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1 Introduction

The following document describes a high resolution, multibeam sonar bathymetric survey and a
sidescan imagery sonar survey which were conducted for Ecology and Environment, Inc., by
Tetra Tech EC, Inc. (TtEC), on December 10, 12 and 16, 2008, at the Northlake Shipyard in
Seattle, Washington. The multibeam sonar system provided high resolution, full bottom
coverage bathymetry for the shipyard and adjacent area, from which contour lines and hill-shade
maps (hard copy and electronic) digital terrain models where created.

The survey was conducted in accordance with the procedures in the US Army Corps of
Engineers Manual 1101-2-1003, Engineering and Design Hydrographic Surveying.

The survey data was collected to chart bottom features and provide detailed bathymetric data to:
e support future site characterization activities;
e determine bathymetric anomalies; and
e provide data for potential remedial designs.

Additionally, the collected data may also be used to analyze bottom substrate composition and
evaluate sediment transportation.

Table 1-1 lists the project team and their roles in the survey.

Table 1-1 - Project Team

Company Personnel
Tetra Tech EC, Inc. Robert Feldpausch — Project Manager
Burton Bridge — Hydrographer
Richard Funk - Geophysicist
Lou Schwartz — Vessel Captain
David Humes — RTK GPS Tech
Kyle Enright - RTK GPS Tech

Northlake Shipyard - Survey Report Page 1-1
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2 System Setup

The survey systems were installed on a Tetra Tech survey launch, a 21 foot aluminum jet boat
configured for shallow water surveying (Figure 2-1). The equipment used for the survey is
shown in Table 2-1. Manufacturers’ product data sheets, describing the system characteristics
and specifications of the primary survey hardware, are provided in Appendix C.

Table 2-1 - Survey Equipment

Sensor Type Manufacturer/Model
Multibeam Sonar Dual RESON SeaBat 7125
Motion Sensor Applanix POS/MV
Heading Applanix POS/MV
Position Leica 1230 RTK GPS
Sound Speed Profiler SeaBird SBE-19
Sound Speed at the Multibeam Sonar SeaBird SBE-37 MicroCat
Water Height Corrections Leica 1230 RTK GPS
Sidescan Sonar GeoAcoustics SS941/159D

Data collection and navigation software for the bathymetry survey was Hypack®/HYSWEEP®.
The data were processed and data products generated using a combination of HYSWEEP, IVS
3D Fledermaus, and ESRI ArcGIS. Sidescan data were collected and processed with SonarWiz
software from Chesapeake Technologies.

Software settings for bathymetry data acquisition include the serial 1/0O configuration and sensor
offsets in HYPACK, and HYPACK Navigation device offsets in the HYSWEEP hardware
configuration.

Northlake Shipyard - Survey Report Page 2-1



Figure 2-1 - Tetra Tech Jet Boat

2.1 Interconnections

Figure 2-2 shows the data flow and communications setup for the devices which make up the
bathymetry survey system.

The sidescan sonar system used was an analogue GeoAcoustics SS941/159D, which consists of a
selectable, dual frequency (100/410 kHz) towfish which is connected to a transceiver unit that
controls the sidescan (gain, Time Varying Gain - TVG, and automatic gain control — AGC). The
analogue signal is then split into three recording systems. An EPC Model GSP 1086 thermal
recorder, a Sony DAT and a Chesapeake analogue to digital data acquisition system. The EPC
records the processed (gained) data onto thermal paper, the DAT records the raw sidescan data,
as well as the processed (gained) data, and the Chesapeake digital acquisition system converts
the processed (gained) analogue sidescan data into a digital signal that is then recorded on a
laptop computer using Chesapeake SonarWiz software for real-time mosaic generation, and data
recording for later post-processing and target picking.

Northlake Shipyard - Survey Report Page 2-2
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Dual SeaBat 7125 Multibeam System Wiring Diagram
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Figure 2-2 — 7125 Multibeam Survey System
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2.2 Device Offsets

Device offsets are precisely defined for the multibeam and sidescan sonars, attitude sensor and
GPS antenna, so that the HYPACK/HYSWEEP and SonarWizMap acquisition software can
accurately convert the input sonar and support sensor data into XY Z soundings on the earth.

2.2.1 Sensor Offsets

The offsets, in feet, used for the HYSWEEP and SonarWizMap sensors are listed in Table 2-2

and Table 2-3 below:

Table 2-2 — Bathymetry Sensor Offsets (feet)

Sensor ACross Along Vertical
Port SeaBat 7125 -1.09 14.00 0.55
Starboard SeaBat 7125 1.06 14.02 0.48
Motion Sensor (Applanix POS/MV) 0.00 0.00 0.00
HYPACK Navigation (Leica antenna) -0.05 14.09 -5.95
Table 2-3 — Sidescan Sonar Sensor Offsets (feet)

Sensor ACross Along Vertical
GeoAcoustics SS941/159D 2.0 0.0 na
SonarWiz Navigation (Leica antenna) 0.0 0.0 na

2.3 Multibeam and Sidescan Sonar Mounts

The multibeam sonar heads were mounted to the vessel using a retractable bow mount pole,
shown in Figure 2-3 (mount up for transport). The mount is rigidly attached to the bow of the
vessel, with the Leica GPS antenna mounted on an extension pole, directly above the sonar.

When the vessel is launched, the pole is rotated to vertical, and secured with a bracket mounted
at the waterline. For this survey, to facilitate viewing under other vessels and structures, each of
the two sonar heads were rotated approximately 30 degrees outboard.

The sidescan sonar was suspended on lines from the starboard bow ~2 feet below the water
surface. The GPS antenna was mounted 2 feet to port of the sidescan at the same along track
position.

Northlake Shipyard - Survey Report Page 2-4
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Figure 2-3 — TtEC Multibeam Sonar Mount
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2.4 Geodesy Settings

The geodesy settings shown in Table 2-3 were used for the Northlake Shipyard project.

Table 2-4 - Survey Geodesy Settings

Parameter Setting
Grids State Plane NAD-83
Zone WA-4601 Washington North
Distance Unit US Survey Feet
Depth Unit US Survey Feet
Ellipsoid NAD-83
Geoid NAVD 88
Vertical Datum USACE Datum (NAVDS88 + 3.24 ft)"
Horizontal Control | NOAA NGS SAG SY4165
Vertical Control NOAA NGS SAG SY4165

1 Refer to the RETEC memorandum Included in Appendix E for information related to vertical datum conversion.

The elevations output by the Leica RTK were referenced to the NAVD88 geoid. Corrections to
convert the output data elevations from NAVD-88, to the USACE vertical datum, were applied
to the HYPACK Max® matrix XYZ file.

2.5 GPS Reference Station

The RTK GPS base station was set up over NOAA National Geodetic Survey (NGS) SAG
SY4595, as shown in Figure 3-1. The published description of the control point is provided in
Appendix E.
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3 Survey Procedures

This was a project condition survey to assess the bottom bathymetry and the presence of man-
made debris in the shipyard and surrounding area. To provide the highest possible resolution, a
dual RESON SeaBat 7125 multibeam sonar and GeoAcoustics SS941/159D sidescan sonar were
used. The SeaBat 7125 system is currently the highest resolution multibeam sonar commercially
available. It has an along-track beamwidth of 1.0 degrees and an across-track beamwidth of 0.5
degrees normal to the array, increasing to 1.0 degrees at +/- 60 degrees. The sidescan sonar
system used was a a selectable, dual frequency (100/410 kHz) analogue GeoAcoustics
SS941/159D. The support sensors, used to measure vessel attitude (roll, pitch, heave), position,
heading, and sound speed through the water column, were selected to ensure that the associated
accuracies commensurate with the accuracy and resolution of the sonar systems.

Figure 3-1 - RTK GPS Base Station — Gas Works Park (SAG SY4165)

Northlake Shipyard - Survey Report Page 3-1
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3.1 Position/height

To compensate for any variation in the water surface elevation, vessel squat and settlement and
varying draft due to vessel loading, RTK GPS was used for both position (X, y) and height (z2).
Tetra Tech staff set up a RTK base station on the NOAA National Geodetic Survey (NGS)
monument shown in Appendix E. The locations of the control points are shown as green circles
in Figure 3-2.

