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1. INVENTORY

1.1. Hydrographic Vessels

The NOAA Ship FAIRWEATHER (HRN S220) and her survey launches (HRN 1010 and HRN 1018) are
equipped to acquire multibeam echosounder (MBES) and sound velocity profile (SVP) data. The AMBAR
(HRN 2302) and MonArk (HRN not assigned) are used during shoreline, dive, horizontal control, and vertical
control operations. See Table 1 below for a list of vessels and vessel information. Any unusual vessel
configurations or problems will be addressed in the Descriptive Reports of individual surveys.

Launch 1010 | Launch 1018 | MonArk Ambar 700 FastBF;Z?cue
null Registration | 5970 1010 1018 ';'sostigne 4 | 2302 2301
Call Letters WTEB WTEB 1010 WTEB 1018 WTEB 2302 WTEB 2301
forerenerl | TreBoal | TheBoal | o | Siverahps, | 2092000
Year built 1967 1974 / 2004 1982 /2004 2004 2004
Delivered to NOAA || January 1968 1974 1982 2004 2004
Commissioned October 1968
Re-activated August 2004 2004 2004
Length Overall 231 feet 28’ 10" 28’ 10" 17 23 23
Beam 42 feet 10° 8” 10° 8” 7 94 86
Draft, Maximum 15’ 6” 4’ 0" DWL 4’ 0" DWL 13 14 15
Cruising Speed 12.5 knots 24 knots 24 knots 20 knots 22 knots 20 knots
Max Survey Speed 10 knots 10 knots 10 knots
Capacity 58 13 13 7 7 5
Crew 31 Authorized 2 2 2 2
MBES Launches 2
Secondary
Echosounder
Imagery System
Egﬂi”pdm\;i'toc”y ,\SA?/E, 12%%'”3 845 | SBE19plus | SBE19plus

Table 4: Vessel Inventory
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1.2.Hardware
1.2.1. Sounding Equipment

RESON 8111ER Multibeam Echosounder (MBES)

FAIRWEATHER is equipped with a RESON SeaBat 8111 MBES with the Extended Range (ER) and snippet
options. The 8111ER is a 100 kHz multibeam system with a swath coverage of 150°. The swath is made up
of 101 discrete beams with an along-track and across-track beamwidth of 1.5°. The typical operational depth
range of the 8111ER on the FAIRWEATHER in 2004 was 20 to 400 meters. No calibration information was
provided by the manufacture for the system.

The 8111ER is hull-mounted within a reinforced projection that extends 27 inches below the keel. It is located
39.5” starboard of the centerline at approximately frame 29. It has a specified depth range of 3 to 1200
meters. See Appendix I-1 for system specifications.

RESON 8160 Multibeam Echosounder (MBES)

FAIRWEATHER is equipped with a RESON SeaBat 8160 MBES with the snippet option. The 8160 is a 50
kHz multibeam system with a swath coverage of 4x water depth. Each swath is made up of 126 discrete
beams with an along-track and across-track beamwidth of 1.5°. It has a specified depth range of 10 to 3000
meters. No calibration information was provided by the manufacture for the system.

The 8160 is hull-mounted within a reinforced projection that extends 13.6 inches below the keel. It is located
54 inches port the centerline at approximately frame 29. See Appendix I-1 for system specifications. The
8160 was not used during the 2004 field season.

RESON 8101 Multibeam Echosounder (MBES)

Survey Launches 1010 and 1018 are each equipped with a RESON SeaBat 8101 MBES with the Extended
Range and snippet option. The 8101ER is a 240 kHz multibeam system with a swath coverage of 150°. The
swath is made up of 101 discrete beams with an along-track and across-track beamwidth of 1.5°. It has a
specified depth range of up to 500 meters. The typical operational depth range of the 8101 on launches 1010
and 1018 in 2004 was 3 to 120 meters. Under optimal conditions with a hard bottom, high power and high
gain, the depth range of the 8101 ER was observed to be as deep as 350 m producing a swath of £45° from
nadir. No calibration information was provided by the manufacture for the system.

Each system is attached to a launch using a swing mount which is to the starboard of the keel and
approximately centered fore and aft. See Appendix I-1 for system specifications.

