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DGPS
FS-SB
GPS
KHZ
MLLW
MSEC
MV
NAD 83
NOAA
SBES
SVP
TIFF
UTM
WGS

ABBREVIATIONS

Differential Global Positioning System
Full Spectrum — Sub-bottom

Global Positioning System

Kilohertz

Mean Lower Low Water

Millisecond

Motor Vessel

North American Datum of 1983
National Oceanic and Atmospheric Administration
Single Beam Echosounder

Sound Velocity Profiler

Tagged image file format

Universal Transverse Mercator

World Geodetic System

UNITS & CONVENTIONS

Units used on the survey are as follows:

¢ Horizontal Linear units are meters.

* Angular units are degrees (°).
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FIELD OPERATIONS AND DATA REPORT - BATHYMETRIC AND GEOPHYSICAL SURVEY

1. INTRODUCTION

GHD Inc. is designing for the City of Rehoboth Beach a sewer outfall that will extend about 6000 feet into
the Atlantic Ocean offshore Rehoboth Beach, Delaware. GHD Inc. requested Fugro Consultants, Inc.
(Fugro) to perform a geotechnical site characterization. Part of this work included conducting marine
geophysical and bathymetric surveys. The work was performed from the Tiki XIV from 12-17 March 2016.
The survey area encompasses approximately 6,500 feet trending from the coastline NNE to the diffuser
site, with a survey corridor width of at least 500 ft.

This Marine Bathymetric and Geophysical Survey Report summarizes the procedures followed to collect
and process the data collected within the survey area shown in Figure 1.1. Bathymetry, side scan sonar,
magnetometer, sub-bottom chirp profiler, and 2D high-resolution multi-channel seismic data using a
GeoEel hydrophone array were acquired within the survey area, except where water depths were too
shallow for safe vessel operations. Chart 1 (Appendix A) presents the general location of the alignment
and the water depths corrected to Mean Lower Low Water (MLLW).

Figure 1.1: Trackplot and Survey Area (Source: Fugro 2016)

Fugro Document No. 04.81160001-02.R1 Page 1 of 9
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Between March 12 to 17, 2016, FPI conducted bathymetric, side scan sonar, magnetometer, sub-bottom
chirp and 2D seismic surveys onboard the M/V Tiki XIV. The Tiki XIV is an 80-ft steel trawler that has
been successfully utilized by Fugro on past surveys on the Atlantic Continental Shelf. Equipment offsets,
laybacks, and tow configurations are shown on Plate 1 in Appendix B at the conclusion of this report.

During March 12 to 14, the equipment was mobilized, followed by systems’ checks and calibrations, and
on March 15 and 16, the surveys were conducted. On March 17, the majority of survey equipment was
demobilized with the exception of the navigation equipment which remained onboard in support of the
vibracore operations, as discussed in a separate report.

Bathymetry, side scan sonar, magnetometer, 2D high-resolution multi-channel seismic, and sub-bottom
profiler data were acquired over a 6,500 x 500 foot rectangular area with one centerline extending about
2,500 feet further offshore. Fifteen main survey lines were acquired perpendicular to the shoreline — the
centerline along with four lines at 50-ft spacing and three additional lines run at 165-ft spacing on either
side of the centerline. Seven tie lines were run at variable spacing. A small area near to the shore could
not be surveyed due to shallow water depths and surf conditions.

All data was acquired are referenced to WGS84 (World Geodetic System of 1984) with the UTM
projection (Universal Transverse Mercator) Zone 18 North, in meters, but the results were subsequently
converted during office data processing to in NAD83 Delaware State Plane (U.S. Survey Feet).

