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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P. O. BOX 631
VICKSBURG, MISSISSIPPI 39180

N REPLY REFER TO:  WESYV 31 December 1977

SUBJECT: Transmittal of Technical Report D-77-20 (Appendix A)

TO: All Report Recipients

1. The technical report transmitted herewith represents the results of
one of several research efforts (work units) undertaken as part of

Task 1A, Aquatic Disposal Field Investigations, of the Corps of Engi-
neers' Dredged Material Research Program. Task'1lA is a part of the
Environmental Impacts and Criteria Development Project (EICDP), which has
as a general objective determination of the magnitude and extent of ef-
fects of disposal sites on organisms and the quality of surrounding
water, and the rate, diversity, and extent such sites are recolonized by
benthic flora and fauna. The study reported herein was an integral part
of a series of research contracts jointly developed to achieve the

EICDP general objective at the Galveston, Texas, Disposal Site, one of
five sites located in several geographical regions of the United States.
Consequently, this report presents results and interpretations of but one
of several closely interrelated efforts and should be used only in con-
junction with and consideration of the other related reports for this site.

2. This report, Appendix A: Investigation of the Hydraulic Regime and
Physical Nature of Sedimentation, is one of three contractor-prepared
appendices published relative to the Waterways Experiment Station Tech-
nical Report D-77-20 entitled: Aquatic Disposal Field Investigations,
Galveston, Texas, Offshore Disposal Site. The titles of all contractor-
prepared appendices of this series are listed on the inside front cover
of this report. The main report will provide additional results, in-
terpretations, and conclusions not found in the individual contractor-
prepared reports and provide a comprehensive summary and synthesis
overview of the entire project.

3. The purpose of this study, conducted as Work Unit 1A09A, was to de-
termine the fate of dredged material after deposition in the disposal
site. The report includes a discussion of currents, bathymetry, criti-
cal erosion velocities, and sediment composition in the vicinity of the
site. The sediment distribution was determined through grab sampling,
coring, subbottom profiling, and bathymetric surveys. Laboratory
studies were conducted to determine the erosional characteristics of
the dredged material.



WESYV 31 December 1977
SUBJECT: Transmittal of Technical Report D-77-20 (Appendix A)

4. Although the reader is cautioned as to the usefulness of the authors'
conclusions and interpretations, the data in their input will be useful
in determining the placement of dredged material for open-water disposal.
This could lead to optimization of either dispersal or retention of the

material as a technique for maximum environmental protection at this
site.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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DISCLAIMER

The primary objective of Contract DACW64-75-C-0069 was to deter-
mine the fate of dredged material after it had been deposited in the
Galveston, Texas, offshore dredged material disposal site. This was to
include studies of currents, bathymetry, critical erosion velocities,
sediment composition, and pathways of dredged material dispersion.
Personnel of the Dredged Material Research Program (DMRP) feel that
several factors should be kept in mind by those desifing to use the
findings of this study as stated in the conclusions.

First, very little predisposal data were obtained. Hence, it is
not possible to ascertain conclusively if observed changes in sediment
characteristics at a number of sampling stations were related to dredged
material disposal rather than normal seasonal fluctuations in these
sediment characteristics.

Second, the contractor was unsuccessful in attempts to develop a
quantitative method for differentiating dredged material sedimentologi-
cal characteristics from disposal site sedimentological characteristics.
This problem is further complicated by the contractor's failure to use
appropriate bathymetric aids during much of the postdisposal sampling
effort.

Third, the physical data base used in analysis and interpretation
of dredged material effects is inadequate due to several factors. Much
of the data obtained during the initial contract period either could
not be verified or was lost. Additionally, the failure to adhere to
the specified experimental design during the immediate postdisposal
investigation resulted in insufficient numbers of sampling stations and
sample replication to evaluate acute impacts of dredged material dispo-
sal.

In view of the problems described herein, the reader should be
cautious when considering the appropriateness and validity of the
interpretations and conclusions of this report regarding the impacts of
dredged material disposal at the Galveston disposal site. Likewise,
extrapolation of these study results to other dredged material disposal

operations is not recommended.
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PREFACE

This report represents study results of a multi-faceted inves-
tigation of the geological processes of deposition, erosion, and trans-
port of dredged materials within the area of the Galveston offshore
Dredged Material Disposal Site (DMDS). The primary objective of the
study was to determine the fate of disposed dredged materials within the
area of the offshore Galveston Dredged Material Disposal Site. Field
and laboratory studies were conducted during the period 6 March 1975-20
November 1976. The study was monitored by the U. S. Army Engineer
Waterways Experiment Station (WES), Environmental Effects Laboratory
(EEL), Vicksburg, Mississippi, under Contract Number DACW64-75-C-0069.
The investigation was part of the Dredged Material Research Program
(DMRP) which is sponsored by the Office, Chief of Engineers.

The report was written by Drs. E. L. Estes and R. J. Scrudato,
Department of Marine Sciences, Moody College, Texas A&M University, and
contains a compilation of data provided by numerous investigators. Dr.
Arnold Bouma and Dr. George Huebner were coprincipal investigators for
the geological phase of the study. Dr. Gary Hall, formerly with the
Department of Oceanography, Texas A&M University, was the project co-
ordinator; Messrs. Anthony Moherek and Bruce Sidner, Texas A&M graduate
students, were involved with field, laboratory, and data analyses. Mr,
Dale Coulthard, former Texas A&M graduate student, was primarily in-
volved with the predisposal phase of the geological study.

Numerous individuals assisted with the compilation and inter-
pretation of this report. Dr. Donald Harper, Moody College, Texas A&M
University, provided many helpful suggestions and critically reviewed
all drafts. Ms. Vicki Tyson and Ms. Lynda Cashiola patiently contri-
buted their time and expert secretarial assistance. Mr. Charles
Coleman, Moody College, Texas A&M University, was involved in all phases
of the report including data compilations and interpretations. Dr.
Thomas Wright, technical monitor (EEL), provided many helpful sugges-
tions.

The study was under the general supervision of Dr. Robert M.



Engler, Manager, Environmental Impacts and Criteria Development Project,
and Dr. John Harrison, Chief, EEL. During the investigation, Col. J. L.
Cannon was Commander and Director of WES and Mr. F. R. Brown was Tech-

nical Director.
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AQUATIC DISPOSAL FIELD INVESTIGATIONS, GALVESTON, TEXAS,

OFFSHORE DISPOSAL SITE

APPENDIX A: INVESTIGATION OF THE HYDRAULIC REGIME AND
PHYSICAL NATURE OF SEDIMENTATION

PART I: INTRODUCTION

1. The Environmental Effects Laboratory (EEL) of the U. S. Army
Engineer Waterways Experiment Station (WES), Vicksburg, Mississippi, has
established four regional study sites in coastal U. S. waters to assess
the environmental impacts associated with the offshore disposal of
dredged material. In the Gulf of Mexico, Galveston was chosen as the
experimental site. In the Great Lakes region, the research site was at
Ashtabula, Ohio, in Lake Erie. Two sites were located on the Pacific
Coast: at the mouth of the Columbia River, Oregon, and at the mouth of
the Duwamish River, Washington. These field studies were a part of the
Agquatic Field Disposal Investigation of the Dredged Material Research
Program conducted by WES.

2. The economies of Houston and Galveston are greatly dependent
on the unrestricted movement of vessel traffic through the ship channel
system in Galveston Bay. Annual maintenance dredging must occur in the
outer reaches of the channel system, namely, the entrance channel, the
outer bar channel, and the inner bar channel, to keep the channels at
their authorized depths of 12.0 to 12.5 m. Sand, silt, and clay are
continually being deposited by tidal currents flowing through Bolivar
Roads, and an average of 1.42 million m3 of sediment are removed each
year from these three portions of the channel. The dredged material is
transported to the Dredged Material Disposal Site (DMDS) offshore from
Galveston and released.! Galveston represents a fairly typical channel
maintenance problem representative of the Gulf Coast: large volumes of
sediments are dredged annually and disposed offshore in water depths of
15 m or less.

3. Maintenance dredging prior to and during this study was ac-



complished by the ﬁopper dredge McFARLAND, which has a single load
capacity of 2294 m3. Dredging is accomplished by lowering side-mounted,
hydraulic suction arms to the channel bed while the dredge moves ahead
slowly. Loose sand, silt, and clay are sucked into the head and pumped
into hopper bins located amidships. When the hoppers are full, the arms
are raised and the dredge steams to the offshore disposal site where the
load of dredged material is vented through doors in the hull.

4. Maintenance dredging is necessary to maintain shipping access
to Galveston Bay ports. If left undredged, the entrance channel would
quickly shoal and be unnavigable within two years. The primary objec-
tive of this project was to determine if, and to what extent, dredging
and dredged material disposal affected the environment.

5. The report is divided into five major sections including:

a. An introduction that discusses dredging operations,
objectives of the investigation, the study design,
location, and a review of literature.

|o*

The materials and methods section, which discusses
the field and laboratory procedures followed for the
study. This section reviews the methods followed
for the pilot study and pre- and postdisposal

phases of the project.

c. The discussion of results of the bathymetry, sub-
bottom seismic surveys, sediment distributions,
carbonate distributions, sediment tracer experi-
ments, remote sensing, the hydraulic regime and the
currents within the DMDS and adjacent areas.

e

The interpretation of results section discusses the
sedimentological and carbonate concentration changes
at the three disposal sites (buoys B, C, and D) and
two control sites. In addition, a summary of the
hydrographic results is presented.

e. A review of many of the problems encountered during
the course of the study. This section also proposes
several recommendations regarding the overall design
and operation of the project.