Leadlines
Vessels 1010, 1018, MonArk, and 2302 are each equipped with a lead line. Lead lines are used for depth
measurements usually near shore and for echosounder depth comparison.

Lead lines were created, measured and calibrated according to Section AF.1, pages AF1-3 in the 1976 NOS
Hydro Manual, see Appendix VI-2. Calibration was performed on September 22 , 2004. Calibration reports for
the lead lines are included in Appendix V.

1.2.2. Positioning, Heading, and Attitude Equipment
TSS Positioning and Orientation System for Marine Vehicles (POS/MV)

FAIRWEATHER, 1010 and 1018, are each equipped with a TSS POS/MV 320 v.3, configured with
TrueHeave™ and Precise Timing. The POS/MV calculates the position, heading, attitude, and vertical
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displacement (heave) of a vessel. It consists of a rack mounted version 2.12 POS Computer System (PCS),
a strap down IMU-200 Inertial Measurement Unit (IMU), and two NovAtel GPS antennas corresponding to
GPS receivers in the PCS. The port side antenna is designated as the primary receiver, and the starboard
side antenna is the secondary receiver. Differential correctors are supplied to the POS MV by a CSI wireless
MBX-3S Automatic Differential GPS receiver.

For all multibeam systems aboard FAIRWEATHER and her launches timing between the sonar swath,
position, heading and attitude information was synchronized by utilizing the TSS POS/MV 320 v.3’s aboard
each vessel. A timing string was sent from the POS/MV to the RESON topside unit and to the ISIS computer
recording the incoming data. See Appendix I-2 for system specifications.

MBX-3S DGPS Receiver

FAIRWEATHER, launch 1010, and launch 1018 are each equipped with commercial grade CSI Wireless
MBX-3S DGPS Receivers that are used in conjunction with TSS POS/MV to provide vessel positioning during
data acquisition. The DGPS receivers are configured in manual mode to allow reception of only one U.S.
Coast Guard (USCG) differential GPS beacon station. Beacons used for a given survey will be reported in
individual descriptive reports. Vessel wiring diagrams are in Appendix IlI-(vssl)-6.

Trimble Backpack

FAIRWEATHER uses two GPS Pathfinder® Pro XRS receivers in conjunction with either a handheld data
collector TSCe or a field computer to acquire detached and generic positions during shoreline verification in
the field. FAIRWEATHER's field computers consist of three Panasonic CF-18 Toughbooks and one Dell
Pentium 4 laptop. The receivers have integrated beacon/satellite differential antennas which allow access to
digital real-time sub-meter accuracy solutions. Data quality assurance testing was conducted by
FAIRWEATHER personnel. See Appendix I-4 for Trimble system specifications.

Impluse LR Hand-Held Laser

The Impluse Laser Rangefinder was used in conjunction with the Trimble Backpack GPS unit to acquire
distances and heights during shoreline verification. These data were entered directly into the TerraSync
shoreline acquisition software and annotated on the detached position forms. The Impulse LR does not
function properly in lowlight, when a feature is not distinguishable from surroundings, or in choppy seas. The
specification document Impulse200LRSpec.pdf is located in Appendix I-4.

1.2.3. Sound Velocity Equipment

SBE 19plus SEACAT Profiler

FAIRWEATHER is equipped with three SBE 19plus SEACAT sound velocity profilers used to acquire
conductivity, temperature, and depth (CTD) data in the water column to determine the speed of sound through
water. Two of the SBE 19plus profilers have pressure sensors rated to 1000 meters. The third has a
pressure sensor rated to 3,500 meters.

Calibration files and testing information of the SBE 19plus SEACAT sound velocity profilers were included
with the manuals provided by the manufacturer. Periodic quality assurance checks include comparison casts
between CTD instruments. See Appendix I-5 for system specifications.

