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Preface

This report presents the results of Dredged Material Research Program
(DMRP) Disposal Operations Project (DOP), Dredged Material Densification,
field demonstrations of potential dredged material dewatering methods conducted
at the Upper Polecat Bay disposal area of the U.S. Army Engineer District,
Mobile (MDO). The DMRP was sponsored by the Office, Chief of Engineers
(DAEN-CWO-M) and was assigned to the U.S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, MS, under the former Environmental
Effects Laboratory (EEL).

Various phases of the work were conducted, and this report was written, by
Dr. T. Allan Haliburton, DMRP Geotechnical Engineering Consultant;
Dr. Michael R. Palermo, Research Civil Engineer, EL, WES; Mr. Robert W.
Chamlee, Civil Engineer, Foundations and Materials Branch (FMB), MDO;
Mr. Alfred W. Ford, Research Electrical Engineer, EL, WES; Dr. James W.
Spotts, Research Civil Engineer, Soils and Pavements Laboratory (SPL), WES;
Dr. Robert L. Lytton, Professor of Civil Engineering, Texas A&M University;
Mr. Joseph L. Gatz, Chief, Exploration Branch, SPL, WES; Dr. William E.
Willoughby, Research Civil Engineer, Mobility and Environmental Systems
Laboratory, WES; Mr. David P. Hammer, Research Civil Engineer, SPL, WES;
Mr. Patrick A. Douglas, Civil Engineer, FMB, MDO; Dr. Charles E. O'Bannon,
Professor of Civil Engineering, Arizona State University; and Ms. Judy P. Stout,
Research Biologist, Dauphin Island Sea Lab. The report was prepared under the
general supervision of Mr. Charles C. Calhoun, Jr., DOP Manager; Dr. R. T.
Saucier, Special Assistant for Dredged Material Research; and Dr. John Harrison,
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Hydraulic Engineer, and Ms. Holley Messing, Civil Engineering Technician,
U.S. Army Engineer Research and Development Center, Coastal and Hydraulics
Laboratory, Vicksburg, MS, finalized the report for publication as the last
technical report of the DMRP series.



Summary

This report presents results of eight field demonstrations of various fine-
grained dredged material dewatering techniques, evaluated under Dredged
Material Research Program (DMRP) Disposal Operations Project (DOP),
Dredged Material Densification, at the 34.4-hectare (85-acre) Upper Polecat Bay
(UPB) disposal area of the USAE District, Mobile (MDO). Initial site
characterization was begun in July 1975, and final dewatering demonstrations
were concluded in September 1977.

The UPB disposal area was chosen for field evaluation of promising
dewatering concepts because:

a. Fine-grained dredged material existing in the disposal area was a highly
plastic clay with appreciable montmorillonite fraction, one of the most
difficult types of dredged material to dewater.

b. Interest and cooperative assistance were available from the MDO.

c. The disposal area had easy access, was located relatively close to the
U.S. Army Engineer Waterways Experiment Station, and had proper
climatic conditions for year-round work.

The DMRP mission in this instance was to evaluate, within available time
and funding constraints, as many potential dredged material dewatering methods
as possible in such detail that opinions could be formulated relative to their
technical feasibility, operational practicality, and cost-effectiveness in full-scale
field application. Results of the various field demonstrations may be summarized
as follows:

a. Use of surface trenching concepts to promote improved surface drainage,
evaporative drying, and consolidation of fine-grained dredged material
was found to be technically feasible, operationally practical, and cost-
effective.

b. Technical feasibility of using wind generation systems to provide
electrical power at remote disposal area locations was neither positively
proved nor disproved. However, problems encountered during
demonstration suggest that the concept would be operationally
impractical until marked improvements were made in state-of-the-art
equipment reliability and maintainability.

c. Dewatering fine-grained dredged material with conventionally installed
vacuum wellpoints was found to be technically feasible and operationally
practical, but is not cost-effective when compared to other alternatives.
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d. Despite promising labortory results, capillary wicks were not found to be
technically feasible, as the amount of dewatering produced by the
devices was minimal.

e. Use of sand slurry to hydraulically fracture fine-grained dredged material
and produce internal drainage layers of large horizontal areal extent was
found to be technically feasible and operationally practical. Flow rates
one order of magnitude greater than obtained from conventionally
installed vacuum wellpoints were realized during drainage layer
evaluation. Only an extremely small scale demonstration was carried
out, and future detailed and long-term research is recommended for this
concept, as its use in conjunction with vaccum wellpoint systems may
hold promise for rapid and cost-effective dewatering.

/- Periodic mechanical agitation and mixing of upper surface crust with
underlying subcrust above the liquid limit was found to accelerate the
rate of dredged material surface subsidance and thus to be technically
feasible, as well as cost-effective. However, such periodic mixing
prevents establishment of surface vegetation, degrades disposal area
aesthetics, and destroys surface support capacity of the dredged material.
For these reasons and considering the amount of volume gained when
compared to other alternatives, the technique was found to be
operationally impractical.

g Use of underdrainage installed prior to disposal, including gravity and
vacuum-assisted underdrainage and gravity and vacuum-assisted seepage
consolidation, was found to be technically feasible, operationally
practical, and cost-effective for dewatering single lifts of material.
Effectiveness of such systems in dewatering subsequent lifts of material
was not evaluated.

h. The technical feasibility of using electro-osmosis to dewater fine-grained
dredged material was neither positively established nor refuted by field
demonstration, but results suggest that, unless the system is installed
prior to disposal it is limited to fresh water dredged material, electro-
osmosis dewatering will be technically ineffective, operationally
impractical, and not cost-effective.

i. Attempts to artificially establish vegetation for dewatering purposes were
unsuccessful and, had they been successful, would not have been cost-
effective. Naturally established vegetation of similar species produced
dense surface and subsurface growth, but with minimal reduction in
dredged material water content from an engineering stand-point.

Primary purposes of vegetation thus appear to be improved surface
support capacity from root mat development and improved disposal site
aesthetics and habitat. Better results appear to be obtained by creating
conditions conducive to natural vegetation establishment rather than
attempting to artificially establish desired vegetation.