Objectives

6. The Galveston study was tripartite involving geological,

biological, and water-quality studies. The primary objectives of this



report were to develop a more comprehensive understanding of the physi-
cal and geological processes affecting deposition, erosion, and trans-

port of natural sediments and dredged material in the ship channel and

in the offshore dredged material disposal site. Specific objectives of
this portion of the study were to:

a. Determine the bathymetry, sedimentology, and subbottom
characteristics of the dredged material disposal site
prior to the initiation of disposal activities.

b. Determine the characteristics of the hydraulic regime
including the critical erosion velocities necessary to
suspend and transport sediments, current velocities and
direction, and amounts of suspended matter in the water
column.

c. Determine the natural changes in sediment composition
through time.

d. Determine if the dredged material mounds were being
eroded through time and where the material was being
transported.

e. Monitor disposal activities to determine the length
of time required for ambient conditions to re-establish.

Study Design

7. This study involved two major phases: a pilot study, which
was designed to rapidly survey the Galveston offshore Dredged Material
Disposal Site (DMDS) and environs and the ship channel from which sedi-
ments would be removed, and an experimental study. Initially, the
latter study was to have consisted of a baseline study to provide in-
formation on natural changes in the physical and geological charac-
teristics in the general study area and, secondly, a monitoring study
during which dredged material disposed at selected locations would be
monitored to determine if erosion occurred at the mounds or if the
mounds were being colonized by benthic invertebrates. The baseline
study was deleted from the study program mainly because time and money
were limited. This was, in retrospect, an unfortunate circumstance. As
will be explained more fully in later sections, considerable information

is lacking on the natural sedimentological changes in the vicinity of



the disposal mounds.
Location

8. The Galveston offshore Dredged Material Disposal Site (DMDS)
is located about 3.8 km southeast of the southern limit of the Galveston
South Jetty (Figure 1). Water depths within the DMDS range from 9.1 m
near shore to 15.8 m at the site's southern boundary. The DMDS was
initially divided into 28 square blocks during the pilot study (Fig-
ure 2). After the experimental study began, buoys were placed in the
DMDS to mark experimental disposal sites. The intended buoy locations
were the center of the boundary between blocks 1 and 2, the center of
block 12, and the center of block 14. The buoy positions were checked,
and, as can be seen from Figure 2, none were in their intended loca-
tions. Buoy B was located in block 8, C in block 12, and D was south-
east of block 14. For the sake of consistency the following notation
will be followed throughout this report. Samples designated as being
from the buoy B site were actually collected in and near block 8.
Samples and data collected from the buoy C site were referred to as
being from the center of block 12, but were actually located to the
southeast of the center point. Buoy D site data and samples were col-
lected to the southeast of the intended site, outside the DMDS. All
data reduced to map form have been corrected for proper sampling loca-

tions.

Literature Review

9. Galveston Island is part of the barrier island and spit
system that borders the majority of the Texas coast. The importance of
barriers to sedimentation studies is twofold. First, because they are
common along coasts where active sedimentation is currently occurring,
it can be assumed that they were also common in the geologic past. Se-
condly, most barrier islands consist of a sand body deposited between

two mud facies, and such a sequence provides potential traps for the
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concentration of hydrocarbons.

10. The formation of a barrier-protected coast has been discussed
by several investigators. Shepard2 and Hoyt3 rejected the theory of
emergence, which was popular during the early 1900's."* Both Shepard and
Hoyt stated that barriers formed in a region of either slow submergence
or steady state. Shepard also discussed the different characteristics
of Gulf Coast barriers. The origin and development of the Texas shore-
line, which includes the formation of Galveston Island, have been de-
scribed by the following authors: Henry,5 LeBlanc,6 and Lankford and

7 Dpavies et al.® investigated the sedimentary structures and

Rogers.
textures of Galveston Island and compared them to a barrier sequence in
the Lower Cretaceous of Montana. From their studies they devised a
model for barrier island sedimentation.

11. General studies of the surface sediments of the continental
shelf in the northwest Gulf of Mexico have been published (i.e. Greenman
and LeBlanc,9 Curry,10 Scott and Hayesll). However, none of these
authors carried out an extensive study of the Galveston area nearshore
sediments. In addition, a literature review revealed that no studies
had been conducted in the Galveston area for the sole purpose of as-
certaining the direction(s), velocity, and sediment transport of long-
shore currents.

12. The source and distribution patterns of Texas beach and
continental shelf sands have been mapped and divided into distinct
provinces by heavy mineral assemblages (Bullard,l2 Goldstein,13 Hsu, 1%
Van Andel and PoolelS). Three provinces are recognized along the Texas
coast. Progressing west to east these are the Rio Grande Province, the
Western Gulf Province, and the Transition Zone Province (transitional
between the Western Gulf and Mississippi Provinces). Galveston Island
has been placed in the Western Gulf Province by Van Andel and Poole,
with the main contribution of sands coming from the Colorado and
Mississippi Rivers.

13. Pinsak and Murray16 concluded from a regional clay mineral
pattern that the Trinity River, which flows into Galveston Bay, is a

major source of montmorillonite for the Galveston offshore area.

11



14. For a more thorough review of the available literature, a
bibliography is included listing reference materials used by the various

researchers involved with the geological phase of the study.
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PART II: MATERIALS AND METHODS

15. The nature of the sedimentary regime in the dredged material
disposal site and the entrance channel was largely unknown, and a multi-
phased investigation was initiated to obtain the maximum amount of
information within the allowed timeframe. To this end, the following
procedures and operations were applied by a variety of investigators:

a. collection and analysis of bottom samples, b. subbottom profiling,
c. bathymetric surveys, d. hydrographic data collections and analysis,

e. sediment tracer determinations, f. current data collections,

ha

. suspended sediment collection and analysis, h. flume experiments to
determine the physical-hydraulic properties of sediments, and i. remote

sensing of the dredged material disposal operations.
Pilot Study

16. Initially, in order to broadly characterize the DMDS sediment
distributions, the area was divided into 28 square blocks, each 0.8 km
on a side. Sediment samples were collected from each of the 28 sampling
blocks using a spade corer (3/4-size Reineke spade corer) sampler;
accurate navigational equipment was not available and sample locations
were therefore determined by time-velocity runs (dead reckoning) from
known locations. Figure 3 illustrates approximate locations of sampling
stations.

17. Grain-size analyses were conducted on sediment samples by
Texas A&M University (TAMU), Department of Oceanography personnel uti-
lizing the methodology of Folk;!7 means, standard deviations, skewness,
and kurtosis were determined using Folk's graphic methods. Sediment
maps were prepared based on these data.

18. During the pilot study, a subbottom seismic survey utilizing
a 3.5-kHz high-resolution system was made of the DMDS and surrounding

area. Three basic horizons were identified.

13
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Predisposal and Postdisposal Studies

19. During the predisposal phase of the project, samples were
collected with a 136-kg gravity coring device and a Van Veen grab sam-
pler from the Galveston entrance channel system and the DMDS. Figures 4
and 5 illustrate the location of the 118 samples obtained throughout the
area. Both the core and grab samples were preserved and returned to the
TAMU Department of Oceanography laboratory for grain-size analysis using
the sieve and pipette methods of Folk.!7 The top 10-15 cm of each core
and a portion of each grab sample were used for sediment-size analysis.
Core samples were X-radiographed for sedimentary structures, but due to
sediment homogenization, especially in the DMDS, few primary structures
were noted.

20. Heavy minerals were extracted from the sand portion of se-
lected samples with use of bromoform separation and identified with use
of standard optical procedures. Clay mineralogy was determined by X-

ray diffraction analyses using a modified Griml!®

procedure. As heavy
mineral analyses and determination of clay mineralogy were conducted
only for the pilot study, they have no bearing on delineation of post-
disposal sediment transport within the DMDS and will not be discussed
further in this report.

21. Sediment grain-size distribution maps were prepared and
additional maps illustrating sample mean, median, standard deviation
(sorting), skewness, and kurtosis were prepared from reduced data using
the statistical methods of Folk.!”

22. Subbottom profile surveys were conducted using a 3.5-kHz
high-resolution reflection system. During this phase of the study, both
side scan sonar and bathymetry data were collected. Additional ba-
thymetry information was obtained using a variety of bottom profilers,
and variations between instruments were normalized using known depths
outside the immediate vicinity of the DMDS. |

23. Sediment tracer studies were conducted at the buoy B site
(block 8) to delineate sediment transport within the area. Because the

grains used to trace sediment transport within an area must be repre-

15
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sentative of the local sediments, 545 kg of sand were collected at the
buoy B site. After cleaning, portions of the sand were coated with red,
green, and yellow fluorescent dye using a binding agent that would not
affect the hydrodynamic character of the original grains. To limit
suspension, the colored sand was returned to the sea floor in a closed
vessel in the area of buoy B. The surrounding area was sampled at 24
and 48 hr after release to determine the extent of treated sand migra-
tion.

24, Treated sand was released at buoy B on 10 November 1975, but
no current data were taken at the time of release. During 12-14 Decem-
ber 1975, a second tracer experiment was conducted and current data were
obtained. Isopleth maps were prepared to illustrate sediment movement
observed during these time periods.

25. To establish existing circulation patterns within the study
area, numerous current velocity vertical profiles and bottom current
measurements were conducted. The type, date, location, and time period
for the current meter data are listed in Table 1. Tidal currents and
their influence on circulation patterns in the DMDS were discussed by
Hall.l9

26. A Bendix Q-15 current meter was used to obtain current pro-
files by lowering the meter in 1,5-m increments to a depth of 1.5 m
above the sea floor. At this point the lowering increment was changed
to 0.3 m until the bottom was reached. This technique provided in-
stantaneous current speed and direction data for the total water column.

27. The quantity and distribution of suspended sediment in the
water mass were determined in an attempt to delineate sedimentation
patterns, associated currents, and transport phenomena and to define
distinct water masses. A booster pump and a length of polyurethane
tubing were used to collect most water and suspended sediment samples
from discrete water depths.

28. Flume experiments utilizing four sand, silt, and clay mix-
tures collected from the DMDS were conducted to determine the critical
erosion velocity, shear stress, and modes of sediment transport for each

sediment mixture. A hydrographic analysis, based on meteorologic and
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oceanographic data collected between February and June 1976 for the
offshore Galveston area, was also performed. Results of the flume
experiments and the hydrographic analysis were extrapolated to sediment
transport processes believed operative in the DMDS.

