and depth
of penetration.

19. Petersen dredge. The Petersen dredge (Figure 4) was the most

extensively used sampler during this study. This sampler has a system
of levers to keep the sccop open while the sampler is lowered tc the
bottom. As the sampler comes to rest on the bottom, the tension in the
retrieval line is relaxed, the trip lever drops, and the sampler is
ready to obtain the sample. After the trip lever has been released,
tension is again applied to the retrieval line, During this time, the
Jaws slowly shut, enclesing the sample within the scoop. The Petersen
is a versatile sampler that will sample a wide range of sediments, from

fluffy harhor sediments to dense sand deposits in rivers. The Petersen
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weighs 39 1b empty, with additional weights available to provide a total
weight of 93 1b. The sampler samples 14l sq in. to a depth of about
12 in., depending on the consistency of the bottom.

20. Ekman sampler, The Ekman 1s a widely used piece of equipment

(Figure 4). To obtain a sample, the Ekman is lowered to the bottom

with its scoop held open by springs. When the gampler is resting on the
bottom, the operator releazes a weight attached to the retrieval line.
The weight siides down the line, striking the tripping mechsanism, and
the scoop shuts, enclosing the sample. The sampler is raised to the
surface, and the sample is transferred to a container. While welghts
mey be added to increase the penetration of the sampler, it is well
sulted for only very scft sediments. It is excellent for obtaining grab
gsamples of slurries in hopper dredge bins.

21, Ponar sampler. The Ponar {Figure 4) is similar in construc-

tion to the Petersen. The Ponar has an empty weight of 45 1b, which may
be increased to 60 1b by the addition of two cast iron weights, and
samples an area 9 in. by @ in. to a depth c¢f less than 12 in. in most
sediments. The Ponar is ineffective in hard clay. A system of levers
keeps the scoop open during descent. Once the sampler isg on the bottom,
the retrieval line tension is relieved, and the levers are disengaged.
After the levers have disengaged and the scoop is free to close, tension
is again applied to the retrieval line, closing the scoop. The sampler
ig then raised to the surface, where the sample is transferred to the
sample container.

2. Shipek dredge. The Shipek dredge (Figure 4) utilizes two con-

centric half-cylinders to form the sample scocp. The sampler is lowered
to the bottom, where a weight releases the triggering mechanism. The
scoop gathers a sample as it rotates through a half-circular arc under
the force of springs. The sampler is then hoisted to the water surface,
where the scoop is released; the sample is then transferred to a con-
tainer. This sampler obtains a sample from an area of approximately
8 in. by 8 in. to a depth of about 4 in. The empty weight of the Shipek
is approximately 150 1b.

23. Drag bucket. The drag bucket (Figure 4} differs from the
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previously listed equipment, since it does not bite vertically intc the
sediment. A drag bucket skims an irregular slice off the top of the
deposit, and the size and shébe of this glice are difficult %o ascertain.
Drag buckets are available in assorted sizes with round or square

hiting lips and are suitable for only very soft deposits in quiescent

waters.

Sampling Technigue

Technicue used

2h, This section describes generally the manual operatlon used to
obtain samples for thils study. Except for the case in which samplies
were obtained from hopper dredges, the general approach to obtaining a
sample was not equipment-dependent. That is, the operation was basically
the same whether a grab sampler or push tube was used.

25. Sampling began when the sampling team was on staticon cver the
sampling site and the boat had been secured. The sampling device was
lowered through the water column to the sediment, and when the sample
had been secured within the sampler, it was retrieved. The sediment was
emptied into a large tub and additional sediment was obtained until a
suffiicient amount was accumulated.

26. Samples taken from hopper dredges were obtained from the in-
flow pipe so that the sample was obtained befcre the material segregated
in the hopper bin. Samples were obtained by using the sample container
as a scoop.

Sample type

27. ™Two different size samples were obtajned. Small samples, ap-
proximately 0.2 cu ft in volume, were obtained for classification tests.
These samples were stored in heavy plastic canisters. Larger samples,
approximately 1.0 cu ft in volume, were obtained for engineering prop-
arties testing. These larger samples were stored in trash can liners
inserted into burlap bags for reinforcement,

28. All samples were disturbed during sampling and during transfer

from sampler to container. Since two to four grabs were generally

20



required for a small ssmple and more than elght grabs were needed for =z
large sample, samples were composite and consisted of material from an
area of gseveral square feet. No sample preservaltion measures were under-
taken, excepnt that organic samples were kept cool to retard the decom-

position of organic matter.
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PART ITT: LABORATORY ANALYSES

29. Dredged materisl samples were subjected tc standard laboratory
anaiyses used for testing soils, The analyses were performed by the
Soils and Pavements Laboratory at WES., All teste were conducted in
accordance with CE procedures ag referenced, and the American Society
for Testing and Materials (ASTM) standard procedures5 are referenced

for ccnvenience.

Scope of Testing Program

30. TFigure 5 is a flow chart depicting the sequence of events in
the laboratory testing program. The chart shows that all samples, in=-
cluding the few selected for engineering properties testing, were sub-
Jjected to grain-size analysis and organic content (0C)* determination,
and that the liquid limit (LL) and plastic limit (PL) were determined
for samples contalining fine-grained material. Samples selected for
engineering tests were grouped into iwo categories: coarse-grained and
fine-grained. Since the engineering properties of sand are well doc-
umented, sand samples were not subjected to extensive laboratory testing.
Selected silty and clayey samples were subjected to compaction tests,
and the data (maximum dry density and optimum moisture content) from
the compaction tests were used to establish preparation criteria for
test specimens subjected to consolidation and shear strength tests. A

briel description of each test 1s presented in the following sections.

Clagsification Tests

31. 1In order to classify a sample of dredged material, certain
parameters pertaining to the texture and plasticity of the sample must

be evaluated. These parameters, which may vary according to the

¥ TFor convenience, symbols and unusual abbreviations are listed and
defined in the Notation (Appendix D).
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classification system used, are cobtained from four laboratory tests:
grain size, PL, LL, and OC. For classification purposes the 0C gener-
ally need not be gquantified, but rather =z knowledge of whether signif-
icant organic matter is present is required. For purposes of this study,
grain-size analysis, PL, LL, and OC tests have been grouped together as
clasgification tests.

Grain-size analysis

32, The grain-gsize distribution was determined for every sample of
dredeed material obtained for this study. Both direct (mechanical
analysis) and indirect (hydrometer analysis) methods were used to pro-
vide information for a wide range of material with grain sizes from
0.001 to 75 mm, Samples containing both fine and coarse particles were
subjected to both the sieve and hydrometer analyses. Predominantly fine~
grained samples (all or nearly all particles passing the No. 200 sieve)
were analyzed by only the hydrometer method. Sand samples were tested
by sieve analysis. Grain-size analysis test procedures may be found in
FM 1110-2-1906, Appendix V,6 and in ASTM D h22~63.5

Water content

33. One of the most important factors affecting the properties of
dredged material is the presence of water within the soil structure.
The relative amount of water is expressed on a dry weight basis, in

which the water content is defined as follows:

ww
W-Exloo (1}
where
w = water content, %
ww = weight of water in dredged material, g
W = weight of so0lids in dredged material, g

This conventicn for water content {or moisture content, as the terms are

used interchangeably in soils engineering®) is illustrated in Figure 6.

¥ A glossary of soils engineering terms according to ASTM can be found
in Appendix A,
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Plasticity analysis

Figure 6. Nomenclature used in
determination of water content

34, Tn order to evaluate (from EM 1110-2-1906)

the plasticity of fine-grained samples of dredged material, the LL and
the PL of these samples were determined. The LL of dredged material is
that water content above which the dredged material is said to be in a
semiliquid state and below which the dredged material is in a plastic
state. Similerly, the water content that is the lower 1imit of the
plastic state and the upper limit of the semisolld state ig termed the
PL. The plasticity index (PI), defined as the numerical difference be-
tween the LL and the PL, 1s used to express the plasticity of dredged
material. A graphical explanation of the relation among LL, PL, and PI

is presented in Figure 7. A detailed explanation of the test procedures,

STATE 2 SEMISOLID PLASTIC SEMILIQUID z

WATER CONTENT PL L]L
- Pl -

INCREASING WATER CONTENT

&

Figure 7. BStates of consistency (frbm EM 1110-2-1906")
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as well as of the apparatus, can be found in Appendix III of EM 1110-2-
1906.6 A procedure for determining the LL can slso be found in ASTM
D 423-66° and one for the PL in ASTM D ueh-59.5

Organic content

35. The OC, expressed as a percent of sample weight, was deter-
mined for the samples obtained during this study. The significance of
the 0C of dredged material lies in the effect the organic matter may
have on the strength and compressibility of the dredged material. Soils
containing significant amounts of organic matter generally exhibit lower

T The

shear strength and higher compressibility than do incrganic soils.
organic matter also retains moisture in significant amounts without
producing a corresponding increase in plasticity.T Before any general
statements concerning the effect of OC on the properties of dredged
material can be made, however, the nature of the constituents of the
organic fraction must be known.

36. Organic matter in dredged material may be present in many
forms, including sewage, industrial and agricultural waste, plant and
animal matter, and petroleum-type substances. Cbviously, the wide range
of' types of material that may comprise the OC of a dredged material com-
plicates any determination of the influence of the OC on its properties.
Fibrous matter will certainly have a substantially different impact on
plasticity than will a light oil, even though similar CC may be deter-
mined from laboratory tests.

37. One of the largest problems in evaluating the impact of the
0C on dredged material is the lack of a standard test procedure. There
are two general types of tests for determining OC: dry combustion
methods and wet combustion methods. Within each of the two categories
are many procedures that are basically the same in concept in that they
define the 0C as the percentage of total sample weight lost as a result
of the test procedure. The difference between the two types of methods
iies in the procedure for removing the organic matter from the sample.
In one case the organics are burned off in a high temperature oven, and
in the other case chemicals are used to digest the organic matter.

38. Dry combustion. The dry combustion techniques are simple to
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perform, with test procedures differing in the temperatures used and the
time reguired to burn the organic fraction. Suggested procedures range
from burning at 375°C for 16 hr8 to burning at 950°C for 1 hr.9 The
controversy In procedure invelves the release of interstitial water from
fine-grained soils and in the changes to clay minerals, both of which
oceur at high temperatures. Differential thermal analyses performed hy
Arman9 on montmorillonite samples show that lattice water loss occurs

at approximately L450°C, and he suggests that OC tests be conducted at
temperatures no higher than Lho°C. KrizekT suggests that the temper-
ature for testing a particular soil type should be determined by thermo-

gravimetric analysis.

39. Wet combustion. Wet combustion technigues involve the use of

chemicals to determine the CC. Differences in procedure invelve the
types and strengths of the chemical used. The chemicals vary from
hydrogen peroxide to sulfuric acid. Complete test procedures are cited
in several publications.lo_lh While one procedure may produce accurate
results in one soil type, the same procedure may gilve poor results for
ancther soil ty‘pe.T There 1s also some guestion of the actual percent-
age of OC thav is organlc carbon; this factor, plus the higher degree

of complexity {compared to dry combustion methods), makes the dry com-
bustion techniques more attractive for engineering purposes when simplic-
ity and test iime requirements may be important. In evaluating OC and

its influence on soll, the test procedure is an important factor.

40. Adopted procedure. In this study the following dry combus-

tion test procedure was used, and the OC was expressed as the percent-
age of weight lost on ignition.

a. Dry a L0-g sample at 110°C until there is no further
weight logs—-usually 1 or 2 hr.

b. Weigh sample and place in 4L40°C oven for L hr.

¢. Determine OC by dividing the weight lost by the sample
while in the L40°C oven by the total weight of the sample
2t the time it was placed in the 4h0°C oven.

h1. It has been seen that the 0C determined for a particular
sample of soil may be a function of the test procedure usecfl.'-r Addition-

ally, the effect of organic matier on scil properties can be more
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dependent upon the nature of the organics than

Considerable care must be taken in evaluating the effects of the OC on

the engineering properties of dredged material.

Engineering Propertlies Tests

L2, To determine the engineering properties of dredged material,
ten samples of fine-grained dredged material were subjected to compac-
tion, shear strength, and consclidation tests in the laboratory. A
description of test specimen preparation and the test results are re-
ported in Part V, while general test descripticns are presented in the
following paragraphs.

Compaction test

43, The objective of performing a compaction test is o establish
the relationship between the water content w and dry density Y4 of
soil by simulating, in the laboratory, the compactive effort to be em-
ployed in the field. During this study the standard Prcctor, modified
Proctor, and 15-blow tests were used on fine-grained samples of dredged
naterial. The specific apparatus, standards, and procedure are found in
EM 1110-2-1906, Appendix VI,6 ag well as in ASTM D 698-70.5

Consolidation test

LY, As load is applied to laterally confined soil, air and water
are squeezed from the veoid spaces and the scil consolidates, if a bear-
ing failure does not cccur. To predict the rate and smount of field
consolidation, & laboratcry consolidation test is conducted. A care-
fully prepared specimen of gsoil 1s sandwiched between two porous stones
and placed in a consolidation ring. A lcad is applied, and, as water is
squeezed out of the soil specimen, the lcad and deformation are recorded
at specific time interwvals. During this study the consolidation test
described in EM 1110-2-1%06 Appendix VIII6 was performed. The corre-
sponding ASTM test procedure is D 2h35—70.5
Shear strength tests

45, While normal stresses on a saturated, fine-grained material

are initially supported by both the solid particles and the pore water,
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shear strength is develeped only by the soil particles. During this
study unconsolidated-undrained (Q) triaxial shear tests and consolidated-
drained (8) direct shear tests were performed using compacted dredged
material samples to determine shear strength parameters. The Q-tests
were performed in accordance with the procedure in EM 1110-2-1506
Appendix X6 and in ASTM D 2580—70.5
may be found in EM 1110-2-1506 Appendix IX6 and in ASTM D 3080-72.

The procedure used for the S~test

5
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PART IV: CLASSIFICATION OF DREEDGED MATERIAL

46. In this part the classification properties of dredged material
are presented. These properties include not cnly the results of the
laboratory analyses conducted at WES, but also test results obtained
from other publications and from CE District office files. IFollowing
the presentation and discussion of the classification properties, four
soll classification systems are briefly described. Using the classifi-
cation properties, each sample is classified according to as many of .
the four classification systems as possible. A system for classifying

solls to be dredged is desecribed but not used.

Clagsification Test Results

47. Data resulting from analyses on samples¥® obtained from within
the five study regions are presented. Classification test data are
tabulated in Appendix C. Table 2 presents the ranges of values for the
parameters investigated; in cases where meaningful, the average value
is presented. The number of gamples inciuded within a value range is
sometimes less than the total number of samples obtained, generally due
to incomplete grain-size distribution curves, or because a test, such
as 0C, was not conducted. The LL, PL, and PI were determined for the
portion of coarse-grained samples that passed the No. 40 sieve, as well
as for the fine-grained samples; no differentiation is made in the table.

U8, The grain-size distribution was determined for most of the
gamples, and each test result was presented in the form of a grain-size
distribution curve plotting percent finer against particle size. Some
curves were generated from only a few points and are, therefore, incom-
, and I}

» D
257 750 [P
sizes and the percent passing the No. 200 sieve were known. On the

plete. TFor example, in the New England Division only D

basis of these data, DlO and D90 were sometimes impossible to determine.

Ly, Envelopes of grain sizes are presented for fine-grained

¥ An explanation of sample numbers is given in Appendix 3.
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samples and for coarse-grained samples from each region (Figures 8
through 17). Using these envelopes, the range of grain sizes for any
percent passing, as well as the range of percent passing any sieve, may
, and D are shown in

10° P60 90
ig in the computation of the coeffi-

be determined. Ranges of values cof D
Table 2. Use of DlO as well as D60
cient of uniformity and the coefficient of curvature, which are used in
the USCS desecribed in the next section. The percentage of fines, de-
fined by the USCS as the percent passing the No. 200 sleve, was also
determined for the samples.

50. In addition to the average and range of values of the LL, PL,
and PI presented in Table 2, the samples were plotted on the plasticity
chart by region, as shown in Figures 18 through 22. The plasticity
parameters were used to classify the samples of fine-grained dredged
material. Relationghips between the plastiecity parameters and the
engineering properties of dredged material are discussed in Part V.

51. The OC of each sample obtained specifically for this study was
determined. Sixty such determinations were made on samples from the
Gulf States study region. All 34 samples from the Great Lakes region
and 29 other samples from projects scattered throughout the other three

regions were alsgo tested.

Classification Systems

52. The object of a so0il classification system is to arrange soils
that have similar properties into groups and to give each group a stan-
dard name or coded designation. Several systems have been established
for classifying soils based on one or more of the following scil charac-
teristics: texture, plasticity, mineralogy, and structure. The follow-
ing classification systems are described below: the Permanent Interna-
tional Association of Navigation Congresses (PIANC) system for
clasgsifying soils to be dredged, the U. 8. Department of Agriculture
(USDA) classification gystem, the American Association of State Highway
Officials (AASHO) classification system, the Federal Aviation Agency
(FAA) classification system, and the USCS.
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Figure 16. Ranges of grain sizes encountered in coarse—grained samples
of dredged material from the Pacific Coast study regicn
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Figure 18. Plastiecity chart for fine-grained dredged material
from the Gulf States study region
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the North Atlantic study region
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Figure 22. Plasticity chart for fine-grained dredged material from
the Pacific Coast study region

53. It is important to emphasize that, while these classification
systems group together soils of similar properties, this grouping is not
a satisfactory substitute for a program of laboratory testing. The
factors that influence the properties of soil are very numerous, and
scme are not completely understood. It 1s impractical to evaluate the
properties of soil by means of a classification alone. However, since
soils within a group do have similar general characteristicg, an indica-
tion of behavior is possible, which can be of significant walue during
a preliminary project study for which the expenditure of time and money
for a laboratory testing program may not be justified.