Based on results of the demonstrations, it is recommended that Corps of
Engineers (CE) Districts and other interest agencies use improved surface
drainage techniques to promote dredged material dewatering and densification.
These concepts should prove satisfactory in the great majority of instances and
have the advantages of being fairly simple in concepts and low in cost.

In situations or during climatic periods when successful application of surface
trenching concepts are not possible, improved underdrainage, preferably vacuum-



assisted, will provide effective dewatering and densification. When dewatering
rates produced by surface drainage improvement and evaporative drying
enhancement are inadequate, improved surface drainage may be combined with
improved underdrainage, supplemented with vacuum consolidation, if possible,
to achieve the maximum possible dewatering rate. Seepage consolidation
concepts may have some use in areas where confined disposal is conducted
offshore and the dredged material surface remains submerged during initial life
of the site, as well as in applications where disposal area surface ponding is
required for mosquito control or for other reasons.
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Conversion Factors, Non-Sl to
S| Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units

as follows:

Multiply By To Obtain
acres 4,046.873 square meters
cubic yards 0.7645549 cubic meters
degrees (angle) 0.01745329 radians

feet 0.3048 meters

gallons (U.S. liquid) 3,785412 cubic decimeters
inches 254 millimeters
pounds 0.4535924 kilograms
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1 Introduction

Background

Statement of the problem

Dredging is the removal of sediment and other materials from the bottom of
rivers, bays and other bodies of water, and is traditionally conducted for the
purpose of deepening and/or widening these bodies of water to accommodate
navigation. In many instances, waterways used for navigation are associated
with major drainage courses which carry heavy silt loads, and thus, maintenance
dredging for continued navigation is often a repetitive requirement.

Most dredging in the United States is conducted or contracted by the U.S.
Army Corps of Engineers. In recent years (the 1970s), the Corps has averaged
dredging 230 million cu m of material annually at a cost of approximately $170
million per year (DMRP 1976a).

The byproduct of hydraulic dredging is usually large quantities of waste
material, produced in the form of a thick soil-water slurry and commonly called
dredge spoil or, more recently, dredged material. This byproduct often consists
of fine-grained (silt and clay) soils. Bishop and Vaughn (1972) have indicated
that “...organic silty clay of high plasticity is a general and consistent product of
maintenance dredging....” This waste material has been traditionally dumped
into open water or placed on land in an unconfined manner. Increasing
environmental concern has greatly reduced or negated open water and
unconfined land disposal, especially of contaminated sediments. Therefore, the
future of dredged material disposal would appear to rest with on-land disposal
into areas surrounded with dikes or embankments which contain/confine the
material (confined disposal areas). Several problems exist with land disposal.
The most basic problem is difficulty in acquiring new disposal sites. It is
estimated that approximately 7,000 acres' of new land will be required annually
to contain material generated from maintenance dredging. Other aspects of land
disposal are outlined by Boyd et al. (1972):

a. ...confined land disposal sites receive the poorest quality spoil (from
the engineering point of view) and . . . the quality will likely get worse
before it gets better. Consequently, problems associated with spoil

! A table of factors for converting Non-SI units of measurements to SI units is presented on
page xvii.
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drainage . . . containment area management, and subsequent utilization
will become more acute.

b. Behavioral characteristics of dredge spoil in containment areas have not
been thoroughly investigated. It is apparent that most dredge spoils
improve with time if drainage is provided, and at some point in time
these materials can be used as foundation or building materials. There is
a need for research on the characteristics of dredge spoil which will
enable it to play a more positive role in urban and regional development
projects.

c. Dewatering techniques must be developed to allow full utilization of the
capacity of diked containment areas and/or the reuse of such areas.
Research is needed on . . . techniques to speed consolidation of material
in the confined areas . . .

d. Efforts to make useful products such as building materials from spoil
have been few and have met with mixed success.

Montgomery and Palermo (1976) discussed another dimension of the
problem, of concern to the Corps of Engineers:

Confined land disposal of dredged material fulfills one short-term Corps
need (i.e., disposal of dredged material); however, it often creates rather than
alleviates problems in land utilization and management. This, in turn, is of
direct significance to the Corps since the problems created quickly influence
public opinion and public acceptance of land disposal. The manifestation of
this is in the increasing difficulty, by the Corps and its project sponsors, to
acquire easements for additional land disposal sites.

There appears to be an obvious need for improvement in on-land confined
disposal area management. Existing disposal areas and those developed in the
future must be used to the maximum extent possible. This view (DMRP 1977)
was reiterated by Congress in Section 148 of Public Law 94-587, the Water
Resource Development Act of 1976:

The Secretary of the Army, acting through the Chief of Engineers, shall
utilize and encourage the utilization of such management practices as he
determines appropriate to extend the capacity and useful life of dredged material
disposal areas such that the need for new dredged material disposal areas is kept
to a minimum. Management practices authorized by this section shall include,
but not be limited to, the construction of dikes, consolidation and dewatering of
dredged material, and construction of drainage and outflow facilities.

Dredged Material Research Program (DMRP)

The need for addressing dredged material disposal problems resulted in a
Congressionally-authorized research and development program, which was
assigned to the U.S. Army Engineer Waterways Experiment Station (WES).
Preliminary study was initiated in May 1971. Funding for a full-scale 5-year
research program was authorized in February 1973. WES initiated the Dredged
Material Research Program (DMRP) in March 1973, with the stated objective:

Chapter 1 Introduction



To provide, through research, definitive information on the environmental
impact of dredging and dredged material disposal operations and to develop
technically satisfactory, environmentally compatible, and economically
feasible dredging and disposal alternatives, including consideration of
dredged material as a manageable resource.

