US Army Corps
of Engineers

Baltimore District

Final / August 1981

Combined Phase land Il
General Design Memorandum

Technical
Appendices

Baltimore
Harbor and Channels,
Maryland and Virginia




HYDROGRAPHIC SURVEYS
AND
UTILITY CROSSINGS AND RELOCATION

Introduction

Hydrographic condition surveys were conducted on all project channels between
June and September 1977. In the Virginia channels, cross sections were made
every 400 feet with soundings every 50 feet. In the Maryland channels, cross
sections were made every 500 feet with soundings every 50 feet. 1In addition,
utility investigations were conducted during the GDM. Plate A-31 illustrates
the utility crossings which exist within or immediately adjacent to. the limits
of the project. '
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Re: Baltimore Harbor and Channels, 50 Ft. Project
‘Geophysical Foundation Exploration Report

Gentlemen:

Transmitted herewith is our report summarizing the site investigations,
compilation of available subsurface data from other sources and our interpre-
tation of these data, together with prints of drawings illustrating the results of
these studies. This report is submitted in accordance with the requirements
of Contract No. DACW 31-77-C=100 between the Baltimore District, Corps of
Engineers, and Mueser, Rutledge, Wentworth & Johnston.

Since the ficld seismic exploration and the making of vibracore borings
are beyond the scope of our normal professional services we retained Ocean/
Seismic/Survey, Inc. as our subcontractors for this work and assigned our
staff for the coordination and supervision of the work. Since our subcontractors
also are expert in the interpretation of seismic data, the interpretation and pre-
sentation of the field data are the results of a combined effort by both firms.

Under separate covers we are forwarding the full size original tracings
of the drawings included in the report, copies of the field boring logs which
have been reviewed by our laboratory staff, the originals of the seismic data
procured in the field and other sources and the bottled dry samples taken from
sections of the vibracore tubes.

We are indebted to the staff of the Baltimore District for the guidance,
assistance and cooteration they provided us throuvghout the project. Please
accepl our thanks foc the opportunity to serve the Corps of Eungineers.
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MUESER, RUTLEDGE, WENTWORTH & JOHNSTON
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1. INTRODUCTION

This report is submitted pursuant to the requirements of Contract
No. DACW 31-77-C-0100 between the Baltimore District, Corps of Engineers
and Mueser, Rutledge, Wentworth & Johnston, dated December 7, 1977. The
scope of work required under this Contract includes a geophysical explora-
tion of the Baltimore Harbor and Channels, analysis of the data, a vibracore
boring program, and a compilation of existing subsurface information in the
channels. Our technical subcontractor was Ocean/Seismic/Survey, Inc. of
Norwood, New Jersey. This report summarizes all work performed under
the Contract.

Drawings are included to illustrate results of the geophysical survey,
the locations and logs of vibracore borings, and to present the existing sub-
surface data. All geophysical field data and vibracore boring logs generated
in this survey will be submitted to the Baltimore District in a separate trans-
mittal, The vibracore samples were delivered to the Virginia Institute of
Marine Science in Yorktown, Virginia during the course of the field work. A
record set of jar samples obtained from the larger vibracore samples, as the
vibracores were made, was shipped to our office in New York City and will
be delivered to the Baltimore District at the completion of our studies.

2. SITE DESCRIPTION

The work is located in Chesapeake Bay starting at Cape-Henry Channel
and extending to Baltimore, as generally shown on Maps Nos. 1 through 3.
The channels provide access for ships through the more shallow portions of
the Bay from the Atlantic Ocean to the Baltimore Inner Harbor area. For
the purposes of this report, the channels at the southern end of the Bay which
include The Cape Henry, The York Spit, and the Rappahannock Shoal are
collectively identified as the Virginia Channels. In the northern end of the
Bay the Craighill Entrance, Main Ship, Curtis Bay, East, and Northwest
Channels are identified as the Maryland Channels. The several sections of
the Main Ship Channel are shown on Map No. 1.

2.1 Available Information - The following information showing present
channel conditions, proposed modifications, and available subsurface
information was provided by the Baltimore District for our use during
this work,

a.

Twenty-three drawings prepared by Baltimore District, Corps of
Engineers titled ""Baltimore Harbor and Channels, Md. " show-
ing the condition of the Maryland Channels, as follows:

File 17, Maps 1208 and 1209.......... v ...dated Oct., 1967
File 17, Maps 1322 through 1324.......... dated Dec., 1972
File 17, Maps 1336 through 1340........... dated Oct., 1973
File 17, Maps 1345 through 1351.... ...... dated July, 1974
File 17, Maps 1352 through 1354.......... dated Aug , 1974
File 17, Maps 1366 through 1368.......... dated Oct., 1975

Twenty-two drawings prepared by the Baltimore District, Corps
of Engineers titled '"Baltimore Harbor and Channels, Md. ' show-
ing the latest condition of the Maryland Channels and proposed
revisions to the East and Northwest Channels, as follows:

File 17, Map 1386, revised.............. dated Oct. 27, 1977
File 17, Maps 1387 through 1389.......... dated June, 1977
File 17, Maps 1392 through 1395,

1397 & 1398............... dated Aug., 1977

File 17, Maps 1396, 1399 through 1404,
1407, 1409 & 1410..........dated Sept., 1977

Eight drawings prepared by the Norfolk District, Corps of Engi-
neers, titied '""Baltimore Harbor and Channels, Maryland- Virginié. .
Survey for Deepening Study', showing latest condition of the
Virginia Channels, as follows:

File Nos. H-10-22-02 (1) through H-10-22-02 (8), dated June 30, 1977
Drawings titled '"Subsurface Exploration and Disposal Areas',

File 17, Map 1040.1 and "Subsurface Exploration Logs'",
File 17, Maps 1040.2 and 1040. 3, dated Dec., 1963.

. Drawings titled '"Plan and Logs of Subsurface Exploration'

File 17, Map 1105 and ""Logs of Subsurface Exploration',
File 17, Maps 1108 through 1112, dated Nov., 1964,

Drawings titled '""Pierhead and Bulkhead Lines, Baltimore
Harbor, MaAd.",

File 13, Maps 849 through 853 and
File 13, Map 940




Additional subsurface information was also procured through the
cooperation of the Maryland State Roads Commission, the Baltimore
Interstate Agency, and the J. E. Greiner Company. Subsurface in-
formation was also obtained frcm several of our firm's previous
projects. The names of the projects, the owner or source of the
information, and reference drawings are given in Table No. I.

2.2 Scope of 50 Ft. Project - The scope of the 50 ft. Project is to
create a 50 ft. deep watercourse below Mean Low Water throughout
the existing Maryland and Virginia Channels. In areas of Chesapeake
Bay between the channels natural depths greater than 50 feet already
exist and hence will not require dredging.

Dredging of the channels will be to the 50 ft. depth, plus a normal
allowance of two feet for overdredging. In the Virginia Channels,

this will require that the Cape Henry and York Spit Channels be
lengthened to extend to the existing 50 ft. depth contours. Additionally,
the Rappahannock Shoal Channel will be widened from its existing 800
feet to 1,000 feet. On Plates Nos. 1 through 12 the Baltimore District
prepared the plans of the proposed channels. For reference purposes
on Plates Nos. 9 through 12, the proposed width of the Rappahannock
Channel is indicated by a dashed line and the existing channel by a
solid line. In the Maryland Channels the existing dimensions will be
maintained, except in the East and Northwest Channels, while dredging
to the same depth described above. Plans on Piates Nos. 13 through
24 show the existing channels, The proposed dimensions of the East
and Northwest Channels on Plates 22 and 23, respectively, are indi-
cated by dashed lines., The revised dimensions were taken from draw-
ing numbered File 17, Map 1407, titled "N.W. Branch, East Channel",
dated September, 1977.

3. GEOLOGIC CONDITIONS

Chesapeake Bay is located in the Atlantic Coastal Plain geographic
province. This unit is characterized by thick sequences of sand, silts and
clays overlying crystalline bedrock. From their western terminus at the fall
line the deposits dip in a seaward direction toward the Atlantic Ocean and con-
tinue into the ocean where they form the continental shelf. The regional dip
is such that bedrock outcrops in some areas of Baltimore whereas the depth
to bedrock at the southern portion of the Bay, near Cape Henry, Virginia is
morc than 2, 000 feet. Extensive erosion during the Jurassic period removed
any previous sediments above the bedrock. It is now overlain by geologically
_unconsolidated marine sediments dating from the Cretaceous, Tertiary, Pleisto-
cene, and Recent periods. The older sediments are generally bedded parallel

to the bedrock, however, younger sediments dip at a less steep angle than
does the bedrock so as to create a succession of wedge shaped layers.

After deposition of the Tertiary soils and during the Pleistocene, the
sea level fluctuated with respect to the land due to the formation and melting
of glaciers, and possibly as the result of the elevation and depression of the
land surface. Evidence that sea level at one time was approximately 250 feet
lower than at present is clearly recorded in the ocean iloor east of the Chesa-
peake Bay., Therefore, the upper part of the Tertiary soils were at one time
above sea level and subject to erosion and increased consolidation through
dessication. In the northwestern area of the Bay the younger sediments were
completely removed by erosion so that only the Cretaceous and older Ter-

- tiary soils remain. The major rivers, such as the Susquehanna, cut deep

channels during the Pliocene, when the land surface was higher than at pre-
sent, which were widened during the Pleistocene, and finally flooded, creat-
ing broad shallow bays of which Chesapezke Bay is an example. Submergence
of the river valleys caused them to become filled, possibly first with Pleisto-
cene sand and gravei terrace deposits, then with soft clays and silts during
Recent times. Thus, a characteristic subsurface feature of the Bay is a rela-
tively shallow buried erosional surface which represents the interface be-
tween the looser and softer Pleistocene and Recent deposits and the older,
more compact pre-Pliocene deposits.

Much of the subsurface geology of the Chesapeake Bay has been learned
from engineering site investigations for the two structural crossings of the Bay.
Both crossings happen to be located near channels surveyed for this project.
The Chesapeake Bay Bridge-Tunnel crosses the Bay between the Cape Henry
and York Spit Channels and the Chesapeake Bay Bridge is located approxi-
mately 2 miles south of the Craighill Entrance Channel. Review of literature
developed on these projects and others indicates the following geologic infor-
mation in the vicinity of the channels.

3.1  Virginia Channels

Chesapeake Bay Bridge-Tunnel - Extensive subsurface information in
the southern portion of the Chesapeake Bay has been obtained from a
preliminary series of 28 deep exploratory borings made for the Chesa-
peake Bay Bridge-Tunnel. The bLorings were made by a joint venture
of Raymond Concrete Pile Company and Tidewater Construction Com-
pany between December 1957 and February 1558. Within the depths
penetrated by most of the borings, approximately 150 feet, a complex
stratigraphy was indicated. The overall profile included a buried ero-
sional surface whose depressions are filled with soft silts and clays
and occasionally layers of medium compact fine sand which was be-
lieved to be of Recent or Pleistocene age. Studies have shown that the




boundary between the erosional surface and overlying sediments re- 3.2
presents the top of the Tertiary deposits, which in this area are of

the Miocene age. These soils are greenish gray in color and consist
of fine sandy clay, silty clay containing some fine sand and silty fine
sand, all containing at least a trace of shells, and in some cases
definite shell beds. These soils were consolidated through dessica-
tion at times when the land was elevated with respect to the sea and
are presently stiff to very stiff or medium compact to very compact.
However, the Pleistocene and Recent soils overlying the Tertiary are
~only consolidated under the weight* of their existing overburden or
possibly slightly more as a result of local drying. In the vicinity of
the Bridge-Tunnel alignment and York Spit Channel, the subsoil strati-
graphy shown by the borings to the depths relevant to this project are
as follows: From the Bay bottom at Elev, -52 to Elev. -72, the bor-
ings encourtered a loose to medium compact gray fine sand, some
silt, trace shells. The surface of the Tertiary soils began at Elev.
-72 and consisted of stiff to very stiff green, gray fine sandy clay,
some gilt, trace shells. The location of one boring made for the-
Bridge-Tunnel alignment has been projected onto Plate No. 8, York
Spit CLannel, for a comparison with the geophysical data obtained dur-
ing this current study.