54, A discussion of each of the classification systems, including
the procedure for the use of each in clasgifying dredged material, is
presented below. Major emphasis is placed on the USCS, because this is
the gystem currently used by the Corps as well as the Bureau of Reclama-

tion. BSince three of the other systems cited herein are in widespread.
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use, the samples have also been classified according tc these systems.
The PIANC classification system is described below, but samples obtained
during this study were not classified according %o the system. The sys-
ten is designed for use by dredging companies and does not relate to

use and properties of the material after dredging. The UBSDA system was
used so that agencies contemplating the productive use of dredged mate-
rial for agricultural purposes would have an idea of the soll types in-
volved. Planners and engineers not familiar with the USCS may use
either the AASHO or FAA systems, and these systems are included here for
the btenefit of such parties. Dredged material has been used in highway
and airport runway construction, and an identification of dredged mate-
rial by these latter two systemg will facilitale a better understanding
of dredged material by the agencies involved.

PTANC system

55. This system was developed recently teo ald in dredging cpera-
tions. Vigual clagsification procedures are used to describe the soil
in very general terms. Table 3 shows the various classifications and
some general characteristics of each classification. While this systen
is useful in planning dredging projects, other systems gsuch as the USCS
are much more sultable for describing dredged material; the dredged
material samples were not classified according to the PIANC system.
USDA system

56. This system was developed by Russian agricultural engineers
and later adopted by the USDA.15 Under this system, solls are divided
into three categories, called orderg: zonal, intrazonal, and azonal,
These orders are subsequently divided into suborders, which are divided
intc gresat soll groups. Each great soil group is broken into scil
series, which are further divided by texture. A complete clagsification
of a s0il requires the soil series as well as the textural classifica-~
tion; however, since it is impossible to determine the soil series of a
bottom sediment, the samplgs were classified by texture only.

57. The texture classification 1s readily obtained by using the
charts shown in Figure 23. The percentages present of sand, silt, and

clay sizes, whose arbvitrary limits are shown in Figure 23, are easily
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determined from a grain-size distribution curve. In order to determine
a textural classification, it is necessary to know the percentages of

two of the three bazgic textural groups (sand, silt, and clay) and enter
thege into the triangular chart. The area in whicl
the two values occurs determines the textural elassification.

AASHC system

58. The most widely used system for classif
subgrade use is the AASHO system, which was established on the bhasis of
field performance of highway subgrades. The system groups together
solls of similar load-cerrying capacity, although there is a wide range
of load-bearing ability within each group, a5 well as some overlapping
between groupsz. The designations assigned to groups range from A-1 to
A-T, where A-1 goils are of the highest quality and A-7 are of the
lowest. Some of the groups may be further subdivided on the basgis of a
group index. The group index is determined by the LL, PI, and grain-
size distribution curve, using the classification charts of Figure 2h.
A more detailed descripbion of the AASHO system, as well as the proce-

dure for employing it, may be found in Reference 16.

FAA system
0 Thes TAA oo satohlitahad o cvatam far placod Pyinoe asvithoroadas
ST LI1C DhAn lldo Couvdlriloncl @ Syoutil vl Cldoodldlydlls suvsl s

solls for use as a guide in runway pavement design. Using the grain-
size distribution curve, as well as the LL and PI, this system groups
soils into 13 designations, E-1 through E-13. In addition to an "E"
designation, a soil may also be given a textural classification by use
of the biaxial classification chart shown in Figure 25. The use of this
chart requires a grain-size analysis of the fraction passing the Ne. 10
sieve. To gelect the proper soll group., the results of the sieve
analysis and plasticity analysis (LL and PI) are used with Table A of
Figure 25,

60. Since the classification procedure is based on material passing
the No. 10 sieve, percentages taken from a grain-size distribution curve
must be evaluated accordingly. The presence of significant amounts of
well-graded material rebained on the Fo. 10 sieve, in cases

where the presence of such material will effect an increase in stability,

Lo
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CLASSIFICATION OF HIGHWAY SUBGRADE MATERIALS
(With Suggested Subgroups)

General Classification..... Granular Materials Silt-Clay Materials
{35% or less passing No. 200) {More than 35%, passing No. 200)
A-1 A-2 A-1
Group Classification.......| A-f-a A-1-b A-3 A-2-4 1 A-2-5 | A-2-6 | A2 A-4 A-5 A-6 ;}\-7-5,
-1-0
Sieve Analysis, Percent
passing:
No.10...................| 50 max.
No.40...................] 30 max, | 50 max. 51 min.
No.200..................| 15 max. | 25 max. [I0max. |35 max. 35 max. |35 max. ;35 max. {36 min. (36 min. (36 min. (36 min.
Characteristics of fraction
passing No. 40;
Liquid kimit....,........ 40 max. |41 min. |40 max. (41 min, |40 maz. |41 min, |40 max. |41 min.
Plasticity index......... 6 max. N.P. |10max, [10max. (1] min. |11 min, |10 max. (10 max. (1 min. (11 min
Group Index®............, 0 (] 0 4 max, 8 max. |12 max, |16 max. 20 max.

Classification Procedure: With required test data available, proceed from left to right on above chart and correct group will
be found by process of elimination. The first group from the left into which the teet data will fit is the correet classification.
¢ Plasticity index of A-7-5 subgroup is equal to or less than LL minus 30. Plasticity index of A-7-6 subgroup is greater than

LI minus 30 {see figure 2),

See group index {formula and Figyre 1 for method of ealculation, Group index should be shown in parentheses aiter group

symbol as:

Figure 2k,

-2-6(3), A-4(5), A-6(12), A-7-5(17), etc.

American Association of State Highway O0fficials
classification system (from AASHO]~'6)
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TABLE A
FAA CLASSIFICATION OF SOQOILS
FOR AIRPORT CONSTRUCTION

70

* (lassification is based on sieve analysis of the portion of the sample passing the No. 10 sieve.
When a sample contains material coarser than the No. L0 sieve in amounts equal to or greater

than the maximum shown in the table, a raise in classification may be allowed provided the
coarse material is rcasonably sound and fairly well graded.
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(4 CHART A
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Figure 25.

Percent | Percent | Percent
Textural class sand silt clay
Sand 80-100 0-20 0-20
Sandy ioam 50-80 0-50 §-20
Loam 30-50 30-50 0-2¢
Silty foam 0-50 50-80 0-20
Silt 0-20 80-100 0-20
Sandy clay foam | 5080 0-30 20-30
Clay foam 2¢-50 20-50 2-30
Silty clay loam 0-30 50 -80 -30
Sandy clay 5070 6-20 30-50
Silty clay 0-20 50-70 30-50
Clay 0-50 0-50 30-100
Fraction Sieve size Grain size, mm
Coarse sand §10-k60 20 -0.%%
Fine sand §60-4210 0.25-0.05
Sitt <#I10 0.05-0.005
Clay - <(.005

{from Hennes and EskelT)

Ll

Federal Aviation Agency classification systenm
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is justification for raising the classification by one or two groups.
For example, an E-3 may be promoted to E-2 or E-1 if warranted by the
presence of sound coarse material.

6l. In the classification of a fine-grained soil (E-6 to E-12),
selection of a single group may be impossible; that is, the soil may
meet the requirements of more than one group. In this case, the use of
Chart B of Figure 25 is required. In fact, this chart provides a mcre
rapid means of classifying fine-grained {more than 45 percent passing
the No. 270 sieve) soils than Table A. More detailed information may

17

be found in Hennes and Eske and Sowers and Sowers.l
uscs

62. The USCS is an outgrowth of the Airfield Classification System
developed by Dr. Arthur Casagrande of Harvard University for the Corps
during World War II. The Airfield Classification System was exXpanded
and revised to apply to foundations and embankments as well as to air-
fields and roads and has been adopted by the Corps and U. 5. Bureau of
Reclamation. Like the systems employed by AASHO and FAA, the USCS uses
both textural qualities and plasticity characteristics as the basgsis of
classification. The USCS is described in Figures 26 and 27. Instruc-
tions for classifying a coarse-grained sample are presented in Figure 26,
which is sufficient for classifying ccarse-grained material. The clas-
gsification of fine-~grained material is accomplished by use of the plas-
ticity chart shown in Figure 27. Tables U4 through 6 present the char-
acberistics of each of the USCS soil groups. TFurther information about
the USCS, including the procedure for using it and the characteristics

of each soil group, is found in WES TM 3—357.19

Claggification of Dredged Material

63. Samples of dredged material from navigation projects around
the ccontinental United States were classified according to the four seoil
claggification systems previously described. The types of materiasl en-
countered among these samples indicate the varisbility of the types of

soil subject to maintenance dredging. Twelve different USCS types of

L5
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Figure 27. Plasticity chart

dredged material were encountered, ranging from well-graded gravel to
organie clay. In the following paragraphs observations regarding the
types of material encountered within each study region are made. It
should be kept in mind that the absence of one or more types of dredged
material from the samples taken within a given study region does not
mean that the absent type is not present within the maintenance dredgings
of that region. It means only that those were not sampled. The classi-
Tication of dredged material within each study region is presented in
terms of USCS classifications, while classification of the samples using
the USDA, FAA, and AASHO systems is presented on a nationwide basis
following the regional presentations.

Classification of
dredged material uging USCS

64. The classification properties previously reported were used to
classify the samples in accordance with the USCS. Figure 28 shows the
USCS classifications applicable to the samples taken from within each

study region and displays graphically the predominant types of material

49
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sampled in each region. In Figure 29 the samples are divided into four
categories. These categories, assigned on the basis of the first letter
of the USCS classification, are intended only to show the fractions of
the samples that were coarse, plastic, nonplastic, or organic. It must
be emphasized that the information presented in these figures applies
only to the samples analyzed for this study and does nof constitute a
quantitative representation of all the dredged material in the study
regions. However, the information presented should be indicative of the
types of dredged material found in each of the study regions.

65. Study region A — the Gulf States region. The samples of

dredged material taken from within the Gulf States study region fell
into seven of the USCS classification groups. The seven solls groups
ranged in texture from poorly graded sand (SP) to inorganic fines of
high plasticity (CH). Figure 28 shows that slightly less than one-third
(33 percent) of the samples were classified as sandy material. Most of
the samples of sandy dredged material in this region were taken from

the coast of Florida. The remaining two-thirds (67 percent)} of the
samples were classified in one of the fine-grained designations,

mostly CH. There were no gsamples of organic dredged material, although
it is thought that organic dredged material is commen in the region. |

66. Study region B - the South Atlantic region. Ten types of

dredged material were encountered among the 98 samples, ranging from
poorly graded gravels (GP) to plastic and organic clays (CH and OH).
Three-fourths of all samples were classified ag sands and gravels. Only
24.5 percent of the samples were fine grained. Most (89 percent) of
the data pertaining to the South Atlantic study region related to either
the Wilmington (37 percent) or the Jacksonvilie (52 percent) Districts.
More than one-half of the samples were classified as poorly graded sand
(8P). A1l but one of these samples of SP material were taken in either
the Wilmington or Jacksonville Districts. In fact, 58 percent of the
Wilmington samples and 67 percent of the Jacksonville samples were
¢lassified SP.

67. Study region € — the North Atlantic region. Slightly fewer

data points were accumilated within this region than from either the
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Gulf States or South Atlantic regions. The samples divided into 12 of
the 15 USCS classifications. The most frequently encountered classifi-
cations were poorly graded sand (SP) and organic clay with high LL (OH).
Among the samples, 27 percent were OH and 26 percent were SP; the re-
mainder of the samples were fairly evenly distributed among ten classi-
fications. Forty-seven percent of the samples were coarse grained,
mostly sand. The remaining 53 percent were fine material, mostly CL
and OH. About one-half (51.2 percent) of the fine-grained samples were
organic (OL or OH).

68. Study region D - the (reat Lakes region. Thirty-four samples

of dredged material were obtained from navigation projects within the
Great Lakes study region. A totsl of seven USCS dredged material types
were sampled within this study regicn, with the predominant types being
5P and CH. Blightly more than half of the samples, 52.9 percent, were
coarse-grained material, and the remaining 47.1 percent were fine
grained. Among the 18 coarse-grained samples, all but three were poorly
graded sand (8P). The majority of the fine-grained material was highly
plastic, CH, with two samples each of ML, CL, and MH comprising the
rest. There were no samples of organic dredged material, although or-
ganic dredged material is thought to occur in this region.

69. Study region E — the Pacific Coast region. More data were

accumulated from within the Pacific Coast study regior than from any
other region during this study. Eight different types of dredged mate-
rial were sampled. TIn =addition, there were three borderiine classifica-
tions. The material ranged from well-graded sand (SW) to organic fines
(OH). The predominant type of dredged material was poorly graded

sand {SP). Over half of the samples (53.6 percent) were classified SP.
The remaining samples were fairly evenly divided among SM, SP-SM, CL,
and CH. There were alsc single samples of SW-SM, CL-ML, ML, SW, MH, and
OH. Approximately three-fourths (75.5 percent) of the samples were

coarse grained. Only one sample proved to be organic dredged materisl.
AASHO system

0. The AASHO classification system was used to classify as many

of the samples as possible, and the distribution of the classified

53



samples is shown on a national basgis in Figure 30 and broken into study
regions in Figure 31. TFigure 30 shows that the bars for A-1, A-2, and
A-7 soils are divided, just as these classifications are divided in the
system. The hatched segments of each divided bar represent the portions
of the total samples that comprise the single classification. For ex-
ample, the A-7 group is divided into +two parts, A-7-5 and A-T-6. Since
26.8 percent of the samples were classified A-T7-5, and 12.l percent

were classified A-7-6, 39.2 percent were classified A-T soils, which is
represented by the top of the A-T bar. The A-1 and A-2 bars are treated
similarly.

71l. Figure 30 shows that six of the seven types of dredged mate-
rial were sampled. WNo samples of A-5 material, elastic fine-grained
dredged material, were obtained. BSlightly more than half the samples
were coarse grained, according to this classification system. The most
frequently encountered group was A-3, fine sand. Most of the fines
(more than 35 percent passing the No. 200 Sieve) were classified A-T,
with a few A-U's and A-6's,

FAA system

T2. Sufficient data were available to classify most of the samples
uging the FAA classification system. Figures 30 and 32 are graphical
representations of the types of material sampled. A3l but two of the
FPAA types of dredged material were sampled. The two types not sampled
were E-0, elastic silts and eclays, and E-13, organic swamp soils.
Slightly more than half {56 percent) of the samples were classified
granular, mostly B-1 {30 percent), E-2 (1l percent), and E-3 (13 percent).
The remaining L4 percent of the samples were fine grained, mostly E-12,
highly plastic clay.

Comparison of systems

T3. Table T shows the large number of USCS designations thabt may
apply to specific samples of any of the AASHO or FAA soil types. ©Since
each of these gystems hasg its own definition of fines, some samples of
dredged material were classified as fine grained using the FAA and AASHO
gystems, and as coarse grained using the USCS. The only emerging pat-

terns seem to be the clagsification of SP samples as A-3 and the

5h
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classification of CH samples as E-12 and A-T7. An indication of the in-
terrelation of individual classifications of the FAA, USCS, and AASHO
systems is shown in Figure 33. Thig figure shows, by overlaying

LL versus PI plots, that ong USCS classification may be applicable to

several classifications in the other systems and vice versa.
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Figure 33. Interrelationship of fine-grained
classifications by FAA, AASHO, and USCS
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PART V: ENGINEERING PROPERTIES OF DREDGED MATERIAL

T74. Before the design or analysis of earth structures and founda-
tions may be undertaken, a thorough understanding of the properties of
the soils involved is necessary, Similarly, the engineering properties
of dredged material must be investigated in crder to evaluate its suit-
ability for use in conventional solls-related applications. The engi-
neering properties of compacted (dewatered and densified) samples of
dredged material were determined to show what properties are exhibited
by dredged material that is similar to other soils being used in earth-
work construction. These properties are useful in estimating the poten~
tial for the productive use of dredged material in earthwork construc-
tion projects.

75. In this part the engineering properties of compacted samples
of dredged material are presented in several sections, each of which
presents the results of one type of test (e.g., consolidaticn test).

The engineering properties of fine-grained dredged material were deter-
mined by laboratory compaction and testing of dredged material specimens.
Properties reported include the results of classification, compaction,
shear strength, and consolidation tests.

76. Since the engineering properties of clean sands are well
documented and fall into rather predictable and narrow ranges, only the
classification properties of the samples of clean sandy dredged material
were determined. A limited amount of data concerning the properties of

dredged material deposits within containment areas is also presented.