Dredged material densification

Much DMRP effort has been devoted to developing techniques for
dewatering and consolidating fine-grained dredged material placed in confined
disposal areas. Dredged material is placed hydraulically, usually by pumping
through pipes from a dredge, in a slurry state. Although a significant amount of
water is removed from disposal areas through overflow weirs, the resulting
settled dredged material, at equilibrium, contains large amounts of water and has
the consistency of warm axle grease. The extremely high water content makes
the dredged material unsuitable or undesirable for any commercial or productive
use. Also, the volume of space occupied by the liquid portion of the dredged
material greatly reduces the remaining volume available for future disposal. The
Dredged Material Densification research of the DMRP Disposal Operations
Project (DOP) was created to study and evaluate various methods of dewatering
and consolidating fine-grained dredged material. The objective of this research
was:

... to develop and test promising techniques for dewatering or densifying
dredged material using mechanical, biological, and/or chemical techniques
prior to, during, and after placement in containment areas . . .

Three major reasons exist for dewatering fine-grained dredged material placed in
confined disposal areas:

a. To promote material shrinkage and consolidation, leading to creation of
more disposal volume which can then contain additional dredged
material.

b. For reclamation of the dredged material into soil form for removal and
use in dike-raising, other engineered construction, or other productive
use, again creating more available disposal volume.

c. To create stable flat land at a known final elevation and with predictable
geotechnical properties.

Rationale for Test Site Selection

The overall research plan included, after initial literature and laboratory
feasibility studies, demonstration and evaluation of promising dewatering
techniques under field conditions (DMRP 1976b). Thus, during the spring of
1975, the DMRP DOP staff began to discuss the type of field demonstration site
needed.

Because of time and funding constraints, it was decided that comprehensive
study of all dewatering alternatives at one test site would be preferable to
evaluating individual techniques at test sites around the country. It was also
believed that better relative comparisons among the individual dewatering
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techniques could be obtained if all were evaluated on similar dredged material.
The cost of administration, management, and obtaining background data would
be minimized. Extrapolation of field demonstration results to other potential
sites could be made on the basis of soil properties and the known laws of soils
engineering behavior. If the dredged material selected was of a type relatively
difficult to dewater, successful results would have a high probability of useful
application at other sites.

During the spring of 1975, the U.S. Army Engineer District, Mobile (MDO),
contacted the DMRP for information on dewatering fine-grained dredged
material. As a result of this mutual interest, discussions were held in the summer
of 1975 between the DMRP DOP staff and the MDO. It was subsequently
agreed that the MDO would make an existing disposal area available to the
DMRP, provide some financial support, and provide cooperative assistance in
planning and field operations. In return, the DMRP would conduct all
dewatering demonstrations and support activities in an MDO disposal area. The
MDO suggested the Upper Polecat Bay (UPB) disposal area in Mobile, AL, be
used as the test site. After initial study, sampling, and characterization to
determine the nature of the contained dredged material, which was found to be a
highly plastic montmorillonite containing silty clay (and thus satisfactory for
technology evaluation), the DMRP DOP staff agreed that the UPB disposal area
would be satisfactory for conduct of field demonstrations.

Disposal Area Description

The UPB disposal area is located in Mobile, AL, on the Mobile River, just
north of the Cochran Bridge. The 85-acre site was created in 1970 by end-
dumping sand from previous new-work dredging to create a perimeter dike to an
elevation of about 4.9 m surrounding and existing marsh at elevations ranging
from 0 to approximately 0.3 m. In 1971 and 1973, the area was used for disposal
of dredged material from maintenance dredging projects on the upper Mobile
River and Chickasaw Creek channels. The material placed in the area was
predominately an organic clay sediment of high plasticity. The disposal area is
shown in Figure 1, prior to initiation of DMRP dewatering studies. Subsequent
chapters describe the disposal area history and its geotechnical characterization in
more detail.

Field Demonstrations Conducted at Site

DMRP field research operations at UPB were initiated in the summer of
1975 with immediate goals of removing surface water and initiating drying over
the majority of the site while maintaining both the north and south ends of the
disposal area in relatively undisturbed and undried condition. These virgin areas
were to be used for evaluation of selected dewatering techniques during the
spring and summer of 1976.
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As shown in Table 1, a total of ten field demonstrations for DMRP DOP
were conducted at the UPB site. General locations of the various field
demonstrations are show in Figure 2. The Remote Weather Station did not
operate satisfactorily and was terminated. Weather data from the Mobile Office
of the National Weather Service was used instead. Preliminary studies resulted
in a decision to undertake full-scale dike raising activities using dewatered
dredged material created by the other dewatering research.

Table 1

Field Demonstrations Conducted at Upper Polecat Bay Field Site
Tasks Title Location in Disposal Area
5A08 Progressive trenching Center

5A09 Windmill powered vacuum wellpoints N End

5A10 Capillary wicks NW End

5A11 Sand slurry injection N End

5A12 Remote weather station N End

5A14 Crust mechanical stabilization SW End

5A15 Gravity underdrainage dewatering SE End

5A16 Electro-Osmotic dewatering N End

5A18 Vegetation dewatering NE End

5A20 Interior borrow development and mining Center

Purposes of Field Demonstrations

The purposes of the DMRP DOP field demonstrations were to evaluate,
within available time and funding constraints, as many potential dredged material
dewatering methods as possible in such detail that opinions could be formulated
relative to their technical feasibility, operational practicality, and cost-
effectiveness in full-scale application. It was not intended that the various
demonstrations result in a clear understanding of all facets of dredged material
behavior for each method tried, as research on any one method at such an
intensive level would have exhausted all of the available funding for the entire
program, taken more calendar time than was available, and could not be justified
for any site-specific application, given the existing state-of-the-art and the
variability of soil (and thus dredged material) in general.