Single beam bathymetry data have been reduced to MLLW (Mean Lower Low Water) utilizing observed
tide gauge readings from Lewes DE tide station #8557380 as shown in Figure 1.2 (Geographic
Coordinates WGS84:38° 47’ N, 75° 7.1 W). NOAA tidal station #8534720 Atlantic City, New Jersey
located in the Atlantic Ocean was also utilized for data set comparisons as explained in section 2.2.

fAtEénliC City Tide Station 8534720

LLewes| Tide Station 8557380 (L)

(ac ]
Propoesed Outfall

Figure 1.2: Tidal Stations Referenced to Project Area (Source: Google Earth 2016)
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2.2

METHODS AND RESOLUTION LIMITATIONS

Positioning and Navigation system

A local area DGPS was used to position the survey vessel. A "local area" application operates with
correction values applied to a stand-alone GPS receiver from base stations located within moderate
proximity to the receiver. DGPS corrections were supplied to the system using the United States Coast
Guard Beacons. This nationwide network, provides correctors to most of the nation’s coastline and is
operated by the United States Coast Guard. The differentially-corrected position from the survey-grade
Trimble receiver was passed to an onboard navigation computer running Hypack navigational software.
Regular GPS receivers are expected to achieve accuracy between 3-10 feet with Coast Guard
Corrections; and survey grade receivers, such as the one used on this project, are expected to achieve
better than 3 foot accuracy.

Equipment offsets and laybacks (Plate 1) from the Central Reference Point (CRP) were measured during
mobilization using a tape measure. Measurements were recorded to nearest centimeter. Layback
distances during deployment were measured and noted if adjusted during field operations. Coordinate
locations of targets reported herein have been corrected for instrument layback and offset.

Single Beam Bathymetry

Single beam bathymetry coverage of the seafloor was acquired using an Odom CV-100 single beam
echosounder. Operating at a high frequency of 200 kHz, the Odom CV-100 collected digital profile
records as well as digitized depth information for output to the navigation computer. Digital depth data
was logged directly to the navigation computer along with date, time, and position for post processing and
mapping. The single beam system images a portion of the seafloor directly below the transducer and
provides near-continuous imaging along-track. Changes on the seafloor along the vessel's track can be
observed when comparing the single beam data with the multibeam data collected by NOAA
(subcontracted to SAIC) in 2007 as part of survey H11647.

We note that the seafloor elevation is anticipated to change over time in response to flow conditions,
sediment supply, migrating bedforms, and scour development around existing and future seafloor features
and possible diversions to flow caused by the planned construction of the ocean outfall. Therefore,
elevation of the seafloor may differ at the time of construction or future maintenance from the conditions
documented during the March 2016 survey.

Calibration. A bar check calibration for speed of sound was carried out prior to commencing survey
operations. For the calibration, a flat plate was suspended by a precisely marked line to a known depth
below the transducer. Variations between the true bar depth and the observed depth were used to adjust
the index value in shallow water and the sound velocity in deeper water until the observed depths were
corrected.

Processing. Single beam bathymetric data recorded by the navigation computer during data collection
was edited using Hypack to remove spurious soundings and outliers and then cross-referenced against

Fugro Document No. 04.81160001-02.R1 Page 3 of 9
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the echo sounder digital chart recordings. This method involved verification of specific variables such as
vessel offsets, vessel draft, system calibration (bar check parameters), and the application of seawater
sound velocities. The navigation and bathymetry data were then examined for noise and gaps. After each
individual line was examined and cleaned in Hypack Single Beam Editor, the lines were saved. Adjacent
overlapping lines of corrected bathymetry data were examined to identify any vertical offsets and data
gaps. In order to be consistent with the 2007 NOAA H11647 multibeam survey, the soundings were
initially reduced to MLLW using the NOAA tidal station 8534720 Atlantic City, New Jersey located in the
Atlantic Ocean. However, this resulted in mis-ties on overlapping survey lines of up to several feet.

In addition, the soundings were reduced to MLLW using the Lewes tide gauge #8557380 (shifted forward
by approximately one hour) and were exported as an XYZ file. For Sussex County (which includes
Rehoboth Beach), the published recommendation made by NOAA is to use Lewes tide gauge, and that
Oceanfront tides are up to 1 hour earlier than the actual readings at the tide gauge
(http://www.weather.gov/media/phi/sussex.pdf).

During the 2016 survey dates, the difference between the tide stations was +/-1.6 feet, which we interpret
to result from an approximate one-hour tide lag between the two stations.

Seabed Features and Obstruction Mapping

Side Scan Sonar. Seabed features and obstructions have been interpreted from a side scan sonar
system and marine magnetometer. The side scan sonar system consisted of a digital, dual-frequency
(400/900 kHz), EdgeTech 4125 towfish and armored tow cable that was interfaced to the EdgeTech
topside unit, which was networked to a data-logging computer and EdgeTech’s Discovery acquisition
software.