Classification Properties

7f. The grain-size distribution, LL, PL, OC, and USCS classifica-~
tion were determined for the samples; a1l values but the OC were avail-
able for four samples from the San Francisco District. The grain-size
distribution for each of the samples is presented in Figure 34, and the
other classification properties, as well as the USCS classifications,

are presented in Table 8,

°9
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78. The classifiecation properties of the samples of dredged mate-
rial whose englneering properties were determined in the laboratory are
presented in this part for correlation with engineering properities. The
classification properties of some 400 samples of dredged material appear
in Part TV and are more indicative of dredged material as a whole than
are the samples analyzed in this section,

Grain-size distribution

79. Figure 34 shows that a wide range of material is represented
among the 17 samples., The percent fines {percent passing No. 200 sieve)
varies between 35 and 98 percent. The presence of a large percent of
fines usually indicates low permeability and high compressibility.21
Since the permeability and compressibility of fine-grained soils are
affected by other factors in addition to grain size, no correlation be-
tween percent fines and these parameters would be meaningful. The per-
meability and compressibility of fine-grained dredged material are
discussed later in this part, as they are best evaluated by direct
testing.

Plasticity

80. The LL, PL, and PI were determined for each fine-grained
dredged material sample and for the fine fracticn of coarse-grained
gsamples with glgnificant fines. The wvalues obtained for these param-
eters are tabvulated for each sample in Table 8. Correlations between
plasticity parameters and engineering properties parameters are dig-
cussed in later sections of this part.

81. Care must be exercised in using some of the data presented in
Table 8. The LL ard PL of five samples (noted in Table 8) were in-
advertently determined using dried specimens. Drying may alter dredged
material by driving off water adsorbed on the particles.. This adsorbed
water may not be entirely regained upon rewetting. Drying may also
cause chemical changes in any organic material present. Either of these
effects can result in erroneous values of the Atterberg Iimits.zg’23
Unfortunately, neither the magnitude nor the direction of error can be
predicted. For example, Casagrande23 reported that air drying of a

clay sample caused the IL to be 20 percent greater than the correct
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value determined on the soil prior to air drying. However, the LI of

an oven-dried sample of the same soil was 20 percent less than the cor-
rect value. The Atterberg limits of the dried gamples are not included
in any correlaticn between plasticity and engineering properties, except
as specifically noted.

Qrganic content

82. The OC was determined for each sample, and values are tabu~
lated in Table 8. Since the properities of dredged materisl are affected
by many feactors, the effect of OC on the preoperties of dredged material
must be determined using samples of material that differ only in 0C. As
none of the samples contained sufficient organic material to have a
significant effect on the properties of the samples (Millar and Turk2Ll
estimate that at least 20 percent OC is required to affect properties),
and in view of the different materials involved, no further investiga-

tions concerning CC were pursued. This subject is recommended for

further research.

Compaction of Dredged Material

Laboratory tesis

83. To simulate in the laboratory the compaction that may be
achieved during field construction operations involving dredged material,
samples of dredged material were subjected tc one of three compaction
tests: the Standard Proctor, 15-blow, and Modified Proctor. The max-
imum dry density Yd and the optirum moisture content OMC were used
as criteris for the preparation cof test specimens tc be used for shear
strength and consclidation tests. Figure 35 shows the compaction
criteria to which the specimens were prepared.

8k. Most specimens were dewatered to water contents wet of optimum
since it was belleved that such specimens would be more representative
of conditions that will prevail in field projects involving the use of
dredged material as a construction material. For example, in construc-
ticn of an embankment, dewatering and compaction of dredged msterial

will be required. BSince the effort required to dewater fine-grained
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WATER CONTENT, PERCENT
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DIRECT SHEAR

OMC + 5 0.9 ¥y MAX

TRIAXIAL SHEAR  OMC +5& 0.9 % MAX

Figure 35.

OMC - 5

Bample preparation criteris
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dredged material is likely to be quite high, it is reascnable that the
amount of dewatering be limited to the minimum that will result in sat-
igfactory properties. It is anticipated that this minimum dewatering
will result in dredged material considerably wetter than the OMC in most,
if not a8ll, cases.

Results of compaction tesis

85. The results of the Standard Proctor, 15-blow, and Modified
Proctor compaction tests are presented in Figures 36, 37, and 38,
respectively. Figure 39 presents the range and average values of Y
and OMC for each test type. As expected, the greater compactive effort
of the Modified Proctor test resulted in higher values of Yd at lower
OMC values than the other tests, The results of the Standard Proctor

test cshowed an average slightly higher than that of the 15-blow

v
test, at virtuwally the saie OMC. These trends, although expected be-
cause of the difference in compactive effort, reveal very little about
the properties of the samples, Due to the dissimilarity of the samples
and to the limited number of tests conducted, the averages and ranges
shown in Figure 39 are meaningful only as a summarization of the results
of the compaction tests involved.

86. Wood525 states that the OMC for fine-grained soils is usually
a few percent less than the PL. Figure L0 shows that for the tests per-
formed during this study the OMC for fine-grained dredged material is

25

generally less than the PL, showing agreement with Woods.

Shear Strength of Dredged Material

87. Shear strength is often the most important property under
consideration during an analysis of the behaviecr of soil under lcad.
The ultimate bearing capacity of a so0il is dependent on shear strength;
the stabiiity of earth slopes is directly related to the shear strength;
and earth pressures against structures such as retaining walls and bulk-
heads are known to vary with shear strength. In view of the importance
of shear strength, any study investigating the potential for

construction-oriented productive uses of dredged material must take
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Figure 36. Moisture-density relationships for samples of dredged
material subjected to the Standard Proctor compaction test
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into consideration the shear strength of the dredged material. Simi-
larly, a study to determine the engineering properties of dredged mate-
rial must include an investigation of shear strength. In the following
pages, the results of shear strength tests conducted on compacted sam-
ples of dredged material are presented and discussed.
Test types

88. Two types of shear strength tests were used. Consolidated-
drained direct shear tests (S-tests) were conducted usging dredged mate-
rial compacted to 90 percent of the maximum Yd at a moisture content
equal to the OMC plus 5 percent. Unconsollidated-undrained triaxial
shear tests (Q-tests) were also conducted using specimens of dredged
material compacted to 90 percent of the maximum Yd at the OMC plus 5
percent —-- the same sample preparation used during the S-tests. A
second series of Q-tests were performed using dredged material specimens
compacted to 90 percent of the maximum Yd at the OMC minus 5 percent.
Shear strength

89. Coulomb's Law2

1,26

relating shear strength to effective normal

stress and unit cohesion is expressed mathematically as follows:

T =g tan ¢ + ¢ (2}

where

T = shear strength, tsf

¢ = effective normal stress, tsf

$ = angle of internal friction, deg

¢ = unit cohesion, tsf

90. While this equation greatly oversimplifies the situation, the
explanation of shear strength test results is facilitated by reference
to Coulomb's Law. The strength envelope for a noncohesive soll, or a
clay loaded very slowly under fully drained conditions, is a straight
line whose slope is tan ¢ and which passes through the origin. In

thig case, Coulomb's Law may be expressed as

T =0 tan ¢ (3)

TO



The strength envelope for a saturated clay under undrained conditions is

a herizontal iine wheose eguation is

which is the case for ¢ = 0 .

91. HNoncohesive silts, silts with little or no dry strength, tend
to exhibit behavior similar to that of sand. In the fully drained con-
dition, noncchesive silts will have internal friction angles somewhat
lower than those of gand. Due to the ilow permeability of siit, the un-
drained condition is more likely to govern, however, and analysis should
be in terms of the apparent angle of internal friction ¢a s which re-
sults from test conditions in which pore pressures are developed. The
shear strength of silts with appreciable cohesion may be analyzed in
the same way as for clays.

Results of S-tests

92. The results of the S-tests conducted during this study are
presented ag plots of T (on the ordinate) against o {on the
abscissa). All S-test envelopes, referred to as S-lines, were straight
lines whose slopes were tan ¢ and whose T-intercepts were ¢ f{ec =0
for true drained test). In three tests, the line passed through the
origin, while the other seven tests showed values of ¢ ranging from
0.09 to 0.19 tsf. The value ranged from 21 to 34 deg. The range of
T versus o Tfor the 10 S-tests is shown in Figure 4la. A1l 10 S-lines
fell within the shaded area of Figure 4la. The values of ¢ and ¢
for each sample are tabulated in Table 9,

Results of Q-tests

63. The strength envelope for a Q-test is more difficult to explain
in terms of Coulcmb's Law., Q-~lines agsume different shapes depending
on factors such as the type of sample (undisturbed, remolded, compacted,
etc.) and the degree of saturation. Referring to Figure U2a, which is
a sample Q-iine for a compacted cochesive soil, the relation between T
and ¢ 1s nonlinear and approaches a horizontal asymptote with increas-

ing o . More detailed explanation of factors influencing Q-tests

T1
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results and of shear strength may be obtained from Means21 and Hough.

O, The Q-lines for both series of Q-tests were generally of the
characteristic shape shown in Figure L42a. The envelopes of the tests
on samples remoided at the CMC plus 5 percent were much flatter and re-
flected lower T than the samples remolded at the OMC minus 5 percent.
The explanation for this is uncertain; the higher shear strength might
be attributed either to incomplete sample saturation or to negative pore
pressures.

95. The range of T versus o is shown in Figure 41b and 4lc for
the two sets of @-tests, and the values of ¢ and ¢ are shown in
Table 9. These shear strength parameters were determined for the low
range of o using the method set forth in EM 1110—2-1902.27 This
method, which involves the construction of a linear approximation to the

strength envelope in the stress range desired, is illustrated in

Figure hoe.

Compressibility of Compacted Dredged Material

96. Compressibility, the susceptibility of a material to volume
reduction under load, is an important consideration in the evaluation of
the engineering properties of dredged material. Compressibility deter-
mines the nature and rate of consolidation and settlement, which must
be studied carefully before load is applied. The compressibility of
dredged material can be estimated from other physical properties, but
is best evaluated by means of the consclidation tests.

97. Consolidation is the process of volume reduction under com-
pressive pressure. The consolidation of a sample of saturated seoll in-
volves the expulsion of pore water and a corresponding void reduction.
In the cage of partially saturated soil, the air occupying the void
spaces is dissolved in the pore water or squeezed out of the soll mass,
and then the pore water is expelled. The consclidation process is
divided into two processes: primary consolidation and secondary consoli-
dation. A load applied to a saturated scil specimen i1s initially borne

by the pore water, which is incompressible compared tc the soil

T2
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structure. As the water is sqgueezed from the pore spaces, the load is
shifted to the so0il structure. This expulsion of pore water with cor-
responding void reducticn constitutes primary consolidation. The ftrans-
fer of load to the soil structure causes further reduction in void
spaces by plastic flow and rearrangement of particles. This latter veid
reduction is called secondary consolidation.

Sample preparation

98. Since sinmulatiocn of anticipated field conditions was desired,
specimens of dredged material were compacted to 90 percent of the maxi-
mum Yd at a water content 5 percent higher than the OMC. The samples
were from 67 to 98 percent saturated prior to testing.

Test results

99. Ten samples obtained during this study were subjected to the
consolidation tests. In addition, the void ratio-pressure plots of four
congolidation tests conducted for the San Francisco District were used
1o augment the data.

100. Void ratio-pressure plots. Each consolidation test report in-

cludes a semi-log plot of void ratio e against consclidation pressure
p . Figure 43 shows the 14 e—loglop plots for compacted samples of
dredged material. The figure shows a large range of e for any incre-
ment of p . This large range of e is an indication of the diversity
of test specimens.

101. Compression index. The main objective of a consolidation

test is to determine the value of the compression index. This parameter

is determined by use of the following eguation:

Ae
Ce = Eigé;;g (5)
where
Cc = compression index for compacted sample
Ae = the change in void ratio over the pressure increment
from Py to o,
Alog,yp = Log Py = 108140y

Pl’PQ = grbitrary values of congclidation pressures taken along
the stralight portion of the e—loglop plot
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The Ce gives an indication of the compressibility of the soil, with
increasing values indicative of increassing compressibility. The values
of Cc ranged from 0.16 to 0.58 and are listed 3in Table 10.

102. Skempton28 determined a correlation bhetween the LL and the
compression index of remolded inorganic clay specimens. He stated this

relationship mathematically as:
Ce' = 0.007(LL - 10) (6)

where Cc' = compression index for remolded specimens. Figure L4, on
which Skempton's equation is plotted for reference, presents the reis-—
tionship between the Ce and the LL of the compacted dredged material
samples. Two sets of data are plotted on this figure: one set for
those samples whose LL was determined in the standard manner and one

set for those whose LI, was inadvertently determined using dried material.
While the dried LL values are considered incorrect, the excellent agree-
ment between these data and those of Skempton is noteworthy. The least-
squares line that empirically describes the relation between LL and Cec

for the dried material is:
Ce = 0.007(LL - 4.8) (7)

103. The third line shown in Figure Ll expresses the relationship
between the LL and Cc of nine samples whose LL's were determined in

the standard manner, This relation is stated mathematically as:
Cc = 0.002{(LL + 103.4) (8)

This line is seen to be considerably flatter than that of Skempton,28
indicating a slower increase in compressibility with increasing LL. The
reason for the lack of agreement between the two empirical relaticnships
is probably the difference in sample preparation, since Cc is known to
be influenced by initial e . GSkempton remolded his samples at the LL,

while the dredged material samples were dewatered to water contents well
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below the LL. Additionally, all samples used by Skempton were clay
soils, while samples of dredged material included silty as well as
clayey material. Also, nine samples are probably not encugh to define
the LL-Cc relationship accurately.

104, Coefficient of compressibility. Another perameter whose

value was determined from the results of each consclidation test is the
coefficient of compressibility 8, defined as the slope of the curve
expressing the e-p relationship. Since the e-p relationship was

plotted as log Op versus e , rather than p versus e , av values fTor

1
pressure increments in the straight portion of the e-log p curve were

found from Cc tby:

_ 0.435¢Cc

v e

+
LA

2
105. For pressure increments in which the e-loglop curve was non-

where p = s Laf.
linear, av was determined by the following equation:

. be
a_ = - AT (10)
where

Ae = e_ - e

Ap = Py, = Py > increment of p corresponding to Ae
The range and average values for & for each sample are shown in

Table 10.

106. Coefficient of consoiidation. The coefficient of consolida-

tion Gv , Which is a measure of the time rate of settlement and is
used to compute the coefficient of permeability, was determined for each

increment of pressure of every consolidation test from the following

equation:
2
, _ O£2H (11)
50
where
H = length of drainage path, one-half specimen thickness, ft

t50 = time for 50 percent primary consolidation, min

9



Terzaghi's theory of consolidation assumes that c, is constant for a

given material, but this was not true for samples of dredged material.

Table 10 shows the range and average value for . for each sample and
Figure U5 shows the relationship between cv and p .

107. Permesbility. Darcy's coefficient of permeability Xk , de-

fined as the discharge velocity through unit area under unit hydraulic
gradient, was determined from the results of the consolidation tests by

using the following equation:

where Y is the unit weight of water (taken as 62.4 pef).

108. During this study k was determined for each pressure incre-
ment for each sample, at 50 percent of primary consolidation, using
Equation 12. The values of k ranged from 0.085 x 10_8 to L1.0 x 10-8
cm/sec. The range and average values of k for each sample are pre-
sented in Table 10. In Figure 46, k is plotted against e . As ex-~
pected, increasing e 1is generally indicative of increasing k , al-
though there is considerable scatier in the data points for some of the
samples,

109. The very low values of k show that the samples of dredged
material were impervious for all practical purposes. The values of k

reported herein are meaningful only for dredged material that has been

dewatered and compacted at water contents near optimum.

Properties of Dredged Material in Confined Disposal Areas

110. During a disposal operation in which hydraulically trans-
ported dredged slurry is confined within a disposal area, segregation
of particle sizes occurs. Large particles, such as rocks, gravel, and
clay chunks, are deposited in a mound near the discharge pipe. Sand is
carried slightly farther; fine-grained material remains in suspension
for a longer period of time and is deposited nearest the outlet

structure.

8o
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111. The coarse and sandy materials deposited near the discharge
pipe are generally free draining and exist at relatively low water con-
tents. BSuspended silts and clays, however, settle from suspension very
glowly to form a deposit of low Yq and high water content, and remain
so for long periods of time, depending on drainage conditions, deposit
thickness, vegetation, climate, etc.

1312. After ponded surface water has been decanted, desiccation of
the Sufface of the dredged material begine through evaporation, and a
crust begins to form. As desiccation progresses, the thickness of the
crust increases, and desiccation cracks extending down to the water
table appear. These desiceation cracks expose additional area to evap-
oration as they extend into the deposit and stop near the water table.
The water table generally remains at a level Just below the surface and
ig intermittently recharged by rainfall. The underlying dredged mate-

rial may remain at water contents approaching or exceeding the LL of the
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material for years after disposal operaticons if nothing is done to

lower the water table and dewaber the dredged material. The location of
the water table is now thought to be the important factor in ecrust
management .

113. In the following paragraphs, the properties of dredged mate-
rial placed in the containment areas, as reported by other investigators,
are reviewed. 'The classification properties for dredged material in 26
different disposal areas are presgented, and the engineering properties
of the deposits in 12 of these areas are reported. Limited data are
presented to show the variation of properties with depth, time, and dis-
tance from the discharge pipe.

Claggification and
engineering properties

114, Table 11 presents a tabulation of thé classification and
engineering properties of dredged material in confined disposal areas.
This table consolidates data published in previcus reports, as noted,
and presents ranges and average values of a number of dredged material
properties. These ranges are presented by disposal area without regard
to sample location or depth. Figures 47, 48, and 49 are the plasticity
charts for dredged material in 12 containment areas in the Philadelphia
(Figure L47), Detroit (Figure 48}, and Mobile and Buffalo (Figure L9)
Districts.