SBE 45 Micro Thermosalinograph (TSG)

FAIRWEATHER is equipped with one SBE 45 MicroTSG. The SBE 45 uses continuously pumped sea water
to measure conductivity and temperature near the ship’s hull mounted transducers. The intake is located 9
feet below the DWL (13 ft) between frames 11 and 12.
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conductivity and temperature information is converted to sound velocity and output to the RESON 8160’s and
8111’s processing units. The 8160 requires sound velocity information for beam forming and pitch
stabilization while the 8111 only requires it for pitch stabilization. The 8111, when not receiving sound velocity
information, can be used to acquire data but not in the pitch stabilization mode. The 8160 cannot be used to
acquire data without real time sound velocity information.

Current calibration files are not available for the SBE 45. The unit will be calibrated yearly. At this time,
FAIRWEATHER personnel have not developed data quality assurance testing procedures because the unit is
newly installed. FAIRWEATHER personnel are investigating techniques and processes for future testing.

The SBE 45 MicroTSG was not utilized during the 2004 field season.
1.2.4. Vertical Control Equipment

Water Level Gauges

Four Sutron 8210 tide gauges are provided to FAIRWEATHER by the Center for Operational Oceanographic
Products and Services (CO-OPS). These gauges are equipped with Paros Scientific Sensors (SDI-12) for
pressure measurements. The tide gauges are checked annually by CO-OPS Field Operations Division
personnel to ensure that their accuracy standards are being met.

CO-OPS does not provide calibration or quality assurance documentation to the FAIRWEATHER.
FAIRWEATHER personnel are responsible for installation and removal of the water level gauges. CO-OPS is
responsible for delivering final approved vertical correctors to the processing branch for application to the
hydrographic data set.

Leveling Equipment

FAIRWEATHER is equipped with two Zeiss NI2 333 stadia levels and two Leica NA2 100 stadia levels used
to level tide gauges. Meter staffs are also used in the leveling process. Specifications for the levels are in
Appendix I-6.

1.2.5. Horizontal Control Equipment

FAIRWEATHER is equipped with three Ashtech Z-Xtreme dual-frequency GPS receivers for the positioning of
tidal benchmarks, aids to navigation and portable DGPS reference stations (Fly-Aways). The Ashtech Z-
Xtreme receivers are 12 channel, L1/L2 receivers that are connected to Ashtech Geodetic 4 GPS antennas.
The Ashtech Geodetic 4 GPS antennas can be equipped with an optional ground plane and mounted on fixed
height Seco GPS tripods.

FAIRWEATHER also carries equipment for a portable DGPS reference station (Fly-Away). This station is to
be used when USCG DGPS corrector beacon reception is not available in an area. The portable DGPS
reference station consists of an Ashtech Z-Xtreme receiver, 1 Ashtech Geodetic 4 GPS antenna with ground
plane, 1 Pacific Crest Position Data Link High Powered Base Unit, 1 VHF antenna, 3 Pacific Crest Position
Data Link Rovers, 10 marine deep cycle batteries and 8 solar panels. In addition, an Ashtech Z-Xtreme
receiver, an Ashtech Geodetic 4 GPS antenna with ground plane, and a ruggedized laptop configured with
Ashtech Evaluate v6.25 are necessary equipment to produce an analysis check.

Horizontal control equipment specifications, ZXtreme Ashtech GPS and PDL Flyaway Specs, are located in
Appendix |-6.
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1.3. Software

Hydrographic acquisition, processing and quality control software applications utilized aboard
FAIRWEATHER and her launches were updated throughout the field season. A list of software applications,
versions and dates of patch applications, called Survey Software, is located in Appendix II.

1.3.1. Data Acquisition Software

Isis Sonar/BathyPro/DelphMap/DelphNav

The FAIRWEATHER uses the Triton Imaging Inc. software packages Isis Sonar and Sonar Suite to acquire
multibeam echo sounder and side scan sonar data on all of its’ multibeam platforms. Sonar Suite has two
software packages; DelphNav and DelphMap which work together along with Isis Sonar to produce real time
data planning, acquisition, and execution.

Triton Imaging BathyPro is an add-on package for Isis Sonar which processes XTF data real-time to produce
DTMs supported by DelphMap. Triton Imaging DelphNav is an add-on package to DelphMap used for line
planning and vessel navigation. Triton Imaging DelphMap is a stand-alone GIS program which combines
georeferenced bathymetric digital terrain models and reference files such as raster charts and vector
shoreline files to display real-time bathymetric bottom coverage.