The subsuriace investigation for the Bridge-Tunnel also included a
seismic reflection survey made by Alpine Gecphysical Associates,
Inc. of Norwood, New Jersey. The survey, which was made during
the latter part of January 1958, paralleled the alignment of the Bridge-
Tunnel Highway Crossing and extended one. mile on either side of the
alignment. A report which describes the field work, equipment, and
interpretation of data was published in Transactions, ASCE, and is
referenced herein. The report includes the correlation of the geophys-
ical data and test borings made for the Bridge-Tunnel in the vicinity
of the York Spit Channel, which was previously called the '"Baltimore
Channel." A more recent seismic reflection survey much larger in
scope was undertaken by the Coastal Engincering Research Center to
locate and identify deposits of sand suitable for use as fill in replen-
ishing eroded beaches. The survey covered an area of 180 square .
miles bounded by Cape Henry at the scuth, the approximate alignment
of the Bridge-Tunnel at the west and Cape Charles to the north, and
as such, includes the Cape Henry Channel and the southern limit of
the York Spit Channel. The geophysical data was correlated with 47
vibracore borings made for the study and several vibracore borings
previously made by other sources. A paper by Meisburger thoroughly
describes the project and is referenced herein.

Maryland Channels

Chesapcake Bay Bridge - Chesapeake Bay Bridge spans 4. 3 miles

across the Bay from Sandy Point, Maryland cn the western shore

of the Bay to Keat Island. The bridge was constructed by the State
Roads Commission of Maryland and consists of two parallel spans.
The subsurface investigations for the fir st span included 23 borings .
made by Raymond Concrete Pile Company in 1947 and 1948, At this
time an alignment of a proposed alternative tunnel was also investi-
gated by 15 borings. The alignment of the tunnel was approximately
4, 000 feet north of that of the bridge. In a preliminary subsurface
investigation undertaken in 1938, 29 test borings were made at the
approximate location of the proposed tunnel. The logs of these bor-
ings were used for the following geologic interpretation of the site
prepared by C. W. A, Supp of the J. E. Greiner Company, referenced
herein. In the depths penetrated by the borings, the deepest of which
reached 258 feet, the soils were identified Quatenary, Tertiary and
Cretaceous materials. In the vicinity of the shipping channel at the
proposed tunnel alignment the foilowing subsurface stratification was
deduced: from the bay bottom at a depth of 55 feet to approximately
66 feet the soils consisted of Recent and Pleistocene soft gray silts
and clays; from depth 66 feet to approximately 75 feet the borings en-
countered Recent and/or Pleistocene sand and gravel deposits. These
are probably outwash terrace deposits which filled former stream bed
channels. Underlying these deposits are the Tertiary soils, which
were identified as the Eocene Aquia 'greensand''. This material is
very compact to medium compact glauconitic sand with thin local
occurrences of sandstone. The Tertiary soils were believed to be
severely eroded as indicated by their undulating topography and com-
plete absence in some areas along the alignment.

Baltimore Outer Harbor Crossing - This bridge crosses the Patapsco

River from Hawkins Point on the south bank to Scllers Point on the
north shore. Ten borings were made in a preliminary site investiga-
tion in 1954 and 89 additional borings vrere made by Warren George,
Inc. for the final investigation in 1969, Locations of seventeen of
these borings are shown on Plate 20. Materials identified in the bor-
ings were of Recent, Pleistocene, and Cretaceous age. The soil pro-
file across the River included two channels cut into underlying com-
pact soils, the deeper reaching Elev. -120 feet, approximately 1, 000
feet southwest of the Ft. McHenry Channel. In the vicinity of Hawkins
Point the compact soils were believed to be the Patapsco formation
stiff variegated silty clays and compact sands and gravels. However,
beneath the filled channel in the river the compact material consisted
of only compact sand and gravel presumed to be a Pleistocene deposit,
Organic silty clay which fills the channel is of Pleistocene and Recent
age. At the intersection of the Ft. McHenry Channel the profile in-



cludes a 60 ft. thick stratum of soft gray organic silty clay at the
channel bcttom whose consistency increased slightly with depth. The
top 2 feet was believed to be in a semi-liquid state. Beneath this clay
a 5 ft. deposit of brown and gray ccarse to fine sand and gravel forms
a thin mantle over the very compact underlying soils. In summary,
during the Pleistocene sea level lowering thin terrace deposits of sand
and gravel filled river and stream channels and were subsequently
covered by thick deposits of silts and clays during periods of high sea
levels.

Proposed Rt. 1-95 Ft. McHenry Tunnel - The site of a proposed
tunnel crossing of the Patapsco River has been investigated by the
Baltimore Interstate Agency. The tunnel will complete the Interstate
Highway Route 1-95 through the Baltimore area. Numerous borings
were made along three alternative alignments. The locations of 31
borings made in the vicinity of the East Channel are shown on Plate 22,
while the logs of four selected borings are shown in the profile. These
borings indicate that the surface of Cretaceous soils lies at a muchhigher
elevation than to the south. These soils are all hard or very com-
pact silty or claycy sands, which probably belong to the Patuxent For-
mation. The Agency's interpretation of the generalized soil profile
indicates that harbor bottom deposits of varying thickness are under-
lain by estuarine deposits across the width of the harbor. The harbor
bottom deposits contain decomposed organics and petroleum residue,
while the estuarine deposits are soft to stiff organic clayey silts or
organic sandy silts. Underlying these materials is a stratum of com-
pact to very compact silty sand to gravelly sand. The surface of this
straturmn varies extensively even over local areas but it is generally
below Elev. -60. '

Borings previously made for the Baltimore District throughout the
Maryland Channels generally indicate that the bottom sediments are
soft organic silty clays or clayey silts of Recent age. Bottom sedi-
ments described as black or organic may be material deposited since
earlier dredging of the channel. The change to gray silty clay may
represent the surface of uppermost natural material which predates
dredging.

Other major engineering projects which probably have subsurface in-
formation which would be of use in this project are the Baltimore
Harbor Inner Tunnel crossing the Patapsco River in the vicinity of the
north end of the Ft. McHenry Channel and at least two submarine cables
located in the Baltimore Inner Harbor area. Unfortunately, this in-
formation was not available for this report.

4. GEOPHYSICAL EXPLORATION PROGRAM

The geophysical exploration program was planneti to provide continu-

ous seismic and side scan sonar data over the entire length of the channels.
Initially the specifications included the requirements for geophysical, vibra-
core and dry sample borings. After procuring bids from qualified drilling
contractors for the dry sample borings it became apparent that the high cost
of the dry sample work would put the cost of the entire program considerably
above the amount of available funds. Therefore, at a meeting on August 9,
1977 between representatives of the Baltimore District, Mueser, Rutledge,
Wentworth & Johnston and Ocean/Seismic/Survey, Inc. the scope of the pro-
gram was reviewed and we also made recommendations for changes in the
geophysical program based on the capabilities of available equipment. To
reduce the cost, the District deleted the dry sample boring work and made
other revisions in the specifications, based on the August 9th discussions.
The changes were incorporated in a revised Appendix A of the Contract, which
was transmitted to us on September 7, 1977.

4.1

Field Work - The geophysical field work was completed between
November 14, 1977 and December 8, 1977 by our subcontractor,
Ocean/Seismic/Survey, Inc., 70 Oak Street, Norwood, New Jersey
07648, under the inspection of our Resident Engineers, Messrs.
Frederick C. Rhyner and Raymond Cholewka. The surveys of the Cape
Henry and York Spit Channels were completed using a boat named
"Sea Lee", which is a 50 ft. long charter fishing boat docked at Wall's
Marina in Norfolk, Virginia. The boat was owned by Mr. Lee
Hollowell and leased from its captain, Mr. Eugene Payne of Virginia
Beach, Virginia. For the remaining channels the survey vessel was
the '"Pan Pat", a 41 foot long boat used mainly for charter fishing
trips. The boat's owner and captain was Mr. Harrison Woolford of
Annapolis, Maryland. Each boat was equipped for the survey with
‘two gasoline powered generators mounted on deck. The specific in-
struments used for the survey are identified in Table No. 2. The
crew typically consisted of a geologist crew chief, three technicians,
one helper, and the vessel captain.

Desired survey courses were planned prior to the field work to pro-
vide both side scan sonar coverage to 100 feet outboard each side of
the channels and a continuous seismic profile along the channel. Be-
cause our subcontractor believed that the optimum range for side scan
sonar on this project was a total of 600 feet, two courses were made
approximately along the third points of the channels. A sinusoidal
pattern was also made to provide seismic data for cross-sections of
the channels. This pattern was determined in the field to avoid inter-
ference from ships. The survey was carried out by travelling at a
slow speed to minimize acoustic interference resulting from the
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vessel's engine noise and water turbulence created by wakes. The
survey courses, seismic data, and locations of obstructions are
shown on Plates Nos. 1 through 24. Refer to Appendix A for a list
of obstructions located by side scan sonar. :

Description cf Methods and Equipment - Following is a brief de-

scription of the seismic, side scan sonar, and electronic navigation
methods and equipment used on this project. For more detailed in-
formation sece the referenced text and articles.

Seismic Reflection Survey - A seismic reflection survey deline-

ates subsurface data based on the acoustical properties of subsur-
face materials, The strata are determined by emitting repetitive,
high energy sound waves from a sour ce towed by the survey vessel.
These mechanical waves are reflected or refracted at changes in
acoustical properties of the overburden. Reflected waves are re-
ceived by a group of pressure sensitive hydrophones which are trailed
behind the sound source, the measured parameter being the time be-
tween the sound puise and the reflection. The depth at which a re-
flection occurs is determined from an assumed velocity of sound in
each water and overburden. The velocity of sound in water is typically
4, 900 fps and in unconsolidated coastal plain sediments it is approxi-
mately 5,440 fps. Because the ratio of reflected wave energy to the
emitted wave energy is very low, the faint signals received by the hy-
drophones are suitably amplified and electronically filtered, then re-
corded by helix-type chart recorders on electresensitive graph paper.

‘The recorded time signals are analogous to the sub-bottom profile,.

Both the depth of seismic penetration and resolution of signal vary
with the frequency of the emitted sound source. Low frequencies,
approximately 100 to 1, 000 cycles per second (cps), penetrate deeper
into unconsolidated sediments than do higher frequencies but do not
yield adequate resolution of shallow sub-bottom layers. Higher fre-
quencies do give good resolution of shallow structures but have poor
depth penetration. In coastal plain sediments, the acoustic variations
between different strata are subtle compared with profiles of over-
burden and rock, and generally the higher frequencies better detect
the fine sub-bottom structure.

Three sound sources used for this project were a “sparker', '"uniboom",

and a "sub-bottom profiler." The sparker produces an acoustic wave
by discharging a charged capacitor across an electrode gap which is
trailed just below the water surface approximately 150 feet behind the
survey vessel. A high cnergy transformer on board the vessel gen-
eratcs necessary voltage for the spark. The resulting signal was
filtered to1,000t0 2,000 cps, which achieved the required depth pene-
tration of approximately 300 feet. This device was used only in the
Cape Henry and Rappahannock Shozal Channcls. Deep seismic penetra-

tion in all other channels was obtained with a uniboom. This is an
electromagnetic transducer eleven-inches in diameter, with thick
rubber membrane covering, which operates at frequencies similar
to the sparker. It was also towed in a similar fashion behind the

~survey vessel. A string of ten receiving hydrophones were trailed

immediately behind either the sparker or uniboom in a 2-inch diam-
eter plastic tube approximately 12 feet long. The tube was filled with
oil for bouyancy and electric insulation. To delineate shallower in-
terfaces a sub-bottom profiler operating at a frequency of 3, 500 cps
was operated. Its typical depth of penetration was 125 feet. The
acoustic waves are both emitted and received by a group of four 5-inch
diameter transducers which were carried approximately three feet
below the water surface directly alongside the survey vessel.