Variation of properties with depth

115. The change in dredged material properties with depth in a
disposal area is important when investigating the area for purpose of
utilizing the area productively. The variation of selected properties
with depth in each of 12 disposal areas located in the Philadelphia,
Detroit, Mobile, and Buffale Districts is presented below.

116, Philadelphia Distriet. Figures 50-54, showing the variation

of properties with depth for five containment areas within the Phila-
delphia District, were prepared by plotting a number of boring logs on
the same figure. The resulting figures show the properties at several
different locations throughout each area and how the properties vary

with depth. The individual bhoring logs were originally published by the
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Philadelphia District. A descripticn and history of each of the areas
ig also presented in Reference 29.

117. At Edgemoor A, last used in 1965, the water table is very
close to the surface, Figure 50 shows that eight borings were taken at
this area and that the water table at every location was within 2 ft of
the surface. Properties are variable throughout the ares and show no
dependence on depth. A comparison of water content with LI shows that
the dredged material in Edgemoor A disposal area existed at approxi-
mately the LL at the time the borings were tested (1967).

118. Edgemoor B, last used in 1958, also has a high water table,
though somewhat lower than that of Bdgemoor A. Only two borings were
taken at this area, insufficient for a reasonable picture of the mate-
rial contained therein. NO clear-cut dependence of properties on depth
is seen in Figure 51. The water content of the dredged material ig
somewhat lower than the LL. The material appears to exist at a water
content somewhere in the plastic range between the PL and LL.

11%. Six porings taken at Oldman's Wo. 1 dlisposal area, last used
in 1962, have been plotted in Figure 52. As in the case of Edgemoor A
and Edgemoor B, a high water table exists at this area and no variation
of properties with depth is obvious.

120. Figure 53 shows the logs of five boreholes made at Darby
Creek disposal area, which was last used in 1966. The water table is
seen to be within 5 ft of the surface. The water content of the founda-
tion gtrate is somewhat lower then that of the overlying dredged mate-
rial. Corresponding to lower water content at greater depth, Ya isg
greater in the foundation strata. No further Jdependence on depth is
noticeable.

121. At Pigeon Point, last used in 1966, the water table is lower
than in the other areas, between 5 and 8 ft from the surface for the
six borings shown in Figure 54. No variation of properties is seen to
be dependent on depth.

122, Detroit District. Krizek7’3o

has done considerable sampling

and testing of dredged material. TFour disposal sites located in Toledo

Harbor have been investigated, and the resulting data are presented

g2



herein. Individual boring logs, showing properties versus depth, have
been grouped together by disposal area in Figures 55 through 58. The
7,30

individual logs originally appeared in work by Krizek, Krizek used
several combinations of specimen and test types for determining the
strength of dredged material. Only a few profiles, one boring per area,
are presented here because the large number of data points would be con-
fusing if plotted simultaneously. Material was deposited in each of
these four containment areas in 197L, the same year as samples were
taken.

123, TFigure 55 shows the wvariation of dredged material properties
with depth at the Penn 7 disposal area. Water content, LL, and PL seem
fairly constant with depth, with water content decreasing very slightly.
The water content of the dredged material is generally within the
plastic range indicated for the material. Dry density shows a slight
increase with depth. Vane shear strength of in situ material also in-
creases with depth, though all determinations show very weak material.

124, Data from four borings taken at Penn 8 disposal area are
shown in Figure 56. Water content, LL, and PL are fairly constant
throughout. There is considerable scatter in Yd , but values are inde-
pendent of depth. BShear strengths, as determined by field vane, exhibit
a variation with depth. Strength near the surface is low and increases
until a depth of 4 ft. Below 4 ft strength decreases, then increases
toward the bottom of the boring. This characteristic strength profile
shape alsc resulted when some of the other types of strength tests were
performed, as seen in the profiles presented in Krizek.BO The individ-
ual profiles alsoc show a large variation in strength, dependent upon
the type test and type specinmen.

125, Figure 57 shows the data from two borings at +the Island site
in Toledo Harbor. Based on these data, a gradual increase in Yg and
corresponding decrease in water content with depth are seen. The NYVE
fleld vane strength profile exhibits the same characteristic strength
profile as that of Penn 8 (Figure 57). Other test and specimen types
show other profile shapes, however, and there is varistion in proper-

ties according to test and specimen type.
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126, There was excellent coverage of the Riverside site, with the
logs of 13 borings included in Figure 58. Water content, LL, and PL are
fairly constant with depth. Dry density, ranging between 50 and 80 pef,
is also fairly independent of depth, although upper strata appear to be
of higher Yd than lower strata. The field vane strength profile has
the same characteristic shape as those of Island and Penn 8. The uncon-
fined compregssion tests yielded a similar shape but at a lower strength

level.

127. Mobile District. An extensive laboratory testing program was

conducted as part of another DMRP study to evaluate the dredged mabterial
in the upper disposal area on Blakeley Island. This testing program
was conducted as part of an invegtigation of field trenching as a tech-
nigque for dewatering and densifying fine-grained dredged material.
Twenty-five borings were taken, with samples at 2.5-ft intervals tested.
In general, water content, LL, and PL decreased with depth until approx-
imately 8 ft, increasing with increasing depth thereafter (Figure 59).
At the 8-Tt depth water contents are generally higher than the LL, indi-
cating a very weak consistency. The reversal in trend in attributed to
the very weak foundation material, which is highly organic and has a
high water content. Dry density increased in the dredged material and
decreased in the foundation. The foundation is also more compressible
than the dredged material. Shear strength seems to increase with depth,

even through the foundation, which is of lower

¥
d
128. DBuffaleo Digtrict. Data from subsurface investigations at dis-

posal areas in Buffalo Harbor and Cleveland Harbor were provided by the
Buffalo District. These data have been plbtted as properties versus
depth in Figure 60 {Buffalo Harbor Area Wo. 1) and in Figure 61 (Cleve-
land Harbor Area No. 1}. 1In Buffalo Harbor Area No. 1 water content,
LL, PL, and Yd 211 seem to be variable, but there are nc clear indica-
tions of dependence on :.depth. There seems tc be a tendency toward lower
water content and higher Yd with increasing depth, but the trend is
not well pronounced. No trends of dependence of properties with depth
are evident from the data presented in Figure 61, Cleveland Harbor Area
No. 1.
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DRY DENSITY, ¥y, PCF

Variation of properties with time

129. After surface water has been decanted from a disposal area,
the dredged material exists therein with a high water content and gener-
ally a low Yq As time passes, the deposit slowly densifies. If sur-
face drainage is provided and the grouadwater table is lowered, the
dredged material improves rapidly. KrizekSO analyzed the time rate of
increase in Y of the dredged material in four disposal areas at To-
ledo Harber. He found that for a time period between 1 and 8 years the
data could be aspproximated by a straight line, as shown in Figure 62.
This figure shows that Y3 increased at approximately 2 pef per year.

This indicates that, assuming the dredged material to be completely

70
LEGEND
A PENN7
¥ PENNS /
65 ® RIVERSIDE .6
B SLAND 4 v?
12
'8
60
12
15 @
12 Yq = 2T + 50
®
34/
/‘ NOTE: NUMBER BESIDE EACH POINT
DENOTES NUMBER OF SAMPLES,
50
0 2 4 6 8 10

TIME, T, YR

Figure 62. TIncrease in dry density with time
{ from Krizek30)
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saturated at all times, the storage capacity is annually increased by
approximately L percent of the original volume of dredged material.
Long-term data are needed to define this relationship further. Tt is
not likely that this relationship will remain linear indeTinitely.

130. TFigure 63 shows that, for various locations between the
dredge discharge pipe and the outlet structure, the average field wvane
shear strength increased with time.

Variation of properties with
distance from dredged discharge pipe

131. Figure 63 shows that the rate of inerease in T with time is
dependent on the distance from the discharge pipe. In Figures 63-65 the
ratio x/4% indicates the relative distance from the discharge pipe,
with high wvalues corresponding to locations far from the pipe.

Figure 6L also shows that the rate‘of change of 1 with time increases
with distance from the outlet structure. Figure 65 shows the change in
T with distance and that 1 generally decreases from the inlel toward
the outlet. Figure 65 does not include the time factor but presents
plots for different years.

132. The reader is encouraged to refer to the referenced reports
for more complete data concerning the properties of dredged material in
confined disposal areas. In addition, more complete analysis of the

data is available therein.
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AVERAGE SHEAR STRENGTH, T TSF

1 I
¢ LEGEND

ISLAND (1967)

RIVERSIDE (1968} 4
PENN 7 (1972}

0.10 %
/( PENN 8 (1986)

e} NOTE: SOLID SYMBOLS INDICATE THAT SITE WAS _|
FLOOQDED IN SPRING OF 1873 AND 1974.

~=]x
S
o —
o

><10 0

0. 20 T
1—0 20 ‘
; .

ﬂnlx

0. 10

0.10
5

o 2 4 & 8 10
AGE OF LANDFILL, YR

Figure 63. Average field vane strength versus time
(from reference 30)
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PART VI: FPRODUCTIVE USE OF DREDGED MATERIAL

133. If the reuse of dredged material disposal areas is Lo be
achieved, then off-gite, productive utilization of dredged material must
be accomplished. The purpose of this part is to review the concept of
using dredged material gainfully. Green Associates have conducted a
study2 to determine the needs for landfill and ccnstruction material in
those geographic regions where most dredging is required, In addition,
there are several other studies being designed and managed under the
DMRP, and the studies will investigate a wilde range of potentlal uses
for dredged material. This part discusses the potential of the produc-
tive use of dredged material in terms of the dredged material properties
determined during this study.

134, 1In the following discussion, it must be understood that the
use of dredged material for productive uses musti not result in adverse
impacts on the enviromment in which 1t is used. The discussion herein
is based on the physical and engineering properties of dredged material
and does not consider the pollution status of the dredged material., The
pollution aspects of dredged material are covered under other TMRP re-
search studies {DMRP tasks 1C, 1D, 1E, 2D, 6B).

135, One of the most attractive uses for dredged materisl is the
construction of landfills. The Philadelphia District has successfully
sold dredged material for use as landfill material to local construction
contractors. The details of these dredged material sales appear in
Table 12. The Green study, in keeping with the use of dredged material
as landfill, "was designed to investigate present and potential landfill
needs.,.within 100 miles of major dredging activities."2 The report2
presented these landfill needs subdivided two ways: by project status
and by land-use classification. Projects inveolving landfill were
labelled existing, proposed, or potential. Existing projects were those
completed onr landfills of dredged material. Proposed projects were
those planned for construction on dredged material landfills. Potential
projects were those reported to have possibilities for construction on

dredged material landfills. All projects were also grouped according to
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land-use classification: urban, environmental, econcmic, and resource.
Tables 13 through 15 show activities that may invelve fill material.
These activities are grouped according to land-use classificaticns.

136. The discussion herein is presented in terms of some of the
existing, proposed, and potential uses reported by Green Associates.
In addition to landfill-related uses, the use of dredged material as a
construction material will be discussed. Case histories of the success-
ful productive use of dredged material will be cited as appropriate to
reinforce the discussion. This part will conclude with a review of
pertinent research related to the use of dredged material, including

projects conceived under other areas of the DMRP.

Land-Uge Categories

137. The use categories shown in Tables 13 through 15 indicate
the types of projects that have proven or may prove successful using
dredged material. The uses are divided into urban-, enviromnmental-,
economic—-, and resource-related groupings, which are defined below. The
types of land uses found under each grouping are briefly described.
Urban

138. Urban projects are those associated with the development of
concentrated communities, but do not include heavy industry, park areas,
and other projects that it better into one of the other groupings.

Most of the urban types of uses were associated with waterfront activ-
ities, such as the construction of flood-control structures (dikes and
levees) and the creation of waterfromt land by filling. Other uses in-
volve the filling of low-lying land areas for housing construction,
Still others involve dredged material used in conjunction with solid
waste, as in uging dredged material combined with solid waste to con-
gtruct levees, or in using dredged material for sanitary landfill cover
material.

Environmental

139. Landfill-based projects estagblished for the creation, en-

hancement, or preservaticn of open spaces for public use or designed to
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protect the natural environment through pollution abatement or habitat
development were classified ag environmental projects. Examples include
the reclamation and filling of man-made pits or depressions, such as
strip mines, quarries, and borrow areas. Uther environmental projects
involve the creation of artificial landforms such as islands. These
landforms may be for the benefit of man, as in the case of recreaticn
islands or beaches, or may be used to create fish and wildlife habitats,
ags in the creation of a salt marsh. 8till other environmental projects
are intended for protection against the elements of nature, like floods
and hurricanes.
Economic

140, Economic projects pertain to heavy industry, transportation,
communication, utilities, etc. Examples include land expansion for
heavy industrial use, highway and airport embankments, and the creation
of islands for power plants and oceanic ftransshipment terminals.
Regource

il1. Resource projects involve the use of dredged material for
mineral extraction, landfills for food production, and creaticon of land.
Example resource projects include the extraction of sand and gravel for
use as concrete aggregate and replacement of low-quality scils. Dredged
material may also be used for aggricultural purposes as fertilizer or

topsoil, with or without other materials.

Dredged Material Landfills

142, Many of the uses of dredged material described in the Green
Associates? report2 and summarized in Tables 13 through 15 inveolve the
construction of a landfill using dredged material. Landfills may be
constructed to raise low~-lying land or to extend waterfront land by
filling in water behind bulkheads, or may result from the unconfined
placement of material in open water. Landfills may be constructed
using slurry directly from the dredge pipe outlet with or without
subsequent dewatering. Also, dredged material may be temporarily placed

in one area for dewatering and densification and subsequently moved to
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the landfill site for placement and compaction. The construction tech-
nique will depend upon many factors, such as ultimate site usage, eco-
nomics, environmental impact, availebility of temporary disposal/
rehandling sites, and the properties of the dredged material.

Landfills constructed of slurry

143. The placement of dredged material is generally most econom-
ical when accomplished while the material is a slurry. The drawbacks to
this method of placement of material are related to the extremely high
water content of slurries. The water in the slurry may be difficult to
remove from fine-grained material, and landfills constructed from such
materials may remain soft for many years in the absence of some effec-
tive dewatering scheme. Such soft landfills may be used successfully,
however, as wildlife refuges. After some consclidation, soft fills may
find use for recreation purposes, but construction activities are ex-
tremely hampered by difficulties in supporting equipment on the fill and
by the need of foundations that must penetrate the entire thickness of
the Till to develop sufficient bearing capacity.

144, Slurry landfills may be greatly improved by consolidation of
the fill. To state quantitatively the amount of effort required to
result in a suitable landfill is very difficult at best. Each landfill
must be studied individually in light of its intended function in order
to evaluate required site improvements. Krizek? has offered some gen-
eral quidelines relating the degree of consolidation to the types of
activity that may be expected to succeed. He suggests that "with mod-
erate effort, most spoil fills can be made into park and recrestional
areas.” He also suggests that "...housing developmerts and light indus-
trial buildings...would usually dictate the use of some dewatering
scheme together with either compaction or prelcading...". The loads
associlated with heavy industrial buildings would require a deep-type
foundation to transfer the load to deeper substrata.

Landfills of rehandled material

145, To construct a landfill of fine-grained dredged material at
moisture/density conditions comparsble to the conditions of the labora-

tory test specimens (see Part V), rehandling of the material may be
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necessary. BResearch into the dewatering of dredged material 1s cur-
rently in progress, and the technigues being investigated are listed
later in this part. Assuming that the dredged material can be dewatered,
the success of the landfill will depend heavily upon the degree of com-
paction achieved during placement. This compaction will normally re-
quire that the dewatering have been accomplished prior to placement.

146, Assuming that a landfill can be placed at the same conditions
as the compacted test specimens, lightweight structupres could be success-
fully founded, although substantial settlement occurring over a consider-
able period of time may be anticipated. Some types of material would be
more suitable than others, of course, but this is true of all soils,
including dredged material.

147. An indication of which types of dredged material would be
most susceptible to settlement is provided by Cec . Increasing values
of Cc predict increasing amounts of settlement. Any analysis on the
basis of these test results is purely academic, however, due to the
lack of correlétion between field and laboratory conditions in terms of
£i11l uwniformity. However, the test resulis do show that dewatered and
densified dredged material will perform as well in landfill applications
as the same types of soil at similar moisture and density conditions.

148. Dredged material may be combined with other materials, such
as solid waste, for thelr mutual benefaction. This type of operation
may involve the intimate mixture of the different materials and sub-
sequent landfill construction, or may involve a layering operation. An
example of a layering operation involves the use of layers of dredged
material to cover compacted layers of solid waste in a sanitary

landfiil.

Dredged Material for Construction

149, There is great potentisl for the use of dredged material as a
construction material. As supplies of naturally occurring construction
material dwindle, new sources and substitutions for these materials must

be developed. Demonstration of the suitability of dredged material for
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use as construction material will diminish the effects of material short-
ages and will increase the capacity of dredged material disposal areas.
150. Dredged material, dewatered and densified as necessary, may
be used as a construction material in several ways. It may be used as
a conventional soil, or a fraction, such as sand and gravel, may be ex-
tracted for use. All or part of the dredged material may be used alone
or in combination with other materials. For example, the sand fraction
may be used with aggregate and cement for making concrete, or dredged
material may be combined with solid wazste and used for construction. In
addition, fractions of dredged material having different grain slves can
be mixed to provide a construction material with desirable physical and
engineering properties. Based on this study, it is reasonablie to Dbe-
lieve that almost any desired soil properties can be obtained by dewater-
ing, mixing, and compacting dredged material. The use of dredged mate-
rial, alone or in combination with other materials, as a construction
material is the subject of the discussion below.