29. Flume experiment samples were taken with a 0.3-m3 box corer,
which allowed recovery of approximately 100 kg from each of the four
sampling locations within the DMDS. Samples were obtained from block 15
and buoy C sites (block 12) during November 1975; block 27 and buoy D
sites were sampled in May 1976. Sample locations for blocks 15 and 27
were determined using time-velocity runs from marked locations and are
therefore approximate. Buoys C and D sampling site stations were lo-
cated approximately 30 m southwest of the respective buoys, which per-
mitted the sampling of disposed dredged materials. 1In addition to the
inertia current meters, current data were also collected with a Bendix
0-15 current meter and two Braincon Savonius continuous recording cur-
rent meters from buoy sites B and D.

30. Grain-size analyses were performed on homogenized field
samples utilizing the sieve and pipette methods of Folk;l7 statistical
parameters of mean, standard deviation, skewness, and kurtosis were also
determined. The physical properties of collected samples were deter-
mined and critical shear stress and erosional velocity were determined
by flume experiments.

31. A final facet of the study involved the use of remote sensing
of dredged material disposal operations. Overflights were made on 28
August, 9-10 September, and 9 October 1975. Overlapping photos were
taken along a prearranged flightline using Eastman Kodak Ektachrome
infrared film with a Wratten 15 (yellow) filter. For sake of brevity,
these photos are not included in this report; selected photos are re-
produced in Bouma and Huebner.20

32. During the final study phase (postdisposal) from January
through June 1976, bathymetric, sedimentologic, and hydrologic data were
collected within and adjacent to the DMDS. Figure 6 illustrates the
sampling pattern employed during each of the three (January, March, and

May) sampling periods. During these periods, five separate spade core
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samples were collected from each ship station while the vessel was
anchored. These samples, designated A through E, were utilized for both
geological and bioclogical analysis. A 2.54-cm-diameter core tube was
used to collect a sediment subsample from each spade core sample.
Sediment analyses were performed on replicates A, C, and E. Subsample D
was used for carbonate determinations; subsample B was used for deter-
mination of combustible organic matter by heating dried samples to 600°C
for two hr and determining weight loss.

33. Five sites (buoys B, C, and D and control sites 15 and 27)
were sampled during each period. Accurate positioning of sampling lo-
cations was aided by use of buoys B, C, and D as reference points.
Control sampling sites 15 and 27 were not subject to dredged material
disposal; these areas were sampled as reference sites to assess the
results of disposal in blocks 8 (buoy B), 12 (buoy C), and southeast of
14 (buoy D). Unfortunately, the lack of buoys in blocks 15 and 27
prevented accurate sample locationing. In addition, block 27 is not in
the same textural province as the areas used for dredged material
disposal, and as such, the results obtained from these areas are of
little use in assessing changes in blocks 8, 12, and 14.

34. Bathymetric studies during the postdisposal sampling period
were concentrated in the vicinity of the disposal sites at buoys B, C,
and D. Dredged material isopach maps were prepared from the data ob-
tained. Fiqures 7 through 9 illustrate the location of bathymetry

profiles for buoy B, C, and D sites.
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PART IITI: RESULTS

Bathymetry

35. Topographic changes of sea bottom mounds created by dredged
material disposal may be directly determined by comparing pre- and post-
disposal bottom contours. Approximately five months prior to dredged
material disposal operations, a baseline bathymetric survey was con-
ducted in the DMDS to document the nature of the bottom topography.
Figure 10 depicts the bathymetry of the DMDS and illustrates that the
initial bathymetry of the disposal area was generally smooth, sloping
about 0.9 m/km toward the southeast, normal to the coast.

36. Side scan sonar records of the area detected several shallow,
long, straight depressions, which were interpreted as anchor drag fur-
rows. To the northeast of the DMDS, the gently sloping topography was
broken by a mound about 1.2 m high, which covered about 2 km?. Another
smaller topographic high was also identified to the northwest of the
DMDS. This high was about 0.6 m above the surrounding bottom and cov-
ered approximately 0.4 km?2. The northeastern topographic high is be-
lieved to represent a dredged material disposal site; no explanation was
given for the northwestern high.21 It should be noted that the areal
extents of each of the above-described topographic highs are crude es-
timates; only general surface area determinations were possible from
available data.

37. Immediately after completion of the dredging and dredged
material disposal operations, a second survey was conducted to define
the morphology of the mounds created by disposal operations (Figure 11).
Subsequent bathymetric surveys were conducted in November and December
to ascertain if any changes occurred in the mounds due to hydraulic
forces operating at each site. The results of the bathymetric surveys
conducted at the disposal sites during November and December were not
considered valid because the microwave navigation system was inopera-
tive; navigation was conducted by dead reckoning. An additional ba-

thymetric survey utilizing the microwave system was performed on 21 June
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1976. Figures 12, 13, and 14 illustrate the bathymetric configurations
of dredged material mounds at buoys B, C, and D based on the 21 June
data.

38. One method to delineate sediment volume changes between
October 1975 and June 1976 was to review bathymetric changes at the
various disposal locations. Based on bathymetric determinations, the
volumes of material present at the bouy B, C, and D sites after disposal
activities terminated were 137,664, 69,468, and 98,683 m3, respectively.
These calculated volumes do not agree with the estimated volumes of
dredged material transported to buoys B, C, and D by the dredge, viz:
190,700, 105,500, and 195,700 m3.l

39. If these latter estimates were correct, approximately 30
percent of the sediments at buoy B, 33 percent at buoy C, and 50 percent
at buoy D were unaccounted for by the bathymetric surveys. Two possible
explanations for the discrepancies are: (1) assuming that the estimates
of material disposed of at each of the sites were correct, either the
dredged material consisted of a high percentage of fine-grained material
that did not contribute to the mounds and was lost or else the initial
estimates of the sizes of the mounds were incorrect; or (2) estimates of
material disposed at each site were incorrect (the biological field
crews observed several cases of release of dredged material outside the
DMDS) . 22

40. The calculated sediment volumes based on the June bathymetry
data were 64,900, 61,170, and 163,200 m3 at buoys B, C, and D. These
estimates indicated that during the nine-month survey period, site B was
diminished by approximately 72,760 m3 and site C by 8,300 m3, while site
D gained about 64,500 m3. The apparent gain in sediment for the nine-
month period at buoy D is questionable and may be related to inaccurate
bathymetry surveys.

41. Between 18 February and 3 March 1976, about 211,220 nd of
dredged material was reportedly disposed at the buoy B site (Dr. T.
Wright, EEL, personal communication, 5 November 1976). The estimated
total amount of dredged material disposed at site B was, therefore,

401,920 m3; but only 64,900 m3 was accounted for by the June 1976
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bathymetric survey.‘ This amounted to an apparent loss of about 337,000
m3.

42. A second approach to determine loss of sediment from disposal
mounds was to compare changes in mound configuration through time.
During the September 1975 survey, buoy B site dredged materials formed
two nearly circular mounds, one with relief of about one m, the other
with a relief of about two m. The mound located near buoy C was roughly
circular with about 2.0 m of relief and an average diameter of approx-
imately 460 m. The buoy D site also contained two distinct mounds with
relief of 1.3 and 2.4 m. The larger mound was not detected until
November 1975 but did not appear to have eroded because it maintained
its apparent original high-spired relief and was capped by relatively
resistant Beaumont Clay. It should be noted that because navigation was
poor during the November survey, the estimates of size, shape, and
volume of material present at each disposal site were questionable.

43. During the June 1976 bathymetric survey, the dredged material
mound at the buoy B site had a relief of about 0.7 m, and a diameter of
approximately 380 m. If these data were correct, it was evident that
considerable erosion had occurred at the buoy B site. The mound con-
figuration at the buoy C site was approximately 365 m in diameter, with
a relief of about 0.8 m, indicating that at least some sediment removal
had occurred because the mound was both lower and smaller than orig-
inally determined. The dredged material present at the buoy D site was
still a relatively steep-sided feature with a relief of about 2.3 m and
a diameter of about 290 m, indicating that a slight redistribution of
material had occurred; current data also suggested that some redistri-

bution of dredged material at this site was possible.

Subbottom Profiles

44. During the pilot study, a subbottom seismic survey of the
DMDS and surrounding area was conducted that identified three basic
horizons. Two lower reflectors, 'A' and 'B', were interpreted as lag

concentrations of sandy materials believed representing storm deposits
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(Figures 15 and 16). Thé shallowest reflector, 'C', lies about 7.3 to
8.2 m below the sea bottom (Figure 17).

45. The relief and distribution of the three horizons have little
bearing on the distribution of recently deposited sediments. The upper-
most reflector, 'C', is about 7.5 m below the modern sea floor within
the DMDS. Reflectors 'A', 'B', and 'C' will therefore not be discussed
in any subsequent sections since they have no direct bearing on the
distribution and/or redistribution of disposed dredged materials within

the DMDS.

Sediment Distribution

Pilot study

46. Twenty-eight sediment samples were collected during the pilot
study. These sediment data are listed in Table 2 and the mean grain-
size distribution is shown in Figure 18. The sediments in the DMDS were
primarily silt and clay with up to 30-50 percent sand, except in the
north corner (blocks 1 and 8) where a tongue of fine sand (80-90 per-
cent sand) was identified.
Predisposal

47. The pilot study sediment distribution patterns do not agree
with the predisposal sediment baseline data depicted in Figures 19 and
20.21 The differences may be due to natural sedimentological changes
that occurred through time or to differences in sampling locations.
Pilot project samples were obtained during April and May 1975. The
predisposal baseline samples were collected at a subsequent time and may
be representative of the sediment distribution of the DMDS for that time
period. The differences may also be due to different sampling tech-
niques. Pilot project samples were subsampled from the spade corer.
Predisposal study samples were obtained with a Van Veen grab sampler and
a 136-kg gravity core. 1In addition, predisposal sample collections were
not concentrated in the DMDS.