Criteria used in assessment of field demonstration results were as follows:

a. Technical Feasibility. A method or technique was judged technically
feasible if it accomplished the desired result, i.e., dewatered and/or
densified the fine-grained dredged material. In some instances described
herein, this rather simple condition could not be conclusively established,
as other factors (poor experiment design or unreliable equipment)
affected the demonstration. However, in all instances, such cases did not
satisfy other acceptance criteria.
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b. Operational Practicality. A method was judged (subjectively) to be
operationally practical if the materials, techniques, equipment, operation
procedures, and related items required could be scaled-up without loss of
efficiency, if conduct of such dewatering methodology could be
immediately undertaken by normal CE field element personnel, either by
contract or with in-house capability, if appreciable dewatering could be
accomplished within the normal time intervals between disposal area
filling, and if use of the methodology did not create other obvious
problems in disposal area operation.

c. Cost-Effectiveness. A method was judged to be cost-effective when the
unit cost of creating new disposal area storage volume by dewatering and
consolidation was less than $4.00/cu m. This decision was based on
previous DMRP research (Johnson et al. 1977) substantiated by data
obtained in the Mobile area, that, except in localized high-cost areas, the
unit cost of creating disposal area storage volume by perimeter dike
construction was about $0.33/cu m - $0.40/cu m over most of the United
States. It was believed that if unit volume creation costs of dewatering
exceeded unit volume creation costs associated with dike-raising by
more than an order-of-magnitude, dewatering per se should not be
conducted without exploring alternate disposal or containment schemes.

Purposes of Report

The purposes of this report are to: (a) describe and characterize the field test
site selected for evaluation of promising DMRP DOP dewatering methods, and
(b) describe each field demonstration in sufficient detail that opinions concerning
its technical feasibility, operational practicality, and cost-effectiveness may be
developed.
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2 Test Site Disposal History
and Characteristics

Source of In Situ Dredged Material

Dredged material in the UPB disposal area is from maintenance dredging
activities in the upper Mobile River and Chickasaw Creek, a main tributary of the
Mobile River. Navigation channel dimensions in this area have been enlarged
several times since initial improvement of Mobile Harbor in 1826. These
channels are now maintained as a part of the Mobile Harbor Project to a mean
low water (mlw) depth of 12.2 m and width of 152.4 m for the Mobile River and
7.6-m mlw depth and 76.2-m width for Chickasaw Creek, as shown in Figure 3.

The upper segments of the project are maintained by hydraulic pipeline
cutterhead dredges. In past years, land disposal of material from maintenance
dredging in the upper Mobile River was unconfined. Blakeley Island, shown in
Figure 3, has a long history of unconfined disposal, and the area has undergone
considerable physical change from accretion and shoaling. Disposal in confined
land areas is now required because of environmental constraints.

Average shoaling rates require maintenance dredging volumes of
approximately 900,000 cu m annually from the Mobile River Channel and
150,000 cu m annually from Chickasaw Creek. The sediment is primarily silt
and clay, based on sampling programs conducted by the MDO.

Disposal Area Design and Construction

Requirements for confinement of dredged material from the upper part of
Mobile Harbor led to selection of diked disposal areas at locations historically
used for unconfined disposal on Blakeley Island. The total area originally
approved for diked disposal included a large portion of upper Blakeley Island
surrounding Polecat Bay. Prior to dike construction, an investigation of
foundation conditions, including both field and laboratory testing programs, was
conducted by the MDO. Ten classification borings and one boring to obtain
undisturbed samples were made along the proposed dike centerline

Chapter 2 Test Site Disposal History and Characteristics
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Figure 3. Sources of dredged material from upper Mobile River and Chickasaw
Creek deposited in Upper Polecat Bay disposal area, Mobile, AL

(Palermo 1977b). These borings revealed that the proposed disposal area
foundation consisted primarily of marsh deposits composed of soft organic
highly plastic clays and silts (OH)' underlain by alternating strata of highly
plastic clay (CH), silty sands (SM), and clayey sand (SC). Silty sands and sands
overlay the organic material in the southern portion of the site, probably
deposited by previous unconfined dredging operations. Some of this coarse-
grained material was subsequently utilized for dike construction. Laboratory
tests, including triaxial compression and consolidation tests, were performed on
samples from the upper strata of highly plastic organic and inorganic clays.
Assessment of test data indicated that the in situ foundation material had very
low shear strengths and was highly compressible.

Construction of stable retaining dikes on the soft organic foundation was
accomplished by end-dumping sand and displacing the soft materials.
Approximately 191,139 cu m of fine sand (SP) available in the southern portion
of the area was borrowed for dike construction. A bulldozer was used to push the
dumped sand onto the soft foundation and shape a base for the advancing fill.
During construction, soft foundation material was displaced, creating a mud
wave at the head and sides of the base section. Following final placement of the
base section, the embankment was formed by end-dumping sand. The
embankment was semi-compacted by truck traffic, but no other compactive effort
was used. Slopes of the completed dike were seeded, and overlapping sheets of

! Symbols in parentheses refer to USCS classification of the material.
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6-mil polyethylene sheeting was placed on the interior slopes (USAE District,
Mobile 1975).

Conventional dragline construction techniques were used to place dike
material in the southeastern part of the site where better foundation conditions
existed.

The dike was constructed with a total length of 2,895.6 m. Crown elevations
varied between el 14 and 16 ft mlw ', with side slopes of approximately 1V:1H.
Natural ground in the site interior was el 2 to 3 ft mlw, except for higher
elevations of el 5 to 10 ft mlw in the southern portion of the site. Two outlet
weirs (box-type, fabricated from sheet steel with a weir crest length of 6.10 m)
were located at points along the east dike.

Post-Construction Investigations

Three additional foundation borings were made by the MDO at the UPB site
following completion of the dikes to determine displacement of foundation
material resulting from dike construction. Examination of boring logs indicated
that significant displacement of the soft marsh materials had occurred during dike
construction.

A separate investigation was later conducted by the MDO to determine the
nature of the sand dike foundation (Winter 1972). The sand base formed a bulb-
shaped mass below the original ground line and displaced of the soft clays.

Two foundation borings were also made in 1976, after dredged material
placement, in connection with DMRP studies at the UPB site. These borings
were made to further define foundation stratification and to obtain undisturbed
samples of the compressible foundation material as consolidated from the
overburden of dredged material placed in the site. Piezometers were installed in
both bore holes to determine groundwater conditions within the foundation. All
foundation investigations at the UPB site indicated similar generalized
foundation conditions, as shown in Figure 4.