Dredged material used alone

151. Dredged material, dewatered and densified as necessary, may
be used as a construction material in much the same way as any conven-
tional soil. Examples of productive usegs of dredged material for con-
struction cited by Green Associate52 include the construction of
flood-control dikes and levees, use ag a prelcad material, and the
construction of highway and runway embankments.

152, The fine-grained dredged material tested during this study
would be suitable for use in the construction of flood-control dikes
and levees. The dewatered dredged material, which is of extremely low
permeability, would be egpecially suited for use as impermeable cores
for these structures. Fine-grained dredged material would also be suit-
able for use as a preload fill, whose main requirement is weight. The
construction of highway and runway fills of dredged material would
require that granular material be used. In addition, careful control of
moisture conditions and compaction techniques would be required for
material with fines. This contrel would not be in excess of that nor-

mally exercised during embankment construction.
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153. The viability of using dredged material for highway embank-
ments has been demonstrated by the Californis Department of Transporta-
tion. Since 1959, approximately 9,220,000 cu yd of dredged material
have been removed from disposal aress and used in the construction of
highways.

154, Green Associates' report2 also documents a growing shortage
of sand and gravel for use as concrete aggregate., This shortage may be
alleviated by the use of dredged material. In some areas of the country,
notably the Pacific coast and Florida areas, considerable amounts of
sand that could be used are dredged. In other areas the sand fraction
may be separated from the slurry.

Dredged material com-
bined with other materials

155. In cases where the quality of the available dredged material
is not adequate for a specific purpose, the addition of another material
may solve the problem. For example, in New York sandy dredged material
has been blended with sewage sludge to form a suitable sanitary landfill
cover material.

156. In other cases dredged material may be used to improve the
quality of another material, In California dredged material was com-
bined with solid waste, and the resulting combination was used ‘o re-

build dikes.

Current. Regsearch

157. The feasibility of the productive use of dredged material is
predicated upon two main constraints: the identification of uses for
which dredged material is or may be made to he suitable, and the proc-
esses required to make the dredged material suitable (dewatering).

Productive uses research

158. Tour general task areas are being investigated under the
DMRP Productive Uses Project (PUP). These areas, upland disposal, land
improvement, products, and disposal land use, are each made up of indi-
vidual work units. One study being conducted under the upland disposal

task is investigating all aspects of transporting dredged material from
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the disposal area to the site of ultimate use. Another study under this
task is concerned with the use of dredged materisl for the reclamation
of strip mines. Studies to determine the feasibility of using dredged
material for agriculiural purpcses and in conjuncticn with solid waste
management are being conducted under the land improvement task area.
Products that may be made using dredged material are being studied.
These products include lawn sod and shrimp mariculture. Other product-
type uses that are being monitored include beach nourishment and ag-
gregate production. The productive use of filled disposal areas as
recreation areas is being studied, along with land-use policy and case
studies of the use of disposal areas. The work units of PUP will,
ultimately, be synthesized into a set of guidelines for the productive
use of dredged material.
Dewatering

159, Since most uses for dredged material will reguire that the
material be in a form suitable for use, intensive research is ongoing
within the DMRP to develop methods for dewatering dredged material. The

methods being investigated include:

a. Mechanical slurry agitation
b. Flectro-osmosis

c. Aeration¥*

d. Crust management®

e. Frost action*

f. Field trenching

g. Vacuum well points

h. Wicking*

Sand injection¥*

=

. Containment area management#®

F.

The dewatering of dredged material will be a major step toward the pro-

ductive use of dredged material.

¥ Indicates innovative dewatering methods being investigated especially
for dredged material., All reports were in preparation at the time of
this study.
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PART VII: CONCLUSIONS AND RECOMMENDATTIONS

160. Based on the results of this study of the classification and
engineering propertiegs of dredged material and based on the experience
gained while conducting the investigation, the following conclusions are
advanced; recommendstions are made as warranted to improve the state of

knowledge of dredged material.
Conclugions

161. The results of testing compacted samples of dredged material
show that dewatered dredged material is a soil and exhibits engineering
properties similar to those of similar types of soil.

162. ESince dewatered dredged material behaves as a soil, it is
reasonable to expect that dewatered dredged material can satisfy the
landfill and construction material needs cited by Green Associates.2

163. The USCS, AASHO, and FAA classification systems are applica-
ble to the classification of dredged material, depending on the intended
use of the dredged material. The USDA classification system is of
limited value since a complete clagsification cannot be assigned, and
the PITANC system is ugeful only prior to dredging.

164. The results of testing more than 100 samples of dredged mate-
rial indicate that the organic content cof dredged material is seldom
greater than 10 percent.

165. Standard soil properties tests are applicable and meaningful
for use on dredged material. Due to the high water content often char-
acteristic of dredged material, longer periods of time are required to

complete test procedures that require drying or consolidation.

Recommendations

166. All data resulting from rcutine testing of dredged material
should be preserved by the test sponsor and made available to parties

investigating the possibility of using dredged material productively.
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167. CF Districts should consider implementation of a program of
tube sampling prior to dredging. During the condition survey, the crew
could cobtain tube samples from each shoal to be dredged, visually clas-
gifying and measuring the thickness of each type of material present.
This information combined with the volume of the shoal would enable the
District to quantify the approximate amounts of each type of material to
be dredged. Using these data, disposal areas could be managed for more
efficient operation, and material could be selectively mined for produc-
tive use.

168, Turther research into the determination and evaluation of
organic content is recommended. A standard rationale for determining
organic content should be developed; evaluation of the effect of organic
matter on dredged material properties should be investigated, with atten-
tion pald to the nature of the organic matter.

169, Tt is recommended that the USCS be used in describing dredged
material. Such practice would be a positive step toward treating
dredged material as a soil and would standardize terminclogy in dredged
meterial description.

170. It is also recommended that Districts keep careful records of
the types, amounts, and locatlons of dredged material placed in disposal
areas to facilitate investigations of using dredged material produc-
tively, as well ag to provide a record of subsurface characteristics

for studies of ultimate disposal site usage.
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Table 4

Characteristics and Ratings of USCS Soil Types

Maximum
Dry
Density
Standard Value as an Value as
Proctor Value as a Compressibility Embankment Base, a4«
Class pef Foundation Materinll? and Expansionl9 Materiallg** Course
GW 125-135 Good bearing value Almost none Very stable Good
GP 115-125 Good bearing value Almost none Reasonably stable Poor to fair
oM 120-135 Good bearing value Slight Reasconably stable Fair to poor
GC 115-13C  Good bearing value Slight Reasonably stable Good to fair*
SW 110-130 Good bearing value Almost none Very stable Fair to poor
5P 100-120 Good to poor bearing  Almost none Reasonably stable Poor
value depending on when dense
density
5M 110-125 Good to poor bearing Slight Reasonably stable Poor
depending on when dense
density
sC 105-125 Good to poor bearing Slight to Reasonably stable Fair to poor¥
value medium
ML 95-120 Very poor, subject Slight to Poor stability, high Not suitable
to liquefaction medium density required
CL G5-120 Good %0 poor bearing Medium Good stability Not suitable
value
oL 80-100 TFair to poor bearing, Medium to high Unstable, should not Not suitable
may have excessive be used
settlements
MH T0-95 Poor bearing value High Poor stability, should Not suitable
not be used
CH 80-105 Poor to fair bearing Very high Fair stability, may HNot suitable
value goften on expansion
OH 65-100 Very poor besring High Unstable, should not Not suitable
value be used
Pt Remove from founda- Very high Should not be used Not suitable

tions

*
*¥%

Mechanics and Foundation Engineering by George B. Sowers and George F. Sowers.

Yot suitable if subject to frost.
Reprinted with permission of MacMillan Publishing Co., Ine. from Introductory Soil
Copyright

1951, 1961, and 1970 by MacMillan Publishing Co., Inc.




Table 5
Relative Sultability of USCS Soil Types as Roadways

Value for Permanent Roadways*<20 Value for Temporary RoadwayslO

Base Wearing With With Bituminous
Class Embankment Course Course Dust Abatement Treatment
GW 1 3 Fair to poor Excellent
GP No Poor Fair
GM T 5 Poor Poor to fair
*%
ac Iy oy G%% 2or 9 1 or L4*¥%  Excellent Excellent
Very poor
SW 2 3 6 Fair to poor Good
Poor
8 .
Sp 8 No Poor Poor to fair
Poor
SM 9 T No Poor Poor to fair
*% ®% %%
a0 5 or 10 b or 10 2 or 7 Excellent Excellent
No o Poor
ML 12 12 No Poor Poor
Poor No
11 11 8
CL No No Very poor Poor Fcor
0L 13 13 No Not suitable Hot suitable
Poor No
16 16
MH Very poor No o Very poor Very poor
14 1 .
CH Poor No No Very poor Not suitable
0OH 15 L5 No Not suitable Not suitable
Very poor No
Pt - Entirely unsuitable e

¥  Numbers in columns indicate relative suitabilities of soil types.
Humbers increase as sultablility decreases.

¥¥% The first number shows relative suitability with clay binder;
second number shows sulitability for material with excess clay.



Table 6
Relative Suitability of USCS B8oil Types for

Permeability - Dependent Applicaticns

20

Value for Earth Dams¥* Value for
Zone 3 Compacted
Permeability Homogeneous Zone 1 Zone 2 Free- Canal
Class Classification Embankment Impervious Semipervious Draining Linings
GW Pervious 1 1 Ne
GP Very pervious No
oM Semipervious 2 2 2 L
to impervious
GC Impervious 1 or 3I%* 1 or 3¥* 2 or 3%
SW Pervious 3 3 No
If gravelly
SP Pervious Iy I No
If gravelly
SM Semipervious 6 7 5 No
to impervious
sC Impervious 4 or o** 4 or 5%% 1 or S5%%
ML Semipervicus 8 8 6 No
to impervious
CL Impervicus T 6 6
oL Semipervicus g 9 o
to impervious
MH Semipervious 11 11 No
to impervicus
CH Impervicus 10 10 7
Questionable
OH Impervious 12 1z No
Pt -~ Entirely unsuitable -

* Numbers in columns indicate relative suitabilities of soil types.
crease as suitability decreases.

** The first number shows relative suitability with clay binder; second number shows

suitability for material with excess clay.

Numbers in-



Table T
Comparison Between Classgification Groups of USCS and Those of FAA and AASHO Systems

USCS Classifications

Fine-Grained

Coarse~Grained
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Table 12
Sale of Fill Material from Disposal Areas
in Philadelphia District

Disposgal Ares Bid/cu Yd Cubic Yards Date Awarded
Pedricktown $0.11 300,000 Oct T2
National Park 0.11 10,000 Jul T3
Natlonal Park 0.12 300,000 Jul T3
Fort Mifflen 0.25 150,000 Jan T3
Fort Mifflen 0.82 100,000 Jan T3
Penns Grove 0.k0 30,000 Oct T3
Penns Grove 0.35 300,000 Aug T3
National Park 0.12 60,000 Sep T3
National Park 0.10 17,000 Dec 73
Penns Neck 0.15 25,000 Jan T
Pennz Grove 0.08 4,500,000 May ‘Th
Pedricktown 0.40 5,000 May Th

Nztional Park 0.10 15,000 Jun Th




Table 13

Existing Uses of Dredged Material

Urban Environmentsal
1. Landfill for housing 1. Beach construction and
construction nourishment
2. Resort expansion 2. TFish and wildlife habitat
creation
3. Pier extension 3. Flood control
h. Commercial development 4, Erosion protection
5. Waterfront real estate creation 5. Hurricane protection
6. Fill for low land areas 6. Sanitary landfill cover and
liner material
Economic Resource
1. Highway and runway construc- 1. Creation/enhancement of cattle
tion/stabilization range area
2. Breakwater and groin construc- 2. Extraction of sand and gravel
+tion
3. Creaticn of artificial land-
forms {islands)
4, Land reclamation




Table 1h

Proposed Ugeg of Dredged Material

Urban Environmental
1. Residential/commercial/indus- 1. Beach nourishment
trial expansion
2. Resort development 2. Sanitary landfill cover
material
3. Use as fill to combat landfill 3. Flood control
fires
L, Fill for eroded sand pits 4, Fish and wildlife habitat
creation
5. Fill for landscaping 5. Creation of artificial land-
forms {islands and marshes)
6. Flood-control dikes 6. Borrow pit/strip mine
reclamation
T. ZErosion protection
8. Use to decrease water depth -
uitimate use: ice skating
Economic Resource
1. Industrial land development 1. Agricultural uses (forestry,
and expansicn topsoil, fertilizer, agricul-
tural land creation)
2. Highway/runway/helipad 2. Creation/enhancement of marshes
construction and swamps
3. Creation of artificial land- 3. Hurricane protection levees
forms (island for use as
transshipment terminal)
L, Construction/expansion of i, Research on use as building
marina materials
5. Creation of wildlife habitat 5. Extraction of sand and gravel
6. TFlood-control dikes




Table 15

Potentisl Useg of Dredged Material

Urban Envircnmental
l. Fill low-lying areas for urban 1. Construction of flood-control
housing structures
2. Construction of parking lots 2. Sanitary landfill cover
meterial
3. Resort development 3. Borrow pit/strip mine/quarry/
gold mine reclamation
4. TLand reclamation of industrial 4. Fish and wildlife habitat
development creation/enhancement
5. Replacement of poor quality 5. Creation of artifiecial lsnd-
soils for use with septic forms {(islands, marshes,
tanks and drasinage fields oyster reefs)
6. Combine with sclid waste to 6. Beach creation/nourishment
rebuild levees
T. Remove contaminated lake
bottoms ~ replace with
dredged material
8. Erosion control
9. Park landscaping - hills for
sledding
Economic Rescurce
1. Highway censtruction - fill, 1. Fill in areas to curtail
embankments subsidence
2. Fill for jetport 2. Use as prelead fill
3. Creation of new land for in- 3. Extraction of sand and gravel
dustrial expansion
L. Creation of artificial land~
forms (islands, mountaing)
5. Reclaim low land areas
6. Erosion
Agricultural uses (soil crea-
tion/nourishment, mulch for
cranberry crops)
8. Possible use in glass production
9. Hurricane protection




APPENDIX A: GLOSSARY OF TERMS

1. A great deal of confusion caused by nonstandard use of terms
related to go0il mechanics has plagued communication concerning descerip-
tion of dredged material. To reduce the use of ambiguous terminology in
reference to dredged material, a listing of some pertinent terms, to-
gether with a brief definition, is presented here. The terms and defi-

nitions are those of the American Society for Testing and Materials.

absorhed water -- Water held mechanically in a soil mass and having
Physical properties not substantially different from ordinary water
at the same temperature and pressure.

adsorbed water -- Water in a so0il mass, held by physiochemical forces,
having physical properties substantislly different from absorbed water
or chemically combined water, at the same temperature and pressure.

alluvium -- Scil, the constituents of which have been transported in
suspension by flowing weter and subsequently deposited by
sedimentation.

angle of internal friction, ¢ {degrees) —- Angle between the abscissa
and the tangent of the curve representing the relationship cf shearing
registance to normal stress acting within a scil.

angle of repose, a (degrees) -- Angle between the horizontal and the
maximum slope that a soll assumes through natural processes. For dry
granular soils the effect of the height of slope is negligible; for
cohesive goils the effect of height of slope is so great that the
angle of repose is meaningless.

area ratio of a sampling spoon, sampler, or sampling tube, Ar (D) —-
The area ratio is an indication of the volume of scil displaced by
the sampling spoon (tube), calculated as follows:

B 2 ) 2
Ar = [(De - Di )/Di ] % 100

where
e = maximum external diameter of the sampling spoon, and
Di = minimum internal diasmeter of the sampling spoon at the
cutting edge.
base course (base) — A layer of specified or selected material of

planned thickness constructed on the subgrade or subbase for the
purpose of gerving cone or more functions such as distributing load,
providing drainage, minimizing frost action, etec.
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bentonitic elay -- A clay with a high content of the mineral montmoril-
lonite, usually characterized by high swelling on wetting.

binder (soil binder) -- Portion of soil passing No. 40 (425-um) U. S.
standard sieve.

boulders —-- A rock fragment, usually rounded by weathering abrasion,
with an average dimension of 12 in. or more.

capillary action (capillarity) -- The rise or movement of water in the
interstices of a soll due to capillary forces.

clay (clay soil) -- Fine-grained soil or the fine-grained portion of
gsoil that can be made to exhibit plasticity (putty-like properties)
within a range of water contents, and that exhibits considerszble
strength when air-dry. The term has been used to designate the per-
centage finer than 0.002 mm (0.005 mm in some cases), but it is
strongly recommended that, this usage be discontinued, since there is
ample evidence from an engineering standpoint that the properties
described in the above definition are many times more important.

clay size —- That portion of the soil finer than 0.002 mm (0.005 mm in
some cages) (see clay).

cobble (cobblestone) -- A rock fragment, usually rounded or semirounded,
with an average dimension between 3 and 12 in.

coefficient of compressibility (coefficient of compression),
a, (L2F=l) —- The secant slope, for a given pressure increment of
the pressure-void ratic curve. Where a stress-strain curve is used,
the slope of this curve is equal to aV/(l + e).

coefficient of consolidation, ¢ (L2T_l) —— A coefficient utilized in
the theory of cconsclidation, containing the physical constants of a
scil affecting its rate of volume change.