48. Sediment grain-size distribution maps were prepared from

sediment data (Figures 19 and 21) and additional maps illustrating
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sample mean (Figures 20 and 22), median (Figures 23 and 24), standard
deviation (sorting) (Figures 25 and 26), skewness (Figures 27 and 28),
and kurtosis (Figures 29 and 30) were prepared from reduced data using
the statistical methods of Folk.!7

49, Few conclusions can be made about DMDS sediment distribution
during the period June-September 1975 because predisposal sampling was
concentrated outside the DMDS. Thus, only sedimentological changes that
occurred from the pilot study phase to the postdisposal sampling phase
of the project will be discussed.

Postdisposal

50. After disposal operations ceased on 24 September 1975,
bottom sediments were sampled on a monthly basis at buoy sites B, C, and
D and in reference blocks 15 and 27 from September through December.
Both Van Veen and Petersen grab samplers were used at the various sam-
pling locations during this four-month period. Accurate sampling lo-
cations for this period are not available for most samples and only
broad generalizations can be made regarding changes in sediment com-
position.

51. A postdisposal sediment sample collected about 93 m west of
buoy B on 26 September 1975 contained 82.1 percent sand, 4.6 percent
silt, and 13.3 percent clay (Table 3). This sample differed from the
pilot project sample taken at station 8 (buoy B site), which contained
71.2 percent sand, 7.8 percent silt, and 21.0 percent clay (Table 3).
The October sample, taken about 19 m west of the buoy, differed from
the September and pilot project samples from this area. This
sample contained 69.1 percent sand, 10.9 percent silt, and 20.0 per-
cent clay.

52. Duplicate November samples, taken near the buoy B disposal
mound crest, contained 97.6 and 98.0 percent sand, suggesting that win-
nowing of silt- and clay-sized material had occurred. One sample taken
at or near the disposal mound in December contained 63 percent sand-sized
and coarser material; most of the sample consisted of carbonates. Gener-
ally, the sand content decreased from September and October to December.

A review of Table 3 also illustrates that there was a high degree of
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variability in the relative size fractions of collected samples. This
was particularly evident during the December sampling period in which
sand percentages varied from a low of 9.9 to a maximum of 98.7 percent.
Table 3 also illustrates that the sediment character varied through
time. September samples contained 82 percent sand; October, 69 per-
cent; and November, almost 98 percent sand.

53. Samples obtained at the buoy C site for the period September-
December 1975 revealed the following. September samples contained 96
percent sand-sized or larger material. Bouma and Huebner20 reported
that October samples contained 92 percent sand and the shell content
had increased 25 percent, which led them to conclude that winnowing had
occurred. November duplicate samples contained clasts of Beaumont Clay,
which at least partially accounted for the lower sand (38 and 55 per-
cent) content. The sand content of December samples was too variable (3
to 98 percent) for any meaningful interpretation.

54. The sediments at the buoy D site showed little change in physi-
cal characteristics for the period September-~December 1975. The most
notable characteristic of the buoy D site was the appreciable amounts of
Beaumont Clay clasts found during this period.

55. Sediment samples were collected during January, March, and
May 1976 concomitant with biological sampling. Table 4 illustrates the
sediment character of samples collected near buoys B (samples 2-1-A to
2-5-E), C (samples 12-1-A to 12-5-E), and D (samples 14-1-A to 14-5-E)
and control sites 15 (samples 15-1-A to 15-5-E) and 27 (samples 27-1-A
to 27-5-E) during this period. Table 4 indicates the high varia-
bility between subsampling stations at each site, and also between
duplicate samples at each location. As an example, samples 2-3-A, 2-3-
C, and 2-3-E (see Figures 31, 32, and 33 for sample locations) ranged
between 30.1-49.4 percent clay, 28.9-51.0 percent sand, and between
6.57-8.57 @ in mean grain size. Obviously, the sediments within
the sampling array near buoy B and duplicate subsamples from the same
station are difficult, if not impossible, to interpret through time. As
was mentioned previously, the vessel was anchored while samples were

collected, and the variability described above is natural, not a func-
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tion of changes in sampling location.

56. Buoy B. Figures 31-39 represent an attempt to portray
sedimentological differences at buoy sites B, C, and D through the
period January-May 1976. These fiqures depict contoured values of
averaged mean sediment size for each disposal area. As can be seen from
Figure 31, January sediments at the buoy B site varied from 2,17
to 7.51 @ units. In proximity to buoy B (station number 2-1), the
average mean size of sampled sediments ranged from about 2-7 @, with
the mean sediment size bhecoming progressively finer toward the south.
During March (Figure 32), the sediments became progressively finer
grained near the disposal mound crest. Disposal of about 211,220 m3 of
dredged material during February and March affected the character of
bottom sediments near buoy B. Figure 33 illustrates the averaged mean
size distribution of sediments sampled during May 1976. In general,
sediments became increasingly coarser grained relative to the March
sampling. It also appears from data collected during that period that
the sediments became increasingly coarser grained toward the southeast.
The sediment at the buoy B site had undergone considerable sedimentolo-
gical change during the period of January-May 1976; in general, the
average mean grain size decreased.

57. Buoy C. Figures 34 through 36 illustrate the average mean
sediment size (¢ units) of samples collected in proximity to buoy C
during the period January-May 1976. January sediment samples ranged
from 1.54 @ units nearest the buoy to 9.38 ¢ units northwest of the
marker buoy (Figure 34). By March sediments had become slightly
finer grained (2.82 ¢ units) nearest the buoy. A general decrease in
average mean size is also evident from data collected at the other
sampling stations. The westernmost sampling station experienced the
greatest change (5.59 to 9.05 g).

58. May samples indicated a general coarsening of bottom sedi-
ments at the buoy C site. Mean sediment size increased to 0.28 @
unit nearest the marker buoy. Maximum change occurred to the west of
the buoy (9.05-1.8 g).

59. Buoy D. Mean sediment size data determined from samples from
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the buoy D site during January ranged from 3.82-7.17 @. Nearest the
buoy, bottom sediments consisted of 5.37 @-sized material. The coarsest
sediment was sampled from the northwestern sampling station.
60. ILittle sediment change was evident from samples collected
during March. The March mean sediment sizes ranged from 4.67 @ to
8.23 @ units. The coarsest grained sediment was found nearest the
buoy, whereas the sediments became finer grained toward the southwest.
61. Only three samples were taken during May. With the exception
of the eastern station, the mean size of collected samples varied little
from samples collected during March. By May, samples collected from the
easternmost station had decreased to 6.55 @ units relative to March
{5.82 @ units).

Carbonate data

62. Carbonate analyses were not conducted on the pilot study
sediment samples. A crude estimate of carbonate percent was made by
assuming that all material coarser than 1 @ was carbonate shell ma-
terial. It was recognized that this method is far from precise, but it
was the best that could be done with available information. Clastic
sediments within the DMDS and adjacent areas consisted of muds and
medium to fine sands (> 1 ¢).

63. Table 2 summarizes the so-called "carbonate" (> 1 @ material)
data for 26 pilot study stations (data for stations 5 and 12 were not
available). A review of Table 2 indicates that the carbonate content of
the bottom sediments within the DMDS ranged from 0.02 to 9.18 percent.
Most stations contained less than 1 percent carbonate; the highest
concentration (9.18 percent) was at station 1.

64. Table 5 summarizes carbonate data for January, March, and May
samples obtained near buoys B, C, and D and in control sites 15 and 27.
Figures 40 through 48 depict carbonate concentrations in proximity to
buoys B, C, and D. At the buoy B site, overall carbonate concentration
decreased from January to May. This is particularly evident at stations
2-1, 2-2, 2-4, and 2-5 (Table 5). Carbonate concentrations decreased
from a January high of 33.5 percent to a May low of 1.8 percent. Maxi-

mum carbonate change occurred nearest the disposal mound crest (station
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2-1} at buoy B during this five-month period.

65. Carbonate concentration in samples from the buoy C site (sta-
tions 12-1 to 12-5) increased at station 12-3 during the January through
May sampling period (see Table 5; Figures 43, 44, and 45). Fluctuations
are evident from January to March and May, but the overall trend was a
decrease at stations 12~1, 12-2, and 12-5 with large increases at sta-
tions 12-3 and 12-4. The maximum increase in percent carbonate occurred
at station 12-4 from January to May; the May sample was almost 100
percent carbonate. Both sampling stations 12-3 and 12-4 were near the
disposal mound crest, suggesting shell concentration resulting from
winnowing of finer clastics (silicates).

66. At the buoy D site, carbonate percentages varied considerably
at sampling stations 14-1, 14-3 and 14-4; little variation is evident at
stations 14-2 and 14-5 (Figures 46, 47, and 48). At station 14-3, car-
bonate content decreased from a January high of 63.9 percent to a May
low of 31 percent. Overall, carbonate concentration near the mound
crest at buoy D decreased slightly during the five-month period (Jan-
uary-May) .

67. Carbonate concentrations at control block stations changed
little during the period January-May 1976 (see Table 5). Most samples
contained between 1 and 3 percent carbonate; exceptions included the
January sampling at stations 15-1 and 27-5 and the March samples at
stations 15-2 and 15-3.

68. The overall January through May carbonate percentages were
slightly higher than those estimated for the pilot study. The changes
may be related to disposal activities or possibly to natural sediment-
ological changes. The mean sediment size during the five-month period
(see Figures 31, 32, and 33) also decreased. Mean sediment size at
station 2-1 (buoy B site) decreased from a January high of 2.17 ¢ to a
May low of 4.2 ¢ units.