Side Scan Sonar Survey - Side scan sonar is a relatively new method

of distinguishing topographic features of surfaces below water by the
use of acoustic images. This type of investigation can be used to
interpret natural bottom features and locate man-made objects resting
on the bottom. The acousti¢ image is generated by two side looking
transducers contained in a torpedo-like housing called a fish. The
fish is trailed submerged behind the survey vessel. Each transducer
emits a horizontally narrow acoustic beam but sufficiently large in
the vertical plane to scan directly beneath the transducer and out to a
variable distance to each side of the fish. Because the transducers
operate at much higher frequencies than do the seismic instruments,
the acoustic beam does not penetrate the overburden, but is reflected
only by bottom features or objects projecting above the bottom. De-
pending on the selected range of the beam and the depth of water, ob-
jects as small as one to two feet across may be detected. . Also, subtle
natural features such as ripples or small sand dunes and even grain
size may be interpreted from the data since different acoustical re-
sponses occur at variations in bottom topography.

The same transducers also serve as hydrophones to receive reflected
signals. These signals are amplified and electronically recorded by
a dual channel helix type graph recorder on electrosensitive graph
paper. The form of the data approaches a plan map or acoustic photo-
graph of the path of the survey vessel. Objects which give strong re-
flections arec recorded as dark areas while features which do not re-
flect the beam, for instance depressions, are recorded as light areas,
Wrecks or other unnatural reflectors are identified by sharp, dark
images distinct from the surrounding topography. The quality of an
image depends on its size, reflectivity, and orientation to the sonar
beam, also the strength of the signal varies with its distance fromn the
transducer. The direct distance between the transducer and a re-
flector located by the sonar is measured directly from the data as the
elapsed time of reflection is converted to a lineal distance by the re-




corder. This distance is corrected to a horizontal distance using
the depth of water sensed by the transducer, and solving the simple
geometrical relationship.

Electronic Navigation System - Geographic positioning of the vessel
was determiincd by an electronic navigation system which included a
dual channel ranger, computer, plotter, and two slave beacons located
on shore. The ranger deiermined the distances between the survey
vessel and the two shore beacons of known coordinates. To monitor
the vessel's course, the computer converted this information into x
and y coordinates which were plotted at intervals of approximately
one minute. The desired survey courses were plotted before the
field work began so the vessel captain could detect deviations in his
actual course during the survey. Bench marks locations suitable for
placing the shore beacons at each channel were provided by the Balti-
more and Norfolk Districts, Corps of Engineers. The ranger system
operates at microwave frequencies and requires line of slight dis-
tances. As sections of the York Spit and Rappahannock Shoal Chan~
nels are several miles from land, it was necessary to elevate the
shore beacons to approximately 50 feet to overcome the curvature

of the earth, '

5. VIBRACORE BORING PROGRAM

The scope of work on this project included making 13 vibracore bor-
ings to be used by the Baltimore District primarily for an analysis of the en-
vironmental impact of the proposed dredging. Specifications included a sche-
dule of the required depths of the 13 vibracore borings. Locations of the bor-
ings were originally intended to be chosen after the completion of the geophysi-
cal survey; however, because the survey was not fully completed at the time
the vibracore borings were about to be made, the Baltimore District selected
the locations of the vibracore borings based on environmental considérations
only. Based on the completed geophysical surveys of the Cape Henry and York
Spit Channels, we relocated Boring No. VYC-3 to an area of the York Spit
Channel where the geophysical data showed only a bottom layer. All other bor-
ings were made at locations designated by the District.

5.1 Field Work - The boring operations commenced on November 28, 1977
and were completed on December 3, 1977, Our Resident Engineer,
Mr. Raymond Cholewka, inspacted all borings. The drilled locations
of the borings were determined by our subcontractor using sextant
angles on fized land objects in the Maryland Channels and sextant angles

on buoys in the Virginia Channels. Locations of the borings and descrip-

tions of materials encountered are shown on Plates Nos. 1 through 24.

The instructions by the District for the final locations of the vibracore
borings and the depths of penctration required were transmitted by
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"Routing and Transmittal Slips'' dated November 18, 1977 and Novem-
ber 22, 1977. These directives required 30 ft. vibracores to be made
in the Virgiria Channels and 40 ft. in the Maryland Channels with each
boring penetrating to at least 60 feet below Mean Low Water. A sum-
mary of the vibracore work completed is shown on Tabie 2. All bor-
ings penetra‘ted to the minimum lengths and depths with the exception
of Boring No. MCC-5 where refusal occurred at 26.1 ft. of penetra-
tion rather than the 40 ft. desired. However, penetration at this bor-

~ing was to Elev. -70 ft., thereby meeting the minimum requirement
of penetration to 60 ft. below Mecan Low Water. Boring logs prepared
by Ocean/Seismic/Survey, Inc. are included in the Appendix and give
the detailed records of the operations at each site.

Bay bottom elevations at the boring locations were determined by
taking water level readings on the sampler H-beam and making correc-
tions for the height of the tide. Visual classifications of the materials
exposed at the ends of the 4 ft. length samples were made in the field.
Additionally, small representative portions of the material were
placed in jars to serve as a convenient record set of samples. In bor-
ings where the recoveries were less than full length of penetration we
made our best judgment whether lack of recovery occurred at the sur-
face or the lower end of the boring. The depths assigned to samples

in the field were revised accordingly,

Description of Equipment - Equipment used by Ocean/Seismic/Survey,

Inc. comprised an Alpine Vibracore unit operated from the R/V
Atlantic Twin, a 90 ft. long catamaran vessel, which also carried the
required auxiliary equipment.

General Description - The Alpine Vibracore is a self contained cor-
ing device designed to sit on the marine floor, vibrate a coring pipe
into the sub-bottom sediments and recover sediment core samples
which are continuous throughout the vertical column and relatively un-
disturbed. Core samples are recovered inside a plastic liner of 3.5
inch inside diameter up to 40 feet in length in one continuous vibratory
operation. Some sediments, such as a homogeneous fine sand are
sufficiently compacted as to prevent full penetration on a single vibra-
tory attempt.

Coring Rig - The vibracore rig consists of a pneumatic impacting vi-
brator mounted on top of a coring pipe which is a four-inch standard
plumbing pipe. The rigid plastic liner is fitted inside the coring pipe
to retain the core material. A core retainer consisting of flexible steel
fingers is fitted in the cutting head to prevent loss of material during
-pull out and rig retrieval, and to supplement retainage of the sample by
side friction.




The vibrating head assembly is attached to a 46 ft. iong aluminum
H-tower and free to slide down the face of the H-beam. It is supported
by cable during transfer from the support vessel to its resting position
on the marine floor. The tower assembly is further supportad by four
rigid legs extending horizontally from the tower base and containing
steel pads of two foot diameter at the extremities. Diagonal supports
from the pads to the tower provide a rigid base mount for the vibracore
. rig to sit in an upright position on the sea flocr. The cutting head,
part of the coring pipe assembly, is tapered on the outside to provide
ease of entry into the sediments,

Once the unit is in a stable upright position on the sea floor the cable
is slackened, leaving the vibrator assembly free to move downward
into the sediment. Driving power is provided by compressed air fed
through one hose to the piston head and alternately exhausted from top
and base of the piston through two other hoses outletting at the surface
in air. Compressed air forces the piston up, then alternately drives
the piston down against its base. On this project the piston was 8 in-
ches in diameter and vibrated at 600 cycles per minute, The driving
force against the coring pipe is provided by the combination of the im-
pact of the piston at its base coupled to the weight of the head assembly
which is constrained to move freely downward. Penetration of the cor-
ing pipe continues to the depth of the boring or until refusal occurs, at
which depth the compressed air valve is shut off. The coring pipe is
pulled out of the bottom into the framework of the tower, and the entire
rig lifted to the vessel, oriented in a horizontal position and the plastic
“liner extracted from the coring pipe.

The recovered core sample is cut into manageable sections, on this
project 4 ft. lengths, each section labelled by number and position in
the core, the ends capped with flexible plastic caps, taped securely
with plastic binding Scotch tape ard stored for further inspection. As
noted above, representative soil samples from the tube sections were
bottled for easc of reference.

The rate of penetration into the sub-bottom is measured by a 360° po-
tentiometer, housed in a pressure case mounted on the vibrator guide.
It is driven by a sprocket coupled to a chain stretched along the length
of the tower. The potentiometer makes one revolution for each foot of
penetration into the sub-bottom and is connected by an electric cable
to a single-channel strip chart recorder on the vessel,

Evaluation of Core Stratigraphy - During operations the recovery
length does not always exactly match depth of penetration. Possible
causes for differences include expansion, pile driving, and densifica-
tion. Expansion when applied to a core indicates that the recovered

sample measures longer than the distance of penetration through that
particular sediment. In medium stiff to stiff clays expansion usually
does not exceed ten percent by volume. In very dense sands expan-
sion may reach fifty percent of the volume cored. In dense sands the
percentage of change depends on material type, in-situ density and
stress history of the deposit. ''Pile driving''occurs when the end of

the coring pipe becomes plugged but continues to penetrate the soil
column displacing soft sediments instead of coring through them. The
effects of pile driving may go unsnoticed if coring takes place through
a sequence of layers some of which have a tendency for expansion
during coring. Densification or compaction is the least observed phe-
nomenon and when it occasionally occurs, appears to be restricted to
cohensionless sediments.

6. SUBSURFACE STRATIGRAPHY

Plates Nos. 1 through 24 illustrate results of the geophysical survey
and boring program in plan and profile format. An. explanation of symbols
used on these platcs is given on information Drawing No. I-1. The location
in plan of the course taken by the geophysical survey vessel is shown by solid
line marked with short ticks at frequent intervals. Ticks represent the vessel
location at times when its position was electronically determined, and are
called 'fixes.' Fixes are numbered in decimal groups of six, but for clarity
only the first number in each group has been shown. The plan also shows the
locations of hulks and other probable obstructions identified by side scan sonar.

The profile is a section along the stationing line of the channel. Geophysi-
cal data shown is an interpretation of field data by Ocean/Seismic/Survey, Inc,
As two survey courses were made approximately parallel to the channels, our
subcontractor generally chose to show in profile data from the course which
contained more subsurface information. Fix numbers at the top of the profile
indicate from which course the data were taken. The channel bottom deter-
mined in the geophysical survey has been indicated by a solid heavy line. For
comparison with previously available data, the Baltimore District has indicated
with solid dots depthsat the 'station line of channel as determined in their most
recent condition surveys. Jt should be noted that solid dots represent bottom
at station line of channel, whereas the solid heavy line indicates bottom along
the survey course, which was generally several hundred feet distant firom the
station line. Also, seismic reflection survey equipment is designed principally
for maximum penetration of sediments and thus the time scale, sensitivity, and
frequency response are not as favorable for accurate measurement of water
depth as are those of echo sounders designed for bottom profiling,

Lines below the bottom represent sub-bottom interfaces as determined
by the seismic reflection survey. The interfaces actually distinguish differen-
ces in acoustic properties of sediments, however, because the compositional



and physical properties which commonly differentiate sediments also produce
acoustic contrasts, the acoustic profile is rcughly comparable to geologic
strata lines. Short dashes at the ends of some of interface lines indicate that
the line was truncated on field data but it is believed that the interface actually
continues beyond where the end of the line is shown.