¢, = k(1 + e)/avyw

where . -1
k = coefficient of permeability, LT R
e = yoid ratio, D ,
a, = coefficient of compressibility, LEF_l , and,
Y = unit weight of water, FL_3 .

NOTE -— In the literature published prior to 1935, the coefficient
of consoiidation, usually designated c¢ , was defined by the eguation:

c = k/ava(l + e)
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This original definition of the coefficient of consolidation may be
found in some more recent papers and care should be taken to awveid
confusion.

coefficient of internal friction -~ The tangent of the angie of internal
friction (see internal friction).

coefficient of permeability (permeability), k(LT_l) ~= The rate of dis-~

charge of water under laminar flow conditicns through a unit cross-

sectional area of a porous medium under a unit hydraulic gradient and

standard temperature conditions (usually 20°C).

coefficient of uniformity, C (D) -- The ratio Dgo/Dig, where Dgp is
the particle diameter corresponding to 60 percent finer on the grain-
size curve, and D is the particle diameter corresponding to 10 per~
cent finer con the grain-size curve.

coefficient of volume compressibility (modulus of volume change),
m (L2F'1) —- The compression of a soil layer per unit of original
thickness due to a given unit increase in pressure. It is numericslly
equal to the coefficient of compressibility divided by one plus the
original void ratio, or av/(l +e) .

cohesion, ¢ (FL_E) —— The portion of the shear strength of a soil in-
dicated by the term ¢ , in Coulomb's equation, s =c¢ + p tan ¢
apparent cohesion ~- Cohesion in granular soil due to capillary forces.

cohesionless soil -~ A soil that when unconfined has little or no

strength when air-dried and that hag little or no cohesion when
submerged.

cchesive soil -- A soil that when unconfined has considerable strength
when air dried and that has significant cohesion when submerged.

colloidal particles -- Boil particles that are sc small that the sur-
face activity has an appreciable influence on the properties of the
aggregate.

compaction —-— The densification cof a soil by means of mechanical
manipulation.
compaction curve (Proctor curve) (moisture-density curve) -- The curve

showing the relationship between the dry unit weight (density) and
the water content of a soil for a given compactive effort.

compaction test (moisture-density test) —- A laboratory compacting pro-
cedure whereby a soil at a known water content is placed in a spec-
ified manner into a mold of given dimensions, subjected to a compac-
tive effort of controlled magnitude, and the resulting unit weight
determined. The procedure is repeated for various water contents
sufficient to establish a relation between water content and unit
welght.

compressibility -- Property of a soll pertaining to its susceptibility
tc decrease in volume when subjected to load.
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compression curve ~=- See pressure-vold ratio curve.

compression index, CC(D) —— The slope of the linear portion of the
pressure~void ratio curve on a semi-lcg plot.

. . . -2
compressive strength (unconfined compressive strength), P, > qu(FL ) -
The load per unit area at which an unconfined prismatic or cylindrical

gpecimen of soil will fall in a simple compression test.

consistency ~- The relative ease with which a soil can be deformed.

consolidated-drained test (slow test) -- A soil test in which essentially
complete consolidation under the confining pressure is followed by
additional axial (or shearing) stress applied in such a manner that
even a fully saturated scil of low permeability can adapt itself com-
pletely (fully consolidate) to the changes in stress due to the addi-
tional axial (or shearing) stress.

consolidated-undrained test (consolidated quick test) —- A soll test in
which essentially complete consolidation under the vertical lcad (in a
direct shear test) or under the confining pressure (in a triaxial test)
is followed by & shear at constant water content.

consoiidation ~=- The gradual reduction in volume of a soil mass resulting
from an increase in compressive stress.

initial consolidation (initial compression) -~ A comparatively sudden
reduction in volume of a soil mass under an applied load due princi-
pally to expulsion and compression of gas in the soil voids preceding
primary consolidation.

primary consolidation (primary compression) (primary time effect) -- The
reduction in volume of a soil mass caused by the application of a
sustained load to the mass and due principally tc a sgueezing out of
water from the void spaces of the mass and accompanied by a transfer
of the load from the soil water to the seil solids.

secondary consolidation {secondary compression) (secondary time effect)
-~ The reduction in volume of a soil mass caused by the application
of a sustained load to the mass and due principally to the adjustment
of the internal structure of the soil mass after most of the lcad has
been transferred from the soil water to the soil solids.

consoclidation ratic, U (D) -- The ratio of: (1) the amount of consoli-
dation at a given distance from a drainage surface and at a given time,
to (2} the total amount of consclidation obtainable at that point
under a given stress increment.

consolidation test -~ A test in which the specimen is laterally confined
in a ring and i1s compressed between porous plates.

consolidation-time curve (time curve) (consolidation curve) (theoretical
time curve) -- A curve that shows the relation between: (1) the
degree of consolidation, and (2) the elapsed time after the applica-
tion of a given increment of load.
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deflocculating agent (deflocculant) (dispersing agent) -- An agent that
prevents fine gsoil particles in suspension from ceoalescing to form
Tlocs.

degree of consolidation (percent consclidation), U(D) -- The ratio, ex~
pressed as a percentage, of: (1) the amount of consclidation at a
given time within a soil mass, to (2) the total amount of consolida-
tion obtainable under a given stress condition.

deviator stress, A, © (FL_g) -— The difference between the major and
minor principal stresses in a triaxial test.

dilatancy —- The expansion of cohesicnless soils when subject to shear-
ing deformation.

direct shear test —-- A shear test in which scil under an applied normal
load is stressed to failure by moving one section of the soil con-
tainer (shear hox) relative to the other section.

effective diameter (effective size), Dyq, De(L) —- Particle diameter
corresponding to 10 percent finer on the grain-size curve.

effective porosity (effective drainage porosity), n (D) —-- The ratio of:
{1) the volume of the voids of a soll mass that cdn be drained by
gravity, to (2) the total volume of the mass.

equivalent diameter (equivalent size), D(L)} =~ The diameter of a hypo-
thetical sphere composed of material having the same sgpecific gravity
as that of the actual soil particle and of such size that it will
settle in a given liquid at the same terminal velocity as the actual
seil particle.

filter (protective filter) -- A layer or combination of layers of per-
vious materials designed and installed in such a manner as t¢ provide
drainage, yet prevent the movement of soll particles due to flowing
water.

fines —— Portion of a soil finer than a No. 200 {75-um) U. 8. standard
gieve.

floc -~ Loose, open-structured mass formed in a suspension by the
ageregation of minute particles.

floceulation -- The process of forming flocs.

foundation —- Lower part of a structure {that transmits the load to the
soll.

foundation soil -- Upper part of the earth mass carrying the lcad of

the structure.

free water (gravitational water) (ground water) {phreatic water) —-—
Water that is free to move through a soil mass under the influence
of gravity.

free water elevation (water table) (ground water surface) (free water
surface)} (ground water elevation) -~ Elevations at which the pressure
in the water is zero with respect to the aimospheric presgure.
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gradation (grain-size distribution) {soil texture) -- Proportion of
material of each grain size present in a given scil.

grain-size analysis (mechanical analysis) -~ The process of determining
gradation.

gravel -- Rounded or semirounded particles of rock that will pass a 3-in.
(76.2-mm) and be retained on a No. 4 (4.75-mm) U. S. standard sieve.

horizon (soil horizon) —-- One of the layers of the soil profile, distin-
guished principally by its texture, color, structure, and chemical
content.

"A"™ horizon -- The uppermost layer of soil profile from which inorganie
colloids and cther soluble materials have been leached. Usually
contains remnants of organic 1life.

"B" horizon -- The layer of a soil profile in which material leached
from the overlying "A" horizon is accumulated.

"C" horizon -- Undisturbed parent material from which the overlying
g0ll profile has been developed.

humus -- A brown or black material formed by the partial decomposition
of vegetable or animal matter; the organic portion of scil.

internal friction (FL_E) —— The portion of the shearing strength of a
goll indicated by the terms p tan ¢ in Coulomb's equation s = ¢ +
p tan ¢. It is usually considered to be due to the interlocking of
the solil grains and the resistance to sliding between the grains.

landslide (slide) -- The failure of a sloped bank of soil in which the
nmovement of the soil mass takes place along a surface of gliding.

leaching -- The remcval of soluble scil material and colloids by
percolating water.

linear expansion, LE(D) —— The incresse in one dimension of a soil mass,
expressed as a percentage of that dimension at the shrinkage limit,
when the water content is increased from the shrinkage limit to any
given water content.

linear shrinkage, L (D) —- The decrease in one dimension of a scil mass,
expressed as a percentage of the original dimension, when the water
content is reduced from a given value to the shrinkage limit,

liguefaction (spontanecus liguefaction) -- The sudden large decrease
of the shearing resistance of a coheslonless scil. It is caused by
a collapse of the structure by shock or other type of strain and is
assoclated with a sudden but temporary increase of the prefluid
pressure. It involves a temporary transformation of the material into
a fluid mass.

liguid limit, LL, L, W (D) — (a) The water content corresponding to
the arbitrary limit between the liquid and plastic states of consist-
ency of a soil. ({(b) The water content at which a pat of soil, cut by
a groove of standard dimensions, will flow together for a distance of
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1/2 in. (12.7 mm) under the impact of 25 blows in a standard Iiquid
limit apparstus.

liquidity index (water-plasticity ratio) (relative water content), B, R ,
I. (D) —- The ratio, expressed as a percentage, of: (1) the natural
water content of a soil minus its plastic limit, to (2) its plasticity
index.

loam —— A mixture of sand, silt, or clay, or a combinastion of any of
these, with orgaznic matter (see humus). It is sometimes called top-
g0il in contrast to the subsoils that contain little or no organic
matter.

Mohr circle -- A graphical representation of the stresses acting on the
various planes at a given point.

Mohr envelope {rupture envelope) {rupture line) -- The envelope of a
series of Mohr circles representing stress conditions at failure for
a given material. According to Mohr's rupture hypothesis, a rupture
envelope is the locus of points the co-ordinates of which represent
the combinations of normal and shearing stresses that will cause g
ziven material to fail.

moisture content (water content), W (D)} —— The ratio, expressed as a
percentage, of: (1) the weight of water in a given soil mass, to
{2) the weight of solid particles.

muck -— An organic soll of very soft consistency.
mad —- A mixture of soll and water in a fluid or weakly solid state.

normally consolidated soil deposit -~ A soil depcsit that has never
been subjected to an effective pressure grester than the existing
overburden pressure.

optimum moisture content (optimum water content), OMC, W (D) -- The
water content at which a scil can be compacted to a maXimum dry unit
weight by a given compactive effort.

organic clay =-- A clay with a high organic content.
organic silt -- A silt with a high crganic content.
organic s0il -- So0il with & high organic content. In general, organic

solls are very compressible and have poor load-sustaining properties.

peat —— A fibrous mass of organic matter in various stages of decomposi-
tion, generally dark brown to black in color and of spongy consistency.

percent compaction -- The ratio, expressed as a percentage, of: (1) dry
unit weight of a soil, to (2) maximum unit weight obtained in a lab-
oratory compaction test.

percolation -- The movement of gravitational water through soil (see
seepage).

plasticity ~-- The property of & soil which allows it to be deformed be~-
yond the point of recovery without cracking or appreciable volume
change.
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plasticity index, Ip, PI, I, (D) -- Numerical difference between the
ligquid limit and the plastic limit.

plastic limit, Wp, PL, P (D) ~- {a) The water content corresponding to
an arbitrary limit between the plastic and the semisolid states of
consistency of a soil. (b) Water content at which a soil will just
begin to crumble when rolled into a thread approximately 1/8 in.
(3.2 mm) in diameter.

plastic so0il ~~ A soil that exhibits plasticity.

plastic state (plastic range) —-- The range of consistency within which
a so0lil exhibits plastie properties,

porosity, n (D) —- The ratio, usually expressed as a percentage, of:
{1) the volume of voids of a given soil mass, to (2) the total volume
of the soil mass.

=2
preconsolidation pressure (prestress), P (FL. ©) -- The greatest effec-

tive pressure to which a soil has been subjected.

pressure-void ratio curve (compression curve) -- A curve representing
the relationship between effective pressure and veold ratio of a soil
as obtained from a consclidation test. The curve has a characteristic
shape when plotted on semilog paper with pressure on the log scale.
The various parts of the curve and extensions to the parts of the
curve and extensions to the parts have been degsignated as recompres-
sion, compression, virgin compression, expansion, rebound, and other
descriptive names by various authorities.

quick condition (quicksand) -- Condition in which water is flowing up-
wards with sufficient wvelocity to reduce significantly the bhearing
capacity of the soilil through a decrease in intergranular pressure.

remolded soil ~- Soil that has had its natural structure modified by
manipulation.

rock -- Natural solid mineral matter occurring in large massges or
fragments.

sand —- Particles of rock that will pass the No., 4 {4.75-mm)} sieve and
be retained on the No. 200 (TS—um) U. 8, standard sieve.

seepage {(percolation) -- The slow movement of gravitational water
through the soil.

seepage force, J (F} -- The force transmitted to the scil grains by
seepage.

gensitivity -- The effect of remolding on the consistency of a cohesive
soil.

shaking test ~—- A test used to indicate the presence of significant

amcunts of rock flour, silt, or very fine sand in a fine-grained sc¢il.
It consists of shaking a pat of wet soil, having a consistency of
thick paste, in the palm of the hand; cbserving the surface for a
glossy or livery appearance; then squeezing the pat and observing
if a rapid apparent drying and subsequent cracking of the soil occurs.

A8
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shear strength, s, Tj (FL. 7)Y —= The maximum resistance of a soil to
shearing stresses.

shrinkage index, SI(D) -~ The numerical difference between the plastic
and shrinkage limits.

shrinkage limit, SL, W_ (D) -- The maximum water content at which a
reduction in water content will not cause a decrease in volume of the
goil mass.

silt (inorganic silt) (rock flour) -- Material passing the No. 200
(75-um) U. S. standard sieve that is nonplastic or very slightly
plastic and that exhihits little or no strength when air-dried.

gilt size —- That portiocn of the scil finer than 0.02 mm and coarser
than 0.002 nm {0.05 mm and 0.005 mm in some cases).

soil (earth) —- Sediments or other unconsolidated accumulations of
solid particles produced by the physical and chemical disintegratiocn
of rocks, and which may or may not contain organic matter.

s0il structure —- The arrangement and state of aggregation of soil
particles in a soil mass.

flocculent structure -- An arrangement composed of flocs of soil par-
ticles instead of individual soil particles.

honeycomb sgtructure -~ An arrangement of soil particles having a com-
paratively loose, stable structure resembling a honeycomb.

singile-grained siructure —- An arrangsment composed of individual soil
particles; characterigtic structure of coarse-~grained soils.

soil suspension -- Highly diffused mixture of soil and water.

specific gravity of solids, G, Gg, 5 (D) —— Ratio of: (1) the weight
in air of a given velume of soil s0lids at a stated temperature to
(2) the weight in air of an equal volume of distilled water at a

stated temperature.

apparent specific gravity, G, Sa (D} —— Ratio of: (1) the weight in
air of a given volume of the impermeable porticn of a permeable mate-~
rial (that is, the solid matter including its impermesble pores or
voids) at a stated temperature to (2) the weight in air of an equal
volume of distilled water at a stated temperature.

bulk specific gravity (specific mass gravity), G, S (D} ~- Ratio of:
(1) the weight in air of a given volume of a pérmeg%le material (in-
cluding both permeable and impermeable voids normal to the material)
at a stated temperature to (2) the weight in air of an equal volume
of distilled water at a stated temperature.

stone —-- {rushed or naturally angular particles of rock that will pass
a 3-in. (75-mm) sieve and be retained on a No. L4 (4,75-mm) U, S.
standard sieve.

strain, € (D) -- The change in length per unit of length in a given
direction.
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subbase -~— A layer used in a pavement system between the subgrade and
base course, or between the subgrade and portland cement concrete
pavement.

subgrade —— The soil prepared and compacted to support a structure or a
pavement system.

subgrade surface —— The surface of the earth or rock prepared to support
a structure or a pavement system.

subsoil -~ {a) Soil below a subgrade or fill. (b) That part of a soil
profile occurring below the "A" horizon.

thixotropy —-- The property of a material that enables it to stiffen in a
relatively short time on standing, but upon agitation or manipulation
to change to a very soft consistency or to a fluid of high viscosity,
the process belng completely reversible.

topsoil -- Surface scoil, usually containing organic matter.

torsgional shear test «- A shear test in which a relatively thin test
specimen of golid circular or annular cross section, usually confined
hetween rings, is subjected to an axial load and to shear in torsion.
In-place torsion shear tests may be performed by pressing a dentated
solid circular or annular plate against the soil and measuring its
resistance to rotation under a given axial load.

transported so0il -- Scoil transported from the place of its origin by
wind, water, or ice.

triaxial shear test (triaxial compression test) —— A test in which a
cylindrical specimen of soil encased in an Iimpervious membrane is
subjected to a confining pressure and then loaded axially to failure.

unconselidated-undrained test (quick test) —— A soil test in which the
water content of the test specimen remsins practically unchanged dur-
ing the application of the confining pressure and the additional axial
(or shearing) force.

underconsclidated soll deposit -~ A deposit that is not fully consoli-
dated under the existing overburden pressure.

undisturbed sample -- A s0il sample that has been obtained by methods
in which every precaution has been taken to minimize disturbance to
the sample.