Dredged Material Disposal Operations

Dredged material was first placed in the UPB area during the period
December 1971 to March 1972. The material was dredged from the upper
Mobile River navigation channel immediately below the site, from Cochran
Bridge to a point approximately 842.8 m south of the bridge. The 0.686-m
pipeline dredge DAVE BLACKBURN was used under contract with the MDO.
A summary of dredging data is presented in Table 2. The limits of this work
were indicated in Figure 3, and will hereafter be referred to as Dredged Area A.

The UPB site was designated as the primary disposal site for material from
Dredged Area A, with a diked area opposite Chickasaw Creek as the secondary
disposal site. Outlet pipes were placed at both disposal sites and were connected
with a “Y” valve, allowing disposal into either site. As material was placed in

! Survey elevation data presented here and elsewhere in the report are reported in units of feet, as
these were of official units of the U.S. Coast and Geodetic at the time of report preparation.
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Table 2

Pertinent Data for Dredging of Dredged Area A
Dredge DAVE BLACKBURN

Dredge size 27-in. (0.686-m)
Dredging period December 1971 to March 1972
Location See Figure 3
Total days on job 83 days

Days lost 20 days

Total pumping time 894 hr

Gross capacity per hour 1,390.7 cum
Average daily advance 117.4 m

Net yardage 1,069,746 cu m
Gross yardage 1,242,697 cu m

the primary site and suspended solids concentrations in the effluent reached
limiting values, dredged material would then be temporarily route to the
secondary site for disposal.

Approximately 1,223,288 cu m of sediment were removed from the channel.
The great majority of the material was placed in the UPB site; however, records
concerning exact volumes placed in the respective sites were not kept. The inlet
pipe location at the UPB site was near the southeast corner of the disposal area.
Sediment removed from Dredged Area A consisted primarily of fine-grained
clays and silts, with a small fraction of sand. During disposal, the coarser
materials were deposited near the inlet pipe, creating an area of high ground in
the southeast corner of the disposal area. Fine-grained material was carried
northwestward toward the discharge weir and was eventually deposited over
most of the disposal area.

The UPB site remained inactive until January through March 1973, when
dredging operations were again performed in the upper Mobile River. Material
was placed in the UPB site from an area immediately north of Cochran Bridge,
extending approximately 1,655 m into the Chickasaw Creek channel. The
0.457-m pipeline dredge STUART was used under contract with MDO. A
summary of dredging data is presented in Table 3. The limits of this work were
indicated in Figure 3, and will hereafter be referred to as Dredged Area B.

The inlet pipe for material from Dredged Area B was initially located in the
southeast corner of the disposal area. Sandy material was encountered
immediately above Cochran Bridge during the dredging operation, and this
material further added to the high mounded area in the southeast corner of the
disposal area. The inlet pipe was later moved adjacent to the south discharge
weir during the dredging operation in the Chickasaw Creek channel. This weir
was closed during that portion of the dredging operation. The dredged material
from Chickasaw Creek primarily consisted of fine-grained clays with small
fractions of sand and contained significant amounts of wood chips and bark
present in the channel as residue from wood-processing industries located along
the creek. The coarser-grained materials and wood chips were deposited in front
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of the inlet pipe. Fine-grained material was carried toward the north weir and into
a low energy area created by poor circulation in the southwest corner of the
disposal area. A total of 194,645 cu m of sediment was removed from Dredged

Area B.

Table 3

Pertinent Data for Dredging of Dredged Area B

Dredge STUART

Dredge size

18 in. (0.457-m)

Dredging period

October 1972 to June 1973

Location See Figure 3
Total days worked 68

Total pumping time 887 hr

Gross capacity per hour 1,205.7 cum
Average daily advance 69.2m

Net yardage 733,738 cum

Gross yardage

1,071,272 cum

Chapter 2 Test Site Disposal History and Characteristics



3 Field and Laboratory
Geotechnical
Characterization

Field Investigation Program

Field investigations at the UPB disposal area were conducted to characterize
the site and to obtain information on dredged material properties. The
investigations consisted of site surveys and borings taken in the dredged material
to obtain samples for laboratory testing. Exploration services were provided by
the Core Drill Section, MDO.

Initial site condition surveys at the time of field investigations indicated that
a surface crust of dried material 51-mm to 152-mm thick existed over a majority
of the 34.4-ha site. Desiccation cracks in the surface crust exhibited a typical
polygonal pattern. In many areas, the thin crust would not support a man's
weight. A layer of fine-grained dredged material approximately 2.44-m thick,
having the consistency of warm axle grease, existed beneath the crust. This
material was generally at water contents above the liquid limit. Approximately
80 percent of the site-surface area was under ponded water, and little vegetation
existed. Topography was generally flat with a higher area of sandy material
located in the southeast corner of the site and a gentle grade from this area down
to the location of the north outlet weir.

An initial boring was made at the UPB disposal area in May 1975, located
152.4-m east of the north outlet weir, to obtain samples for initial definition of
dredged material physical properties. Soil conditions would not support the
weight of drilling equipment, so samples were taken by hand-pushing 127-mm
ID Shelby tubes. The boring was carried to a depth of 3.05 m.

Twenty-six additional borings were made during July and August 1975,
designated BI-1 through BI-26. Boring locations were chosen to characterize
generally conditions within the entire disposal area and to obtain detailed
information along the central east-west axis of the site. Borings were made by
hand using a 76.2-mm ID piston-type Hvorslev sampler, with continuous samples
taken to a maximum depth of 3.81 m (through the dredged material layer into
foundation soils) below the dredged material surface. Borings BI-5 and BI-25
were attempted in the southeast corner of the disposal area, but the sandy
material exhibited a high resistance to hand push sampling, so only surface

Chapter 3 Field and Laboratory Geotechnical Characterization
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samples were taken. A total of 102 undisturbed dredged material samples were
taken during the investigation.