Shown in plan are the location of 20 sections lettered A through U,
taken at various transverse angles to the channels. Subsurface data along
these sections are shown on Plates Nos. 25 through 30. Twenty sections
were required by Contract: however since all survey data will be submitted
to the Baltimore District, additional sections may be constructed as desired.
The sections were taken along segments of the sinusoidal survey course at
locations where boring information exists and also at approximately regular
intervals to provide coverage over the entire project. :

Boring locations are shown in plan and simplified logs of the borings
are shown in profile. Locations and logs of borings made by others were taken
from the references listed in Table No. 3. The simplified boring logs show
the top and bottom of boring, penetration resistance as defined on Drawing No.
I-1, and a brief description of materials encountered,

The elevation datum used for this project is the National Ocean Survey
Mean Low Water at each channel locality. The coordinate system for the
Virginia channels is the Virginia State Grid (South Zone). The coordinate sys-
tem for Maryland channels is a Corps of Engineers grid which is related to the
Maryland State grid as shown on Drawing No. I-1. Basic reference information
pertaining to the gecphysical survey is included in the Appendix. These com-
prise: logs of the vibracore borings; a list of possible obstructions located by
side scan sonar; a detailed discussion of the navigation system utilized for con-
trol of the survey, and a table identifying beacon locations.

As a geophysical survey is an indirect means of determining sub-bottom
stratification, an interprctation of what the seismic interfaces represent must
be based on direct sampling information usually obtained from borings. In
areas of this project where boring information is not presently available, the
interpretation is less certain and must be confirmed by future subsurface in-
vestigations. The following interpretation of subsurface conditions is listed by
channels. The principal interface lines are identified by letters A through G
on the profiles. The physical significance of these lines is summarized in an
explanatory table on Plate 1.

6.1 Virginia Channels

Cape Henry Channel - The seismic profile of the Cape Henry
Channel shown on Plate 1 contains several well delineated re-

flections. The dominant reflection, identified on the profile as
A , has a very undulating surface, a characteristic feature
of an erosional surface. The erosional surface ranges in depth
from approximately 10 to 20 feet below the bay bottom, except
at the southern portion of the channel, where it deepens to near-
ly 40 fcet below the bottom. It is continuous for at least 3 miles
on the seismic record and is probably continuous throughout the
Cape Henry area. This erosional surface probably corresponds
to the top of the pre-Recent sediments.

At the southern end of the seismic profile exists a buried river
channel as identified by the steeply inclined erosional surface
which forms the banks, and elsewhere the river bed. This
channel has been filled to the present bay bottom eliminating any
surface expression of its existence. Reflections within the
channel show cross-bedding of strata, a characteristic feature
of stream-deposited sediments. Based on the present-day align-
ment of the James River, this buried river channel may repre-
sent its former channel at a time of lower sea level. Section
A-A, shown on Plate 25, traverses a portion of buried channel
and indicates that the main section of the buried river channel
was slightly to the north of the profile shown on Plate 1. Boring
No. VCC-1 was positioned in the Cape Henry Channel. At its
location the bottom sediment extending to Elev. -55 was gray
fine sand, trace silt, trace shell fragments. As shown on Sec-
tion A, the first sub-bottom interface apparently represents the
base of this material. This material is the .characteristic sur-
face sediment in the Chesapeake Bay entrance area., Borings at
Chesapeake Bay-Bridge-Tunnel indicate that this sand is loosge
to medium compact, and, because of its striking uniformity over-
such a large areal extent it is probably of similar consistency
in Cape Henry Channel. Underlying this sand is a stratum of
orange-brown fine sand with some silt. While the overlying
gray sand is known to be Recent, this orange-brown sand is
probably a Pleistocene deposit which may contain appreciable
amounts of gravel and even occasional cobbles., Penetration
resistances indicate that the sand is distinctly more compact
than the overlying Recent material. The base of this sand ap-
pears to be at the second sub-bottom interface, the erosional
Surface A,

The boring penetrated the erosional surface at approximately
2] feet below the bay bottom. The penetration resistance in-
crease in the vicinity of the erosional surface indicates that
the sediment immediately below the erosional surface is more’
compact than both overlying materials. No sample was re-




covered below the erosional surface. No further prominent
seismic reflectors appear between erosional surface A and
the next prominent reflector, B. This indicates that the in-
tervening sediment is relatively homogenous in content and
texture.

Seismic reflector B is prominent and continuous over most
of the Cape Henry survey area and is characterized by its
relatively smooth, non-undulating surface, It slopes gently
downward to the southeast. The reflector probably repre-
sents the top of Miocene Yorktown formation as reported by
Meisburger.

Several deeper seismic reflections, not shown on this profile
appear on the seismic records at depths of 120, 200 and 300
feet below the sea floor. These reflectors are also relatively
smooth and slope gently downward to the southeast.

Based on the single boring and the patterns of shallow seismic
reflections the upper several feet in the Cave Henry Channel
appears to comprise relatively loose sands while a more com-
pact mixture of sand and silt lie below it.

York Spit Channel - The same sequence of strata exists in

all but the northern portion of York Spit Channel as appears in
Cape Henry Channel. Seismic reflectors include an erosional
surface, buried channels, extensive continuous reflectors, and
two areas where no seismic reflections were recorded. An ero-
sional surface identified as C has been traced from the southern
end of the Channel on Plate 8 northward to where it terminates
on Plate 3. It ranges from 3 to 13 feet below the bottom, ex-
cept where it plunges to form the base of buried river and
stream channels. In the vicinity of fix No. 120.1 (Plate 4), the
erosional surface begins to dip gently to the north and gradually
fades until it ends near fix No, 118. 1 on Plate 3.

Two borings in the York Spit Channel penetrated the erosional
surface. At Boring No. VYC-2 (Plate 4) the material beneath
the interface comprised an eighteen feet thick stratum of light
brown and gray clayey fine sand underlain by gray silty fine
sand. At Boring No. VYC-1 (Plate 6) the interface probably
represents the change from medium stiff gray silty clay to gray
silty fine sand. The silty fine sand is much more compact than
the overlying material. The erosional surface probably is the
top of pre-Recent sediments.

Associated with the shallow erosional surface are five series

of buried channels where the erosional surface has been incised
to depths of 20 to nearly 40 feet below its average elevation.
These depressions have the typical pattern of steeply inclined
banks, forming what appear to be river channels which have
been filled with cross-bedded sediments. Widths of the buried
channels measure between approximately 800 and 3, 200 feet
between opposite wall boundaries. Those shown on Plates 7 and
8 may be part of a single meandering channel. Another depres-
sion, between fix Nos. 123 to 132, covering a span of two miles,
shows the erosional surface C gradually deepening toward the
central area where it deepens more steeply to at least 35 feet
below the bottom . This central portion is devoid of seisrnic
reflections from the surface downward, and has been indicated
by SSA, meaning ""soft sediment area.' It is an area where the
presence of soft material on the bottom masked the underlying
reflectors. The thickness of the masking layer is generally not
known.

Two other deeper prominently recorded seismic reflectors appear
below the erosion surface. The shallower one marked E appears
in the southern portion of York Spit Charnel and ranges from
Elev. -75 at the southern end of the channel on Plate 8 to Elev.
-67 feet five miles northward. Its surface is very smooth and
almost flat, except where incised by the erosional surfzce,

North of the five mile extent the seismic reflection disappears,
apparently converging upward to the erosional surface. Boring
No. Al, which was projected from the Chesapeake Bay Bridge-
Tunnel, shows Recent gray and dark gray silty fine sand lying
above the reflector and Miocene age Yorktown formation of
greenish gray silty clay with seams and pockets of 'sand lying
below. Reflector E represents a surface of the Tertiary mate-

rial in York Spit Channel.

The second deeper reflector is found at the southern end of the
York Spit Channel at approximately Elev. -105 and extends for
ten miles northward, rising gradually to Elev. -80, then declin-
ing to -90 before disappearing in the vicinity of fix No. 123,
Plate 4. At one location this reflector horizon is incised by a
deep buried river channel, fix No. 140 on Plate 6. The second
interface parallels the upper one and is approximately 20 to 30
feet beneath it, and may be a facies change within the Yorktown
formation between the silty clays and medium compact to very
compact greenish gray fine to medium sands. These two com-
ponent materials alternated in sequence along the route of the
Bay-Bridge tunnel.



Toward the northern portion of the York Spit Channel, Plate 5,
the erosional surface dips gently to the north. All layers lying
above the erosional surface, as shown on Plates 5, 4,3, also
dip gently northward. This feature probably represents a large
embayment or estuary containing clay deposits, which was
present when the sea level was about fifty feet lower than the

- present time. Deposition would have occurred during the rise
of sea level after the most recent glacial era, From fix No.
118.1 to 111.4, nearly two miles, a soft sediment area was
encountered. Boring No.VYC-3 was located in the center of this
area to identify the sediments. A 29 ft. thick stratum of soft to
medium gray clayey silt was penetrated which probably caused

the seismic masking, although its depth throughout the area is
not known,

Unfortunately, no boring information is available north

of this soft sediment area; therefore, no conclusion can be
drawn as to the significance of the reflections at the north end
of the channel. The reflections do show parallel bedding of
materials which dip northward. These may be part of the em-
bayment described previously.

A minor sea floor surface feature exists in the southern portion
of York Spit area. Sand waves irterpreted from the seismic re-
flections appear between fix Nos. 156.6 and 160.1. Length of
the larger sand mounds measures 100 to 120 feet, their height
three to four feet. Distance between crests ranges between 100
and 130 feet. Northward the sand waves diminish to two feet in
zeclief and gradually blend in with the sea floor.

Deep seismic reflectors interpreted as smooth gently inc lined
strata are also recorded on the seismic reflection records as
deep as -300 feet. '

Rappahannock Shoal Channel - Quality of the seismic records in
the Rappahannock Shoal Channel is good, with the exception of
two soft sediment areas where either no reflections are identi-
fiable below the bottomn or deeper than 20 feet below the bottom.
The first occurs just north of the location of Boring No. VRC-2 on

Plate 11 and the other surrounding Boring No. VRC-3 on Plate 10.

The patterns of seismic reflections are much more complicated
in this channel than in either York Spit or Cape Henry. The
interpreted features include erosional surfaces, deep buried
channels, and areas of obscured seismic reflections.

There appear to be two prominent erosional surfaces, labelled
F and G, which are in some places, close to each other. Both
have features characteristic of erosional surfaces suchas an
irregular undulation, cutting off the upper portions of inclined
layers, and incision of parallel layers forming depression
walls. At the northern area of the channel, the upper erosional
surface F ranges in depth between 5 and 25 feet below the
bottom and at Boring No. VRC-4 appears at Elev. -67. It con-
tinues southward where it dips steeply forming the north bank of
a deep depression at least 100 feet below MLW. Almost a mile
southward it emerges as the south bank of the depression; then
approximately one-half mile further south it again dips steeply,

forming a north wall of a second depression. South of Boring No.

VRC-2, Plate 11, the upper erosional surface is less distinct
on the profile. Section K-K shows the shallow upper erosional
surface with its irregular undulations truncating strata that con-
verge upward and are cut off by it.

The deeper erosional surface G is shown at the northern end of
the Rappahannock Channel and is recognized by the steeply in-
clined walls describing a 1, 700 ft. wide buried channel. It is
also recognized further to the south on Plate 11, where it

ahruptly truncates the inclined underlying layers and on Plate

12, where it dips steeply cutting into flat beds and forming the
north bank of a deep depression.

.The four vibracore borings show one to four feet of soft gray

organic clayey silt, underlain generally by soft gray silty clay
in most of the area to the south. In the northern sector, Bor-
ing No. VRC-4 shows a stratum of relatively compact brown
fine to coarse sand with some gravel occurring about ten feet
below the bottom, underlain by stiff to medium dark greenish
gray clays and silts. The change in material corresponds with
interface F which probably marks a change within the Pleisto-
cene to medium stiff clay. The overlying sand is a Pleistocene
outwash deposit which may also contain cobbles.