)

unit weight, v{FL ~) ~- Weight per unit volume.

dry unit weight (unit dry weight), v4, YO(FL*B)
solids per unit of total volume of soil mags.

effective unit weight, Ye(FL'3) -~ That unit weight of a soil which,
when multiplied by the height of the cverlying column of soil, yields
the effective pregsure due to the weight of the overburden.

3

—-- The weight of soil

maximum unit weight, ¥y (FL~
peak of a compaction Curve.

—— The dry unit weight defined by the



saturated unit weight, y.. Yean (FL_3) -~ The wet unit weight of a soil
mass when saturated.

submerged unit weight (buoyant unit weight), Yoo Y Yg (FL_3) -~ The
weight of the golids in air minus the weight Tor Water 8
solids per unit of volume of soil mass; the saturated unit weight
minus the unit weight of water,

unit weight of water, y (FLHB) —— The weight per unit volume of water;
nominally equal to 62 L 1b/7t3 or 1 g/cm3.

wet unit weight (mass unit weight), Y » Yyt (FL—B) -~ The weight
(solids plus water) per unit of total volume of soil mass, irresgpec-
tive of the degree of saturation.

zero air voids unit weight, v , v (FL—3) «— The weight of solids per
s

unit volume of a saturated soll mass.

uplift -~ The upward water pressure on a structure.
Symbol Unit
Unit symbol u FL 0
Total symbol u F or Fqu
vane shear test -- An in-place shear test in which & rod with thin

radial vanes at the end is forced into the so0ill and the resistance
to rotation of the rod is determined.

vold -- Space in a soil mass not occupied by solid mineral matter. This
space may be occupied by air, water, or other gaseous or liguid
material.

void ratio, e (D) ~- The ratio of: (1) the volume of void space, to
(2) the volume of solid particles in a given soil mass.

critical void ratio, e (D} ~- The void ratio corresponding to the
critical density.

volumetric shrinkage (volumetric change), V_ (D) -- The decrease in
volume, expressed as & percentage of ihe So0il mass when dried, of a
g0il mass when the water content is reduced from a given percentage
to the shrinkage limit.

zero air voids curve {saturation curve) —— The curve showing the zero
air voids unit weight as a function of water content.

A1]
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APPENDIX B: EXPLANATION OF SAMPLE NUMBERS

1. The following key explains the number assigned to each sample

whose properties are reported herein:

X - XXX - XX - X
Study Districet Study project Sample No.
region within within District within District

{see Table Bl) study region {(see Table 1)

(see Table B2)

Table Bl
Key to Study Region Abbrevistionsg

Abbreviation Study Region
A Gulf States
B South Atlantic
I North Atiantic
D Great Lakes
E Pacific Coast

31



Table B2

Key to District Abbreviations

Abbreviations District
BAL Baltimore
BUF Buffalo
CHD Charleston
CHI Chicago
DET Detroit
GAL Galveston
JAX Jacksonville
LAD Los Angeles
MOB Mobile
NED New England Division
NOD New Orleans
NOR Norfolk
NYD New York
PHD Philadelphia
POR Portland
RID Rock Island
SAC Sacramento
SAV Savannah
SEA Seattle
SFD San Francisco
SPD St. Paul

WIL Wilmington




APPENDIX C:

CLASSTFTCATION TEST DATA

1. The clagssification test data accumulated during this study are

presented below in Tables CL through C22; an explanation of the sample

nurbers appears in Appendix B.

Table C1

Clagsification Test Data - Galveston District

Percent
Passing
D10 Pso No. 200  IL
Sample USCS mm mm Sieve

A-GAL-HC-A CH 0.016 ol 99
A-GAL—-8N-B CH 0.0027 96 120
A-GAL-CC-1 CH 98 117
A-GAT-FC-2 CH 0.01h 89 56
A-GAL-TC-3 CH 99 160
A-GATL-TC-) CH 0.0015 ol 102
A-GAL-BC-5 cL 0.086 53 32
A-GAL-TIW-6 CH 0.007 08 85
A-GAL~CC-T7 CH 0.008 87 73
A-GAL-CC-8 CH 0.0023 89 109
A-GAT~(CC-9 CH 0.02L 76 105
A-GAL-SN-10 CH 99 127
A-GAT-HC-11 CH 99 124
A-GAL-HC-12 CH 0.018 88 82
A-GAT~HC-13 CH 0.01kL 89 105
A-GAL-HC-14 CH 0.008 88 76
A-GAL-MB-15 SM 0.11 27
A-GAL~-MB-16 CH 0.067 68 50
A~GAT-MC-1T CH 99 114
A-GAT-MC-18 CH 99 113

PL

28
31
36
21
35

29
21
31
23
27

28
34
35
23
31

22
17

34
32

PT

71
89
81
35
125

T3
11

50
g2

T
93
89
29

5k

33
80
81

oC

%

AT
.09

.13
.29

b5
.12
.13
.12
.24

b
- 95
.52
.63
.19

.69
.08
.19

EN AN VLW MW E W ERV D

cl



Table C2

Classification Test Data - New Orleans District

Percent
Passing
10 P60 wo. 200 1L
Sample USCS mm mm Sieve
A-NOD-MR-A SP-SM 0.086 0.13 6
A-NOD-BC-B SP-SM  0.081 0.14 7
A-NOD-MR-1 CH 99 133
A~NOD~-MR-2 Sp 0.11 0.15 3
A-NOD-MR-3 CL 0.033 74 40
A~NOD-NH-4 CH 0.0017 98 110
A-NOD-NH-5 CH 0.012 96 64
A-NOD-NH~-6 SP-SM 0,082 0.18 8
A-NOD-5W-7 SP-sM  0.079 0.14 9
A-NOD-5W-8 CH 0.0036 94 81
A-NOD-SW-9 CH 0.013 94 63
A-NOD-SW-10 CH 0.0074 97 73
A-NOD-5W-11 CL 0,027 85 47
A-NOD-CR-12 CH 0.026 81 65
A-NOD-CR-13 CcH 0.0039 97 96
A~NOD-CR-14 CL 0.017 71 43
A~NOD-BH-15 CL 0.043 82 36
A-NOD-WL-16 SM 0.05¢ 0.14 16

PL

41
20

36
25

30

24
26
22
21
31

18
19

PT

92

20

74
39

51

39
47
25
44
65

25
17

MO O OO

[#5) W O O MW

=]

o=

.49
.32
.24
.21
.26

.94
<43
.51
.23
.95

.58
W77

.95
.85

.50
.96
.78




Table C3

Classification Test Data - Mobile District

Percent
D D Passing
10 60 No. 200 LL PL. PI oC
Sample USCs m mm Sieve . 4
A-MOD-MB-A CH 0.0027 98 129 32 97 10.64
A-MOD-BH-1 CH 0.004 97 147 43 104 5.92
A-MOD-BH-2 CH 0.01 90 130 43 87 3,89
A-MOD-BH-3 CH 0.01 82 126 38 38 5.72
A-MOD-PS-4 SP 0.17 0.30 2 4,37
A-MOD-PS-5 CH 0.0024 99 142 49 93  7.85
A-MOD-PS-6 CH 0.062 68 81 28 53 0.58
A-MOD-PS5~7 cHd 0.0045 84 105 36 69 5.17
A-MOD-GP-8 CH 0.0025 99 169 48 121 6.30
A-MOD~PB-9 SP 0.21 0.36 1 0.17
A-MOD-PB-10 Sp 0.19 0.33 1 0.18
A-MOD-PB-11 SM 0.11 36 49 29 20 3.15
A-MOD-PB~12 CH 0.024 82 133 34 99 5.88
A-MOD-PB-13 CH 0.014 94 202 58 144 6.19
A-MOD-CP-14 sP 0.24 0.42 1 0.22
A-MOD-CP-15 sSp 0.18 0.27 1 0.22
A-MOD~-CP-16 CH 0.065 63 68 32 36 8.37
A-MOD-MB-~17 cua 99 140 45 95 8.24
A-MOD-MB-18 CH 0.0032 97 138 42 96 5.83
A-MOD-MB-19 CH 0.0059 96 114 36 78 5.57
A-MOD-MB-20 SP 0.13 0.16 4 5.85
A-MOD-MB-21 CH 99 140 42 98 7.05

A-MOD-MB-22 CH 0.0034 97 114 37 77 7.92




Table C4

Classification Test Data - Jacksonville District

Percent
D D Passing
10 60 No. 200 LL
Sample USCS 1 mm Sieve

A-JAD-TW-12 SP 0.10 0.17 2
A-JAD-IW-13 sp 0.11 0.16 4
A-JAD-TW-14 SP 0.14 0.21 2
A-JAD-OW-44 SP 0.10 0.14 3
A-JAD-OW-45 sP 0.10 0.19 3
A-JAD-OW-46 5P 0.092 0.14 4
A~JAD-OW-47 sSp 0.12 0.14 4
A-JAD-TH-57 SM 06.0013 0.086 35 34
A-JAD-TH-58 Sp-sM  0.072 0,095 11
A-JAD-TH-59 SM 06.05 0.12 17
A=-JAD-TH-60 MH 0.022 82 109
A-JAD-TH-61 sp-sM 0.075 0.16 10
A-JAD-TH-62 MH 0.044 73 105
A-JAD-TH-63 MH 0.028 74 135
A~JAD-TH-64 MH 0.0066 87 118
A-JAD-TH-65 MH 0.0068 87 156
A-JAD-TH-66 MH 0.0014 0.0063 95 194
A~-JAD~TH-67 MH 0.0057 95 171
A--JAD~-TH~68 5C 0.0013 0.13 24 32
A-JAD-TH-69 sC 0.0014 0.092 33 42
A-JAD-TH-70 CH 0.048 78 154
A~JAD-TH-71 CH 0.079 51 94
A-JAD-TH-72 CH 0.052 88 168
A~JAD-~TH-73 CH 0.08 51 98
A-JAD-TH~74 SM 0.089 49 59
A-JAD-TH-75 MH 0.0098 88 137
A-JAD-TH-76 MH 0.014 72 131
A-JAD-TH-77 SM 0.13 50 85
B-JAD-ST.-1 SP 0.13 0.34 2
B-JAD~SL-2 SP 0.18 0.68 1

{Continued)

PL

47

44
59
54

60
69
71
23
22

40
29
42
31
43

54
53
40

PI

62

61
76
64

96
125
100

20

114
65
126
67
16

83
78
45

oC

%



Table C4 (Continued)

Percent
D D Passing
10 60 No. 200 LL PL PI oc
Sample UsCs mm mm Sieve ___ 4
B-JAD-MH-3 GP 0.32 7.50 3
B-JAD-MH-4 5P 0.11 0.25 4
B-JAD-MH-5 SW 0.45 4.10 2
B-JAD-MH-6 SW 0.26 2.20 4
B-JAD-MH-8 SP 0.16 0.28 3
B~ JAD-MH-9 sSP 0.16 0.51 3
B-JAD-PB-15 Sp 0.32 0.58 2
B-JAD-PB-16 SP 0.25 0.49 2
B-JAD-JH-17 sP 0.17 0.18 2
B-JAD-JH-18 s5P 0.13 0.16 2
B-JAD~JH-19 SP 0.12 0.16 4
B-JAD-JH-20 SP 0.16 0.26 3
B-JAD-JH-21 SP 0.12 0.30 4
B-JAD-JH-22 SP 0.14 0.25 2
B-JAD-JH-23 SP 0.09 0.15 3
B-JAD-JH-24 SP 0.15 0.23 2
B-JAD-JH-25 SP 0.13 0.17 2
B-~JAD-JH-26 SP 0.09 0.15 3
B-JAD-JH-27 5P 0.13 0.16 2
B-JAD-JH-28 sp 0.11 0.16 3
B-JAD-JH-29 sp 0.15 0.22 3
B~JAD~JH-30 Sp 0.11 0.23 1
B-JAD-JH-31 Sp 0.12 0.17 3
B-JAD-JH-32 SM 0.0074 0.16 16
B-JAD~-JH-33 SP-SM 0.079 0.15 8
B-JAD-JH-34 Sw-sM  0.04 0.34 12
B-JAD-JH-36 SP 0.17 0.26 3
B-JAD-JH-37 SP 0.15 0.25 2
B~-JAD-JH-38 5P 0.12 0.30 4
B-JAD-JH~40 SM 0.093 0.16 7

{(Continued)



Table C4 {(Concluded)

Percent
D D Passing
10 60 No. 200 LL
Sample USCs mm mm Sieve
B-JAD-JH-43 SP 0.12 0.45 4
B-JAD-FH-48 Sp 0.26 0.53 1
B-JAD-FH-49 SP 0.14 0.30 2
B-JAD-FH-50 sp 0.16 0.30 2
B-JAD-FH-51 SP 0.33 1.30 1
B-JAD-FH-53 CH 0.057 92 199
B-JAD-FH-54 CH 0.05 76 142
B~JAD-FH-55 CH 0.05 75 147
B-JAD-FH-56 CH 0.071 61 104
B-JAD-CH-78 CH 0.072 63 51
B-JAD-CH-79 CH 0.07 67 53
B-JAD-CH-80 CH 0.013 92 119
B-JAD-CH-81 CH 0.0031 93 118
B~JAD~-CH-82 CH 0.088 51 61

PL

49
36
38
30
25

21
33
29
22

PI

150
106
109
74
26

32
86
89
39

0C
%




Table C5

Classification Test Data - Savannah District

Percent
D D Passing
10 60 No. 200 LL PL PI 0C
Sample USCS mm mm Sieve . 7
B-SAV-5H-B MH 0.031 87 78 51 27 B8.68
B-SAV-SH-A Sp 0.47 0.91 1 0.13
B-SAV-AI-1 CH 0.0075 95 194 59 135 9.02
B~SAV-AI-2 CH 0.0034 91 181 49 132 9.61
B-SAV-BH-3 CH 0.0036 98 273 80 183 6.77
B-SAV-BH-4 SC 0.042  0.47 12 30 19 11 1.30
B-SAV-SH~5 CH 0.025 93 89 38 51 5.56
B-SAV-SH-6 CH 0.0068 91 86 34 52 9.20
Table C6
Classification Test Data - Charleston District
Percent
D D Passing
10 60 No. 200 LL PL PI oC
Sample USCS mm mm Sieve o %
B-CAR-CH-A CH 0.016 83 146 53 93 7.41
B~CAR-CH-B CL 0.076 59 42 20 22 4.30
B-CAR-CH-1 OH 100 105 29 76
B~CAR-CH-2 MH 91 114 52 62

B~-CAR-CH-3 CH 87 140 42 98




Tahle CT

Classification Test Data - Wilmington District

Percent
D D Passing
10 60 No. 200 LL
Sample USsCs mm mm Sieve
B-WIL~WH~C sC 0.15 46 42
B~-WIL-WH-A SP 0.23 0.54 1
B-WIL-wH-B 5M 0.0066 0.16 26 32
B-WIL-MC-1 SP 0.19 0.75 1
B-WIL-MC-2 5C 0.004 0.43 24 490
B-WIL-MC-3 SP 0.13 0.53 4
B-WIL-MC-4 sp 0.26 0.65 1
B-WIL-MC-5 SP 0.14 0.35 2
B-WIL-MC-6 SP 0.13 0.16 2
B-WIL-MC~7 SP 0.22 0.43 2
B~WIL~MC~8 SP 0.15 0.20 2
B~-WIL~MC-9 SP 0.15 0.39 1
B-WIL-MC-10 SP 0.14 0.16 1
B-WIL-MC-11 SP 0.17 0.33 1
B-WIL-MC~12 SC 0.004 0.14 30 30
B~WIL-MC-13 SP 0.13 0.16 2
B-WIL-MC-14 SP 0.10 .16 3
B-WIL-MC-15 SpP-sM  0.072 0.15 11 22
B-WIL-MC-16 SP 0.13 .16 3
B-WIL-MC-17 SP 0.10 0.15 3
B-WIL-MC~18 SP 0.12 0.16 2
B-WIL-MC-19 Sp 0.095 0.16 4
B-WIL-MC-20 SP 0.13 0.17 2
B-WIL-MC-21 CH 0.0025 98 102
B-WIL-MC-22 SP 0.25 0.73 1
B-WIL~SP-23 sSC 0.0014 0.18 37 39
B~-WIL-SP-24 sP 0.16 0.44 3
B-WIL-5P-25 SP 0.16 0.43 5
B-WIL-SP-26 CH 0.071 65 86
B~WIL-5P-27 CH 97 140
B-WIL-S5P~28 sC 0.17 38 67
B-WIL-SP~29 SM 0.07 0.17 12 21
B-WIL-SP-30 SC 0.005 0.25 14 28
B-WIL-SP-31 5C 0.06 0.41 16 37
B-WIL-SP-32 MH 0.0041 94 153
B-WIL-WH-33 CH 0.011 90 125
B-WIL-WH-34 CH 0.0082 93 153

PL

23

29

18

21

30

15

29
48
16

20
21
68

39
47

PI 0C
%

19 3.37
3 2.80

24

12

72

24

57
92
51

16
85

86
106




Table C8

Classification Test Data - Norfolk District

Percent
D D Passing
10 60 No. 200 1L PL PI oc
Sample Uscs mm mm Sieve L %
C-NOR-NH-A sC 0.0021 0.18 36 29 17 12 1.80
C-NOR-NH~1 CL 0.028 78 41 20 21 1.31
C-NOR-NH~B CH 0.0018 0.026 95 70 37 33 6.55
Table C9
Clasgification Test Data - Baltimore District
Percent
D D Passing
10 60 No. 200 LL PL PI ocC
Sample USsCs mm tom Sieve . %
C-BAL~BH-B MH 0.0068 93 73 38 35 7.54
C-BAL-BH-1 MH 0.0019 99 123 48 75
C-BAL-BH-2 MH 0.0024 99 123 48 75
C-BAL-~BH-3 MH 0.0032 99 123 48 75
C-BAL-BH-4 MH 0.0026 99 123 48 75