During the sonar survey conducted on March 16, 2016, the towfish was deployed from the stern of the
M/V Tiki XIV as the vessel traversed the survey grid. The side scan sonar was operated at both
frequencies, 400 kHz and 900 kHz, at a 165-foot (50-meter) slant range. Sonar coverage of the survey
area ranges typically from between 200 and 300 percent. Some features as small as ripple marks are
evident in the data, and the relative seafloor sediment character is apparent as reflectivity variations on all
the sonograms. We note that surface wave noise and boat wakes are either absent or diminished enough
to not affect data quality.

During data processing, the individual sonar data files, each comprised of one sonar survey trackline,
were first reviewed and corrected for towfish altitude. Navigation data for each file were edited for errant
position fixes and velocity errors. Finally, the resulting files were processed to construct a side scan
mosaic using the 900 kHz sonar data of the site. The system mosaics multiple overlapping survey lines
using different blending options: direct overlay, shine through, or weighted selection. The mosaic provides
a view of the seafloor similar to an aerial photograph. Final contrast adjustments, filtering and line editing
were performed before the final mosaic image was produced. The complete mosaic image was geo-
referenced to the local coordinate system for the final map (Chart 2).

Fugro Document No. 04.81160001-02.R1 Page 4 of 9
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Marine Magnetometer. A G882 marine magnetometer was also deployed from stern of the survey vessel
during survey operations. The magnetometer survey was conducted on March 16, 2016 to locate ferrous
or magnetically susceptible objects at the seafloor or shallowly buried beneath the seafloor. Fifteen
primary lines typically spaced 50 to 150 feet apart and 7 tie lines spaced between 400 and 1,200 feet
apart were surveyed as part of the magnetometer survey.

Magnetic anomalies occur when the towed magnetometer sensor passes near an object containing iron.
The size of the magnetic anomaly depends mostly on how close to the iron object the sensor is and the
amount (mass) of iron. The size (intensity) of magnetic anomalies is expressed in gammas (or
nanoteslas). Total field readings were logged to the navigation computer in the Hypack software.

The magnetometer data was processed by GeoMarine Technology, Inc., under contract to Fugro.
Discrete anomalies that were identified are shown on Chart 1; further interpretation will be discussed
under separate cover in the Site Characterization Report.

The magnetometer data files were imported into SonarWiz 6 for post-processing and analysis. Layback
was corrected for each line accounting for a 13 foot offset between the GPS antenna and the tow point
and cable-out values determined from the surveyor’s logs. After applying offsets, the magnetometer data
were exported to a single file, and then normalized to a best-fit curve representing the ambient magnetic
field strength across the temporal spread of the survey. The normalized data were gridded using Golden
Software’s Surfer 12 to create a grid representing deviations from the ambient magnetic field.

Shallow Geology Mapping

An EdgeTech full-spectrum profiler (Chirp) system was deployed on March 16, 2016 to obtain shallow
sub-bottom data for characterization of the sediment layers immediately beneath the seabed. These
shallow data provided information on the areal distribution and thickness of the unconsolidated surficial
sediments. The EdgeTech FS-SB system included the SB-216S towfish, the Model 3200 topside
processor, and EdgeTech's Discover acquisition software. The towfish was deployed and towed from the
vessel centerline stern of the M/V Tiki XIV. The system was triggered at a 20 msec pulse rate and a
sweep-frequency range between 7.5 to 12 kHz.

The Chirp survey consisted of 26 tracklines that included 17 primary lines oriented northeast-southwest
(parallel to the ocean outfall) and 9 tie lines oriented northwest-southeast. The total length of all survey
lines was approximately 116,000 feet (21.9 miles or 19.1 nautical miles) with primary lines totaling
approximately 101,000 feet (19.2 miles or 16.7 nautical miles) and tie lines totaling approximately 14,000
feet (2.7 miles or 2.4 nautical miles).