Boring No. VRC-3, made in one of the soft sediment areas,
shows a thick column of soft sediments including organic clayey
silt and soft silty clay. Penetration resistance is low throughout
the 40 feet of core. Boring No. VRC-3 is located at a depres-
sion where seismic reflections are not recognizable below about
15 feet. However, soft sediments occurring at or close to the
bay bottom may mask deeper reflections from strata that are
actually quite compact. No single interpretation will necessari-
ly explain all areas where seismic reflections are abruptly dis-
continued.
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The sub-hbottom geologic features in this arca are rather complicated.
It would require many additional seismic reflection survey miles
correlated with appropriately placed borings to develop an accurate -
picture of sub-bottomn conditions. In general, the four vibracore bor-
ings and the seismic reflection patterns indicate that the upper ten
feet of sediments consists of soft materials such as the silt-clay
mixtures,

Near fix No. 446.1 exists a ridge approximately 5 feet above the bottom.
This ridge continues across the channel at an angle. It appeared on the
side scan sonar. The other parallel seismic profile shows that this
ridge represents the outcrop on the sea floor of the lower erosional
surface. This may be an area of compacted, semi-consolidated sand
and gravel, more resistant to dredging than the majority of the sedi-
ment forming the bottom of the channel. :

Maryland Channels - The quality of seismic records made in the
Maryland Channels varies from well-recorded sub-bottom reflectors

in the Southern Craighill region to sparsely recorded reflectors toward
the mid-region and the Baltimore areas. The Craighill sections, Plates
13 and 14, contain sequences of seismic reflectors to a sub-bottom depth

of 35 feet. Toward the northern portion of the Craighill section and con-~

tinuing to Baltimore Harbor, seismic reflectors become very spotty.

Many portions of the seismic records contain either no sub-bottom re-
flections or only very faint traces. The cause is not attributed to poor
operation of the seismic instruments, but to the geologic conditions

that exist in these areas. The bottom sediments are probably soft mate-
rial containing interspersed gas pockets, however, these may be only

a few feet thick. Seismic reflections in the Maryland Channels show
many areas where no reflections exist below approximately 5 or 6 feet
of the bottom.

In the Craighill Entrance Channel, Boring Nos. MCC-1A and MCC-1B
each cencountered a sequence of Recent soft organic silty clay overlying
fine to medium sands with some silt. Underlying these materials were
Pleistocene light brown gravelly sands containing only trace amounts of
silt. Between fix Nos.362t0 3064 3 soft sediment area was encountered
where the sub-bottom feature is interpreted as a buried channel, as

evidenced by the abruptly downward sloping reflectors near fix No. 362. 1.

The depression or channel area extends northward for about one mile.
It is likely that the sediments within the depression may be gaseous,
particularly in the upper portions and may be soft to a considerable.
depth. Between fix Nos. 365.3 to 365.6, a length of about 1, 200 feet
there is an abrupt discontinuation of seismic reflections. On both sides
of the area there are reflections from 40 feet below the bottom. The

_ reflectors are generally flat, but the seismic signal completely

. disappears between the reflectors. The interpretation is that a soft
gaseous material exists within the upper ten feet of sediment masking
any further signals below it. The sediments, however, probably exist
below the gaseous material and the reflectors on both sides are prob-
ably continuous across the blank stretch.

Other erosional surfaces in the Maryland areas are either non-existent
or very indistinctly defined. There appears to be no obvious pattern
of inclined layers having been cut off near their tops, thus forming an
erosional unconformity. The area from Cut-Off Brewerton Angle
northward to the Brewerton-Ft. McHenry Angle contains very few
seismic reflections. One faint reflector appears within 5 to 6 feet
below the bottom. Borings Nos. MCC-3 and 4 encountered soft gray
silty clay to a depth of 40 feet below the bottom. Boring No. MCC-5,
made at the north end of the Ft. McHenry Section encountered a few
feet of soft mud overlying a very stiff clay. This clay is thought to be
of the cretaceous Raritan Formation and probably dips to the southeast.

In the Northwest Branch there is apparently a hard reflector which out-
crops at the northwest end. The nature of this surface is unknown: it
may be a gravelly sand or stiif clay. Near fix No, 327.1 there are
about 1, 600 feet of reflectors which show 2 pattern of a buried stream
channel or an infilling of a depression.

7. CONCLUSIONS

On the basis of the information summarized in this report and plotted
on the serics of profile plates, we have reached the following conclusions re-
garding this survey of the Baltimore Harbor and Channels;

1. We believe that the program has generally served the purpose of de-
lineating major groups of materials and general trends over the area. How-
ever, because of the dampening effect created by the presence of moderately
thick soft organic materials, significant lengths were encountered where it was
not possible to define deeper material by geophysical methods. To expand the
information it will be essential to carry out additional borings, preferably in-
cluding conventional spoon sampling and possibly also undisturbed thin-tube
sampling for the detailed identification of the subsoil strata.

2. The general geologic setting of this portion of Chesapeake Bay comprises
a series of wedged-shaped Tertiary and Cretaceous sediments dipping and thick-
ening seaward. The older arnd generally harder Lower Cretaceous materials
appear farthest to the north and west within Baltimore Harbor. Younger and
less compact Tertiary sediments appear south and east beneath the Virginia
Channels. Inthe Maryland Channels Pleistocene and Recent streams decply
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indented the Cretaceous sediments; whereas Pleistocene erosion through the
Cape Henry area has produced a somewhat smoother surface on the older
sediments. Nevertheless this survey has revealed possible pre-Recent or
Pleistocene channels of rivers which flowed through the lower Chesapeake
Bay.

3. - The chief source of detailed information on geotechnical conditions con-
sists of the investigations made for various crossing structures between Balti-
more Harbor and the Chesapeake Bay Bridge and Tunnel. These sources de-
serve further detailed study and additional geotechnical investigations of the
channels should not proceed without a coinprehensive review of each of these
sources of data. The geophysical survey of this study has confirmed to a
marked extent the information contained in those detailed boring programs, as
well as the borings made for this and earlier investigations,

4. It is likely that dredging of the channel bottom between Elev. -50 and
-55 will encounter compact and possibly iron-cemented Pleistocene sands and
hard Cretaceous clays at fairly numerous locations in the Maryland channels.
The possibility of intersecting hard materials is less likely in the Virginia
channels. Locations where present information indicates '"hard bottom' above
Elev. -55 are as follows:

a. York Spit Channel, generally near Station 560, surface of stiff
Miocene Yorktown formation rises above Elev. -55,

b. Rappahannock Shoal Channel, near Station -80, Miocene surface
rises above Elev, =55,

c. Craighill Cut-off Angle, Station 4+100 to Cut-off Section, Station
12, Pleistocene sand and gravel, probably partly iron-cemented, rise
above Elev. -50.

d. Fort McHenry Section, near Station 22, HardCretaceous
Patapsco c¢lay rises above Elev, -50.

e. East Channel, near Station 1, near planned I-95 crossing, stiff
to hard Plcistocene silty clay with gravel and ironpan lenses. Probably

similar conditions throughout Northwest Channel, including new areas
to be dredged.

f. Curtis Bay Channel, near Station 10, Boring FF-10, probable
Pleistocene sand, gravel and cobbles. This is based on boring data
from positions outside of the channel.

(1)

(2)

)

(4)

(5)

(6)

(7)

(8)

(9)
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TABLE NO.

IDENTIFICATION OF GEOPHYSICAL SURVEY EQUIPMENT

REMARKS

DATA RECORDER

MANUFACTURER

Sparker, 200 J:oule

PRIMARY EQUIPMENT

SYSTEM

Operating frequency:

Gifft, sweep rate 1/8 sec.

Alpine Geophysical

Seismic reflection

1,000 - 2,000 cycles per second(cps)

Associates, Inc.

Norwood, N. J.

1,000 - 2,000 cps

Operating frequency:

Gifft, sweep rate 1/8 sec.

‘Waltham, Mass.

EG4&G,

Uniboom, Model 231

Alden, sweep rate 1/20 sec.

Operating frequency:
3,500 cps

Ocean Research
Equipment

Sub-bottom Profiler,
3.5 khs

Operating frequency:
_ 100,000 cps

Alden, dual channel double
helix type, Model 9861 DOG

Klein Associates
Model Modified SA-350

Klein Side Scan Sonar,

Side Scan Sonar

used at various shore locations

Two reflector ''slave' beacons

Motorola, Inc.

Mini-Ranger III System

Electronic
Navigation

Hewlett-Packard HP-9862A Plotter

HP-9825A Computer

TABLE NO.2
SUMMARY OF VIBRACORE BORINGS
LENGTH OF

R LOCATION COORDINATES BEAJE&OTT;T:: Pti('és}:)r%n RMEA{;‘?‘;AEL” rek cenr
VCC-i | Caps Henry Channel :f",ﬁ:?g;o' -42 24.0 20.6 85.8
YYC-1 |York Spit Channel fg ::?:;z?:oo -4 19.9 19.9 100
¥YC-2 |York Splt Channel ;é :2::;:?:00 -36 87.0 37.0 100

w
¥YC-3 |York Spit Channel g :23;:":“ -4y 36.7 3.7 9.6
VRC-| | Rappahannock Shoal Channel :‘E ::?:6:?:00 -45 35.2 38.5 - 109.4

5
¥RG-2 | Rappahamnock Shoal channel | £ | BTN | us 3.5 5.3 | 9i.7

= | ez, 800
VRC-3 | Rappahannock Shoal Channel > 52.6;2.900 -44 38.7 32.6 84.2
VRC-4 | Rappahannock Shoal Channel ::?:;;?:00 -45 28.2 23.5 100.1
Mcc-1A | Craighill Entrance Channel b =38 38.7 28.7 74%.2
gcc-ia Craighill Entrance Channel § ::“:72"250 -37 36.0 26.0 72.2
i | | wo | me | e
s e s ote |3 [t | | wo | me |
Hee-4 :::ef:;: i:h:'i‘:'.m:‘k:rlenry Angle :E: ::?7;:?200 -2 40.0 3i.0 7.5
Mee-s :?::Enms::cia:r:h:::::on ::Z;:?OOOO B 26.1 20.6 78.9

4

*Coordinates estimated because field data did not check

**Coordinates not determined in field. Boring made within

approximately 50 feet of MCC-|B
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Run No. Coring Core Coring Core
: Tine Descrigtion " Time Description
Penetration ft, —— op—#1 Dark grav fine —— 54—
I - sand, trace silt, L ¥6 20.6 DO
Recovery ft, 3= 1} trace oraanics, _10_ 21 -
—_— o trace shells "
T I SP-SH L5 5
Water Depth: - - No recovery
Uncorrected 44 = |#2 DO - qray 2 =
1420 —L 4 == ' ’ _.9_ 24 -~
Tide 3 = o
Corrected ) > :- 21
- = ¢ —_— 26
Position: —_— 7| N
’ - £3 DO : }-
Decca Z 8 —— 28
Radar —te 9 | rmn 29
- -
Vibration Time: —Z- 11 jm 00 — a
Stop —1- 12 (=t — 32
: = e & e - e e = p
; SEEm——— ——
Start 13 ] Orange brown fine n i
Total Elapsed JB. 14 - sand & some silt ____ 34 |-
" Time - S -
- A8 1S -bs — 3§ |
Jetting Time: d5- 16 |} — 36
‘Stop Ll 17 fd —_— 37 L
Start =L 18 | e 38 et
=3
o
Total Elapsed - 19} — 39
Time = '
- 10 20 I — 4o U

BR-2




VIBRACORE FIEID LOGS

Pages B-2 through B-9 contain field logs of the thirteen cores taken by the
Alpine VIBRACORE coring divice. Descriptions of the sediment contents were
made by the Ocean/Seismic/Survey marine geologist fram short-length samples
extracted fraom the plastic core liners at four foot intervals. Coring time
refers to penetration time measured in seconds for each successive foot of

penetration. The location of each VIBRACORE site is defined by State Grid

coordinates.