69. The carbonate content of bottom sediments at station 12-3
increased from a January low of 20.8 percent to 37.8 percent by March
and to 66.9 percent by May. The mean grain size of bottom sediments

of the area also reflects a major change in sediment character
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at the buoy C site. Mean size of sediments at buoy C (12-3) varied from
1.54 ¢ during January to 2.82 @ during March, and increased to 0.28 ¢
by May. This change paralleled the increased carbonate concentrations
of 20.8 to 66.9 percent.

70. The overall carbonate concentrations at the buoy D site de-
creased during the period January-May 1976. Little correlation can be
found between carbonate and average mean size of sampled bottom sedi-
ments; in fact, the average mean size of sampled bottom sediments in-
creased slightly (5.37-4.98 @) over the five-month sampling period.

Sediment tracer experiment

71. The actual transport of sand-sized material at the buoy B
site was documented by the sampling of previously released dyed tracer
sands. The dominant sediment transport direction 24 hr (Figure 49) and
48 hr (Figure 50) after release of tracer sands (11 November 1975) was
to the west. A second tracer study (12-14 December 1975), also carried
out at the buoy B site under higher velocity current conditions, indi-
cated a southwesterly transportation and dispersion trend (Figure 51).

Remote sensing

72. Information obtained from overflight photographs taken during
dredged material disposal operations has been discussed by Bouma and
Huebner.20 They noted a loss of suspended material from the hopper
dredge during transport to the DMDS and continued loss of dredged ma-
terial from the hopper dredge after disposal. The initial loss was
believed due to leakage from the hopper, while the latter loss was
believed due to residual sediments being released from the dredge. In
addition, at each observed disposal operation, a distinctive plume
(assumed to be mainly clay- and silt-sized material) was observed which
dispersed rapidly down current at speeds of up to 31 cm/sec. Suspended
sediment data presented by Bouma and Huebner20 indicated that a density
current (or mudflow) formed from the finer fractions of the disposed ma-
terial and could be detected as increased suspended maﬁerial in the water

mass for up to two weeks after dredged material disposal.
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Figure 49. Tracer sand dispersion at the buoy B site, 24 hr after release;
12 November, 1975
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Figure 50. Tracer sand distribution at the buoy B site, 48 hr after
release; 13 November, 1975
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Figure 51. Tracer sand dispersion at the buoy B site, 48 hr after release;
14 December, 1975
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Control Sites

73. To evaluate the erosion and deposition of disposal mounds at
sites B, C, and D, it was necessary to understand the natural sedimento-
logical changes that would have occurred had dredged material not been
placed at these sites. This may be accomplished by:

a. Conducting detailed long-term studies of the DMDS prior
to the initiation of disposal activities.

b. Establishing representative control study sites that
closely approximate the physical-geological conditions
of disposal sites B, C, and D.

The preferred and recommended method is a. supplemented by b. It was
originally planned to sample each site for 6 months to a year prior to
the first dredged material disposal. However, the research period was
shortened and disposal occurred before baseline data were gathered.

Thus it was necessary to rely on method b.; control blocks 15 and 27
were sampled concomitantly with the disposal sites. Block 15 was to act
as a control for the block 2 (buoy B site) station and block 27 was the
control for blocks 12 and 14.

74. Based on pilot study data, buoy B and D sites differed sedi-
mentologically from control sites 15 and 27 (no direct data available
from the buoy C area, block 12). The mean sediment sizes at blocks 15
and 27 were 7.1 @ and 9.1 @, respectively, whereas buoy B, C, and D mean
sediment sizes were 5.0 @, about 6.5 @, and 6.0 @ units, respectively
(extrapolated from data presented in Figure 18). The sedimentological
characteristics of the buoy sites and control blocks differed initially,
at least from the time the pilot study samples were obtained relative to
subsequent samplings.

75. Water depths and, therefore, the sedimentological regime
differed within the DMDS; block 15 water depths were about 10.6 m —--
comparable to the buoy B site, about 11.5 m. Block 27 water depths were
about 15.3 m, which approximated water depths at buoy D, about 16 m.
Although these areas are geographically close, sedimentological dif-
ferences between the buoy D site and block 27 were evident.

76. By January 1976 (Figure 52), the mean grain size of bottom
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sediments in control block 15 had increased to about 6.0 @ units relative
to about 7.0 @ units for bottom sediments collected during the pilot study.
Sediments continued to coarsen through March and May 1976 (Figures 53

and 54), although little change was evident after March; bottom sedi-

ments near the center of block 15 stabilized at a mean grain size of

about 4.5 ¢.

77. The mean and standard deviation of sediment samples collected
near buoys B, C, and D and control sites 15 and 27 were computed and
plotted (Figure 55) to determine if any significant difference could be
detected for each site during the period January-May 1976. As can be
seen from Figure 55, considerable overlap is evident for sites B, C, D,
and 15 and little if any sediment change or difference is evident
through time. Control site 27 does appear to differ from sites B, C, D,
and 15. 1In general, sediments at site 27 were finer grained, varied
less through time than the other four sites, and became slightly finer

grained over the five-month period.

Hydraulic Regime

78. Investigations of the movement of dredged material from the
disposal site were made in a rectangular circulating flume (Figure 56).
The flume was constructed to model the effects of unidirectional tur-
bulent flow on bedload and suspended sand, silt, and clay mixtures
obtained from the DMDS. The objectives of this study were to:

a. Determine the critical erosion velocity in terms of
bedshear and current speed necessary to erode each
sediment mixture.

b. Determine the transport conditions necessary to keep
eroded material in suspension.

c. Determine the amount and composition of suspended
matter resulting from erosion under controlled current
velocities.

d. Determine the relationships describing the recorded
sediment erosion and transport in order to predict
relative erosion, transport, and deposition in the
DMDS.

e. Evaluate the hydrographic data acquired within and
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Figure 56. Side view of laboratory rectangular cir-
culating flume (MoherekZ23)
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immediately adjacent to the offshore disposal site
and attempt to determine the fate of the dredged
materials.

79. To evaluate current activity in the DMDS, current data were
obtained with a Bendix Q-15 current meter and two Braincon Savonius
continuous recording meters. Vertical profile data using the Bendix
meter were also taken at the buoy B, C, and D sites. Periodic malfunc-
tioning of equipment prevented obtaining complete current data from the
buoy C site.

80. A 100-kg sample of dredged material was obtained at the block
15 and buoy C sites during November 1975. Similar quantities of sedi-
ments were collected from block 27 and the buoy D site in May 1976.
Geotechnical properties of collected field samples are presented in
Table 6. Each analysis was performed on homogenized sediment samples
prior to flume experimentation. The high shear strength of sediments
collected at the buoy D site was attributed to the presence of the rela-
tively consolidated Beaumont Clay. Moherek?3 determined that all sam-
pled areas had a median grain size of silt-sized material, were poorly
sorted, and exhibited variable skewness. Table 7 illustrates the grain-
size distribution for dredged materials sampled at the four locations.

81. The mode of transport for each sediment sample was determined
by monitoring the total suspended matter over time at given flow rates
in the flume. Figure 57, for buoy C and D site materials, illustrates
that the concentration of total suspended material (TSM) increased
logarithmically during the initial few hours following current increas-
es. This was attributed to resuspension of previously deposited tur-
bidity flume sediments in the flume channel in addition to winnowing of
material from the sediment mound itself.

82. The decrease in TSM that occurred in the 16 cm/sec buoy D
experiment (Figure 57) indicated that suspended material was deposited.
For all flow rates exceeding 16 cm/sec, a distinct textural coarsening
of the sediment mound surface .was observed, and the mound became armored
by coarser material. Mass bedload transport was also noted for currents

exceeding 23 cm/sec, measured at 30.5 cm above the bed.

84



S3UBWTIPSS  pue D Aong uo pswrojrad Suni TPUOTSOID paQ 9SUSP pPoloeIas *L§ 2anbtd

S4NOH NI JONVHD ALIDO13A ¥3ldv IWIL
(14 8l vl ol 9

///

wa\s_u ~n~ - _\ m e
u>o:m

d3s/w> 69 ANANAN N a Aonsg

001

WS

ul

1/oW

1

85



83. Experiments were also conducted to determine the approximate
current velocity and associated bedshear at which suspended sediments
were redeposited. Figure 58 illustrates the results of this experiment.
It was noteworthy that at current velocities greater than 10 cm/sec, TSM
concentrations remained relatively constant. Deposition of buoy D
material occurred when current velocities approached 4 cm/sec or less,
while deposition of site C material was not evident at current veloc-
ities of over 10 cm/sec. An average flow velocity of 10 cm/sec, mea-
sured at 30 cm above bed, has been calculated to correspond to a bed-
shear of approximately 0.20 dyne/cmz, This value represents the lower
limit of significant deposition of DMDS suspended materials.

84. Laboratory flume experiments utilizing material obtained from
the four stations yielded the following results:

a. Each of the four sediment mixtures eroded similarly as

evidenced by similar scour and similar critical shear
stress values (approximately 1.0 dyne/cm2), which is
necessary to cause both massive bedload transport and
rapid TSM concentration increases.

b. Primary silt and clay resuspension occurred during
initial increases in current speed.

c. The winnowing of silt-and clay-size material resulted
in a textural coarsening of the bed surface.

d. Rapid deposition of suspended fine silt-and clay-size
material occurred at bedshears less than about 0.2
dyne/cm2,

e. Fine silt and clay comprised the bulk of suspended
material produced by scour; variations in silt and clay
occurred with increased or decreased flow rates.

Currents Within the DMDS

85. The tidal influence on the currents passing through the DMDS
has been discussed by Hall.!? The data indicated that only a partial
dominance by local tidal currents on the overall offshore circulation
pattern existed.

86. Vertical current profile data recorded at two-hr intervals at
buoy C on 1 and 2 May 1976 (Figures 59, 60, and 61) indicated:

a. The speed and direction of water movement in the upper
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portion of the water mass coincided with Galveston
offshore tidal currents.

b. A northeasterly directed bottom flow occurred through-
out most of the observation period.

¢. A shear layer existed between the near bottom and upper
water column currents, with flow reversals possible
near the bed.