Fifteen of the primary lines are run between 5,650 and 6,025 feet from the nearshore region, while Line 5
is approximately 5,215 feet in length (no data was collected in the region nearest the shoreline) and Line 8
is approximately 8,650 feet in length running farther offshore and imaging a portion of the Hen and
Chicken Shoal.

Fugro Document No. 04.81160001-02.R1 Page 5 of 9
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2.5

The primary lines extend between 5000 and 650 feet to the north and south of the proposed ocean
outflow with Lines 6 to 9 offering the best imaging of the proposed ocean outflow and 2016 borings, CPTs
and vibracores and Lines 3 to 7 provide imaging of the subsurface below the 2011 Hynes and Associates
borings. The nine tie-lines were collected perpendicular to the primary lines and with the exception of the
two lines nearest the shoreline (spaced approximately 100 feet apart), Tie line spacing is roughly between
400 to 1200 feet apart. The majority of these lines were collected at the approximate intersection of the
2011 Hynes and Associates borings and the 2016 borings, CPTs and vibracores in order to maximize the
ability to correlate the geophysical and geotechnical information.

During processing, the JSF files were replayed through the Discover software for TVG, swell filtering, and
direct arrival removal. Following the data filtering, the JSF files were then converted to SEG-Y format and
loaded into Kingdom Suite for interpretation.

The Chirp signal penetrated to a depth of approximately 20 feet or more in all areas except for a region
approximately 400 feet long between 2016 borings B5 and B6 where penetration was typically five feet or
less. In this region, the deeper penetrating boomer seismic data will be used to interpret the subsurface
layers. Therefore, interpretation of the subsurface for the Site Characterization Report will be based on
both Chirp and multichannel, boomer seismic data (described in the following section of this report). Chirp
data were also used to locate potentially buried boulders or other obstacles to construction. If large
enough (greater than 2 feet in diameter), buried objects will produce parabolic diffractions in the sub-
bottom data.

Deeper Geology Mapping

Deeper seismic reflection data were collected along with the sub-bottom profiler data for later processing
and interpretation. The seismic reflection system consisted of a single plate "boomer" seismic source,
power and tow cable, one power supply, one 24-channel hydrophone streamer, shipboard electronics and
recording instruments.

An Applied Acoustics Engineering AP1000 seismic energy source was used to power the Applied
Acoustics AA200 single-plate "boomer" system. The power source was operated at 300 joules during this
survey. The boomer plate is an electro-mechanical transducer made of an insulated metal plate and a
rubber diaphragm adjacent to a flat wound electrical coil. A short-duration, high-energy pulse is
discharged from the energy source into the coil, and the resulting magnetic field repels the metal plate in
the transducer. The plate motion is transferred to the water by the rubber diaphragm, generating a
broadband acoustic pulse that does not have strong cavitation or ringing.

The boomer survey consisted of 27 tracklines that included 15 primary lines oriented northeast-southwest
(parallel to the ocean outfall), 11 tie lines oriented northwest-southeast and 1 line (Line 28) oriented
approximately 45 degrees from primary and tie lines near the shoreline. The total length of all survey lines
was approximately 107,800 feet (20.4 miles or 17.8 nautical miles) with primary lines totaling
approximately 87,500 feet (16.6 miles or 14.4 nautical miles), tie lines totaling approximately 18,600 feet
(3.5 miles or 3.1 nautical miles) and Line 28 measuring 1,650 feet. Twelve of the primary lines ran

Fugro Document No. 04.81160001-02.R1 Page 6 of 9
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between 5,550 and 6,075 feet from the nearshore region, while Line 6 was approximately 5,275 feet in
length, Line 9 was approximately 5,060 feet and Line 8 was approximately 7,585 feet in length running
farther offshore and imaging a portion of the Hen and Chicken Shoal.

The primary lines extend between 500 and 650 feet to the north and south of the proposed ocean outflow
with Lines 6 to 9 offering the best imaging of the proposed ocean outflow and 2016 borings, CPTs and
vibracores and Lines 3 to 7 provide imaging of the subsurface below the 2011 Hynes and Associates
borings. The eleven tie-lines were collected perpendicular to the primary lines and the six lines nearest the
shoreline are spaced approximately 100 to 300 feet apart while the remaining line spacing is roughly
between 400 to 1200 feet apart. The majority of these lines were collected at the approximate intersection
of the 2011 Hynes and Associates borings and the 2016 borings, CPTs and vibracores in order to
maximize the ability to correlate the geophysical and geotechnical information.