STANDARD PENETRATION TESTING FIELD LOGS

Pages B-11 and B-12 contain field logs of 55 cores taken by the Corps of
Engineers, Baltimore District, during August and September 1978. Twenty-

five core samples were taken fram the Rappahannock Channel and the remaining
in York Spit. Drill holes were accamplished using a 1-3/8 inch I.D. by

2 inches by 24 inch long split spoon. Sample spoons were advanced by a 140
pound hammer falling 30 inches. The cambined hlow counts of the last foot of
drive Standard Penetration are shown on the field logs. Soil descriptions

are laboratory classifications based on the Unified Soil Classification
System. Plates B-33 through B-41 are gradation curves reflecting the Standard
Penetration Testing Analysis.
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Core No. YYC-] Date:_12/3/77 Area: York Spit Chanl Grid Position See Comments Core No. M Dates 12/3/77 Area: YOrk Spit Chan. Grid PositionSee Comments
kun No. + Coring Core Coring Core kea No. Coring Core Coring Core :
Time Description Time Description Time Description Time Description :

. #1 Soft aray organic
Fenecracson __ge, — opf! 1l peliononenie o 20 rustration 3 g0 — orq! ST 20
2 " :m s':nd. trace I 37 e, == 1 i sand & £6 Ljaht arav-brown
2 [ | medium stiff gray ___ ,, | 10 - | sC
— 7 a 1t sH 22 2 — 2
Water Depth: 3 - Clayey S = . Vater Depth: = L
~ — 3 | — 23 | | b 3 | — 23 |
Uncorrected 45.5 4 Tﬁz Trace fine sand " Uncorrected S L
1045 T e—— 4P B — 2 I S ‘I —_
Tide — ~ i Tide — #2 Soft aray clavey = 147 DO
Corrected 4 - sandy clay - Corrected 2 -~ sand. ML . -
L - ™ Holocene 1 aB
Position: —9-— 7 e 27 P Position: ]—- 7 b= sedimen:qoona'l_ 27 b
4 - i3 Medium stiff gray d el oF -
Decca 8 —F clayey silt 28 i cca -L-] Tl o 28 ks oo
Radar LI = —_— 29 | Radar —_— 9t 29 I
— o ] — p— Eand
Vibration Time: 4 nj- . e— 31 Vibration Time: — 1] |- = 31 t-Chanae to all gray shelly
6 :}24 DO Fine gray sandy i , 1 o - | sediment
Stop = 12 ~t clay, medium stiff—— 32 Stop — 12 P — 32
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Start WASSTY — 33 | Start = LM 1ight brown fine —— B3 T t;ace shells, trace
= T ™ B clay
Total Elapsed B 1 — — 34 Total Elapsed 1 14 p— sandy cf]ay — 34 SM
Time 23 T r Time 1 r = -
: L= 15 | 5 D0 -3 ] _ 1 N Pleistocene age — > N
Jetting Time: 3. 16 —_— 36 Jetting Time: 16 — 36
P~ ~ B - ?-
' ho . - ’ - p
Start . g |- — 38 ;— Start — 18 | € — 38 |
p - .
Total Elepsed 36 39 |- — 39 |t Total Elapsed — 19 — 39 -J

Virginia State Grid - 293,800 W, 2,690,600 E
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OAK STREET

NORWOOD, NEW JERSEY Job No. 400-141
Core No. VYC-3  Date: 12/2/77 . Area:_York Spit Chan Grid Position_See Comments
Run No. Coring Core Coring Core
Time Description Time Description
— #1 Soft gray orqaniCe——
Penatration fe, :‘ Clavey silt 20 ‘_j
Recovery ft. - 1 p— o — 2]
2 —,92 D 22 17 00
Vater bLepth: - {2 0 L |f
0 R ) A -2 23 |-
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- aad
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Jetting Time: L 16 | ~b— 36 | No recovery
o =
. Stop le— 17 = — 7
Start dee 18 —— 38 =
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ALPINE GEOPHYSICAL ASSOCIATES, INC.

OAK STREET

NORWOOD, NEW JERSEY

AN N AR A T I

b LI I O LN N LA W N

Core No, VRC-2  pate: 12/2/77
Run No.. Coring Core Coring
. Time Description Time
Penatration 38.5¢t, ™ O] Oraanic arayv soft == 20
o clavey silt
Recovery 35.3 fr, == 1}t~ oL —_— 21
Water Depth: -
= 32 soft aray silty —— 23
Uncorrected 45.5 =F clay (L '
Tide o
Corrected 0.2 =
oS 6 — 26
sec/ft ; ~ 2
Position: — —
:E3 DO
Decca — 8 — 28
Radar — G C— 29
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Vibration Time: — 11 -%4 DO — 31
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— 15 —ES Do — 35
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P
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Time o
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Job No.

400-141

Area: PRappa. Shoal Chan. Grid Position See Comments

Core
Description

DO

D0, trace shell
fragments

D0, med, stiff, some
fine sand & some
shells  CL

10 DO 31, dark grav with

veaetation

No sample recovered

ALPINE GEOPHYSICAL ASSOCIATES, INC.
OAK STREET
NORWOOD, NEW JERSEY

Core No, VCR-3  Date:12/2/77
Run No, Coring Core Coring
Time Description Time
Penetration 38.7 ft, ™ 0™ #) Soft arav organic 20
2 - clavev silt, trace I
Recovery 32,6 ft., oe—— 1= fine sand & shell —— 21 |—
2 - fraas.  OL 2 -
Water Depth: 2 - o
—_— I — 23 P
Uncorrected 45 2 -_L 2 -
ms ~— &2 Soft qrav silty clay— 24 187
Tide —_— 2 " F trace fine sand 4 -
co o — 5™ CL — 25
rrect P~ - -
4 - LIy 5
r
Position: A 7 — 27
. - 5 =
Dececs 2 143 20 except no 28 f__'fa
. S ine sand ~
2 o 3 -
Vibration Time: — 11 P — 31 1
2 C ] _ i
Stop - 12 _'#.‘4 medium stiff qray 4 32 P%ZQ
E silty cla =T
Start 2 13 L - y CLy — 33
2 " _ 3 i
Total Elapsed — 14 = —— 34
Time ™ o
- A 15 b < 35
Jetting Time: Z— 16 ‘—#.VS soft arav clavey A 36 |
= F silt -
Start 2— 18 |- —3— 38 N
-
Total Elapsed L 19 |- 3 39 |-
Time - o
2 20 L — 4o

COMMENTS: Virginia State Grid - 478,800 N, 2,692,900 E

400-141

- Area: Ranna. Shoal Chan., Grid Position See_Comments

Core
Description

gs D0, trace find sand

LL .

D0 21, trace shells

Assume no recovery
below 32 feet

B a5



ALPINE GEOPHYSICAL ASSOCIATES, INC,
OAK STREET

NORWOOD, NEW JERSEY Job No. 400-141

Core No. VRC-4 Dates 12/2/77 Area:Rappa, Shoal Chan.

Grid Position Sce Comments

Rua No.

Coring Core Coring Core’
Time Description Time Description

#1 Dark qray clayey silt

Penetration 28.2ft, — O} some fine sand - 20 .
ST C oL , :—kﬁ D0, except stiff
Recovery 28.6 ft, o= 1} —_— 21 P
Water lepth: = 1 9
Uncorrected 2 - . 12 o
—— 42 Light gray fine === 24 7 Gray clavey silt,
Tide 2 il trace she 6 - F  some fine sand, trace
5 fragments, some === 25 =1 opganics, med. stiff
Corrected 2 -1 silt n - ML
Position: S 7 —— 27
Decca i BN . 3 00 28 -28.2 - DO except trace
— : +E . fine sand
Radar = 9 | — 29 b
— . L
Vibration Time: Se - — 31 |
10 :.- —— }
Stop 12 | }4 Light brown fine to 32 T
Start 11 13 | medium sand, trace 33 b
———— N gravel R
Total Elapsed 10 14 | — 34 |
Time - -
Jetting Time: 12— 16 ""ﬂ#S gray silty clay, = 36 [
= | trace fine sand, g
Stop de 17 [ nmedium stiff —_— 37
™ CH -
Start 0. 18 i - ——— 38 =
Total Elapsed — 19 | — 39 |
Tine -

COMMENTS: Virginia State Grid - 485,700 N, 2,687,000 E

Core No. MCC-1A

Date: 11/30/77

ALPINE GEOPHYSICAL ASSOCIATES, INC.
OAK STREET

NOKWOOD, NEW JERSEY Job No. 400-141

Area:Baltimore Harbor

Crid Position See Conments

Ruyn No, Coring Core Coring Core
Time Description Time - Description
Penetration fe, ™ 0 1 _— 20
: 0.2 - 7 >
Recovery ft, —— 1 — 21
0.2 o 14 - rE3 Fine to medium liaht
— ] e 22 qray sand, some silt
Water Depth: 0.2 . :- 10 2 - sH
Uncorrected 38 - L
1:4 22 L 8 K
Tide —_— 0.2 5 :- 8 2 -
“rtgct.d — 0.2 :'— ]0 :-% |
6 R . 26 #4 Light aray fine sand
0.2 13 -k SP
Position: ——— ] o 27 |t —_
: 0.2 o o
Decca — 8 P e 28 ™
0.2 . T B
Radar — o= 2 |
0.2 ™ =
1 ™~ =~ §5 DO
Vibration Time: — 1] = 31 ~{
sg'” .g— 12 b _]0_- 32 P
4 ™ {#1 Soft qray oraanic 12 "
'rounlashpud — u-._g silty clay, trace”== 3% -qF'G Light brown fine to
- S 15 =t shells gLfine sandjo 35 |f medium sand, trace
15 N —_ 8 = aravel, trace silt
Jetting Times — 16 —_ 36 b SP |
Stop ____ 23 17 = S 37 b=
15 o 14 - [#7 Gravelly fine to
Start -— 18 -—#2 00 ——— 38 goarse sand, 1iaht
- |2 5 rown
Total Elapsed B 19 == — 39 SH
Time - 10 - -
COMMENTS:_Haryland State Grid - 441,000 4, 973 650 F

a6




ALPINE GEOPHYSICAL ASSOCIATES, INC.
OAK STREET
NOKWOOD, NEW JERSEY

Core No. MCC-18 Date: 11/30/77

Job No, 400-147

Grid Position See Corments

Area: Baltimore Harbor

Core

Descrigtion

£3 Dark gray, fine to

Run No. Coring Core Coring
Tige Description Time .
f1 Dark gray organic ,
Penetration 36 gp, — - ¢ - silty clav, trace™ 20 o
o of sand & shell -
Recovery 26 ft, —— 1}  fragments —_— 21
bo oL e
—n— 2 - - — 22
Water Dapth: - b
Uncorrected 37 . - |24
13:10 — 4 — 24 -
Tide o 'k
Corrected p 5
— 6 — 26 =
= .
Position: R B — 27
A of C¥s
Radar — 9 :- — 29
—— 10 P — 30 |
Vibration Time: el ¢ O — 3]
Stop — 12 | 32 ..6
o o
Start — 13 — Y [
Total Elapsed — 14 — 3
Time o -
~ F2 Soft gray silty ol
Jetting Time: 16 | F- clay, trace fine 36 CF
Stop 17 b sand, trace shells 37 |-
o o
Start —— 10 -y 38 |
p e
Total Elapsed — 19 | —_— 39 |

'COMMENTS: Maryland State Grid - 441,000 N, 973,650 E

medium silty sand
trace shell frag-
ments -

M

Fine to medium sand,
1ight brown
sp

Do

Fine to medium sand
1iaght gray, some fine
aravel

3P

Light brown fine sand,
trace silt & mica
SP-SM -

ALPINE GEOPHYSICAL ASSOCIATES, INC.
OAK STREET

NORWOOD, NEW JERSEY Job No. 400-141

COMMENTS: 1aryland State Grid -

Core No. MCC-2  Date: 11/30/77 Area: Baltimore Harbor Grid pPosition See Comments
Rwa No, Coring Core Coring Core
Time Description Time Description
Penetration ___ ft,— 0 r‘ = 20
0.2 2 i
Recovery ____ ft. === 1| — 2|
~ Water Dapth: = =
: — 3 —_— 23
Uncorrected 24 . - k5 00
— 4 - —_— 24 7 L
Tide —_— b N L
— 5 ™ — 25 P
Corrected = -
- M — 26 P
" F1 Soft organic aray -r A
Position: T silty clay, trace= %7 _—‘% 00
~ fine sand, trace __ " F
Decca — — 8 :-_' she]]s 28 R o
oL :
- O P 4 o
o 8 o
-— 1] e 3] .
Vibration Tine: ! o] - F7 Fine to medium sand,
~ 0.2 F2 Soft aray silty clay ¢ L1 come silt. qrav
Stop == 12T trace fine sand, 32 —F s
8 trace shell frag- 9 - 2
Stare L2 g3 roee — -
™ CL
Total Elapsed AN P A = RN oy
Time ‘ _ -
— s 2B 35 |4
' - §3 DO 5 ~ F8 Fine to medium brown
Jetting Time: — 16 =1 cL 36 T sand, trace silt, gray
- 5 u & mica _ .
Stop — 17 | — 37 SP-SM
A EEn— P L . N e
Start —_ 18 |- —2— 38 |
Total Elspsed T S 39 |
Time 34 Do P DO
S — 20 cL — 40

467,800 H, 972,600 E

N

¥




ALPINE GEOPHYSICAL ASSOCIATES, INC.