87. In order to compare current velocity fluctuations during a
tidal cycle, a plot of velocity at various depths versus time (Figure
62) is presented from data collected at buoy C, 1 May through 2 May
1976. These data indicated that high speed surface ebb currents were
coupled with low speed ebb flows lower in the water column, and flood-
directed currents exhibited greater velocities at the sea floor than at
the surface.?3

88. Typical velocity profiles obtained near buoys B and D are
presented in Figures 63 and 64. The profile from buoy D exhibited
current velocities and directions concurrent with an ebb-directed sur-
face flow and flood-directed bottom flow. This apparent flow reversal
demonstrated the spatial and temporal dissimilarities between the upper
and lower water column currents at the southern margin of the DMDS. 1In
contrast, profiles taken at the buoy B site suggest uniformity in cur-
rent direction throughout the water column.

89. The total current regime exhibited by the buoy B, C, and D
velocity profiles is consistent with the general circulation patterns
described by Hall.!® Figure 65 illustrates the flow pattern developed
during flood tide while Figure 66 illustrates the ebb-flow circulation
pattern.

90. To evaluate bottom circulation active at the DMDS, progres-
sive vector diagrams were prepared from continuous bottom current data
recorded at the buoy B and D sites. These represent a plot of the
resultant vectors and portray a trajectory with spatial dimensions.
True water mass movement is not actually illustrated by the vector path
and these diagrams are primarily of qualitative value in assessing net

bottom water movement.

91. Figure 67 illustrates a progressive vector diagram plotted

91



EBB FLOOD
40
20— /\\Q__/\\/.—/\’\ﬂ/. L52 M
0~
o—-d
'/\/\\\/—\/'/.4.57 M
[&]
B 0-
~
b2
© ’—\/\ 6.10 M
z <
O—
[an]
L
% /—.-—\//\// 762 M
=k
i
@
o
o
O-—
07
307 N/W/l&& M
10 EBB FLOOD .
o 1 I T | T ‘ T I T l 1 T L
1600 2000 0000 0400 0800 1200

TIME

Figure 62. Flow velocity at various depths versus time for the
period 1400 hr 1 May to 1400 hr 2 May 1976 at buoy C

92



BUOY B
4/9/76
g4 1055hr

»

e

w

o

w

=

z ©7

o

w

@

W

> 4

o

@

<

w

o

2 o

[

®

a

o T T Y Y T T T T T T

5 10 5 20 25 30 35 40 45 850

CURRENT SPEED IN CM/SEC

Figure 63. Velocity profile obtained at buoy B, 1055 hr, 9
April 1976 (current direction is in degrees
magnetic north)

93



VARV A4
BUOY D
14 — 4/8/776
245 hr-
240°

248°
)
[+
w
-
i

w 238°
Z
o)
w
]
9]
>
o
©
q
W
(&)
2
<
[
@
=

0 T Y T | T T T T T

5 10 15 20 25 30 35 40 45

CURRENT SPEED IN CM/SEC

Figure 64. Velocity profile obtained at buoy D, 1245
hr, 8 April 1976 (current direction is in
degrees magnetic north)

94



(g7TTEH woxy) °D°d°H°€ 3I® 9PTI PooT3 buTranp padoTeasp uisijed molI 2I0YsIIO

‘g9 sanbtg

T T T T T
8¢ Obots 2y vy o

NOLS3IAIVO

L 02062

-~ v

8¢ Otov6
1

95



(gTTTeH woxz)

*a*g g 7' 2pT3 dde butanp psdoTsasp uisijed MOTI SI0USIJO

‘99 sanbta

L 02062

}- 22

- v

0

i i T T

i
OborS 22

T aNvSl NYON3d

22 -

vy

926



1600 hr:
OCT. 9, 1975~

BUOY D

25 0 25 50
= + + + ]
SCALE IN KM
L2
v
7
28
x, 3
295
NOV. 1,1975 N
4
/
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from 15-min interval current velocity measurements recorded 1.0 m off
bottom at the buoy D site. Each plus sign (+) marks the start of a six-
hr period. Based on this information, a net drift of 260 km toward the
southwest is apparent.19

92. Figures 68-71 illustrate progressive vector diagrams con-
structed from current readings recorded at buoys B and D during March
and April 1976. Two significant current features are evident from these
diagrams:

a. Persistent downcoast or offshore-directed vector
projectories.

b. Intermittent loops.

The latter presumably represented flow reversal produced by flood and/or
ebb tidal currents while the former indicated currents produced by
onshore-directed storm winds. It is apparent that the depicted tidally
induced current reversal corresponded to the exhibited southeast-
northwest trending loops. An additional feature revealed was above-
average current velocities exhibited during periods of southeasterly
storm winds (14-19 April).

93. Table 8 illustrates: a. the net drift direction of bottom
currents; b. the time periods of observation; and c. the net flow
direction in the study area is oriented in an offshore, usually down-
coast direction. Rates calculated for net drift ranged from 7 to 28 km
per day. The obvious implication is that dredged materials located in
the disposal site will be transported downcoast or offshore and there-
fore would not return to the channel.

94. BAnother aspect to consider is the role of wave activity in
sediment transport processes. Unfortunately, wave height and period
measurements necessary to calculate an oscillatory motion effect on
bottom sediments by wave activity were not logged during field obser-
vations. However, annual sea surface data from a summary of synoptic
meteorological observations24 are condensed in Tables 9 and 10 and
Appendix A'. Three important findings were evident from these summaries:

a. Prevailing wind directions for offshore Galveston, in
order of decreasing frequency, were southeast, east,
and south.
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Figure 70. Progressive vector diagram for 8 April through 30 April
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Figure 71. Progressive vector diagram for 8 April to 29 April 1976 at
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b. Wind speeds ranging from 1.5 to 10.8 m/sec generated
sea waves 0.25 to 1.75 m in height.

c. Surface waves ranging in height from 0.25 to 1.75 m
usually had wave periods less than 6.0 sec. However,
swells exceeding 1.25 m in amplitude have occasionally
been recorded with periods ranging from 6.0 to 9.0 sec.

95. The significance of these data in assessment of the effect of
wave activity on bottom sediment movement was revealed by a plot of
oscillatory bottom velocity (Um) versus wave period (sec) for an av-
erage 14.0 m water depth (Figure 72). As shown in Figure 72, wave
periods in excess of 5.0 sec coupled with wave heights greater than 0.75
m would theoretically induce oscillatory bottom speed water movement at
rates exceeding 10 cm/sec. The frequency of wave height versus wave
period data (Table 10) suggests that such wave amplitudes and periods
can occur up to 30 percent of the time in the DMDS, and if these near-
bottom oscillatory motions are superimposed on an existing 10-20 m/sec
bottom current, the threshold of silt and clay movement will probably be
exceeded. Continuous near-bottom oscillatory motion may prevent de-
position of suspended materials if the resultant bedshear exceeds the
threshold shear (0.2 dyne/cm2). It is therefore concluded that sea
state conditions in the DMDS significantly affect local near-bottom
sediment transport processes.

96. Figure 73 illustrates wind roses and net bottom current drift
vectors for the offshore Galveston area. This information was based on
a data-collection period of 31 days at the buoy B site and 81 days at
the buoy D site and was not extensive enough in duration to establish
annual net drift direction with any statistical confidence.?3

97. Figures 74 through 78 illustrate cumulative curves of the
current velocity distribution for portions of the study period. These
data indicated that the median velocities at the buoy B site ranged from
22 to 35 cm/sec while those for the buoy D site were slightly lower,
ranging from 18 to 22 cm/sec.

98. The frequency of the current speeds for each observation
period was examined in order to determine the time during which critical

erosion velocities were exceeded (Table 11). In addition, transport and
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erosion times were also calculated. It is apparent that bedload erosion
could occur more frequently at the buoys B and C sites. Similarly,
current speeds permitting significant silt and clay deposition occurred
more often at buoy D than at buoy B. In addition, both erosion and
deposition of fine silt and clay could occur within the range of these

velocities.?3
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PART IV: INTERPRETATION OF RESULTS

99. This section discusses the predisposal and postdisposal
characteristics of the DMDS and attempts to integrate the various study
phases employed to gain an understanding of the fate of disposed dredged
materials through time. Comparisons are made between sediment and car-
bonate concentrations and bathymetric differences evident from data
collected during the pilot and postdisposal phases of the study. The
differences determined are discussed in light of the hydraulic regime
within the DMDS. Estimates of velocities required to redistribute DMDS
bottom sediments are based on comparisons between flume experiment

studies and on-site current meter data.

Buoy B Site

100. Sediment data collected in proximity to buoy B indicated
considerable changes occurred throughout the study period. The mean
size of sediment collected during the pilot study phase was about
5.5 @ (Figure 18). After disposal, the sediment at the disposal site
had become significantly coarser grained by January (2.17 @g). After
January, the sediments became finer grained. Winnowing was most evident
near the buoy; the sediment became increasingly finer grained away from
the buoy sampling site with the exception of the coarser grained sedi-
ment identified to the northeast of the disposal site, where a tongue of
sand extended into the DMDS from the northeast.

101. From January to May 1976, bottom sediments in proximity to
the disposal mound crest became finer grained (2.17-4.2 ¢). By May,
these sediments had become progressively coarser grained toward the south,
whereas a significant decrease in mean grain size was evident toward the
northeast. It appears from these data that by May, fine-grained sedi-
ment was blanketing coarser grained sediments located northeast of the
disposal mound.

102. Carbonate data from the buoy B site reflected the general

decrease in mean grain size nearest the disposal mound crest. During
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January, carbonate conéentrations were about 33 percent; by May these
concentrations had decreased to about 2 percent. A small decrease was
also evident northeast of the disposal mound where carbonate concentrations
decreased from 5 percent during January to about 2 percent by May. This
again suggested that the sediments became finer grained toward the
northeast over the five-month period (see Figures 40-42).