The base station was set up at monument Designation SAG (PID SY4165), as shown in Figure 3-
1. For QC checks during the survey operations, the rover unit was then taken to the Washington
State Department of Transportation (WSDOT) monument Designation Brian Cary (Monument
ID 3967), and Washington Council of County Surveyors (WCCS) Point Name 2609CC 58A
(Point Alias 7575) vertical control point. The horizontal position matched the Brian Cary
monument to approximately 0.09 ft. and vertically to 0.03 ft. The 2609CC 58A benchmark did
not have precise horizontal coordinates, however the vertical matched to 0.02 ft.

The base station was set up each morning of the survey and the rover was used to re-check the
position at the Brian Cary control point. The same results were obtained in each case.

The 93V-445 control point shown in Appendix E could not be located.

Northlake Shipyard - Survey Report Page 3-2
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Figure 3-1 - Control Point Locations

3.2 Sensor Offset Measurements

All sensor offsets were measured relative to the XYZ position of the Inertial Measurement Unit
(IMU). Measurements were performed on a leveled trailer with a total station and repeated at the
dock, in calm water, using a tape measure.

The vertical offset between the GPS antenna and the acoustic center of the sonar is a critical
measurement, and was checked by two of the survey staff.

3.3 Multibeam Patch Test Results

A standard patch test was carried out within the survey area to determine the calibration offsets
between the multibeam echosounder and the motion reference unit. The offsets shown in Table
3-1 were calculated from the patch test which was conducted on December 9, 2008. These
offsets were applied in the data processing software to correct residual misalignments in the
mechanical installation of the sensors, and to compensate for any latency in the positioning
system.
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Figure 3-3 shows the site, the survey lines and data collected for the patch test calibration. There
is a sunken barge at this location, in the canal northwest of Lake Union (approximately
1,271,914 East and 240,469 North), which provided a distinct feature, with significant changes in
depth over very short distances along track. This in turn provided very consistent results from
the patch test and processed data.

The data collection software was time synchronized to GPS UTC time, and the time stamp from
the GPS position messages was used for the position data, which typically provides a latency
value of zero. This had been verified with this same hardware and software configuration
multiple times in the past, so a latency test was not specifically done for this survey. Review of
the full survey data set showed none of the position offsets that would result from a latency error.

Table 3-1 — Multibeam Patch Test Calibration Results

Parameter Value (deg.)
Port Sonar Head | Starboard Sonar Head
Roll 27.70 -32.15
Pitch -0.50 -1.75
Yaw 2.00 3.00
Latency 0.0 sec 0.0 sec

The multibeam data were processed using the Patch Test toolkit in the HYPACK MB Max
processing software, using the procedures defined in the HYPACK documentation. Collections
were performed so that at least two independent data sets were used to derive each measurement.
No significant differences were observed in the results for each measurement.
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Figure 3-2 — Multibeam Patch Test Site

3.4 Sound Speed Casts

Sound speed casts were performed at the beginning and end of the bathymetry survey day. A
comparison of the cast data showed no significant differences in the induced depth offsets out to
the +/- 65 degree swath coverage of the sonar.
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4 Sidescan Sonar Data

The following is a description of the methods used to process the sidescan sonar data and
produce final deliverables.

4.1 Sidescan Sonar Processing

Only high frequency (410 kHz) data were recorded for this survey. The range setting was 50
meters. Line spacing was 75 feet. Data processing was performed in Chesapeake Technologies
SonarWiz.MAP software. Each file is bottom tracked to remove the water column from the data
to allow for proper slant range and beam angle corrections to be applied. Final data presentation
materials were generated using a combination of SonarWiz.MAP and Arc GIS.

4.2 Sidescan Sonar Results

The results from the sidescan sonar survey, including an imagery mosaic of the survey area, and
a target pick list, are shown in Appendix B.

5 Bathymetry Results

The following is a description of the processing used to convert the raw collected data to depths
and positions, and to remove invalid soundings from the processed data set.

5.1 Bathymetry Processing

The collected data were processed in HYSWEEP to generate the XY Z soundings, in the survey
coordinate system and units. The preliminary data cleaning was also performed in HYSWEEP,
to eliminate any gross outliers induced by noise in the sensor systems or the acoustic
environment. A subsequent area based cleaning, using the merged data from all the survey lines,
was then conducted using Fledermaus, an advanced 3D editing application. The results of this
processing were then exported back to the HYPACK HS2 files and exported an ASCII grid file.

Final data presentation materials were generated using a combination of Fledermaus and
ArcView.

Northlake Shipyard - Survey Report Page 5-1
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5.2 Bathymetry Results

The results from the multibeam bathymetry survey are shown in Figure 5-1 and in Appendix A.
Appendix D contains the survey collection logs, which record the survey collection lines and any
significant conditions or events noted during the survey. Bathymetry data extended from near
shore to approximately 19 ft below the USACE local datum.

There were some near-shore areas that were inaccessible due to vessels and docks. It was not
possible to get full coverage under the large pier on the east side of the shipyard due to the size
and draft of the vessels tied up to the pier.

At least two sunken vessels and one rectangular structure that could be a barge or sunken dock

section were observed in the bathymetry, along with large amounts of piles and/or pipes and
various other unidentified debris.

Northlake Shipyard - Survey Report Page 5-2
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Figure 5-1 - Bathymetry Survey Chart
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6 Summary

The acquired multibeam and sidescan sonar data provides a high resolution view of the
bathymetry in the vicinity of the Northlake Shipyard, as well as debris and potential items of
interest on the lake bottom.

The high resolution bathymetry and sidescan sonar data clearly shows features 0.5 feet or less
above the surrounding bottom. These data can be used to locate and identify debris that may
need to be considered during future site characterization activities, evaluated as part of potential
remedial designs and/or removed from the site during remedial activities.
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Appendix A. Northlake Shipyard Bathymetry, December 2008
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Appendix B. Northlake Shipyard Sidescan Sonar Mosaic, December
2008
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Appendix C. Equipment Data Sheets

The following are copies of the equipment data sheets, provided by the manufacturers, for the
primary hardware systems used for the survey.

Unparalleled Resolution and
Installation Flexibility

Single or Dual-Frequency
Operation (200 and/or 400kHz)

256 or 512 Focused 0.5°
Beams at 400kHz
(1° at 200kHz)

128° Swath Coverage
(4x Water Depth)

400 meter Depth Rated
(6000 meter option)

+ Built-in test environment
(BITE)

* Complies to IHO SP44
Special Order + USACE Class 1

SeaBat 7125

High-Resolution Multibeam Echosounder System

SeaBat 7125

The new generation SeaBat 7125 represents yet another technological break-
through in high quality performance. With unparalleled resolution and
installation flexibility, the SeaBat 7125 is ideal for a great variety of
hydrographic, offshore, military, bathymetric, sidescan & snippets applications
from a surface vessel, ROV to 6000 meter depth.

The SeaBat 7125 is a single and / or dual frequency (200/400kHz) multibeam
echosounder system. In the 200kHz configuration, the receiver forms 256
equi-angle or equi-distant dynamically focused 1° receive beams to cover a
128° swath, with a maximum range of 500 meters. In the 400kHz configura-
tion, the receiver forms 256 equi-angle focused 0.5° receive beams or 512 in
equi-distant mode, to cover a 128° swath, with ultra high resolution and a
typical range of 200 meters.

The SeaBat 7125 is controlled by the 7-P, a high performance Sonar
Processor that manages data flow and signal processing using a state-of-
the-art FPGA architechture. The 7-P provides a Windows®-based GUI user
interface, allowing system configuration, control, data output, storage and
built-in test environment (BITE) displays to assist the operator.

Equi-distant or equi-angular beam spacing across the entire swath is
selectable by the operator to provide uniform sounding density and maximize
usable outer swath. Data logging of beamformed water column data or pre-
beamformed stave data to a RAID disk system is also optionally provided.

The SeaBat 7125 receiver sonar head design provides increased band-
width, improved dynamic range and noise immunity over earlier models and
makes full use of Commercial-off-the-Shelf (COTS) hardware and software to
increase cost effectiveness with a well defined path for future upgrades and
expansion.