OAK STREET
_NORHOOD, NEW JERSEY Job No., 400-141
Core No., MCC-3 Date: ]]/29/77 Area:Ba]t'imOl‘e Harbor Grid Position See Comments
Run No, Coring Core Coring Core
Time Description Time Description
— #1 Soft dark qrav
Peneatration fe, 0 T- clavev sand, fine 20 i
Reco ¢ 0.2 1 to medium trace ;6 00
covery t. ]  shells & gravel 2
— 2 :— g-li — 22 :_.
Wster lepth: = 5
Uncorrected 20 . -
Tide — :_HZ Soft gray silty ;’_Lj_ﬂ DO
od 5 "I clay, trace fine —— 25 T
Correct sand
_— a——— 6 = cL — 26 -
Position: — ] _0_2_ 27
Decca — 8 d— 28 ™
™ 3 Soft qrav silty - #8 DO
Radar —_ 9t clay, trace fine 29 b=
| sand, trace shells L[ to recovery below
— 10 | cL — 30 29
Vibration Time: —_— 11 | —_— 31 |
- o
Stop -_— 12 L—-a —_— 32
- ¥4 DO ~
Start — 13 - — 33
Total Elapsed —— 14 — 34—
Time 0.35 o o
Jetting Time: — 16 | — 36
o L -
Stop _ 17 |—¢ — 37 |
Start — 10 e —— 38 -
- o
Total Elapsed — 19 | 1 3 |
Time - L
s 20 b — 40

COMMENTS 3 Haryland State Grid - 490,000 N, 961,500 E

ALPINE GEOPHYSICAL ASSOCIATES, INC,

OAK STREET

NORWOOD, NEW JERSEY

Core No. HCC-4 Date: 11/29/77
} Run No, Coring
: Time
#1
Penetration fg, = 0
b
Recovery fc. —--] 1
2 o
n— 2
Water Depth: ] ol 7]
L 3 _=
Uncorrected 2 -
! asm— ‘ -
Tide 1 -
n—— 5 —
Corrected 2 -
n— 6 —
- 6 -P-F3
Position: — ] 1
7 o
Decea — g
2 10
. . 3 L s
Vibration Time: — 11 Pt
Stop _—]0 12 =
1N =
Start 13 =
Total Elapsed 14 e
Time = ES
15 "

. Jetting Times

Stop
Start

i Total Elapsed
; Time

w W — — —

I L I B

16
17
18
19
20

Area:Baltimore Harbor

Core Coring
Description Time
Soft black oraanic .

silt ) 20 i
Q'L‘ — 21 P
8 -
—_— 22 |
Brown-aray oraanic 10 - |
siltv clay — 23—t
CL 12 ~
6 -3
— 25
n ” -
' L] —
Do - 3 12 N
— 27
12 -
— 28 [
b
— 29
— 30
Soft arav oraanic - E
silty clay, trace™ 31 =T
. d R
fine sagL 32 |
— 33 e
r
—_— 34
Do 11 -
— 35 |
— 36
L
— 37
P
— 38 |t
] -
Do N 39 |
— 40

. CUMENTS; Maryland State Grid - 499,600 N, 939,300 E

Job No. 400-141

Grid Position S€€ Comments

Core
Description

no

DO

DO

tio sample recovered
below 31°

8a-8




Run No.

Penatration fc,

Recovery ___ __ ft.

Water Depth:
Uncorrected ____
Tide

Corrected

Position:

Deccs

Radar

Vibration Time:

Stop _______.

Start

Total Elapsed
Time

Jetting Time:

Stop

Start
Total Elapsed
Time

g > 1% & w

ALPINE GEOPHYSICAL ASSOCIATES, INC.

Coring

Time

e

n
o

€ ® N 0w W N~ O

CIrrIrrrrrrrrrerr i1 "y ety oty 1|

[
o

g e s e e e B
© ® N O wm > oL 0N

20

OAK STREET

NORWOOD, NEW JERSEY
Core No. MCC-5 Date: 11/29/77

L E
s

L™
(3]

Area: Baltimore Harbor grid PositionSee Comments

CoENTS: Maryland State Grid - 517,500 N, 923,000 E

Core "~ Corimg
Description Time
Very soft dark
gray organic 20_[1
clayey silt 67
Black, trace fine_'8"7" 21 ':'
d
san oL 22 -
- 90 -
DO 95 . -
—_— 24 ™
127 ®
— 25 |
140 -
r
Light brown-gray 8
silty clay, trace™ 28 t‘
fine sand
CL J— 29
- o
Plefstocene ~ — 30 |
Yellow-orange — 32 I~
- fine sand, some -
silt -_— 3 b—
A — 34 [~
=
Hard Vight gray — 33 :‘
clay with some 16
pockets of dark ~— C
brown silty fine 37 =
sand - C
& ——— 38 |~
3

#6

Job No._400-141

Core
Descrigtion

Hard dark brown

clay, trace pockets

silty fine sand
CH

BALTIMORE HARBOR

SIDE SCAN
POSSIBLE OBSTRUCTIONS

LOCATIOH (FIX HO.) DESCRIPTION

5.5 Port channel - Distance from track
line - 156 ft., Size - 10' x 15

8.5 - 8.6 ' Port channel - Distance 190 ft.
Size - 7'

10.2 - 10.3 Port channel - Distance 160 ft.
Size - 10' diameter

26.5 - 27.1 Port channel - Distance 310 ft.
Size - 5' x 10'

131.4 - 132.1 Port channel - Distance 300 ft.

_ ‘ Size - 10

133.5 - 133.6 Port channel - Distance 200 ft.
Size - 6' x 10'

136.4 - 138.5 Starboard channel - Distance 150 ft.
Size - 6' x 10"

149,71 - 149.2 Port channel - Distance 280 ft.
Size - 4' x 8!

157.1 - 157.2 Port channel - Distance 100 ft.

' Size - 3' to 4' Diameter  Debris

168.4 - 168.5 ' Port channel - Distance 200 ft.
Size - 7

182.1 - 182.2 Port channel - Distance 200 ft.
Size - 10"

190.1 - 190.2 Port channel - Distance 98 ft.

Shipwreck, length 100 ft., 9 ft.
high from channel bottom

222, - 222.,2 Port channel - Distance 25 ft.

Size - 38' - possible shipwreck
226.5

226.6 Port channel - Distance 230 ft.
Size - 35' - could be scarring

8 a9




LOCATION (FIX NO.)

DESCRIPTION

229.6

243.2

244.2

244.3

251.3
252.1
252.3
273.3
283.6
289.3
293.2
334.1
350.6
378.5

379.3

230.1

243.2

244.3

244.4

251.4

252.2

252.4
273.4
284.1
289.4
293.5
334.2
351.1

378.6

- 379.4

Starboard channel - Distance 25 ft.
Size - Approx. 12' x 23'

Starboard channel - Distance 280 ft.
Size - 10' x 5!

Port channel - Distance 180 ft,
Size - 10' x 20’

Port channel - Distance 250 ft.
Size - 4' x 10

Starboard channel - Distance 110 ft.

to 210 ft. Three objects of approx.
equal size - 10' x 20'

Starboard channel - Distance 250 ft.
Size - 3

Starboard channel - Distance 260 ft.

Size - 6' x 10

Port channel - Distance 130 ft.
Size - 5' x 19'

Starboard channel - Distance 250 ft.
Size - 5' x 20'

Port channel - Distance 170 ft.
Size - 5' x 15!

* Starboard channel - Distance 220 ft.

Size - 5' x 20"

Starboard channel - Distance 240 ft.
Size - 10' x 10!

Port channel - Distance 260 ft.
Sfze - 3' x 6!

Starboard channel - Distance 84 ft.
Size - 4' x 22'

Port channel - Distance 110 ft.
Size - 5' x 10'

Starboard channel - Distance 50 ft.
Size - 10"x_20'

LOCATION (FIX NO.)

DESCRIPTION

383.4

386.5
388.2

389.6

404.3
405.5
406.6

409.3

411.4

4241

432.3
440.3

457.5

383.5

386.6

1388.3

390.1

404.4

405.6

407.1

409.4

411.5

424.2

432.4

440.4

457.6

Port channel - Distance 150 ft.

Size - 8' x 4

Starboard channel - Distance 75 ft.
Size - 20' long, possible pipe or
tree

Starboard channel - Distance 80 ft.
Size - 20' long, very similar to
obstruction 386.5 - 386.6

Starboar&'channe] - Distance 30 ft.
Size - 4' x 6 '

Starboard channel - Distance 20 ft.
Possible bottom feature
Size - 10' x 20'

Port channel - Distance 497 ft.
Size - 10' x 20', possible wreckage
of small_boat.

Starboard.channel - Distance 100 ft.-

Size - 10' x 30', possible wreckage

. of small boat.

Port channel - Distance 110 ft.
Size - 20' x 20' '

Starboard channel (two objects)
Distance 30 ft and 50 ft,
Sizes - 4' x 4' and 4' x 10'

Port channel - Diﬁtance 100 ft.
Size - 4' x 10'

Port channel - Distance 300 ft.

.Size - 10

Starboard channel - Distance 60 to 140 ft.
Possible anchor 1ine or cable, 1enath 18G'

Starboard channel - Distance 70 ft,
Size - 4* x 10

8 8-10
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ELECTRONIC NAVIGATION SYSTEM

General Operation

To monitor the vessel's location along the survey track lines, a Motorola
Mini-Ranger MRS |11 navigational system was used. This was interfaced with
a Hewlett-Packard 9825A computer, which in turn was interfaced with a Hewlet t-
Packard 9862A plotter.

The Mini-Ranger measures the distance Bétween the vessel and each of the
two beacons located ashore. The location of these beacons was precisely
determined during the preliminary work. . For each fix, the computer converts

_the two rages into x, y coordinates and moves the pen of the plotter to the

corresponding location on a schematic diagram of the survey area on the plotter

In this way the surevy vessel is able to follow the pre-selected survey lines
of the schematic, and the quality of the fixes can be monitored. The X, Yy
coordinates of each fix are stored on digital magnetic tape, and the ranges
and x, y coordinations are also printed. The time between fixes is controlled
by the computer and is usually set to be between 30 and 60 seconds.