103. The sediment and carbonate data indicated that bottom sedi-
ments at the buoy B site were redistributed during the period January-
May 1976. Bathymetric survey comparisons at the buoy B site suggested
that as much as 337,000 m? were eroded from the mound from the time of
dredged material disposal (August-September 1975, and February-March
1976) until June 1976. Limited current data from the buoy B site in-
dicated net drift toward the south-southwest.

104. Although bottom current data were collected over limited
periods (3/17/76-3/24/76 and 4/8/76~5/1/76) at buoy B, the data de-
veloped by Moherek?3 (see Table 8) indicated that current velocity
conditions favored erosion during April. Variation in mean sediment-
size distributions and carbonate percentages during the period January-
May 1976 suggested that the finer grained sediment was not being con-
tinuously eroded over the five-month period. According to Dr. T. Wright,
(EEL, personal communication, 5 November 1975), an unannounced disposal
in proximity to buoy B occurred between 18 February and 3 March
1976. This disposal of dredged materials at the buoy B site complicated
the sedimentological data collected over the January-May 1976 period.
The sediment change at the buoy B site may well be related to the in-
troduction of the 18 February-3 March 1976 dredged materials. Carbonate
percentages in proximity to buoy B over the period January-May 1976
decreased from January to March (33.5 to 27.5 percent). There was,
however, a significant percentage increase northeast of the buoy B site
during this period (5.0-26.8 percent).

105. Actual transport of the sand-sized material at the buoy B
site has been documented by sampling of released dyed tracer sands. The
predominant sediment transport direction 24 and 48 hr after release of

tracer material was to the west, which coincides approximately with
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prevailing current direction during that time period. Concomitant

current data indicated that critical velocities necessary to transport
sand-sized material were exceeded. A second tracer study, carried out

at the buoy B site under higher velocity current conditions, indicated a
greater degree of sediment transport, also to the southwest. Overall cur-
rent direction measurements taken during the sand tracer experiments
indicated that current activity is responsible for observed sediment

transport.20

Progressive current vector diagrams (Figures 68 and 70)
indicated that, at least for the periods monitored, the prevailing
current direction was to the southwest, and current velocity deter-
minations (Figure 63) indicated that erosion and transport of material

was the rule rather than the exception at the buoy B disposal site.

Buoy C Site

106. The mean grain size of sediments sampled near the buoy C
site during the pilot study phase was about 6.5 @ units (see Figure 18).
January sediment data from the disposal mound (sample 12-3) indicated a
significant increase in mean grain size (about 1.5 ¢). Away from the
mound (samples 12-1, -2, -4, and -5), sediments became finer grained,
approaching sizes found during the pilot project. Bottom sediments re-
mained relatively coarser grained nearest the buoy throughout the five-
month sampling period (January-May 1976; see Figures 34~36). Sediment
coarsening was also evident southwest of the mound from samples collected
in May relative to those collected in January.

107. The most significant aspect of the carbonate data collected
in proximity to buoy C was the large increase in carbonate content in
samples taken nearest the disposal mound crest (see Figures 43-45). By
May 1976, carbonate concentrations had increased to about 70 percent
from a January low of about 21 pércent. West of the buoy sampling site,
carbonate concentrations increased to about 100 percent, indicating that
the coarser sediment fraction near the crest and to the west of the
mound was composed predominantly of shell fragments. Sediment data

indicated that the mound at buoy C was being eroded during the period
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January-May 1976.

108. There were not sufficient current data from the buoy C site
to determine the frequency of erosional velocities. Sediment and ba-
thymetric data comparisons indicated that erosional forces were opera-
tional at buoy C. It is estimated that as much as 8300 n3 of sediment
were eroded. Relative to estimates for the buoy B site, this repre-
sented a small amount of material. It is also probable that during the
postdisposal period of observation, a certain amount of sediment com-
paction occurred at each disposal site, and at least some decrease in
the apparent volume of material at each site may have been due to com-
paction.

109. Finally, it is evident that current data are available for
only a short period of time with limited areal extent. Assumptions made
throughout this report have been based on available current data. It
must be emphasized that the period of observation did not include any
major storms, which would have produced greater erosion and transport of

dredged materials.

Buoy D Site

110. The mean size of sediments collected during the period
January-May 1976 was 5-6 @ units; exceptions were from northwest of the
mound during January and a general small increase in mean size nearest
the mound crest (Figures 37-39).

111. Relative to the buoy B and C sites, the overall carbonate
concentrations were highest near buoy D, probably reflecting the charac-
ter of disposed materials. During the five-month period January-May
1976, carbonate percentages decreased from about 64 percent to about 31
percent (see Figures 45-47). This overall decrease was also evident
away from the mound, suggesting that normal sedimentation was occurring
at buoy D during the period January-May 1976.

112. Available bathymetric data indicated the mound crests at
buoys C and D were about 13.5 m below mean sea level, while the buoy B

site was covered with about 9.9 m of water. The deeper waters at buoys
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C and D prevented the bottom sediments from being as greatly affected by
wave energy and therefore not subjected to the relatively high wave-
energy forces present at buoy B. Limited current data for the buoy B
and D sites indicate bottom currents were slightly higher at site B
relative to D (22-35 cm/sec vs. 18-22 cm/sec). Critical erosion ve-
locities were exceeded at buoy B 53-8l percent of the time during which
current data were obtained (3/17/76-3/24/76 and 4/8/76-5/1/76), whereas
erosional processes prevailed at buoy D for 22-31 percent of the time
(Lo/9/75-11/14/75, 3/17/76~-4/7/76 and 4/8/76-5/3/76, see Table 3).
Relative to buoy B, depositional frequencies were more common at buoy D,
amounting to 18-20 percent of the 85-day period during which time cur-

rent data were obtained.

Control Sites

113. Relative to pilot study samples, control block 27 underwent
relatively little change. By January 1976, the mean sediment size of
block 27 samples had increased from 9.7 @ to about 8.8 @ units (see
Figures 18 and 55). This coarsening was probably related to higher
energy winter conditions. During the subsequent five-month period,
block 27 bottom sediments became progressively finer grained; by May
1976, the mean sediment size (9.2 @) approximated pilot study values.
This decrease in grain size is likely due to deposition of finer grained
sediments during the lower energy, milder weather conditions of the
spring sampling period. The mean grain size of sampled sediments became
slightly coarser grained at block 15 between the pilot study and May
1976.

114. From the sediment data it may be generalized that block 15
experienced net erosion during fall, winter, and early spring months;

deposition occurred during the lower energy, summer period.

Ssummary of Hydrographic Results

115. Data acquired during the period February through May 1976
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for the DMDS indicated:

a.

b

|

Tides were mixed diurnal and ranged from 0.3 to 0.6 m
in height.

High winds and storm activity affected both the near-
shore sea level and near-bottom circulation patterns.

Maximum bottom current velocities and net offshore, or
downcoast-directed, bottom flow appeared to be gener-
ated by strongly prevailing southeasterly winds

{5 m/sec). Finally, according to Moherek, 23
near-bottom oscillatory flows induced by surface waves
probably played a significant role in governing near-
bottom sediment transport processes.
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PART V: SUMMARY COMMENTS

116. It is evident that dredged materials have been eroded from

buoy sites B and C. In contrast, apparent accretion occurred in the

vicinity of buoy D. Sediment transport was toward the south-southwest

at buoy B; actual sediment movement direction at buoy C is not known

since current data are limited for the critical study period of fall

1975 to spring 1976.

117. Admittedly, interpretations are sketchy due to a number of

reasons, including:

a.

b.

e

[F |

Limited useable field data due to wide geographic
spread and timing of sample procurement.

Lack of sufficient baseline data. Little was known
about the long-term natural sedimentological changes
within the DMDS prior to initiation of disposal
activities.

Lack of reliable sediment sampling locations due to
variability and lack of reliability of navigational
techniques employed.

Great variability in duplicate sediment samples taken
at each sampling site.

Incomplete current data at each of the disposal sites.

Insufficient numbers of sampling stations located on
disposal mounds. At least four stations should have
been located on each of the three disposal material
mounds, rather than one station on the mound with four
additional stations around the perimeter.

Although the flume experiments provided estimates of
current conditions required to erode or transport

DMDS sediments, it should be kept in mind that each
disposal mound would respond to short-term, as well

as long-term, physical conditions. Sedimentologically,
each mound would be dynamic; each change in sediment
character would impose a new set of hydrodynamic con-
ditions. It would be difficult, if not impossible, to
determine the hydrodynamics responsible for eroding

or transporting sediments because of the continuously
varying sediment dynamics functioning at each mound.

Samples for flume studies should have included material
collected from the hopper dredge as well as the dis-
posal mound. Sampling only the mound biased the
sample; an unknown amount of fine-grained material
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would not be deposited at a disposal site due to
removal by currents during disposal operations.

Since sampling techniques were not standardized, it

is difficult to draw direct comparisons. At times
samples were obtained with a spade corer; other

times a Petersen or Van Veen grab sampler was used.
Subsampling was also not standardized. From available
data it was not possible to compare sediment variations
related to the various sampling technigues employed.

Variation in subsamples is evident from data presented
in Table 4. Note, for example, duplicate samples 2-5-A3,
2-5-C, and 2-5-E. Mean size of these three samples
varied from 2.63-11.00 @#. The vessel was anchored
while samples were collected for the January-June
sampling period; therefore, much of the variability
found is natural and not a function of changes in
sampling location.

Few conclusions can be drawn about DMDS sediment dis-
tributions during the period June-September 1975,
because predisposal sampling was concentrated out-
side the DMDS.