See Appendices VI-1 & 3 for the Standard Operating Procedures, Configuring Real Time Bathy and TEI Real
Time Bathy SOP respectively, and Appendices lll-(vssl)-6 for vessel wiring diagrams.

TerraSync/PathFinder Office
For GPS positioning and shoreline verification FAIRWEATHER primarily used two Trimble Navigation Limited
software programs: GPS Pathfinder 3.00 and TerraSync 2.4.1.

GPS Pathfinder is run on a Microsoft Windows operating system and is used to manage and process Trimble
GPS data, transfer files to and from GPS receivers and handheld data collectors, and export processed data.

Trimble TerraSync 2.4.1. supports data dictionaries and georeferenced TIFF images. The georeferenced TIFF
images are used for reference and navigation purposes as well as for immediate S-57 attribution of positions
in the field. TerraSync is installed and configured for data collection on the TSCe handheld computer as well
as the Dell Pentium 4, both Toughbook field computers, and the ToughTab.

GPS precision masks in TerraSync using the following parameters:
¢ Horizontal Dilution of Precision (HDOP) < 2.5
¢ Signal-to-Noise Ratio (SNR) = 4
o Elevation Mask = ~8°-15° (varies by location)

Differential GPS correction is applied real-time, using the unit’s integrated beacon as the first choice corrector,
and specifying “wait for real-time” as the secondary option. Positions are filtered so that only those with a
minimum of 4 satellites (3D position), and HDOP < 2.5, and Positional Dilution of Precision (PDOP) < 6 will be
exported into shapefile format.
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1.3.2. Data Processing Software

Velocwin

Sound velocity data is processed with Velocwin, in-house software produced and maintained by NOAA’s
Hydrographic Systems and Technology Programs (HSTP) division. Velocwin creates and archives water
column profiles, performs quality assurance, and processes pressure based depth data. Velocwin creates a
standard file format across NOAA’s hydrographic fleet for sound velocity profiles applied to shallow water
multibeam and single beam data.

CARIS HIPS & SIPS

CARIS HIPS™ (Hydrographic Information Processing System) is used to process all shallow water multibeam
data including data conversion, filtering, sound velocity, tide correcting, merging and cleaning. CARIS HIPS
also calculates the Total Propagated Error (TPE) used to produce Bathymetry Associated with Statistical Error
(BASE) surfaces which assist the Hydrographer in data cleaning and analysis.

CARIS SIPS™ (Side-scan Information Processing System) is not currently used by the FAIRWEATHER as
there is no side-scan sonar equipment.

CARIS Notebook

CARIS Notebook™ is utilized to stream line the data pipeline from the field to the processing branch.
Notebook was used to compile and display source shoreline, shoreline updates and S-57 features imported
from Pydro for cartographic review. The .hob files created in Notebook are the initial components for H-cell
creation.

Pydro

Pydro, another NOAA program produced and maintained by HSTP, is used to process features such as
detached positions(DP), generic positions(GP), and Automated Wreck and Obstruction Information
System(AWOIS) contacts. PYDRO also converts and attributes features according to S-57 standards for
insertion in to CARIS Notebook.

Fledermaus

Fledermaus is third-party, licensed software for which the FAIRWEATHER has two licenses. Fledermaus ™,
an Interactive Visualization Systems 3D™ (IVS 3D) program, is used for data visualizations and creation of
public relations material, data quality control, and comparisons.

As a data quality assurance check Fledermaus ™ is used to examine the CARIS HDCS multibeam data
before submission. The procedure is to convert the HDCS data using PFMDirect using a 2 to 5 meter grid
size. Because of the algorithms used to grid the data within Fledermaus ™ any data errors or flyers tend to
be highly visible. The entire PFMDirect generated surface for a sheet is completely examined in a stepwise
fashion. If artifacts or fliers are visible in the grid then the soundings are examined in the 3D Editor. Line
numbers and soundings are then noted and given to the survey manager for investigation in CARIS.