Northlake Shipyard - Survey Report
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SeaBat 7125

High-Resolution Multibeam Echosounder System

S EM PERFORMANCE

Freguency: 200kHz A00kHz

Blax Range: 500 m 200 m

Swath Coverage: 128* 128°

MNumber of Beams: 2568 Equi-angle or Equi-distant 256 1 512 Equi-angle or

512 Equi-distant

Max Update Rate: 80 Hz 50 Hz
Waveform: Gated CW Gated CW
Depth Resalution: 5 mm 5 mm
Futse Length: 33 to 300 pseconds 33 to 300 pseconds.
Depth Rating: 400 m (standard) 400 m (standard)
BODD m {opfion) 6000 m {option)
Across-Track Beamwidih: Transmit: =142° Transmit: =145
Recsive: 1.1° + 0.05" {center) Receive: 0.54° £ 0.03% (center)

Along-Track Beamwidth Transmit: 2.2° + 0.05% Transmit: 1% + 0.02%

INTERFACE

Receive: 28.5° £ 3%

Receive: 317+ 3.5°

Systemn Control:

7-P Processor Unit

Fower Reguiremenis:

48W DC 58W (Provided by
sonar processor) 110/220 VAC

50080Hz, Z00W
Data Transfer: Ethernet, 1Ghit
CLAMIC A
Weight: 200kHz

400kHz

Receive Aray:

9.8 kg (dry), 4.6 kg (wat)

0.6 kg (dry). 4.8 kg (wat)

Transmit Array: 7.5 kg (dry), G.4kg (wet) 2.75 kg (dry). 1.75 kg (wet)
7-L LCU: 18.7 kg (dry). 5.2 kg (wet) 7-P 15.7 kg (dry). 5.2 kg (wet) 7-P
Processor: 30 kg 30 kg

Dimensions:

Receive Array:

102 x 486 x 131 mm

102 x 486 x 131 mim

Transmit Array: 100 x 258 x 117 mm B2 x 285 mmi

Link Control Unit: 530.8 x 174 mm 530.9 x 174 mm

7-P Processor: 431 x 145 mm 431 x 148 mm
Temperature: Operafing: 0° to +40° C Dperating: 0° o +40° C

Storage: -30° {0 +55° C

Storage: -30° to+55°C

(o-tonNs |

Dual Frequency
Mounting Bracket with Fairing
10m Array to LCU Cable Set

SVP-TO Sound Velocity Profiler with 25m Cable
Extended Warranty / Suppert & Maintenance Contracts
Fiber-Optic Conversion for ROV Installations

Full Calibration {calibrated backscatter) & Element Data Recording (includes 1 TBE external RAID array)

System Integration & Training

INUIUTIANT OlHIIpyalu = YUl voy 1I\cpyuiL

www.reson.com

RESOMN reserves the right to change specifications without notice. & 20068 RESON A'S
Unless otherwise specified, beams are measured unsteered, at centre frequency and at a sound velocity of 1480misec
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ROBUST POSITION AND QORIENTATION SOLUTIONS FOR MARINE MAPPING

Applntc Position and Orientation Systam s for Marina Yas sals (POS MW are anginsaned to support watar science data colkection
operation s, partiuky those whare accu@ta, uninterruptad, and robust solutionsare neaded fordirect georaferancing and mapping.
Professionals invohied in surf zoneand coastal arsa rmapping, harbor lana sunays, envinonmental assessmants, channal inspaction and
dredging assessmeant, off shore rsource adplomtion, erosion mapping, maritime and coastal watenway infrastructure imentory mapping
depand an POS MWV salutions.

Employing stata-of-tha-art high pracision yms which are tightly coupled to supporting GPE, the POS MY provides continuous and
accum@ta position and onenation data koag ing forvesseland sensorguidance, Reliable POSMY autput is produced in savare 23
cond itions, during period sof blocked or intamnittant GRS, in arcas whara GP S recaption is compromisad by rmultipath affacts, orat
tirmas whan position drift roust be reduced and faster signal racquisition isassential.

POS MV daliversa full six deg ree-of-freadom position and orien tation solution measuring location, walocity, attitude, and heawva plus
accelergtion and angular rate wectors. Ap planix maring solutions ane abla toaffix position and onentation data accurataly under

tha most damand ing condition 5, rgardlass ofvessal dynarmics, 200 times sach sacand, raking direct georafarancing and motion
cormpensation for naritime rmote sensing opa@tions a productive and practical option.

FERFORMAMCE SUMMARY - POS MW Accuracy

PS5 v 220 CaPs RTE GPECutage

Fosition 0%-2mt Q- 000 <25 mar 30 souteges, <& mifor 805 outages

Foll & Pitch oo oo [afur.ng

True Heading OO2Fwith 2 m bessine - Drift lemzthan 1% par hour (neg ligibke 10 ro uteges <50 =)
000 with 4 i besdline

Hezwe Scmorsis? 5 crnor S 5 o or 5%

FOS ' Warnehastar DaFs RTK GPE O utage

Fosition 05-2m' O - 000 ! <3 rfior 20z outages, <10 mor &0 soutages

Rl & Pitch e oo 0

True Heading OO with 2 m besdine - Drrift les=than 2 pearhour

Heanwe Scrnor S 5 crnior S Seorn o 5%

P 1 Elite DGPs RTE GFE Qutmge

Fosition 05-2m' 00 010 <15 mfar &l soutages DGR, <05 mbr & soutage RTK

Rl & Fitch [uln s g o0&+ 0oe*

True Heading omss W/ E Drift less than 0 per hour {negligib e for cuages <80 5
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Leica GPS1200

Technical specifications
and system features

GPS1200 receivers
GNSS technology
Type

Channels

RTK
Status indicators

GPS1200 receivers
Ports

Supply voltage,
Consumption

Event input and PP5

Standard antenna
Built-in groundplane

GX1220
smartTrack

GX1210
smartTrack

CX1230 GG/ATX1230 GG GX1230/ATX1230
SmartTrack+ SmartTrack
Dual frequency Dual frequency

14 L1+ 14 L2 GPS 2 5BAS
12 L1 + 12 L2 GLOMASS

1211 +12 L2 GP5 2 5BAS

Dual frequency
12 L1+ 12 L2 GP5 2 5BAS
(with DGPS option)

Single frequency
12 L1 2 SBAS
{with DGPS option)

72 Channels
SmartCheck+ SmartCheck
3 LED indicators: for power, tracking, memaory

GX1230 GG/GX1230/GX1220

Mo

GX1210

1 power port, 3 serial ports, 1 controller port, 1 antenna port

Nominal 12 VDC

4.6 W receiver + controller + antenna
Optional:

1 PPS output port

2 event input ports

SmartTrack+ AX1202 GG

Built-in groundplane

The following apply to all receivers except where stated.

Optional:

1 PPS output port

2 event input ports

SmartTrack AX1201

Built-in groundplane

No

 ATX1230 GG/ATX1230 _

1 power/controller port, Bluetooth® port
Nominal 12 VDC

1Law

SmartTrack+ ATX1230 GG
Built-in groundplane

Power supply

Two Li-lon 3.8 Ah/7.2 V plug into receiver. One

Li-lon 1.9 Ah/7.2 V plugs into ATX1230 and RX1250.

Plug-in Li-lon batteries Power receiver + controller + SmartTrack antenna

Same for GPS and TPS

External power

for about 15 hours (for data logging).

Power receiver + controller + SmartTrack
antenna + low power radio modem or phone for
about 10 hours (for RTK/DGPS ).

Power SmartAntenna + RX1250 controller for
about 5 hours | for RTK/DGPS |

External power input 10.5 V to 28 V.

Weights

Recener 1.20 kg, Controller 0.48 kg (R¥1210) and

0.75 kg (RX1250). SmartTrack antenna 0.44 kg.

SmartAntenna 1.12 ke. Plug-in Li-lon battery 0.09

kg (1.9 Ahj and 0.19 ke {1.9 Ah).
Carbon fiber pole with SmartTrack antenna

and R¥1210 controller: 1.80 kg.

All on pole: carben fiber pole with SmartAntenna,
RX¥1250 controller and plug-in batteries: 2.84 kg.

INUVIUHTUNG ViV yur v

wul VU] 1 \\JPU' L

Temperature Operation: Receiver —-40°C to +65°C
1500022 Antennas -40°C to +70°C
MIL-5TD-810F Controllers -30°Cto +65°C
Storage: Receiver -40°Cto +80°C
Antennas 55 Cto +85°C
Controllers -40°Cto +80°C
Humidity Receiver, antennas and controllers

15000232, MIL-5TD-810F

Up to 100% humidity.