There is a lack of reliable information on the actual
dredged material disposal operations. Field obser-
vations indicate dredged material was not always
systematically disposed at prescribed locations. On
occasion, sediment would become trapped in the hopper
bins (as evidenced by aerial photographs) and would
not be completely released at the prescribed disposal
sites.
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Table 1

Type, Location, Date, and Time of Current

Meter Data Recovered

Type Location Date Time, hr (CST)
Velocity Buoy B 8 April, 1976 1000, 1120
Profiles 9 April, 1976 1055
1 May, 1976 1150
Buoy C 8 April, 1976 1430
1-2 May, 1976 1400, 1600, 1800,

2000, 2200, 0000,
0200, 0400, 0600,
0800, 1000, 1200,

1400
Buoy D 8 April, 1976 1245, 1330
3 May, 1976 1200
Bottom Buoy B 17-24 March, 1976 1100-1315
Current 18 April-1 May, 1200-0915
Readings 1976
1-11 May, 1976 1345-1930
Buoy D 9 October- 1600-1020
14 November 1975%
17 March- 1230-1030
8 April, 1976
8 April-3 May, 1415-0900
1976
3-11 May, 1976 1345-0715

* Reference 19.
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Table 3

Percent Sand, Silt, and Clay; Buoy B Site;

Pilot and Postdisposal Studies

Pilot Study
September
October
November

December

Sand
Percent

71.2

82.1

69.1

97.8%
9.9-98.7%%*

Silt

Percent

7.8
4.6
10.9
1.4%
1.2-57.8%%*

Clay

Percent

21.0
13.3
20.0
0.8%
0.04-32.3%*%

* Average of two samples

** Range of six samples
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Table 5

Percent Carbonate for January, March and

May Sediment Samples, DMDS

Carbonate, percent

Sample January March May
Buoy B Site

2-1 33.5 27.5 1.8
2-2 5.0 26.8 1.9
2-3 2.4 3.2 6.1
2-4 4.3 1.9 2.5
2-5 5.3 2.7 2.0

Buoy C Site

12-1 18.6 1.8 5.5
12-2 37.7 3.3 1.9
12-3 20.8 37.8 66.9
12-4 4.0 1.8 99.9
12-5 3.1 9.0 2.1

Buoy D Site

14-1 28.0 1.5 26.8
14-2 2.2 2.0 2.0
14-3 63.9 50.4 31.0
14-4 24.4 1.6 3.0
14-5 1.8 3.6 2.8

Control Block 15

15-1 6.5 2.2 2.1
15-2 2.8 6.0 3.1
15-3 1.5 22.7 | 1.2
15-4 1.3 2.0 1.3
15-5 1.2 2.4 2.9

(continued)



Sample

Control Block 27
27-1

27-2

27-3

27-4

27-5

Table 5 (Concluded)

Carbonate, percent

January March
1.2 1.3
1.2 1.8
1.1 1.3
1.2 1.0
4.3 1.5



Table 6

Geotechnical Properties of Samples from Control

Blocks 15 and 27 and Buoys C and D Sites

Buoy D Block 27 Buoy C Block 15

Percent Sand 51.2
Percent Silt 11.7
Percent Clay 37.1
Water Content (W) 61.9
(% dry weight)
Bulk Density 1.64
(gm/cm3)
Void Ratio (e) 1.67
Specific Gravity (G) 2,70
Remolded Shear -5 11.08
Strength (C,) (kPax10 )
Percent Organic Content 2.91
Liguid Limit (WL) 56.0
Plastic Limit (wP) 48.2
Plasticity Index (IP) 7.8

18.
35.
45.
117.

4.
101.
63.
38.

5
9
6
6

.41

.13
.67
.72

14
5
5
0]

63.7
13.5
22.8
70.1

1.59

1.87
2.67
3.09

1.84
40.5
40.0

0.5

50.5 _Tbispersed
22.6 |Grain-size
24.9 | Analysis
90.4

1.49

2.46
2.71
3.36

3.13

66.5 | valid for
51.4 t >1.25 ¢
15.1 { Fraction

|
| Only



Table 7

Sand, Silt, and Clay Percentages and Grain-Size Distribution

Parameters Determined From Non-Dispersed Analysis

Buoy C Buoy D Block 15 Block 27
Percent Sand 64.90 64.30 36.70 13.60
Percent Silt 16.50 11.90 30.40 55.10
Percent Clay 18.60 23.80 32.90 31.30
MZ (2) 4.80 3.77 6.83 6.53
gI 2.61 4.14 4.20 2.50
SkI 0.78 0.21 0.60 0.31
Table 8
Net Drift and Direction of Bottom Currents as Determined
From the Progressive Vector Diagrams
Duration of
Cbservation Net Net
Iocation Dates Period (Days) Drift (km) Direction
Buoy B 3/17/76-3/24/76 7 195 SW
4/8/76-5/1/76 24 417 SW
Buoy D 10/9/75-11/14/75 37 260 SW
3/17/76-4/7/76 22 390 SE

4/8/76-5/3/76 26 © 277 SE
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APPENDIX A':
PERCENT FREQUENCY OF WIND SPEED (m/sec) AND DIRECTION

VERSUS SEA HEIGHTS (m)

Height, m 0.5-1.5 >1.5-5.0 >5,0~10.8 >10.8-17.0 Percent

N
<.25 .2 .

.75-1.25
1.25-1.75 .
1.75-2.25 .
2.25-2.75

6
.25-.75 .1 1.5
9
2

_= N
w o O O 9~

2.75-3.25
3.25-3.75
3.75-4.75

N =N YN

Total Percent 3 3.2 5.4

N

<.25 .2 .7
.25-.75 2.4
.75-1.25 1.3 3
.25-1.75 .3 2.
.75-2.25
.25-2.75
.75-3.25 .
.25-3.75
.75-4.75

N OO0 O O W
HoOoN s W
. . . . . .
[T O B @ N R L% )

w w NN =

Total Percent .2 4.7 6.7 1.3 12.9

<.25 .2 1.
.25-.75 .2 3.
.75-1.25 2.

1.25-1.75

NS O

[l ©) SR S N R
N 0 B O

1.75-2.25

N w w o
=
*
N

2.25-2.75 .

(continued)
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Appendix A' (Continued)
Height (m) 0.5-1.5 >1.5-5.0 >5.0-10.8 >10.8-17.0 Percent
2.75-3.25 .1 .1
3.25-3.75 .1 .1
3.75-4.75
Total Percent .4 8.0 SE 9.1 1.2 18.7
<.25 .3 1.5 1.8
.25-.75 .1 4.8 2.4 7.3
.75-1.25 .1 3.0 5.7 .2 9.0
1.25-1.75 .6 3.4 .3 4.3
1.75-2.25 .1 1.1 .3 1.5
2,25-2,75 .3 .1 .4
2.75-3.25 .1 .1 .2
3.25-3.75
3.75-4.75
Total Percent .5 10.0 13.0 1.0 24.5
S
<.25 .4 1.3 .1 1.8
.25-.75 2 3.6 1.6 5.4
.75-1.25 1.9 3.5 .1 5.5
1.25-1.75 .3 1.9 .3 2.5
1.75-2.25 .1 .6 .2 .9
2.25-2.75 .1 .2 .3
2.75-3.25 .1 .1
3.25-3.75
3.75-4.75
Total Percent .6 7.2 7.8 .9 16.5
SW
<.25 .1 .5 .6
.25=-.75 .1 1.4 .9 2.4
.75-1.25 .6 .7 1.3
1.25-1.75 .1 .4 .5
(continued)
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Appendix A' (Concluded)

Height (m) 0.5-1.5 >1.5-5.0 >5.0-10.8 >10.8-17.0 Percent
1.75-2.25 .1 .1
2.25-2.75 A .1
2.75-3.25
3.25-3.75
3.75-4.75
Total Percent .2 2.6 2.2 5.0
W
<.25 .1 .5 .6
.25-.75 .1 .9 .3 1.3
.75-1.25 .3 .4 .7
1.25-1.75 .1 .3 .4
1.75-2.25 .1 .1 .2
2.25-2.75
2.75-3.25
3.25-3.75
3.75-4.75
Total Percent .2 1.8 1.1 .1 3.2
NwW
<.25 .1 4 .5
.25-.75 .1 .9 .3 1.3
.75-1.25 .4 .7 .1 1.2
1.25-1.75 1 .5 .2 .8
1.75-2.25 .3 .3 .6
2.25-2.75 .2 .2
2.75-3.25 .1 .1
3.25-3.75 .1 .1
3.75-4.75 .1 .1
Total Percent .2 1.8 1.8 1.1 4.9

TOTAL PERCENT = 96.8
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Estes, E L

Aquatic disposal field investigations, Galveston, Texas, off-
shore disposal site; Appendix A: Investigation of the hydraulic
regime and physical nature of sedimentation / by E. L. Estes,
R. J. Scrudato, Texas A§M University, Moody College, Department
of Marine Sciences, College Station, Texas. Vicksburg, Miss.
U. S. Waterways Experiment Station ; Springfield, Va. : available
from National Technical Information Service, 1977.

134, pl183, 3 p. : ill. ; 27 cm. (Technical report - U. S. Army
Engineer Waterways Experiment Station ; D-77-20, Appendix A)

Prepared for Office, Chief of Engineers, U. S. Army, Washing-
ton, D. C., under Contract No. DACW64-75-C-0069 (DMRP Work Unit
No. 1A09A)

References: p. 120-134.

1. Dredged material disposal. 2. Field investigations. 3. Gal-
veston Offshore Dredged Material Disposal Site. 4. Geologic
processes. 5. Geological sedimentation. 6. Hydraulic regimen.

(Continued on next card)

Estes, E L

Aquatic disposal field investigations, Galveston, Texas, off-
shore disposal site; Appendix A: Investigation of the hydraulic
regime and physical nature of sedimentation ... 1977. (Card 2)

7. Sedimentation. 8. Waste disposal sites. I. Scrudato, R. J.,
joint author. II. United States. Army. Corps of Engineers.

III. Texas. A § M University, College Station. Moody College.
Dept. of Marine Sciences. 1IV. Series: United States. Waterways
Experiment Station, Vicksburg, Miss. Technical report ; D-77-20,
Appendix A.

TA7.W34 no.D-77-20 Appendix A