Maplnfo

Maplnfo™ is utilized to review tables and workspaces associated with assigned projects received from
Hydrographic Survey Division (HSD). Maplnfo may also be used to produce scaled plots produced for public
relation purposes. HydroMI, a HSTP produced and maintained MapBasic program, is used through Maplnfo
to convert tide and tidal zoning files into a format that is useable in CARIS HIPS, and obtain latitude/longitude
coordinates for pre-survey planning.
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1.4. Personnel

The following personnel were involved with hydrographic systems and operations this field season: CDR
Lowell (CO), LCDR Baird (XO), LT Wetzler (FOO), LTjg Van Waes, ENS Higgins, CST Morgan, SST Abrams,
SST Froelich, ST Keene, AST Kellner, AST Castle, PS Sampadian and ECO Eipert.

2. DATA ACQUISITION
2.1. Multibeam Echosounder

Methods of acquisition took into consideration system performance limitations, the bottom topography, water
depth, and the ability of the vessel to safely navigate the area.

All multibeam data were acquired in Triton Elic’'s extended transfer format (XTF) and monitored in real-time
using the 2-D and 3-D data display windows and the on-screen displays for the RESON SeaBat 8101 and
8111ER sonar processors. Adjustable parameters that were used to control the RESON from the ISIS
software include range scale, power, gain, and pulse width. These parameters were adjusted as necessary to
ensure best data quality. Additionally, vessel speed was adjusted as necessary to ensure the required along-
track coverage for object detection in accordance with the NOS Specifications and Deliverables and Standing
Project Instructions.

Mainscheme multibeam sounding lines using the RESON Seabat 8101ER and 8111ER were generally run
parallel to the contours at a line spacing approximately three to four times the water depth. For discrete item
developments, line spacing was reduced to two-times water depth to ensure least-depth determination by
multibeam near-nadir beams. Triton Elic’'s DelphMap Real Time Bathy was utilized in lieu of planned line
files. The Real Time Bathy displayed the acquired multibeam swath, filtered to £60°, during acquisition and
was monitored to ensure full bottom coverage. If coverage was not adequate, additional lines were run while
still in the area.

For all multibeam systems aboard FAIRWEATHER and her launches, timing between the sonar swath,
position, heading and attitude information was synchronized by utilizing the POS/MV version 3’s aboard each
vessel. A timing string was sent from the POS/MV to the RESON topside unit and to the I1SIS computer
recording the incoming data. For further information see Upgrading to Precise Timing located in Appendix VI-
1. In addition, vessel wiring diagrams are included in Appendix IlI-(vssl)-6.

2.2. Shoreline

FAIRWEATHER personnel conducted field shoreline verification at times near predicted low water, in
accordance with the Standing Project Instructions and Field Procedures Manual, section 6.1 and 6.2.
Pertinent standard operating procedures, S57 Shoreline Presurvey, S57 Shoreline Acquisition, and SHP File
to Ntbk Edit Layer are included in Appendix VI-3.

Maplnfo was used to translate the source shoreline files to shape files for editing. The shape files were then
translated to .hob file format in CARIS Notebook 2.2 Beta. Charted shoreline, when used for reference
purposes or when source data were not available, was digitized with S57 attribution into the Notebook
H##HH#H# CHD_Shoreline.hob file.

Detached positions (DPs) and generic positions (GPs) acquired during shoreline verification indicate revisions
to features, or features not found in the field. They were recorded in the shoreline acquisition software
TerraSync and on DP forms, then processed through GPS Pathfinder. Scanned copies of the DP forms are
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included in the digital Separates folder and hard copies are submitted with the Separates to be included with
Survey Data. In addition, annotations describing shoreline were recorded on hard copy plots of the digital
shoreline, or boat sheets which are also submitted with the Separates.

3. DATA PROCESSING AND QUALITY CONTROL
3.1. Processing
3.1.1. Multibeam Echosounder Data

Raw XTF multibeam data were converted to HDCS format in Caris HIPS & SIPS 5.4. After conversion, the
Total Propagated Error (TPE) was calculated in HIPS to determine the quality of the multibeam data. Error
estimates were entered into the HIPS Vessel File (HVF) file for each vessel. A report was produced in the
CARIS Vessel Editor for each vessel, which contain the values entered into the HVFs.