Prote ction against
water, dust and sand
IP&7, MIL-5TD-810F

Receiver, antennas and controllers:
Waterpoof to 1 m temporary submersion.
Dust tight

Shock/drop onto
hard surface

Receiver. withstands 1 m drop onto hard surface.
Antennas: withstand 1.5 m drop onto
hard surface.

Topple over on pole

Receier, antennas and controllers:
withstand fall if pole topples over.

Vibrations
1500022
MIL-STD-B10F

Receiver, antennas and contollers:
withstand vibrations on large construction
machines. No loss of lock.

lug\,—r
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MicroCAT C-T Recorder (Serial interface & Memory) SBE 37-SM
e areese

The SBE 37-SM MicroCAT is a high-accuracy conductivity and temperature (pressure
optional) recorder with internal battery and memory. Designed for moorings or other long
duration, fixed-site deployments, the MicroCAT includes a standard serial interface and non-
volatile FLASH memory. Construction is of titanium and other non-corroding materials to
ensure long life with minimum maintenance, and depth capability is 7000 meters (23,000 feet).

Calibration coefficients are stored in EEPROM, and uploaded data is presented in ASCII
engineering units. The data always includes Conductivity, Temperature, and Pressure
(if optional pressure sensoris installed). If desired, time can be added to each scan, and the
MicroCAT can calculate and output salinity and sound velocity (Chen-Millero). The MicroCAT
retains the temperature and conductivity sensors used in our time-proven SEACAT products;
however, new acquisition techniques provide increased accuracy and resolution while
reducing power consumption. Electrical isolation of the conductivity electronics eliminates
any possibility of ground-loop noise.

The MicroCAT's unique internal-field conductivity cell permits the use of expendable anti-
foulant devices. The aged and pressure-protected thermistor has a long history of exceptional
accuracy and stability.

The MicroCAT's optional pressure sensor, developed by Druck, Inc., has a superior new
design that is entirely different from conventional ‘silicon’ types in which the deflection of a
metallic diaphragm is detected by epoxy-bonded silicon strain gauges. The Druck sensor
employs a micro-machined siicon diaphragm into which the strain elements are implanted
using semiconductor fabrication techniques. Unlike metal diaphragms, silicon’s crystal
structure is perfectly elastic, so the sensor is essentially free of pressure hysteresis.
Compensation of the temperature influence on pressure offset and scale is performed by the
MicroCAT's CPU.

SENSOR INTERFACE ELECTRONICS

Temperature is acquired by applying an AC excitation to a hermetically-sealed VISHAY reference resistor and an ultra-
stable aged thermistor (drift rate typically less than 0.002 °C per year). The ratio of thermistor resistance to reference
resistance is determined by a 24-bit A/D converter; this A/D also processes the pressure sensor signal. Conductivity
is acquired using an ultra-precision Wien-Bridge oscillator. A high-stability reference crystal with a drift rate of less than
2 ppmiyear is used to count the frequency from the oscillator.

COMMUNICATIONS AND INTERFACING

The MicroCAT communicates directly with a computer via standard RS-232 interface. Data can be uploaded at up to
38 4K baud. Real-time data can be transmitted at distances of up to 1600 meters (5200 feet) at 600 baud, simultaneously
with recording. An optional RS-485 interface allows multiple MicroCATs to share a common 2-wire cable, minimizing cable
complexity for C-T chains.

User-selectable operating modes include:

* Autonomous Sampling — At pre-programmed intervals of 5 seconds to 9.1 hours, the MicroCAT wakes up, samples,
stores the data in its FLASH memory, and goes to sleep

+ Polled Sampling — On command from a computer or satellite, radio, or wire telemetry equipment, the MicroCAT takes
a sample and fransmits the data.

+ Serial Line Sync — In response to a pulse on the senal line, the MicroCAT wakes up, samples, stores the data in its
FLASH memory, transmits real-time data, and goes to sleep.

SOFTWARE

The MicroCAT is supplied with a powerful Windows 95/98/NT/2000/XP software package, SEASOFT®-Win32,
which includes:

+ SEATERM® — terminal program for easy communication and data retrieval
+ SBE Data Processing®— programs for calculation, display, and plotting of conductivity, temperature, pressure (optional),
and derived variables such as salinity and sound velocity.

Sea-Bird Electronics, Inc. E-mail: seabird@seabird.com
1808 136th Place NE, Bellevue, Washington 98005 USA Telephone: (425) 643-9866

m Website: http://www.seabird.com Fax: (425) 643-9954
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MicroCAT C-T Recorder (Serial interface and Memory) SBE 37-SM
139.7 19.0
DATA STORAGE AND BATTERY ENDURANCE ~— (5.50) (0-75)"' |’
o . =
Converted temperature and conductivity are stored 67.3 B7.6 108.0
5 bytes per sample, time 4 bytes per sample, and (263 (3.45) (4.25)
optional pressure 2 bytes per sample; memory ; 62.2 (2.45) ——4 i
capacity is in excess of 185,000 samples. The MicroCAT is (4.05) Diameter
powered by a 7.2 Ampere-Hour (nominal) battery pack
consisting of six 9-volt lithium batteries which, when removed PO |
from the MicroCAT, can be shipped without hazardous C 279
material restrictions. The pack provides sufficient internal =) 14? 5 4(10_)
battery capacity for more than 300,000 samples. * (1 .é?}
O 2413
O Clamp (3:50)
SPECIFICATIONS O
6.63

Measurement Range o (0.261)
Conductivity: 0-7 S/m(0-70 mS/cm) 569G T B Diameter| ——
Temperature 5to35°C (22 '20} 4 places
Optional Pressure: 20/100/350/600/1000/2000/3500/7000 " 7

(meters of deployment depth capability) Dimensions in milimeters 4191

(inches) (16.50)

Initial Accuracy
Conductivity: 0.0003 S/m (0.003 mS/cm)
Temperature: 0.002 °C Guide
Optional Pressure: 0.1% of full scale range . / . ’
Typical Stability (per month) i
Conduetivity: 0.0003 Sfm (0.003 mS/cm) .-
Temperature: 0.0002 °C (0.75)
Optional Pressure: 0.004% of full scale range 7
Resolution
Conductivity: 0.00001 S/im (0.0001 mS/cm)
Temperature: 0.0001 °C

Optional Pressure:
Time Resolution
Clock Accuracy
Quiescent Current™

Sampling and Communication Current *
Without external power option

Communication
Sampling

With external power option

Communication
Sampling

Acquisition Time

Optional External
Input Power
Housing

Depth Capability
Weight

in air:
in water:

0.002% of full scale range
1 second

13 seconds/month

<Ca]

Standard Wire Mounting
Clamp and Guide

10 microamps

38 milliamps

20 milliamps for autonomous

or serial line sync sampling; e
ol 2 noar

39 milliamps for polled sampling o iy

Optional
Weat-Pluggable
-HP-S8  MCBH-3MTI

35 milliamps

35 milliamps ie; @}

o2/

3-pin Connector
Pin Signal
1 Commeon
2 RS-232 data receive
3 RS-232 data transmit

1 - 3 seconds/sample

(for 1 measurement/sample),
dependent on sampling mode
and inclusion of pressure sensor

0.5 Amps at 9-24 VDC
Titanium
7000 m (23,000 feet)

Alternate Flat Surface
Mounting Brackets

) Optional
Optional Wet-Pluggable
XEG4-BCL-HP-88 MCBH-4MTI
f®s (@Y
1 |
'.‘ ] s (S ® Ei
% &
Optional 4-pin Connector
Pin Signal
1 Commen

2 RS-232datarecelve
3 RS-232 data transmit
4  89-24VDC (optional external power)

* Power consumption / battery endurance
values are for standard RS-232 interface; for

3.8 kg (8.3 Ibs)
2.3 kg (5.1 Ibs)

optional RS-485 interface, see RS-485 manual

0505

Sea-Bird Electronics, Inc.
1808 136th Place NE, Bellevue, Washington 98005 USA

m Website: http://www.seabird.com

Northlake Shipyard - Survey Report

E-mail: seabird@seabird.com
Telephone: (425) 643-9866
Fax: (425) 643-9954
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Appendix D. Survey Log Sheets