Groundwater level observation wells were installed in 24 boreholes. The
wells were fabricated from 1.52-m sections of Schedule 80 slotted plastic pipe,
connected to 2.44-m plastic pipe risers. The slots were wrapped in Filter-X filter
cloth and seated to a depth of approximately 3 m. Details of the installation are
shown in Figure 5.

Laboratory Testing Program

Samples from the May 1975 127-mm bores were tested by the Division Soils
Laboratory of the USAE Division, South Atlantic. Testing included USCS
classification, natural water content, in situ density, Atterberg limits, and particle
size determination. The procedures followed conformed to EM 1110-2-1906.

Tests performed on the July-August 1975 76.2-mm undisturbed samples
from borings BI-1 through BI-26 were carried out by the WES Soils and
Pavements Laboratory and included USCS classification and natural water
content determination on all samples with in situ density, particle size
determination, specific gravity of solids, Atterberg limits, vane shear, and
consolidation tests carried out on selected samples. The testing program sought
to determine physical and engineering properties of the dredged material for use
in estimating potential shrinkage and consolidation. The testing procedures
conformed to EM 1110-2-1906. Selected samples were also tested to determine
shrinkage behavior, using methods described in Appendix X of B (1977b), and
testings was performed by the WES Environmental Effects Laboratory.

Results of Field and Laboratory Investigations

Test results for the 127-mm boring are summarized in Table 4. Densities
increase with depth while water contents decreases with depth, reflecting gravity
consolidation of the dredged material. Individual boring logs and test data are
presented in Appendix B of Palermo (1977a).

Physical and Index Properties

Eighty-two of 102 dredged material samples from the 76.2-mm undisturbed
borings were fine-grained and USCS classified CH (highly plastic inorganic
clay). Despite its CH classification, the material typically contained
approximately 5 percent organics. Grain-size analyses and Atterberg limit
determinations were performed on 34 CH samples. A composite grain-size
distribution curve is presented in Figure 6. Twenty-one samples contained
minimal sand with an average of 93 percent (by weight) passing the U.S. No. 200
sieve and 41 percent finer then 1 um (0.001 mm). The remaining fine-grained
samples had an average of 78 percent passing the U.S. No. 200 sieve and
31 percent finer than 1 p. Grain-size data are summarized in Table 5 and
individual grain-size distribution curves are presented in Appendix C of (1977a).

Chapter 3 Field and Laboratory Geotechnical Characterization
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Figure 5. Observation well detail

Table 4
Test Results from 127-mm Undisturbed Samples
Dry
Natural Percent Density Wet Density
uUscs Water Liquid Plasticity | Passing U.S. Kg/cu m, kg/cu m,
Depth, m Classification | Content, % | Limit Index No. 200 Sieve | Ib/cu ft Ib/cu ft
0.00-0.61 CH 167 111 70 89 434,271 126.8, 79.2
0.61-1.22 CH 128 89 59 94 54.6, 34.1 132.9, 83.0
1.22-1.83 CH 98 71 45 88 68.8, 43.0 142.5, 89.0
1.83-2.44 CH 86 83 56 95 77.7,48.5 148.9, 93.0
2.44-3.05 CH 70 66 41 85 90.6, 56.6 155.3,97.0

Chapter 3 Field and Laboratory Geotechnical Characterization 17
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Table 5
Summary of Grain-Size Data for Fine-Grained Dredged Material

Percent
USCS No. of Dgo, Percent Passing, Finer than
Classification Samples mm Deo, mm | Dsp, mm U.S. No. 200 Sieve .001 mm
Highly plastic
clay (CH) 21 .058 .0087 .004 93 41
Highly plastic
sandy clay (CH) 13 123 .0360 .014 78 31

A few of the samples were USCS classified SM (silty sand), SC (clayey
sand), or SP (poorly-graded sand). Coarse-grained material generally settled near
the inlet location while finer-grained material was carried toward the discharge
weirs. Some samples taken from the 2.28-m to 3.05-m and 3.05-m to 3.81-m
depths had a USCS classification of OH (highly plastic organic clay and silt);
these samples are of the disposal site foundation.

Atterberg limits were determined for 33 dredged material samples. The data
are also summarized in Table 6. Testing included determination of the sticky
limit, the water content above which a mixture of soil and water will adhere to a
steel spatula in addition to the usual liquid and plastic limits. Results indicate
that the material behaves as highly plastic inorganic clay (CH), even though it
contained approximately 5 percent of organic material.

A total of 42 specific gravity of solids determinations were made. Individual
values are presented in Appendix B of Palermo (1977a, b). The average specific
gravity of solids for all samples tested was 2.66.

The in situ dry density of selected dredged material samples was determined
during consolidation testing. Values are plotted separately and are also presented
with consolidation data in Appendix D of Palermo (1977a). Dry density values
generally increased with depth reflecting the self-weight gravity consolidation of
the dredged material.

Engineering Properties

Consolidation tests were run on 20 selected samples of fine-grained dredged
material. Specimens were prepared in 63.5-mm ID rings and loaded in fixed ring
consolidometers. Load increments of 0.392, 3.992, 7.845, 15.690, 31.381,
62.762, and 125.525 kPa were used in the tests. Rebound increments were also
run on a majority of the tests. Consolidation data are summarized in Table 7,
including values of the compression index C. and preconsolidation pressure P..
Individual test data, including e-log P and e-log t plots, are presented in
Appendix D of Palermo (1977a).