The HVF Reports are included in Appendix lll-(vssl)-1. An HVF Database was utilized to track changes and
the copying of the HVFs to specific projects, it is located in Appendix II. The TPE values used on the
FAIRWEATHER for the 2004 field season are provided in Appendix IV.

Vessel heading, attitude, and navigation data were only reviewed and/or edited in navigation editor and
attitude editor as deemed necessary by the Hydrographer. When necessary, fliers or gaps in heading,
attitude, or navigation data were manually rejected or interpolated for small periods of time.

Sound velocity correction was applied in HIPS. Tide corrections, dynamic draft correctors, sensor lever arm
information, bias information and timing errors, and attitude correctors were applied to the data during the
“Merge” process.

The TPE takes into account uncertainties in the measurements coming from each sensor (Heave, Pitch, Roll,
Position, Heading, Sound Velocity, and Tide) and uncertainties in static measurements (Draft and Latency) to
calculate the total uncertainty associated with each sounding. Caris HIPS & SIPS 5.4 uses the vertical
uncertainty from TPE to produce a Bathymetry Associated with Statistical Error (BASE) surface. These BASE
surfaces and child layers (Depth,Uncertainty, Density, Standard Deviation, Mean, Shoal, Deep) were used for
directed data editing, to demonstrate coverage, and to check for systematic errors such as tide, sound
velocity, or attitude and timing errors. The data were reviewed and edited in swath editor as needed. All
multibeam data were edited and reviewed in HIPS subset mode. Located in Appendix VI-4, are the
Hydrographic Surveys Technical Directives (HSTD) granting permission to process data using CARIS HIPS
5.4 BASE surfaces along with details on the processing procedures utilized, outlined in the Bathymetric
Processing.

3.1.2. Trimble Detached Positions and Generic Positions

During shoreline verification, detached positions were acquired with TerraSync 2.4.1. Data were reviewed,
edited and exported as ESRI shape files(shp) in GPS Pathfinder 3.00. The exported shape files included the
S-57 field attributed positions organized by object type.

3.1.3. Field Products

In an effort to streamline the data pipeline from the field to the processing branch, Maplinfo tables and

workspaces were not used for shoreline processing by FAIRWEATHER personnel. Instead, Pydro and
CARIS Notebook were used exclusively.
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Positions acquired during shoreline verification operations are in shape file format from GPS Pathfinder. The
Generic GPs/DPs Import tool in Pydro is utilized to retain the S-57 attribution during import into Pydro. Once
the features are in Pydro, short descriptive comments along with investigation or survey methods are listed
under the Remarks tab in Pydro. Features were flagged as Primary, unless there were multiple detached
(DPs) or generic (GPs) position taken on the same feature. In that case, the most important DP was marked
Primary and the associated DPs/GPs were flagged Secondary. A Carto Action of Add, Modify or Delete was
assigned to each item in Pydro, and all features were S57 attributed. Items for particular surveys that were
associated with a DP or GP that needed further discussion were flagged Report in Pydro. Along with the
investigation methods provided in the Remarks tab, the hydrographer included recommendations to the
cartographer in the Recommendations tab when warranted. All features were flagged according to Pydro
Logic located in Appendix VI-4.

Terminology used during shoreline verification is as follows. The term “Noted” indicates that the feature is
correctly located within the scale of the chart or source, as confirmed from a distance. The term “Verified”

was used when the existence of the feature was confirmed in close proximity and the feature is correctly
located within the scale of the survey.

The HDCS_DATA line associated with DPs require further processing in CARIS HIPS & SIPS to correct for
tide and sound velocity when necessary. GPs do not have heights associated with them and require no
additional processing.

All primary and accepted DPs and GPs were imported from Pydro as an .xml to CARIS Notebook 2.2 Beta.
Three separate stand alone .hob files were created for the features, based on the Carto Action assigned in
Pydro. The separated files were named H##H#H## Add_Features.hob, H##### Modify Features.hob,
H###H#HE Delete_Features.hob. Remarks and recommendations from Pydro were imported to the “remrks”
and “recomd” fields associated with each feature in CARIS Notebook.