-
Teira Tech EC, InC. Survey Log Sheot
Cate; 1.2 1 Julian [abe; a4 Resach [ Area; A To; A Survey Name: WE 1M00R &4 MBL
Survey Wessel: RV Sonm Surveyor|s): B. Bridge B. Jodhraion Tirmaz Tomez LITC
Suraey Type; Multibeam Capiiair: L Schwarts
Chent: E & E Northiake Shipyard
Dhrwice Informatian
Fm, Trimizhe A5
i L 132 SpaBat 7125 Seabm TLYs  Leica RTE GPS
Starbaged: e s] 002 106 -1.08 105 NP Flle:
Forward:| 000 0.1z 14.02 1200 14.05 Fatch Test Date:
Wertical; a.00 A28 =KL 0.55 595 Tiche Fille;
i H 3.00 200 Frecooand
Pitch; -1.75 150
Rell; -3 15 2770
Latercy:
Start Time | Stop Time | Raw File Mame Line Type s"““" m Commaents
1E:51:32 | 1RG50 0d_1R51 Waker Linvel Check
Fales 5tart no matrin redo
20:06:21|  20:00:45 Oif_2005 |Standard Lot homs L&
20153 Q11 2010 |Starboard Shore Norhwest Shaoireline
L ) T 0@ _ 2034 |Standand harhuast I ] Shoraline
2316 QI 2032 |Starboard Shore Northwest 25| Shoorneline
20:35:58 OiE_ 2035 | Starkaard Shore | backing at wart
205123 255D Starkaerd Shore 1 | backing at start lots af bubbley
20:33:40 Q022053 |Starboard Shore Marthwest 15
205912 21:11:35 Q032050 | Starkaard Shore Martheas 1 &|double v coverage start PosPac
21732 212110 Q2% 2117 [Standand St st 3
20216 212605 Q0% _212F |Standar Marthwest 13
2L:2W06 213044 Q0 2127 |Standard Sout humy 33
21:33:53| 21:36:33 07 _213%|Standard Maorthwest 21
28:3%48) 214100 02137 |Standand Lnzt humt 53| bost wake @ FA0
21:41:35| 218530 005 2141 [Standard KWaorthwest 232
28:46:20 02146 |Standand Sinzt hiiit 32
255211 215600 032157 |Standand Marthweit 32
21:56:53| 22:00:00 032 2156 |Standard Coauthioxst 35
22:00:40 Standard Mt hweeit % 5| Hypack crash mestart
22:03:08 ol 2202 [Standand Northwest 3 7
22:1:13) 221500 Oif_2211|Cross Saout hwest 3
22:47:23 Cross Marthaav 3| step line o pick up Foakegy Ride-A-Long lobn Keeling
22:33:35| 22:32:00 005 _222E|Cross Soat hiwest 23
22:35:34 224000 Q032755 |Standard Martheay 2|Fillin
22:40:85| 22:42:00 Q0T 2280 |Standand Fill in
2aAah0 | 225000 Q062245 |Standar Martheas 2|Fillin
25xar| 25500 Q052257 |Standar St hewest i]Fillin
231441 004 2314 [Standard Fill in
232700 233000 Q032326 |Sandar Martheas 3| Fillin
23:32:45| 233:36:00 022332 |Standand Fillin
Survey Manager: | [sigrature:
[}

Northlake Shipyard - Survey Report Page 1
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Appendix E. Base Station Benchmark Description

Northlake Shipyard - Survey Report Page 1
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map_ds. prl http/www.ngs noaa. gov/ngs-cgi-bin/Craig/map_ds prl

DATRBASE = Sybase ,PROGREM = datasheet, VERSION = 7.41

1 Hational Gecdetic Survey, Betriewal Dats = SEPIEMBER 24, 200¢

= HHEN AT ERN NN TN AT TN AN AENA T TN TN AT TN AR TN T TN ATARNA AN TR TN ATENN TR TR NN
DESIGNATION - SARG

FID - 5¥41&5

STRTE/CCUNTY- WA/EING

USES QUAD -

*CUBBRENT SURVEY CONTROL

MAD 83(19%1)- 47 33 40.085473(N) 122 20 0B.%18832 (W) ADJUSTED
3Y41&€3* MAVD 33 - 5.7 (meters) 18, (feet) VERTCOH
S74l
3741 LAPLACE CORR- -2.28 (s=sconds) DEFLECSS
3741 GECID HEIGHT- -23.74 (m=ters) GEQIDO3
S74l
3741 HORZ ORDER - THIRD

horizontal coocrdinates were estakblished by classical geodetic methods
i adjusted by the Hational Geodetic Survey in Decemkber 1991..

8 height was computed by applving the VERTCON shift wvalus to
% height (displayed undsr SUPERSEDED ZURVEY CONTROL.)

Laplace correction was computed from DEFLECS%Y deriwved deflecticons.

geoid height was determined by GEQIDOI.

Horth Ea=st Units Scale Factor Converg.
WA N - 72,755.458 387,118,736 MT 0.899%7¢£19 -1 a7
WA N - 238,698.53 1,270,072.05 sFT 0.899%7€19 -1 a7
10 - 5,27€,999.529 549,884,860 MT 0.99983058 +0 29 2
- Elew Factor x Scale Factor = Combined Factor
CWAN - 1.00000283 = 0.9999%781% = 0.99957902
10 - 1.00000283 = 0.99%€3053 = 0.99983341
_____________________________________________________________________ |
Reference Chject Distance Gecd. Az
dddmmas.s |
3Y4164 5G 1 TEMP 84.963 METERS 07200 |
3Y39%2 LYNKN APPROX. 1.0 EM 23513210.8

SUPERSEDED SURVEY CONTROL

MAD 83(19%8€)- 47 33 40.08B21 (M) 122 20 0B.%2502 (W) AD( ) 3
Hap z7 - 47 38 40.73e423 (M) 122 20 04.47231 (W) AD( ) 3
NGVD 2% (07/1%/86) 4.6 (m) 15. (f) VERT RMNG

Superssded wvaluss ars not reccmmended for survey control.

NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.

S5ee file dadata.txt tc determine how the superseded data were derived.
J.5. NATICHAL GRID SPATIAL ADDRESS: 10TET4%8E8S5T77000 (NAD 33)

MARKER: OD = SURVEY DISKE

SETTING: 35 = 3ET IN R MAT FCOUNDCATICN OR CONCEETE SLRE COTHER THRN
WITH SETTING: PAVEMENT

STABILITY: C = MRY HOLD, BUT OF TYPE COMMCNLY SUBJECT TOC

STABILITY: 3URFACE MOTICH

HISTCRY - Date Condition Espoxrt Bw
HISTCRY - 1377 MCONUMENTED MOS

STATICN DESCRIFTION

SY41£5'DESCRIBED BY MATIOMAL CCEAN SERVICE 1%77 (REM)

1of2 9/24/2006 8:18 AM

Northlake Shipyard - Survey Report Page 2
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map_ds. prl

SY41€5

k*¥% rerrieval complete.
Elaps=d Time = 00:00:01

20of2

Northlake Shipyard - Survey Report

185'"THE STATICN IS LOCATED IN 3EATTLE,
LAKE UNICH AND IN GAS WORKS PRRE.

THE STATICH IS R NATIONAL OCERN SURVEY DISE,
STAMPED---3AG 1%77---CEMENTED
'"OF CONCRETE, 38 FEET SOUTH OF THE SOUTH EDGE OF THE
LSPHRLT FOOTEATH ZRCOUND THE PARE,
HE SOUTHWESTERNMOST CORNER
HAT PROTECTS THE SOUTH SHORE COF THE PARE,
NORTHWEST COF RN OLD 3-FOOT HIGH
S'RND RBOUT 2 FEET HIGHER THZN THE

INTO 2 DRILL HCLE IN

CONCRETE FOUMDATICN
HCOBMAL LEVEL

"HEIGHT OF THE 3IGNAL WAS 1.5 METERS.

http/www.ngs noaa. gov/ngs-cgi-bin/Craig/map_ds prl

SHORE OF

2 SLEB

FEET NORTHERST OF
OF THE CONCRETE EBULEHEAD

OF THE LAEE.