The Mini-Ranger operates on the basic principlé of pulse radar. The
elapsed time between the transmitted interrogation produced by the MRS |1
transmitter and the reply received from each referemce station is used as the
basis for determining the range of each reference station. The standard
MRS 11l operates at line-of-sight ranges up to approximately 37 kilometers,
with appropriate calibration, the probable rénge measurement accuracy is

better than 5 meters.

The Hewlett-Packard 9825A is a desk-top programmable computer.
It has a 32-character LED display, 16-character thermal strip printer,
and a typewriter-like keyboard--all with upper and lower caée alpha-
numeric characters. It also incorporates a built-in two-track tape
cartridge drive and 6714 bytes of memory which can be used for both
program and/or data storages. Its precision capability is to twelve
significant digits. The computer uses a high level programming lang-
uage developed by Hewlett-Packard called HPL. The machine is so con-
structed that the instructions comprising a program are used in the
same form that they are entered into memory., That is, unlike most
other computers, even very large ones, the program does not require
translation into another language that the machine can understand.
The HP9825A is easily adapted (with the proper interfacing equipment)
to communicate with, and/or control almost any device (or several
devices) that can accept digital input-output. The HP9862A calculator
plotter is an incremental type, having a flat bed plotting area of '
25 cm x 28 cm. It is controlled completely by the HP9825A calcula-
tor. The programs used by this system in data acquisition and data
reduction were all developed at Ocean/Seismic/Survey, Inc.

As noted above, the Mini-Ranger system is capable of + 5 meter
accuracy in range determination. So long as the circles of constant
distance from the two beacons intersect at roughly perpendicular
angles, the accuracy of positioning system is also ¢+ 5 meters. Where
these circles intersect at acute angles, the positioning accuracy

deteriorates. In general this happens at points close to a line drawn
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through the beacons and at points having ranges cohsiderably larger

than the distance between the beacons.

Operations Specific to Chesapéake Bay

In most places the pre-existing coordinate system, for various
reasons, is not well suited to the configuration required by our
equipment and the survey area. Therefore,-it is our custom to es-
tablish our own coordinate system. This was fhe case in Chesapeake
Bay. We found it necessary and/or convenient to divide the proposed
survey area into eight sections, each having its own Ocean/Seismic/
Survey coordinate system. However, each of the Ocean/Seismic/Survey
coordinate systems is related to the established Lambertfsystem by a
pair of simultaneous equations. It is a simple matter; eépecia]ly
with a computer, to convert coordinatés of one system to those of
another, Table lists, for éach section, the Lambert coordinates
and fhe Ocean/Seismic/Survey coordinates of each beacon, and the
equations that convert Lambert to Ocean/Seismic/Survey coordinates.

While the Mini-Ranger is in general a very accurate and.reliable
instrument, it is at times subject to certain vicissitudes of the
propagation path. For example, interference between the direct path
and the path taken by the reflected (off the "ground") waves can
cause erroneous readings.

Also, in a few cases we found that the instrument's capabilities
were being pushed to the limit. Specifically, the reference stations
have an azimuth angle of 80 degrees; if the survey craft is outside

this angle, the quality of the fixes begins to deteriorate. This

happened at the extremities of Section Il - York Spit Channel and
Section V - Brewerton. |

There are several methods of dealing with bad position data:
The data acquisition software normally averages a number of ranges
that are reasonable (ianoring unreasonable valueé) bgfore calculating
X, y coordinates. Or in another mode of operation the computer rapidly.
prints a large number of range pairs before and after each fix (or
even continuously between fixes if necessafy). This enables us to
monitor the behavior of the Mini-Ranger, and often to correct bad
fixes at a later time with a high degree of accuracy. Finally, it
is always reasonable, though slightly less accurate, to interpolate
between fixes which are known to be good at times when the survey
craft was on a constant heading. Any fixes which cannot be rétrieved

by the above methods are eliminated from the data set.
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TABLE 4

BEACONS/REFLRENCE POINTS

LOCAT1081/COORDINATES
) . Lambert (ft.) Lambert (m) 0/87$ (m) Equations
Section #|1dentification (€sx, H7Y) (€sx, HnY) (x, y) X, Y = Lambert (m) x, y = 0/$/S (m)
1
Cz:e He?ry 1[T4dal kM 3 (2697385.7, 239338.1) | (822163.2, 72950.3) | (606.3, -1537.6) = 0.783221x + 0.621743y + B22644.4
anne ) )
2]|cape Henry  [(2728500, 225477) (831646,68726) {10660, 1049.3) = 0,783221x « 0,621743y + 74531.5
Light House
(displaced)
n
York Spit |1]SHORAN Tower 1(2735085, 288044) (833654, 87796) (607, 563) = .0,259673x - 0.965697y + 834355.0
Channel on Fisherman's
1sland )
2|Cape Charles |(2720998, 347745) (829360, 105993) (19295, -16) » -0,259673y + 0.965697x + 87355.7
Cement Plant
Top of Mix-
ing Tower
m
Rappaha- 1|Windmill Pt. (2642601, 475506) (805526, 144934) (=12, 1M17) = 0.196690x + 0.980466y + 804433,3
nock (displaced)
2|5ting Ray Pt. |(2637674, 454460) 1 (803963, 138519) (5970, -1677) = 0,196690y - 0.980466x + 144702.6
(displaced) ‘
W
Crafghill [1]Bodkin Tower |[(2160852, 471642) (658628, 143756) (7677, 12984) ® oy + 671611.4
2|raydist Tower |(2170297.4, 434703.0) | (661506.6, 132497.5)| (-3581.6, 10104.8) = x + 136079.1
S5andy Point
v
Brewerton |1|Armistead RM-2 {(2132266, 501740) (649915, 152930) (711,324) = 0.739003x + 0.673699y ¢+ 649131,12
[ (displaced)
S. Part of )
McHeary Ch.|2]Rock Point (2146096, 485890) (654740, 148108) (7526, 11) = 0.739003y - 0.673699x + 153170.24
(displaced)
V.l :
Curtis Bay |1:Fort Carrol (2136143.1, 503579.1) | (651096.4, 153490.1 | (-383.2, 1511.6) * -0.807799x - 0.589459y+ 651677.91
Channel Point .
13
t. Part of [2iPfer L 36 (2136921, Su7614) (651333, 154721) (150, 378) * -0,807799y + 0.589459x+ 154937.88
McHenry Ch, of
Outer larbor
Bridge
v ;
East Chan- {1 |Younq-2 (2118574 ,.4, 525843.3) | (645832.9, 160277.0)} (0, O) = 0,.125159x + 0.992137y + 645832.9
nel of H.H,
Branch 2 Ft. fichienry (2119377.8, 521851.1) | (645966.4, 159060.2)| (1226.4, 0) * 0.125159y - 0.992137x + 160277.04
Sca Wall
LXIVe107 '
vil
vest Chan- 1V |iCH (2121041.4, 522685.9) | (646493.4, 159315.6){ (0, 0) * -0.566250x - 0.624234y + 646493.4
nel of Il.k. .
Branch 2 [voung-2 (2118074.4, 5258¢3.3) | (645632,9, 160277.0)] (1166.5, 0) * -0.566250x + 0.824234y + 159315.6

LEACOM LOCATICNMS Aily THE PATHLIATICAL RELATIONSHIP
LAHLLRT AL OCEAI/SEISNIC/SLRYEY

COURDIZATES
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PROFILE LEGEND
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. GEOPHYSICAL DATA

N A ~— Interpolated path taken by survey . ’__/

— Borings made for the Baltimore District, Corps of Engineers.

—_ Boring§ made in 1958 for the Chesapeake Bay-Bridge Tunnel

— Borings made in 1969 for Baltimore Outer Harbor Crossing

— Borings made in 1973 for the proposed Route 1-95 Ft. McHenr

Existing channel limits
— — — — — Proposed channel limits

——e— - —— Section line of channel .
GEOPHYSICAL DATA

i i f ? boat
Known position on survey course

A - Number of position (Fix No.) R
~ \\
A pPlan location of obstruction / SSA
determined by side scan sonar
survey
ML

Elevations of bottom at station
line of channel from Corps of

Engineers condition surveys as
noted.

Channel bottom along indicated
course of survey boat

Sub-bottom reflections along
indicated course of survey boat,
projected to station line )

Soft sediment area: Determination
of sub-bottom interfaces prevented
by unconsolidated deposits of
unknown thickness

Indicates match line

A,B,C.etc. - See Plate No.l for identification of interfaces

BORING DATA

— 3-1/2" diameter vibracore boring made by Ocean/Seismic/

A
Survey, Inc. in 1977 under inspection of Mueser, Rutledge,
Wentworth & Johnston. I

Series AA made in 1963 (Borings are numbered | through 40.
Prefix AA is deleted.)

Series JJ, FF & E made in 1964. ) B

by joint venture of Raymond Concrete Pile Company and
Tidewater Construction Company.

‘by Warren George, Inc.

Tunnel crossing of the Patapsco River. -

|
SECTION - IDENTIFICATION
;\ Letter designation of section
| 22 Plate No. showing section

Plate No. showing plan

A -

BORING DATA

Number and iocation of boring

(:::)- 3-1/2" diameter vibracore
boring made in 1977 for this

study

D - Borings made by Others for
various projects

For borings made by Others:

Number of blows from a hammer free
falling 30" required to drive a
split spoon sampler one foot unless
a specific peaetration is indicated

a) For borings except those mede

for the Corps of Engineers: 140 I1b.

hammer, 2" 0.D. split spoon
b) For borings made for the Corps of
Engineers: 300 1b. hammer, 3" 0.D.
split spoon
WR - Sample taken under weight of
rods .
WH - Sample taken under weight of
rods and hammer
For 1977 vibracore borings: Rate of
sampler penetration in seconds per
foot.

Unified Soils Classification of sample
where available, or sample description

or stratum description.

. Plan of channels and coordinate system were drawn by the Baltimore

. Geophysical survey was made by Ocean/Seismic/Survey. Inc. between

. Sub-bottom reflections are interpretztions of seismic data by Ocean/

- A1l geophysical survey data shown were drawn by Ocean/Seismic/Survey,

. 1977 vibracore borings were made by Ocean/Seismic/Survey, Inc. between

- Coordinates of 1977 .vibracore borings were determined by Ocean/Seismic/

. Sample classifications for 1977 vibracore borings were made by Mueser,

. Channel bottom depths at station line taken from Norfolk District, Corps

GENERAL NOTES

District, Corps of Engineers.

Elevation datum is the National Ocean Survey Mean LOw Water at channel
locality.

Coordinate system for the Cape Henry, York Spit and Rappahannock Shoal
Channels is the Virginia State Grid (South Zone). Coordinate system for
all other channels is the Corps of Engineers grid which is related to
the Maryland State Grid as follows:

Corps of Engineers Maryland State Grid
North Coordinate = North Coordinate
East Coordinate = East Coordinate + |.200,000 Ft.

November 15,1977 and December 8,1977 under the inspection of Mueser,
Rutledge, Wentworth & Johnston.

Seismic/Suryey, Inc. and may not represent actual conditions. Locations
of obstructions were determined by Ocean,/Seismic/Survey. Inc.

Inc.

November 28 and December 3 under the inspection of Mueser, Rutledge,
Wentworth & Johnston. For information concerning borings made by Others,
see "Summary of Borings by Others, Table No.3" in Mueser, Rutledge,
Wentworth & Johnston report dated

Survey, Inc. Elevations were determined by Mueser, Rutledge, Wentworth
& Johnston.

Rutlque, Wentworth & Johnston and may not agree with the driller's
classifications. Descriptions of materials for all other borings are
those of the driller or of the sponsoring organization.

of Engineers "Survey for Deepening Study" dated June 30,1977 and Baltimore
District, Corps of Engineers "Condition Survey" dated March, June, Auoust,
September, 1977. '
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