Chapter 3 Field and Laboratory Geotechnical Characterization



20

Table 6
Atterberg Limit Summary for Dredged Material

Water
USCS Liquid Plastic Stickey Plasticity | Content, Liquidity
Boring Sample Classification | Limit, LL | Limit, PL Limit, SL Index, PI W,, % Index, I,
BI-3 1 CH 150 33 95 117 135 0.87
2 CH 99 35 49 64 130 1.48
3 CH 86 36 48 50 77 0.82
4 CH 89 33 50 56 91 1.03
Bl-4 1 CH 105 35 51 70 103 0.97
2 CH 77 31 46 46 86 1.20
3 CH 79 30 36 49 75 0.92
4 CH 105 30 49 75 149 1.59
BI-8 1 CH 165 52 115 113 183 1.16
2 CH 98 32 42 66 113 1.23
3 CH 78 25 40 53 98 1.38
4 CH 69 25 52 44 73 1.09
BI-9 1 CH 106 36 53 70 180 2.06
2 CH 76 26 33 50 134 2.16
3 CH 85 29 44 56 83 0.96
4 CH 57 24 33 33 194 5.15
BI-12 1 CH 130 a7 74 83 131 1.01
2 CH 81 26 40 55 89 1.15
3 CH 79 29 40 50 78 0.98
4 CH 52 21 30 31 40 0.61
BI-16 1 CH 171 56 97 115 109 0.46
2 CH 93 33 50 60 88 0.92
3 CH 83 31 46 52 87 1.08
4 CH 107 36 50 71 180 2.03
BI-19 1 CH 90 31 47 59 96 1.10
2 CH 78 27 41 51 79 1.02
3 CH 90 30 48 60 81 0.85
BI-22 1 CH 81 31 48 50 77 0.92
2 CH 64 25 35 39 44 0.49
Bl-24 1 CH 107 36 71 71 126 1.26
2 CH 78 29 44 49 99 1.43
3 CH 73 25 36 48 71 0.96
4 CH 83 28 42 55 65 0.67

Laboratory consolidation tests on settled material usually indicate an over-
consolidated condition until the effective overburden stress is exceeded (Bishop
and Vaughan 1972). This behavior was noted for the material tested with the
higher load increments for all tests indicating a virgin compression relationship
with clearly defined values for C.. Values for preconsolidation pressure P, were
determined by accepted EM 1110-2-1906 Casagrande graphical construction. P,
values were generally higher than existing overburden pressures for samples
from shallow depths (0 to 0.76 m), probably from desiccation of the upper layers.
Also, previous laboratory consolidation testing on dredged material indicates that
P, values greater than overburden may be attributable to sample disturbance
during trimming and ring friction during the test (Salem and Krizek 1973).

Chapter 3 Field and Laboratory Geotechnical Characterization




Table 7
Summary of Laboratory Consolidation Test Results
Initial Natural Initial Dry

Preconsolidatio | Void Water Density SP
Sample USCS Compressio | n Pressure, P, Ratio, Content, | kg/cum, Gravity of
No. BI- Classification | nIndex, C. kPa, Ib/sq ft - Wo, % Ib/cu ft solids, G
2-2 1.084 10.5, 220 3.44 126.4 60.8, 38.0 2.70
3-1 CH 1.139 12.9, 270 3.27 119.8 57.6, 36.0 2.46
3-2 CH 1.148 8.0, 168 3.45 128.9 59.7,37.3 2.66
3-3 CH 0.956 12.9, 270 2.82 99.6 71.7,44.8 2.74
34 CH 0.785 11.9, 248 2.58 88.2 75.9,47.8 2.74
3-5 CH 2.099 27.8, 580 4.04 158.5 47.2,29.5 2.38
4-1 CH 1.259 15.4, 322 3.64 1331 58.3, 36.4 2.70
4-2 CH 1.013 10.9, 228 3.14 117.4 64.0,40.0 2.65
4-3 CH 0.600 9.1, 190 2.10 76.9 86.0, 53.7 2.67
4-4 CH 0.707 11.7, 244 2.20 77.7 85.2,53.2 2.73
4-5 CH 1.460 24.9, 520 2.90 111.6 62.8, 39.2 245
8-2 CH 1.036 6.7, 140 3.20 115.3 64.7,40.4 2.72
9-2 CH 1.103 5.1, 106 3.71 133.0 57.5,35.9 2.71
10-2 CH 0.770 11.3, 236 2.59 92.2 75.4,47.1 2.71
12-2 CH 0.860 10.6, 222 2.83 103.3 71.2,44.5 2.73
16-2 CH 1.243 8.2,172 3.87 138.6 56.0, 35.0 2.73
19-2 CH 0.945 13.2, 276 2.78 100.3 71.6,44.7 2.71
21-2 CH 1.041 12.6, 264 3.12 108.9 66.0,41.2 2.72
23-2 CH 0.966 13.6, 284 2.80 99.7 71.4,44.6 2.72
24-2 CH 0.948 8.9, 186 2.57 90.8 75.6,47.2 2.70

Values of the compression index C, varied between 0.60 and 1.26 for the CE
dredged material with an average value of 0.92. Foundation samples (OH)
yielded higher values.

Values of the coefficient of consolidation ¢, were computed using the e-log t
data for 50 percent primary consolidation. Individual data are given in
Appendix D of Palermo (1977a). Values of ¢, ranged between 4.0 x 10 and 1.3
x 107 sq m/sec with an average minimum of 3.0 x 10™* sq m/sec for effective
stresses in the range 7.845 to 15.690 kPa.

Reduction in volume of fine-grained dredged material from desiccation
shrinkage is an important part of any densification process. Previous research on
dredged material drying and crust formation indicated that volume reduction is
essentially equal to the volume of water removed (Brown and Thompson 1977).
The change in volume from removal of water at low water contents is also
dependent upon the type and relative amount of clay minerals present in the

Chapter 3 Field and Laboratory Geotechnical Characterization 21



22

dredged material (Haines 1923). Clay mineralogy analyses indicated that the
dredged material had a Montmorillonite content of about 25 percent and, thus, a
high shrinkage potential. Linear shrinkage tests were carried out to estimate the
dredged material densification expected from desiccation. Tests were run using
linear shrinkage molds and a special test procedure (Appendix E of Palermo
(1977a)) based on Test Method Tex 107-E used by the Texas Highway
Department (THD) for determining the linear shrinkage. Dredged material was
placed in linear shrinkage molds at initially high water contents and air-dried. In
addition to drying the material to the shrinkage limit as called for the THD test,
the water content and resulting volumetric change was determined periodically
during the drying process. A correlation between water content and volumetric
change was then determined.