9/24/2006 3:18 AM

Page 3
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WSDOT Survey Mark Report

s

Washington State
" Department of Transportation

Geographic Services

Page 1 of 2

[ SURVEY INFORMATION svsTEM SAthitidabidd

GENERAL MONUMENT INFORMATION

Monument
ID:

State:
County:
Region:
Nearest
Town:

Designation: BRIAN CARY

3967

WASHINGTON
KING
NW

SEATTLE
SEATTLE

Usgs Quad: NORTH

25N,
T.R.S: 4E,

19
Corner
Code:
State
Route:
Mile
Post:
Station:
Offset:
Owner: GS
Bearing: M

BOOK PROJECT INVOICE

23-
99039

182

ACCOUNTS
INFORMATION

0L3734

Description

TO REACH THE STATION
FROM THE JUNCTION OF SR

520 AND SR 005 IN SEATTLE, h

GO NORTHERLY 0.89 MILES
ALONG SR 005 TO THE N.E.
50TH STREET EXIT

( NUMBER 169). TAKE THE
EXIT AND GO NORTHERLY
0.62 MILES ALONG THE
RAMP TO THE
INTERSECTION WITH N.E.
50TH STREET, TURN LEFT

=

-----------
..............

AND GO WESTERLY 1.00 MILE ALONG N.E. 50TH STREET TO THE
INTERSECTION WITH STONE WAY N. TURN LEFT AND GO SOUTHERLY
1.15 MILES ALONG STONE WAY N. TO THE INTERSECTION WITH N.
NORTHLAKE WAY, TURN LEFT AND GO EASTERLY 0.40 MILES ALONG N.
NORTHLAKE WAY TO THE EASTERLY ONE OF TWO ENTRANCES TO GAS
WORKS PARK, TURN RIGHT AND GO SOUTHERLY 90.0 METERS
THROUGH THE PARKING LOT TO A DRIVEWAY ENTERING THE PARK,

htto:/fwww wsdot. wa. gov/monument/report. cfm ?monumentid=3967

Northlake Shipyard - Survey Report

7/27/2006
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WSDOT Survey Mark Report Page 2 of 2

CONTINUE SOUTHERLY 0.15 MILES ALONG THE DRIVEWAY TO THE
NORTH SHORE OF LAKE UNION AND THE MARK. IT IS LOCATED IN THE
WESTERLY CONCRETE CURB ARQUND A BRICK PAVED OVERLOOK AND
IS SOUTH OF THE OLD GAS WORKS MACHINERY, 7.5 METERS @ 160
DEGREES FROM THE NORTHWEST CORNER OF A RED BRICK SCENIC
OVERLOOK, 26.2 METERS @ 240 DEGREES FROM THE NORTHERN MOST
LAMP-POST ON THE EAST END OF A SCENIC OVERLOOK AND 3.1
METERS @ 335 DEGREES FROM THE NORTH END OF THE WESTERLY
HANDRAIL. THE MARK IS A WSDOT BRASS DISK CEMENTED INTO A DRILL
HOLE AND SET 2 CM BELOW THE CONCRETE SURFACE.

CURRENT SURVEY CONTROL
DATUMLATITUDE UNITLONGTITUDE UNITNETWORKMETHOD

2'3‘5}51 47 38 40.521979N 122 20 04.746738W  PRIMARY GPS

ELLIP HGT
NAD 83-12.2809 Y GPS
SPC NORTHING _ UNITEASTING UNITSCALE  CONV.ANGLE
ZONE T2766.949 M 387206.072 M 0.99997617 -107039
N

MONUMENTATION HISTORY
DATE RECOVERED BY CONDITION
06/23/1999 GEOGRAPHIC SERVICES  MONUMENTED
Copyright Traffic & Roads | Site Index | Contact WSDOT | WSDOT Business |

WSDOT © 2002 wsDOT Home

hitp:/www wsdot. wa. gov/monument/report.c fm ?monument:d=3967 71272006

Northlake Shipyard - Survey Report Page 5
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Washington Council of County Surveyors - Survey Control Project 2001 Page 1 of 1

Control Point Detail O Print

Survey Control Database - Point ID: 1293

Identification
Point Name (Designation): 2600CC S8A Geocode:
Point Alias (Designation Alias): 75375 BLM Comer Code:
PLSS Corner: No Horizontal Contrel: No Vertical Control: Yes
Coordinates
Feet Unit Type: U.S. Survey Foot Secale Factor (not CGE): 0000000000000
Latitude: Convergence:
Longitude: Combined Grid (CGE): 0.000000000000
NORTHING (ft): 239962.000 NORTHING (m): T3140.564
EASTING (ft): 1270593.000 EASTING (m): 387277.521
ORTHO (ft): 60.344 ORTHO (m): 18.393
ELLIP (ft): 0.000 ELLIP (m): 0.000
GEOID (ft): 0.000 GEOID (m)- 0.000
Origin
County/Municipality: City of Seattle State: WA
Geodesy
H. Netw. Relationship: L [. Netw. Relationship: L
Horizontal Datum: 91 Vertical Datum: 88
Coord System Fone: 4601 Vertical Accuracy: <=0.010m / 0.033ft.
Horizontal Accuracy: <=50.000m / 164.042ft. Vertical Method: Digital Level
Honzontal Method: Computerized Map Scaling Vertical Cale By: City of Seattle
Horizontal Cale By: City of Seattle Vertical Calc Date: 15-May-02
Horizontal Cale Date: 14-Jan-03 Geoid Method: N/A
PLSS

Reference Dacument

%‘f “-ul:la.n::eRﬂe Survey / Project 2 UNK
Schion Lownsp ange Field Book £: 1609 CC

Primary: 25N
Alternate 1: SIFTRENRUE Fages 5_3
m Image File Bef '\i"IA
A Document File Beft N/A
Alternate 3:
Reference
Monument Type: Vertical Contrel Station PLS ID: 18081
Mopument Condition: Set Wisit By: City of Seattle
Monument Set By: City of Seattle Visit Date:
Monument Date Set- 15-Apr-02 Cased Monument: No

Monument Description: Brass cap stamped "C of 8" "7375"

Site Description: 11t north of intx bkew's at SE comner N 34th St & Meridian Ave N

Drive-to Description: N 34th St & Meridian Ave N
Cross References:

Field Ties:
Comments:
Custodian
Orzanization: Seattle Public Utilities E-Mail: russ.dodge@ci.seattle.wa.us

The Washington Council of Counry Surveyors, the County Foad Admimistration Board and the originaton(s) of amy data included in this web application, provided
in reports generated from this application, or downloaded from this website, makes no representation or warranty 2s to the accuracy of szid data. THE USER
ASSUMES ALL RISKES ARISING FROM THE USE OF ANY DATA THE USER OBTAINS FROM THIS WEBSITE. The aforementioned entities
disclaims any warranry of auy kind including any warranty of merchantsbility or wamanny for fimess of use for 2 pamicular purpesa, expressed or implisd, with
respect to any of these repoms.

hittp:/fwww surveycontrol state wa us/weesmap/controlreport cfm?DataSourceName=wces. . 9/24/2006

Northlake Shipyard - Survey Report Page 6
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Washington Council of County Surveyoers - Survey Control Project 2001

Control Point Detail

O Print

Survey Control Diatabase - Point ID: 695

Tdentification

Point Name (Designation): 93V-445

Point Alias (Designation Alias): 445
PLSE Corner: No

Horizontal Control: No

Geocode:
BLM Comer Code:
Wertical Control: Yes

Coordinates
Feet Unit Tvpe: T.S. Survey Foot
Latitude: 47 38 49.03
Longitude: 122 20 02.13
NORTHING (ft): 239594.402
EASTING (ft): 1270554.345
OETHO (ft}: 35,970
ELLIP (ft): 0.000
GEOID (ft): 0.000

Scale Factor (not CGE): 0.000000000000
Convergence:
Combined Grid (CGF): 0.000000000000
NORTHING (m): T3028.520
EASTING (m): 387265.739
ORTHO (m): 10.964
ELLIP (m): 0.000
GEOQID (m)- 0.000

Page 1 of 2

Origin

County/Municipality: City of Seattle State: WA

Geodesy
H. Netw. Relationship: L [. Netw. Relationship: L
Horizontal Datum: 91 Vertical Datum: 88
Coord Svstem Fone: 4601 Vertical Accuracy: <=0,005m / 0.016ft.
Horizontal Accuracy: <=50.000m / 164.042ft. Vertical Method: Digital Level
Horizontal Method: Scaled Vertical Cale By: Parametrix Inc.
Horizontal Cale By: Parametrix Inc. Vertical Cale Date: 27
Horizontal Cale Date: 01-Sep-94 Geoid Method: N/A

PISS

Meridian: Willamette
Section/Township/Fange

Pomary:  S17TT25NRO4E

Alternate 1:

Alternate 2

Alternate 3.