New HW/MLLW features and any changes to the source shoreline, such as ledges or reefs, were digitized
with S57 attribution to the H##### Shoreline_Updates.hob file. Any comments or annotations made on the
boat sheets from observations made in the field, including field notes made by the Hydrographer regarding
verification of features, were added to the associated features in CARIS Notebook. Remarks pertaining to
point features were added directly to the “remrks” field of the feature in the .hob file. Marker layers were used
to add comments to line features that did not have an associated DP or GP. Markers were also used for
carto-symbols, because the text from the “remrks” field currently does not display in CARIS Notebook.

Additional standard operating procedures used in field product creation were S57 Shoreline Processing,
Pydro Editor Notebook, and Survey PIC Shoreline Duties, are included in Appendix VI-4.

3.2. Quality Control
3.2.1. Standard Operating Procedures

The standard operating procedures (SOPs) followed by FAIRWEATHER survey personnel to ensure
consistent and quality data and products are located in Appendix VI. Procedures outlining Offsets and
Configurations can be viewed in Appendix VI-2, and the pertinent Calibration and Testing procedures are
included in Appendix VI-2. The procedures pertaining to Acquisition are located in Appendix VI-3.
Processing SOPs, Hydrographic Surveys Technical Directives pertinent to the 2004 field season, the data
processing flowchart and the Survey Mangement SOP detailing specific steps in running a survey are all
included in Appendix VI-4.
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3.2.2. Data Review

Specific procedures were used on the FAIRWEATHER to ensure quality control of data throughout
acquisition, processing, and submission. These procedures are outlined in the FA QC Checksheets located
in Appendix VI-5. The QC Check is preformed by the survey manager. The QC Review is completed by an
outside reviewer of the survey data and deliverables (can be FOO, CST or a qualified SST). The Data
Submission and Analog Submission checklists are used to ensure that all data and deliverables are complete
and included upon submission.

4. CALIBRATIONS AND CORRECTORS

In collaboration with Office of Coast Survey personnel, the FAIRWEATHER personnel determined appropriate
methods for testing and calibration of systems used to acquire hydrographic data for 2004 projects. Methods
were in accordance with the Standing Letter Instructions (April, 2003), the Specifications and Deliverables
(March, 2003), and the Field Procedures Manual (March, 1998).

4.1. Vessels

Sensor offsets were measured with respect to each vessel’s reference point. Specific offset values were
entered into the POS/MV. All offsets and their associated error estimates were used to create a HIPS Vessel
File (HVF). For each vessel in CARIS HIPS & SIPS, an HVF Report was produced that contains all HVF
entries. These reports are included with the individual vessel reports in Appendix Ill-(vssl)-1.

4.1.1. Ship Offsets

A ship survey was done for the FAIRWEATHER by Westlake Consultants, Inc. A report of the results from
that survey, dated September 23, 2003, was used to define the ship offset values. The Westlake document
and detailed spreadsheet, which includes derivations, a description of methodology used, diagrams, and
coordinate system references are located in Appendix [1I-S220-2.

4.1.2. Launch Offsets

Permanent control points were established on launches 1010 and 1018, in July of 2004. Sensor offsets were
measured according to the procedures listed in Measuring Launch Offsets & Installation of Benchmarks
included in Appendix VI-1. Total stations were utilized for positioning the permanent control points. The total
station specifications are located in Appendix I-7, the calibration certificates for the Nikon DTM 310 and the
Sokkia SET 5F are included in Appendix V. A summary of measurements, derivations, descriptions of
methodology used, diagrams, and coordinate system references are included in the respective vessel’s
Offsets section in Appendix lll-(vssl)-2.

4.1.3. POS/MV Correctors and Calibration

POS/MV Position Computation

On all FAIRWEATHER vessels the POS/MV is used for positioning multibeam data. The POS/MV controller
software was used to monitor position accuracy and quality during data acquisition. This ensured that
positioning accuracy requirements were met, as outlined in the NOS Hydrographic Surveys Specifications and
Deliverables. The POS/MV controller software provides clear visual indications whenever accuracy
thresholds are exceeded.
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Due to the high latitude and rough Alaskan topography, the Horizontal Dilution of Position (HDOP) would
occasionally exceed 2.5, which is the maximum threshold allowed in Specifications and Deliverables section
3.2.1. In order to obtain 100% coverage in survey areas, FAIRWEATHER vessels would continue to acquire
data up to a maximum HDOP of 4.0. These data were examined during post-processing and positions were
interpolated or rejected when necessary.