A total of 49 linear shrinkage tests was performed on CH dredged material
samples. The samples were initially placed in molds at water contents above the
liquid limit and dried to the shrinkage limit. All tests indicated a linear
relationship between water content (w) and percent of initial volume (%v). The
slope of the linear relationship w/%v was defined as the coefficient of shrinkage
C,. The average C; value for all tests was 2.34. Average volume reduction was
equal to the volume of water removed. Differences in the value of C; may thus
be attributed to differences in initial water content of the samples.

At low water contents, particle repulsion and friction tends to limit volume
reduction, slightly affecting the linear relationship. Previous research regarding
soil drying and shrinking has also indicated a deviation from a linear relationship
at low water contents (Brown and Thompson 1977). However, since it was
doubtful that these extremely low water contents could be achieved by dredged
material dewatering and densification techniques now available, a simple
straight-line relationship (as shown on the shrinkage test results in Appendix D of
Palermo 1977a) is representative of expected field behavior.

The hydraulic conductivity (coefficient of permeability) k of the dredged
material was determined indirectly by laboratory consolidation testing data and
directly by variable head field permeability tests. Consolidation test data were
used to indirectly compute values of k using the EM 1110-2-1906 relationship.
Based on the time for achieving 50 percent primary consolidation, computed
values of k are shown plotted in Figure 7 for various consolidation pressures with
an average indicated value of 1 x 10 m/sec.

Variable head permeability tests were run on 14 small diameter wellpoints
installed at the UPB site. The wellpoints were of the Casagrande type,
constructed using 152.4-mm lengths of 25.4-mm ID, 38.1-mm OD porous stone
and 12.7-mm ID Saran tubing risers encased in 19.1-mm PVC pipe. Twelve of
the points were encased in 101.6-mm diameter sand filters held in place by nylon
mesh. Points were seated at various depths below the surface by hand pushing a
101.6-mm ID outer PVC pipe containing the tip and riser into the dredged
material below the hardened crust lifting the outer pipe and leaving the riser,
filter, and tip at the desired depth. Details of the installation are shown in
Figure 8. Depths of installation and other pertinent data are summarized in
Table 8.
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Figure 8. Detail of wellpoints used for variable head permeability tests
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Table 8
Variable Head Field Permeability Test Results
Filter Coefficient of
Tip Depth, | Surrounding Initial Head, | Permeability, k,

Wellpoint m Casagrande Tip Type Test m m/sec

C-1 2.32 sand Falling Head 0.26 7.7%x107
Falling Head 0.23 8.8 x 107

C-2 1.52 sand Rising Head 1.07 0.5x 107
Falling Head 0.18 10.3x 107
Falling Head 0.22 205x%x 107

C-3 0.91 sand Falling Head 0.15 1.5x 107
Falling Head 0.39 12.3x 107

C-4 2.44 sand none - -

C-5 0.98 sand Rising Head 0.54 1.0x107

C-6 1.52 sand Rising Head 1.33 0.4 x107

C-7 2.59 sand Falling Head 0.15 20.5%x 107
Falling Head 0.33 61.5%x 107

C-8 213 sand Rising Head 0.58 3.8x 107
Falling Head 0.15 61.5x 107

C-9 1.52 sand Rising Head 0.67 1.4 %107
Falling Head 0.10 41.0 x 107

C-10 2.53 sand none -- -

C-11 2.10 sand Rising Head 0.69 2.6x107

C-12 1.52 sand Rising Head 0.13 7.7 x 107

T-1 2.44 none none - -

T-2 2.41 none none - -

Ten falling head tests and seven rising head tests were conducted on six of
the wellpoints immediately after installation. Permeabilities were computed
using the basic time lag procedure developed by the WES (Hvorslev 1951).
Results of the rising head tests indicated an average k of 2.5 x 107 m/sec,
significantly higher than values of about 1 x 10™ m/sec indirectly determined
from consolidation test data. The mass permeability of the dredged material is
significantly higher than that indicated by laboratory size specimens from the
presence of organic material, wood chips, silt and sand lenses, etc. The rising
head tests also indicated higher permeability at the southernmost wellpoints C-8,
C-9, and C-12.

Falling head test results indicated an average k of 2.5 x 10 m/sec, but the
head could not be raised above 0.39 m. Relationship of head ratios with time
also appeared non-linear, suggesting that hydraulic fracturing of the dredged
material might have occurred. Other research confirmed that hydraulic fracturing
does occur in the UPB dredged material with heads of approximately 0.3 m (see
Chapter 7). More reliance should therefore be place on rising head test results.
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Clay Mineralogy of Dredged Material

A petrographic analysis of six CH dredged material samples was performed
by the WES Concrete Laboratory. X-ray diffraction methods were used to
determine the mineralogical composition with special emphasis on clay
mineralogy and clay content. Four qualitative and two quantitative analyses were
performed with results presented in Tables 9 and 10. The samples were generally
composed of montmorillonitic and chloritic clay, clay mica, quartz, and traces of
other non-clay minerals. Organic content, as determined by ignition loss, was

5 percent.
Table 9
Qualitative Mineral Composition of Dredged Material’
Samples
CL-7 SS-1 CL-7 SS-2 CL-7 SS-3 CL-7 SS-4 CL-7 SS-5 CL-7 SS-6

Constituents® BI-1 No. 33 BI-6 No. 3 BI-2 No. 2 BI-13 No. 2 BI-16 No. 2 BI-19 No. 2

Clays
Montmorillonite Cc C C Cc Cc C
Chlorite C C C C C C
Clay-mica M M R M M M
Kaolinite R R R R R R

Nonclays
Quartz | | | | | |
Potassium Feldspar R R N.D.2 R R R
Plagioclase Feldspar R R R R R R
Halite R R R R R R
Hematite N.D. N.D. R M N.D. R
Calcite N.D N.D. R R N.D. N.D.

' Determined by X-ray 