Table C10O

Classification Test Data - Philadelphia District

Percent
D D Passing
10 60 No. 200 LL PL PI 0C
Sample Uscs mm mm Sieve o A
C-PHD-DR~1 SW 0.09 0.56 8
C-PHD-DR-2 SP 0.084 0.22 7
C-PHD-DR-3 SP 0.084 0.36 3
C-PHD-DR~4 SM 0.96 13
C-PHD-DR-5 CL 0.0046 91
C-PHD-DR-6 CL (.0095 87
C-PHD-DR-7 ML 0.032 77.4
C-PHD~DR-8 CL 0.0064 97.5
C-PHD-DR-9 CL 0.022 88
C-PHD-DR-10 CL 0.005 32.5
C-PHD-DR-12 sSP 0.08 0.23 7
Table Cl1
Classification Test Data - New York District
Percent
D D Passing
10 60 No. 200 LL PL PI 0C
Sample USCS mm i Sieve %
C-NYD-YJ-A CH 0.011 98 149 55 94 9.74
C-NYD-NB-1 CH 0.03 64 68 28 40 3.75
C~NYD-NY-2 SP 0.14 0.26 1 0.64
C-NYD-NY-3 SP 0.23 0.44 1 0.32
C-NYD-BR-4 CH 0,016 97 110 40 70 6.41
0.019

C~-NYD-HR-5 CH 0.013 97 90 36 54 5.94
C-NYD-YJ-6 CH 0.014 97 125 47 78 6.38
C-NYD-NB-~7 cH 97 149 51 98 8.98




Table C12

Classification Test Data -~ New England Division

Percent
D D Passing
10 60 No. 200 LL PL PI 0cC
Sample Uscs mm mm Sieve o %

C-NED-BR-PE-1 0" 0.13 53 67 39 28
C-NED-BB-GE-2 GW 0.30 9.70 1
C-NED-BB-GE-3 SP 0.14 0.38 1
C-NED-BB-GE~4 SP 0.14 0.36 1
C-NED-BB-GE-5 SW 0.18 0.72 G.5
C-NED-BB-GE-6 SW 0.25 1.50 0.5
C~NED-BB-GE-7 GW 2.0 10.40 1
C-NED-BB-GE-8 SP 0.15 6.30 i
C-NED-BB-GE-9 SW 0.23 1.50 1
C-NED-BH-GE~1 GP 5.00 78.00 1
C~NED-BH-GE-7 GP 0.30 14,00 8
C-NED-BH-GE-8 GP 0.49 8.80 3
C-NED-BH-~KE-6 SC 0.14 48 32 23 9
C~NED-BH-KE-9 oL 0.055 74 47 33 14
C-NED-BH-KE~10  OH 0.034 92 72 33 39
C-NED-BH-KE~11 OH 0.0068 96 74 30 44
C-NED-BH-KE-12  OH 0.016 86 67 29 38
C-NED-BH-KE-13 OH 0.0085 96 80 32 48
C-NED-BH~KE-14  OH 0.013 97 80 32 48
C-NED-BH-KE-15  OH 0.054 68 50 29 21
C-NED-BH~-KE-16  OH 0.016 92 81 33 48
C-NED-BH-KE-17 0.083 50 40 26 14
C-NED-BH~KE-18  OH 0.049 71 72 31 41
C-NED-BH-KE-19 ML 0.075 59 43 26 17
C-NED-BH-KE~20 OH 0.03 83 71 30 41
C-NED-BH-KE-21 (L 0,068 63 31 22 9
C-NED-BH~-KE-22  CL 0.011 87 41 21 20
C~-NED-BH~KE-23  OH 0,012 93 121 52 69
C~NED-SR~GE-1 SP 0.11 0.27 0.5
C-NED-SR-GE-2 Sp 0.12 0.32 1
C-NED-SR~-GE~3 Sk 0.25 1.40 1
C-NED-SR-GE-4 Sp 0.16 0.54 1
C-NED-SR-GE-5 sp 0.17 0.35 0.5
C~-NED-SR-GE-6 5P 0.14 0.28 1
C-NED-TR-GE-2 OH 0.031 81 142 82 60

{Continued)



Table Cl12 (Concluded)

Percent
Passing
P10 P60 o. 200 LL
Sample USCS mm mm Sieve
C-NED-TR-GE-3 OH 0.045 68 152
C-NED-TR-GE-4 SP 0.083 0.32 9
C-NED~TR~GE~5 5P 0.16 13
C~-NED-TR-GE~6 OH 0.029 91 122
C-NED-TR-GE-7 CH 0.037 81 93
C-NED-TR~GE-9 oH 0.09 50 57
C-NED~TR~-GE-10 OH 0.025 94 130
C-NED-TR-GE-11 OH 0.017 93 95
C-NED-TR-GE~12 OH 0.021 92 122
C-NED-TR-GE-13 OH 0.016 98 133
C-NED-WH-GE-1 SP 0.12 (.34 1
C-NED-WH-GE-2 S5W 0.19 1.30 1
C-NED-WH-GE-4 Sp 0.16 0.41 1
C-NED-WH-GE-5 SP 0.17 0.33 1

74

62
51
38
65
47
62
58

PI

78

60
42
19
65
48
60
75
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Classification Test Data - Detroit District

Table C13

Percent
D D Passing
10 60 No. 200 LL PL. PI 0ocC
Sample USCS 1 mm Sieve . %
D-DET-SR-A SP 0.16 0.29 3 1.98
D-DET-RR~1 CH 0.014 94 82 38 44 13.45
D-DET-RR-2 CH 0.016 91 75 40 35 7.99
D-DET-RA-3 CH 0,011 97 109 40 69 8.76
D-DET-RA-4 CH 0.03 78 97 54 43 8.26
D-DET-TH-5 CH 0.007 96 79 31 48  5.41
D-DET-SR-6 5C 0.17 44 48 22 26 3.11
D-DET-SR~7 CH 0.038 73 68 32 36 6.19
D-DET-$B-8 CH 0.0086 97 111 34 77 8.56
D-DET-8B-9 CH 0.008 99 109 41 68  8.09
Table Cl4
Classification Test Data -~ Rock Island District
Percent
D D Passing
10 60 No. 200 LL PL PI 0C
Sample USCS mm Juin Sieve %
D-RID-MR-A Sp 0.25 0.71 3 .39
D-RID~MR-~1 SP 0.36 0.68 1 0.35
D-RID-MR-2 SP .27 0.40 1 0.17
D-RID-MR-3 SP 0.24 0.50 0.5 0.67
D-RID-MR-4 Sp 0.36 0.74 0.5 0.12
D-RID-MR-5 sp 0.28 0.55 1 0.09
D-RID-MR-6 SP 0.46 1.10 0.5 0.28
Table C15
Classification Test Data - Buffalo District
Percent
D D Passing
10 60 No. 200 LL PL PI oc
Sample Uscs mm mm Sieve %
D~-BUF-RH-1 CL 0.0033  0.055 T4 36 23 13 1.97
D~BUF-AH-2 ML 0.0042 0.038 92 32 23 9 1.80
D-BUF-SH-3 CH 0.017 88 81 29 52 4.38
D-BUF-LHI-4 MH 0.02 89 54 33 21 4.59
D-BUF-FH-5 CL ¢.016 94 42 24 18 2.94




Classification Test Data ~ St,.

Table Cl6

Paul District

Percent
D D Passing
10 60 No. 200 LL PL PI 0C
Sample UsCs mn mm Sieve L %
D-SPD-MR~-1 sp 0.20 0.31 3 0.28
D-SPD-MR-2 sp 0.24 0.55 1 0.37
D-SPD-MR-3 SP 0.25 0.44 1 0.27
D-SPD-DH-4 SM 0.0014 0.16 38 21 19 2 2.57
D-SPD-DH-5 CH 0.12 53 55 27 28  5.08
D~-SPD~DH-6 SM 0.034 0.19 23 0.49
D-SPD-DH-7 ML 0.0017 0.03 89 37 32 5 4.51
Table C17
Classification Test Data - Chicago District
Percent
D D Passing
10 60 No. 200 LL PL PI oc
Sample uscs mm mp Sieve _ 7
D-CHI-IR-1 sp 0.22 0.70 2 1.73
D-CHI-IR-2 SP 0.17 0.56 1 0.24
D-CHI-IR-3 Sp 0.16 0.30 2 9.17
D-CHI-IR-4 sp 0.26 0.41 1 0.37
D-CHI-GB-5 MH 0.009 95 161 69 92 10.28




Table C18

Classification Test Data - Portland District

Percent
Passing
l0 P60 wo. 200 1L

Sample USCS mm mm Sieve
E-POD-CQ-1 SP 0.17 0.24 0.5
E-POD-CQ-2 SP 0.17 0.24 1
E-POD-CQ~3 Sp 0.17 0.24 1
E-POD-CQ-4 SP 0.23 0.42 o
E~-POD-CQ-5 SW 0.24 1.60 1
E~-POD-CQ-6 SP 0.45 2.70 1
E-POD-CR-7 SP 0.26 0.70 1
E-POD-CR-8 SP 0.17 0.37 0.5
E-POD-CR-9 SP 0.26 0.85 1
E~-POD-CR-10 Sp 0.27 1.00 1
E-POD-CR-11 SP 0.32 0.92 0.5
E~POD-CR-12 SP 0.28 0.62 1
E-POD-CR-13 SP 0.23 0.53 1
E~POD-MC-14 5P 0.16 0.24 0.5
E-POD-MC-15 Sp 0.16 0.25 0.5
E-POD-MC-16 SP 0.15 0.24 0
E-POD-MC-17 SP 0.14 0.19 1
E~PQOD-MC-18 SP 0.21 0.27 0.5
E-POD-YB-19 SP 0.16 0.26 W]
E-POD-YB-20 Sp 0.16 0.26 0
E-POD-YB-21 sP 0.16 0.26 1
E-POD-YB-22 SP 0.16 0.26 1
E-POD-YB-23 SP 0.16 0.23 1
E~-POD~YB~24 SP 0.16 0.24 1
E-POD-YB-25 SP 0.16 0.25 ¥
E-POD-YB-26 sp 0.16 0.25 1
E-POD-CB-27 SP 0.16 0.25 1
E-POD-CB-28 sp 0.17 0.36 1
E-POD-CB-29 SP 0.16 0.26 1
E-POD-CR-30 SP 0.19 0.40 1
E-POD-CB-31 SPp 0.16 0.25 3
E~-POD-CB-32 SP 0.16 0.27 2
E-POD~CB-33 Sp 0.18 0.37 1
E-POD-CB-34 SP 0.17 0.36 1
E-POD-CB-35 5P 0.18 0.30 1
E-POD-CB-36 SP 0.17 0.32 1
E~POD~-CB-37 SP .18 0.37 1

PL

PI

oC

%




Table C19

Clagssification Test Data - Seattle District

Percent
Passing
P10 P60 mo. 200 1L
Sample USCS mm Tm Sieve
E-SEA-GH-1 ML 0.0015 0.055 70 40
E-SEA~GH-2 SM 0.0067 0.14 33
E-SEA-GH-3 sP 0.12 0.23 1
E-SEA-WR-4 sP 0.14 0.19 1
E-SEA-WR-5 CH 0.04 30 86
E-SEA-WR-6 SM 0.0048 0.32 29 36

30

32

29

PT

10

54

VOO

%

.53
L44
.66
.38
.76

A7




Table C20

Classification Test Data - Sacramento District

Percent
D D Passing
10 60 No. 200 LL PL PI 0C
Sample UsCs mm mm Sieve . %

E-SAC~-SR-1 SP 0.23 0.46 1 0.28
E-SAC-SR-2 sp 0,27 0.39 1 0.42
E~SAC-SR-3 CL 0.036 89 37 23 14 2.28
E-SAC-SR-4 CH 0.011 90 58 21 37  3.13
E-SAC-8T-5 5C 0.0014 0.23 40 29 18 11
E-SAC-ST-6 CL 0.015 87 47 19 28
E-SAC-ST-7 SC 0.004 0.18 39 35 21 14
E-SAC-ST-8 CH 0.0085 99 51 25 26
E~-SAC-ST-9 CH 0.018 83 58 23 35
E~SAC~5T-10 SP-SM 0.065 0.36 11

E-SAC-ST-11 SpP~-SM 0,082 0.25 7

E-SAC-8T-12 SM 0.04 0.16 16

E~SAC-ST-13 MH 0.0014 0.042 91 99 42 57
E-SAC-8T-20 SP-SM  0.064 0.37 16

E-SAC-8T-21 CH 0.031 75 66 21 45
E-SAC-8T-22 CH 0.0053 94 98 43 55
E-SAC-8T-23 CL 0.0014 0.07 61 41 19 22
E-SAC-ST-24 CL-ML 0.0043 0.069 63 28 23 5
E-SAC-ST-25 sC 0.0059 0.14 45 41 25 16
E-SAC-8T-26 CH 0.038 68 59 22 37
E-SAC-ST-27 CH 0.011 93 B3 22 30
E-SAC-ST-28 SP-SM  0.06 0.23 12

E-SAC-ST-29 OH 0.012 99

E~SAC-ST-30 CL 0.048 67 37 17 20
E-SAC-8T-31 CL 0.035 87 41 22 19
E-SAC-ST-32 CL 0.016 76 44 18 26




Table C21

Classification Test Data - Los Angeles District

Percent
Passing
’10. P60 wo. 200 1L
Sample USCS mm mm Sieve
E-~-LAD-MB-1 SP 0.13 0.15 2
E-LAD-MB-2 SP 0.14 0.16 1
E~LAD-MB-3 5P 0.12 0.15 1
E-LAD-MB-4 Sp 0.14 .16 1
E-LAD~MB-5 SP 0.11 .16 2
E-LAD-MB-6 5P 0.16 0.22 1
E-LAD-MB-7 SP 0.12 0.16 2
E-~-LAD-MB~8 5P 0.11 0.16 5
E~-LAD-MB-9 5P 0.12 0.16 3
E-1.AD-0OH~10 SP-5M 0.085 0.14 5
E-LAD~OH-11 SM 0.07 0.099 8
E-LAD-0OH-12 SM 0.035 0.14 26
E-LADP-0OH-13 Sp-sM (.13 0.42 5
E-LAD-OH-14 SP 0.095 0.17 4
E-LAD-0H-15 SM 0.035 0.099 24
E-LAD-MI-16 5P 0.16 0.28 1
E-LAD-MI-17 SP 0.16 0.22 2
E-LAD-MI-18 SP 0.18 0.60 2
E-LAD-MI-19 SC 0.03 0.28 14
E-LAD-MI-20 Sw-SM 0.10 0.66 7
E~LAD-MI-21 sSP 0.17 1.20 3
E~LAD-SD-22 5P 0.08 D.16 3
E-LAD-SD-23 sp-sM  0.071 0.17 11
E-LAD-SD-24 SP 0.14 0.38 3
E-LAD-SD~25 SP 0.12 0.47 3

PL

PI
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Table C22

Classification Test Data - San Francisco District

Percent
D D Passing
10 60 No. 200 LL PL PI
Sample USCS mm mm Sieve -
E~-SFD-SF-1 CH 0.078 58 59 24 35
E-SFD-RC-2 CH 0.056 81 79 32 47
E-5FD-0K-3 CH 0.0061 99 78 31 47
E-SFD-RI-4 CH 0.018 87 57 24 33
E~-SFD-SR~-5 CH 0.02 96 72 27 45
E-SFD-PS-6 CL 0.10 535 48 22 26
E~SFD-MI~7 cn 0.0l1e 99 84 34 20
E-SFD-SB-8 SC 0.16 48 43 23 20
E~SFD-NR-9 CL 0,055 64 44 25 19
E-SFD-PC~10 CH 0.0076 39 86 31 55
E~-SFD-5B-11 5M 0.009 0.26 15
E-SFD-5B-12 SP 0.12 0.30 5
E-SFD-5B-13 SM 0.014 0.17 15
E-SFD-5B-14 CL 0.027 80 48 25 23
E-SFD-SB-15 sSC 0.004 0.14 43 32 25 7

E-SFD-8B-16 sP 0.12 0.23 3




APPENDIY D: NOTATION

a, Coefficlent of compressibility, sg ©t/1lb
c Unit cohesion, tsf
Ce Compression index
Ce! Compression index for remolded specimens
cv Coefficient of cecnsolidation, sq in./day
DlO Effective size, mm
e Void ratic
H One-half specimen thickness, ft
k Coefficient of permeability, cm/sec

LL Liquid limit

3 Distance between inlet and outlet in dredged material con-
tainment area, ft

ocC Organic content, percent
oMC Optimum moisture content, percent
p,pl,P2 Consolidation pressure, tsf

PI Plasticity index

PL Plastic limit

T Time, year

tEO Time for 50 percent primary consolidation, min
W Water content, percent

WS Weight of solids, g

Ww Weight of water, g
b'd Distance from outlet, ft

D1



Dry density, pef

Unit weight of water, pef
Effective normal stress, tsf
Shear ztrength, tsf

Angle of internal friction, deg

Apparent angle of internal friction, deg

D2
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