The reflected acoustic signal was received by a 24-channel, Ethernet-based GeokEel digital hydrophone
arrays. The 24-channel streamer was configured with a group interval of 1.56 meter (5.12 feet) and was
towed approximately 1 foot below the sea surface. Raw data from the streamer was recorded using a
Geometrics CNT PC-based acquisition system. Data were stored on hard disk in SEG-Y format for later
post-processing. Seismic data processing was performed by Dr. Mark Legg, at Legg Geophysical of
Huntington Beach, California under contract to Fugro. Additional processing steps performed by Dr. Legg
will be described in the Site Characterization Report.
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3. SUMMARY

3.1 Bathymetry
All water depths are referenced to MLLW.

m  Minimum depth within survey area based on Lewes Pt. tides: 4.2 meters (13.7 feet)

m  Maximum depth within survey area based on Lewes Pt. tides: 12.9 meters (42.4 feet)

3.2 Seabed Features

The geo-referenced tiff of the side scan sonar mosaic has been for interpretation of seabed conditions
within the area surveyed. Several targets identified within the diffuser zone were attributed to the liftboat
conducting marine drilling operations during the survey and, being temporary, were therefore not
categorized in this report. However, two targets which are not attributed to the liftboat were observed in

the survey area.
below.

Table 3.1: Side Scan Sonar Target Report

Detailed information and imagery for each target can be found in the table located

Target Image

Target Info

User Entered Info

T-01
® Sonar Time at Target: 3/16/2016 1:48:41 PM
® Click Position
38° 43.74047' N 075° 04.01593' W (WGS84)
(X) 494182.18 (Y) 4286707.12 (Projected
Coordinates)
® Map Projection: UTM84-18N
® Fish Height: 9.11 Meters
® Heading: 83.090 Degrees
® Line Name: 12
® \Water Depth: 4.28 Meters

Dimensions and attributes
® Target Width: 0.2 Meters

® Target Height: 0.1 Meters

® Target Length: 3.0 Meters

® Target Shadow: 0.3 Meters

® Description: Unknown linear object

T-02
® Sonar Time at Target: 3/16/2016 12:57:58 PM
® Click Position
38°43.82727' N 075° 03.77002' W (WGS84)
(X) 494538.53 (Y) 4286867.41 (Projected
Coordinates)
® Map Projection: UTM84-18N
® Fish Height: 8.82 Meters
® Heading: 289.600 Degrees
® Line Name: 2
® \Water Depth: 4.12 Meters

Dimensions and attributes
® Target Width: 1.7 Meters

® Target Height: 1.1 Meters

® Target Length: 2.3 Meters

® Target Shadow: 4.6 Meters

® Description: Unidentified Object

Fugro Document No. 04.81160001-02.R1
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Magnetic anomalies identified within the survey area are described in the table below. The table

references the Anomaly designation, intensity, duration in feet along the survey line where it was

identified, estimated distance from the anomaly to the magnetometer, the signature type of the anomaly

(monopole vs. dipole), a short description of the inferred source of the anomaly, and the estimated

location.

Table 3.2: Magnetic Anomalies Identified in the Survey Area

Anomaly | Intensity | Duration | Anomaly to Type Description of Northing* Easting*
(gammas) (feet) Source Anomaly
Distance
(feet)
M-1 16 127 25 Monopole | pjstinct anomaly 266,171 757,278
M-2 Monopole | Small anomaly; possibly
4 43 30 part of local magnetic 265,825 756,948
trend
M-3 Monopole | small anomaly; possibly
10 79 25 part of local magnetic 265,076 754,378
trend
M-4 Monopole | Distinct anomaly;
19 41 18 o 265,029 | 754,365
possible fish trap
M-5 Dipole Possible anomaly; not
14 431 19 visible on nearby 265,142 754,542
magnetometer lines
M-6 Monopole | Possible anomaly;
5 80 20 a 265,951 757,224
possible fish trap

* Referenced to Delaware State Plane, NAD83, Feet.
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