Reference Document
Survey / Project # 93AC-V
Field Book &
Page &
Image File Ref: N/A
Document File Ref: N/A

Reference
Monument Type: Unknown
Monument Condition: Existing or Recovered
Monument Set By: Unknown
Monument Date Set:

PLS ID: 999009
Visit By: Parametrix Inc.
Visit Date:
Cazed Monument: No

Monument Description: NOT IN EEPORT

Site Description: NOT IN REPORT

Drive-to Description-
Cross References:

Field Ties:

Comments: The 93/94 Aenal Control Project, aka JAMP, established vertical control neccesary for the
City of Seattle's Base Mapping Poroject which extended southerly from the Eing-
Snohomish line between Lake Washungton and the Puget Sound to 5. 176th Street. The
vertical datum 1z NAVDSS contrained to NGS first order benchmarks. A third order control
network was performed in the project area constraming 42 NGS points to mnclude over 400
new points. The work was done by parametrix Inc. as a subconsultant to Walker and Assoc.
in 1993 and 1924,

Custodian

hittp://www _survevcontrol state. wa.us/weesmap/controlreport.cfm?DataSourceName=wces...  9/24/2006
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@ TETRA TECH, INC.

The RETEC Group, Inc.
1011 SW Klickitat Way, Suite 207
Seattle, WA 98134-1162

AV RETEC

206.624. 9349 Phone
206.624. 2839 Fax
www.retec.com

MEMORANDUM

TO: RETEC Project Files PSE10-18628  CLIENT: PSE

FROM: Nick Bacher TASK:  PSE10-18628-235
DATE:  4/26/05 RE: Installation of site staff gauge
Introduction

On November 18, 2005, RETEC installed a staff gauge on the southwest corner of the concrete
prow at the southern end of Gas Works Park. The gauge is located in the vicinity of the existing
SAG benchmark that is used for daily navigational checks during the field event.

Installation

The gauge is a Style A heavy 18 gage steel covered with a baked-on porcelain enamel finish to
resist rust of discoloration. The markings are black on a white background and the gauge is
graduated every foot, tenth of a foot, and 0.02 ft with total elevations. The Style A gauge comes
in 3.33 fi sections and two sections were installed for a total gauge span of 0 to 6.66 ft. Two
sections were used to adequately capture the seasonal lake level fluctuation.

The gauge was installed from a boat provided by Research Support Services using a hammer-
drill to pre-drill holes for the concrete anchors. The gauge was secured afier it had been
vertically leveled using a water level. The top center of the gauge was marked with a black
marker for subsequent surveying.

Surveying

Bush, Roed, and Hitchings, Inc. (BRH) of Seattle, WA was contracted to survey the staff gauge
both horizontally and vertically. In addition, BRH was asked to survey the two uplands
monuments (SAG and BRIAN CARY) that were used for daily navigational checks during the
field event. The data was transmitted to RETEC on November 22, 2004 via email. The
information in the email is presented in Table 1.

TABLE 1. Coordinates and Elevations

Description Northing Easting Elevation Elevation
(NAD83/91) (NAD83/91) (NAVDB8S) (USACE)
Top of RETEC gauge 238,695.22 1,270,075.48 2245 25.69
BRIAN CARY monument | 238,736.2317 | 1,270,358.5892 35.1 38.34
SAG SY4165 monument 238,698.5309 | 1,270,072.0534 18.71 21.95

Note: City of Seattle benchmark Point Name 2609¢c 38A (a brass cap stamped: CoS 7575) at the southeast corner of N 34" Street and Meridian
Avenue N was used as a starting point to establish the locations of the staff gauge and the two uplands navigational control points.

A daily reading of the RETEC staff gauge was recorded in the field notebook during the field
event for subsequent elevation control during data processing and mapping.

Northlake Shipyard - Survey Report
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- SEDIMENT SAMPLE RECORD

Page __of __

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union

| SAMPLE DATES: & /|, /64

DATA RECORDER, SAMPLING CREW: Alex Svendson, RSS

SAMPLING METHOD: Diver coring with 6-foot-long, 4-inch polycarbonate tubes using

INC HES —— hammer/piston
4
PENETRA- SAMPLE
STATION 1D/ REP. WATER TION RECOVERY | PERCENT | INTERVAL
LOCATION DATE TIME NO. DEPTH (FT) | DEPTH (RI) | DEPTH (BF) | RECOVERY (FD) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
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PROJECT NAME/NUMBER: Northiake Shipyard Grit Characterization/ 06-03386-008 | PROJECT LOCATION: North Lake Union
SAMPLING CREW: Herrera and RSS DATA RECORDER: Alex Svendson (Herrera)

|SAMPLE DATES: 4/%] 09

SAMPLING METHOD: Diver coring with 7-foot-long, 4-inch polycarbonate
Q/P\ QLA tubes using hammer/piston
DISTANCE (FT)/ PENETR | RECOV | PERCE
Mevle re WAt et DIRECTION WATER | ATION ERY NT CORE
STATI | CORE (DEGREES) FROM DEPTH DEPTH | DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
ON ID NO. X COORDINATE Y COORDINATE |™3» XY COORD. DATE TIME (FT) (FT) (FT) p ERY AL (FT) (COLOR, TYPE, DEBRIS)
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PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 ‘ PROJECT LOCATION: North Lake Union

SAMPLING CREW: Herrera and RSS

DATA RECQRDER: Alex Svendson (Herrera)

[sampLE DATES: o [1F o5

SAMPLING METHOD: Diver coring with 7-foot-long, 4-inch polycarbonate

NS
i

¥

(Tnaise 7 tubes using hammer/piston
DISTANCE (FTY/ PENETR | RECOV | PERCE
DIRECTION WATER ATION ERY NT CORE
STATI | CORE \QiEGREES) FROM DEPTH DEPTH | DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
ON ID NO. X COORDINATE Y COORDINATE XY COORD. DATE TIME (FT) et iﬁg i},@@ ERY AL (FT) (COLOR, TYPE, DEBRIS)
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PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 | PROJECT LOCATION: North Lake Union ISAMPLE DATES: Lt /!:{;/041?
SAMPLING CREW: Herrera and RSS DATA RECORDER: Alex Svendson (Herrera) SAMPLING METHOD: Diver coring with 7-foot-long, 4—~ilnch polycarbonate
5 tubes using hammer/piston
DISTANCE (FT)/ PENETR | RECOV | PERCE
DIRECTION WATER | ATION ERY NT CORE

STATH | CORE (DEGREES) FROM | DEPTH DEPTH DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
ON ID NO. X COORDINATE Y COORDINATE XY COORD. DATE TIME (FT) (M% @1y ERY AL(FT) (COLOR, TYPE, DEBRIS)
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SEDIMENT CORE RECORD

Page ! of {_

PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 l PROJECT LOCATION: North Lake Union

[sampLEDATES: Y [(F[oe

SAMPLING CREW: Herrera and RSS

DATA RECORDER: Alex Svendson (Herrera)

SAMPLING METHOD: Diver coring with 7-foot-long, 4-inch polycarbonate

2%

tubes using hammer/piston
DISTANCE (FT)/ PENETR | RECOV | PERCE
DIRECTION WATER ATION ERY NT CORE
STATI | CORE (DEGREES) FROM DEPTH DEPTH DEPTH | RECOV | INTERV SED‘IMENT‘ CHARACTERISTICS
ON ID NO. X COORDINATE Y COORDINATE XY COORD. DAT]? TIME (FT) i@#f N@;ﬁ ERY AL (FT) (COLOR, TYPE, DEBRIS)
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ENVIRONMENTAL FAX (206) 441-9108

SEDIMENT SAMPLE RECORD

Page _é of _}_

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union

| SAMPLE DATES:%? /is o "f

DATA RECORDER, SAMPLING CREW: Alex Svendson, RSS

SAMPLING METHOD: Diver coring with 6-foot-long, 4—§nch polycarbonate tubes using

| G ] hammer/piston »
PENETRA- SAMPLE
STATION ID/ REP. WATER TION RECOVERY | PERCENT INTERVAL
LOCATION DATE TIME NO. DEPTH (FT) | DEPTH €FE) | DEPTH () | RECOVERY (FT) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
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ST BAX (206) 4419108 | SEDIMENT CORE RECORD page Lor |

CONSWLTANTS
PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 l PROJECT LOCATION: North Lake Union WSAMPLE DATES:
SAMPLING CREW: Herrera and RSS DATA RECORDER: Alex Svendson (Herrera) - | SAMPLING METHOD: Diver coring with 7-foot-long, 4-inch polycarbonate
tubes using hammer/piston
DISTANCE (FT)/ A PENETR | RECOV | PERCE
DIRECTION WATER | ATION ERY NT CORE
STATI | CORE (DEGREES) FROM | SAMPLE | SAMPLE | DEPTH DEPTH | DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
ONID NO. X COORDINATE Y COORDINATE XY COORD. DATE TIME (FT) N /\ﬁ?@; i v ERY AL (FT) (COLOR, TYPE, DEBRIS)
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consiirants FAX (206) 441-9108

' SEDIMENT SAMPLE RECORD bage{of ¢

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union

|SAMPLEDATES: 4 /i /o7
DATA RECORDER, SAMPLING CREW: Alex Svendson, RSS SAMPLING METHOD: Diver coring with 6-foot-long, 4-inch polycarbonate tubes using
(o ES - A hammer/piston «
PENETRA- SAMPLE
STATION ID/ REP. WATER TION RECOVERY | PERCENT IN'I'ERVA%
LOCATION DATE TIME NO. DEPTH (FT) | DEPTH ¢£¥) | DEPTH (B%).| RECOVERY - (FD) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
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HERRERA (206) 441-9080

SEGRUENA FAX (206) 441-9108 - SEDIMENT SAMPLE RECORD Page Lor L

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union l SAMPLE DATES: ] /[, [ (9

DATA RECORDER, SAMPLING CREW: Alex Svendson, RSS SAMPLING METHOD: Diver coring with 6~foot«1:)ng, 4-inch polycarbonate tubes using
R ES hammer/piston ‘
PENETRA- ] SAMPLE
STATION ID/ REP. WATER TION RECOVERY | PERCENT | INTERVAL
LOCATION DATE TIME NO. DEPTH (FT) | DEPTH (B8 | DEPTH @) | RECOVERY " (FD) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
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ENVIRONMENTAL

SEAETA FAX (206) 441-9108 - SEDIMENT SAMPLE RECORD Page £ of {

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union
DATA RECORDER, SAMPLING CREW: Alex Svendson, RSS

|saMPLEDATES: & /(. [0 G
SAMPLING METHOD: Diver coring with 6-foot-long, 4-inch polycarbonate tubes using

= N RS _,_u..._..T hammer/piston
PENETRA SAMPLE
STATION ID/ REP. WATER TION RECOVERY | PERCENT INTERVAL :
LOCATION DATE TIME NO. DEPTH (FT) | DEPTH () | DEPTH (#F) | RECOVERY " (FD) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
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ENVIRONMENTAL

consutants FAX (206) 441-9108

SEDIMENT SAMPLE RECORD Page | of L

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union

| SAMPLE DATES: bg /i %f@‘f{

DATA RECORDER, SAMPLING CREW: Alex Svendson, RSS SAMPLING METHOD: Diver coring with 6-foot-long, 4-inch polycarbonate tubes using
e ) S4B ¢ hammer/piston
L :
PENETRA.- SAMPLE
STATION ID/ REP. WATER TION RECOVERY | PERCENT | INTERVAL
LOCATION DATE TIME | NO. DEPTH (FT) DEPTHZ#¥y | DEPTH.¢&8.| RECOVERY " (FT) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
i i p 3 s, / AR s (e ' Y
! ”5?’!5@ ﬁci"(g | 8 @83 S~li 6o’ Ll o, DAL PRawy (TP gj‘“\} T 1S L
g\}\) ? g ' , ) FoR nipT [0 67 Blqeed } Pacwind B0 Lewd L AL PUAEL
e [t e /peEd (e, sir] C’i”"ﬁﬂbg YO DEBRAS
OBSCAVED,
Notes:

Do ogstavis -0 ety of Cclt SILT WiTx FING CROGASMC NATOAAL OnN T Toe oF
e SEDIMREANT SURLACE. Ne DEZL] WAS Cc@sepVED,

Cocanen: LIS 3 T2HFFOLT-6EC K SUATBLLS

as  JeNdocuntents and settings\asvendserNdesktop\sediment record field form rz.doc



2200 Sixth Avenue, Suite 1100

Cl Seattle, Washington 98121

HERRERA (206)441-9080

ENVIRONMENTAL
CONSULTANTS

FAX (206) 441-9108

SEDIMENT SAMPLE RECORD

£ (

Page Lo

PROJECT NAME/NUMBER/LOCATION: Northlake Shipyard Grit Characterization/ 06-03386-008/ North Lake Union

]SAMPLEDATES:;% /it ju =

DATA RECORDER, SAMPLING CREW:

Alex Svendson, RSS

SAMPLING METHOD: Diver coring with 6-foot-long, 4- inch polycarbonate tubes using

hammer/piston
PENETRA- SAMPLE
STATION ID/ REP. WATER TION RECOVERY | PERCENT | INTERVAL
LOCATION DATE TIME NO. DEPTH (FT) | DEPTH (FT) | DEPTH (FT) | RECOVERY (FD) CHARACTERISTICS (COLOR, TYPE, DEBRIS)
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AR FAX (206) 441-9108 | SEDIMENT CORE RECORD pPage Lor {

PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 | PROJECT LOCATION: North Lake Union 1SAMPLE DATES: L-}' ! i%f@q
SAMPLING CREW: Herrera and RSS DATA RECORDER: Alex Svendson (Herrera) SAMPLING METHOD: Diver coring with 7-!‘o<>lvl(;11g, 4ji|1c17f>olycarb0x1ate
tubes using hammer/piston
DISTANCE (FT)/ PENETR | RECOV | PERCE
DIRECTION WATER ATION ERY NT CORE
STATI | CORE (DEGREES) FROM DEPTH DEPTH | DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
ONID NO. X COORDINATE Y COORDINATE XY COORD. DATh TIME (FT) “}% “&% ERY AL (FT) (COLOR, TYPE, DEBRIS)
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SEDIMENT CORE RECORD Page Lof |

ENEGNEUITANGS FAX (206) 441-9108

PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 l PROJECT LOCATION: North Lake Union ISAMPLE DATES: f’f [’?%’; Oﬂ
-i

DATA RECORDER: Alex Svendson (Herrera) SAMPLING METHOD: Diver coring with 7-foot-long, 4-inch polycarbonate
tubes using hammer/piston

SAMPLING CREW: Herrera and RSS

DISTANCE (FT)/ PENETR | RECOV | PERCE
ATION ERY NT CORE

WA AT e MAadicer Tem DIRECTION | WATER
DEPTH | DEPTH | DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
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PRI YAX (06 4419108 SEDIMENT CORE RECORD pags Lor L

PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 | PROJECT LOCATION: North Lake Union [ SAMPLE DATES: L{ ii e / O?
SAMPLING CREW: Herrera and RSS DATA RECORDER: Alex Svendson (Ilerrera) SAMPLING METHOD: Diver coring with 7-f00t-10;1g, 4-inch polycarbonate
tubes using hammer/piston
DISTANCE (FT)/ PENETR | RECOV | PERCE
DIRECTION WATER | ATION ERY NT CORE :
STATI | CORE (DEGREES) FROM DEPTH DEPTH | DEPTH | RECOV | INTERV SEDIMENT CHARACTERISTICS
ONID NO. X COORDINATE Y COORDINATE XY COORD. DATE TIME (FT) gq\lm.’y g w‘m‘z ERY AL (FT) (COLOR, TYPE, DEBRIS)
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, Lof |
EMECNVERTAL  RAX (206) 441-9108 SEDIMENT CORE RECORD Page = of L
PROJECT NAME/NUMBER: Northlake Shipyard Grit Characterization/ 06-03386-008 l PROJECT LOCATION: North Lake Union |SAMPLE DATES: é}- fz,a;»/ { 0] ‘:i‘
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