POS/MV Heading Computation
On all vessels, the heading computed by the POS/MV, was used as a corrector for multibeam data.

POS/MV Pitch and Roll Computation
On all vessels, the POS/MV was used for pitch and roll values.

POS/MV Heave Computation

The POS/MV’s on FAIRWEATHER and her launches are equipped with the TrueHeave™ option. Stored
TrueHeave™ data contains time stamps with attitude, position, acceleration and rotation information.
TrueHeave™ data were acquired in accordance with section 6.0 of the POS/MV Version 3 Installation and
Operation Manual, dated October 2003. These data were post processed in CARIS HIPS & SIPS

5.4 in order to determine the vessel heave correctors associated with simultaneously collected multibeam
data. FAIRWEATHER personnel compared Applanix’s TrueHeave™ solution to the real time heave solution
and found that induced heave artifacts were minimal or non-existent. Previous work by Thales GeoSolutions
(formally Fugro) show an increased heave corrector data quality in large swell (Earth Imaging Journal). Due to
unresolved issues with recording and processing TrueHeave™ only 70% of the multibeam data acquired by
FAIRWEATHER had TrueHeave™ correctors applied.

In cases where post processed heave information could not be applied, real time heave correctors were used.
Real time heave is computed in the POS/MV by performing a double integration of the IMU-sensed vertical
accelerations. This information is then run through a high pass filter which limits the appearance of noise in
the solution. The high pass filter is characterized by the heave bandwidth and dampening ratio. For
FAIRWEATHER and her launches, these constants were set at 20 s and 0.707 respectively. Real time heave
data were recorded in Triton Elic’s Isis software, stored in the .XTF format and applied as the heave corrector
for multibeam data in CARIS HIPS & SIPS 5.4.

POS/MV GAMS Calibration

GAMS calibrations were performed on each of the three POS/MV units. The GAMS calibration procedure is
located in the POS/MV 320 manual, section 4-25 to 4-34, located in Appendix VI-2. Results of the GAMS
calibrations are included in the individual vessel reports and spreadsheets, with calibration details located in
Appendix lll-(vssl)-5.

4.1.4. Dynamic Draft

Dynamic draft tests were conducted for launches 1010 and 1018. The Dynamic Draft Settlement & Squat
Method, DDSSM Procedure is located in Appendix VI-2. Results of the DDSSM for each vessel are included
in the individual vessel reports located in Appendix Ill-(vssl). Detailed processing spreadsheets from the
DDSSM are also included in Appendix IlI-(vssl)-4. In addition, optical settlement and squat testing was
conducted on Launch 1010, results are included in Appendix [1I-1010-4.

Dynamic draft tests were conducted for FAIRWEATHER in Port Angeles in August 2004. Due to
configuration issues, the results could not be applied to the HVF files. The dynamic draft portion of the
S220_8111.hvf was left blank.
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4.1.5. Patch Tests

Patch tests were conducted for FAIRWEATHER, 1010 and 1018. The Patch Test Procedure is located in
Appendix VI-2. The results of the patch tests are included in the individual vessel reports located in Appendix
[lI-(vssl). Acquisition and Processing Logs utilized during testing are included in Appendix IlI-(vssl)-3.

4.2. Uncertainty Modeling

An understanding of the errors inherent in the multibeam systems and ancillary equipment is required for the
proper use of CARIS HIPS & SIPS 5.4. These values are used to generate an uncertainty model needed to
compute the Total Propagated Error (TPE) estimation and for the creation of Bathymetry Associated with
Statistical Error (BASE) surface. Uncertainty information for FAIRWEATHER has been entered into the HIPS
Vessel File (HVF). The uncertainty information entered reflects the statistical accuracy to which equipment
can measure a value or to which a value was measured in the case of offsets.

Error estimates for FAIRWEATHER and associated survey launches were compiled from manufacturer
specification sheets for each sensor (Heave, Pitch, Roll, Position, and Heading) and calculated for instrument
reading uncertainty for static measurements (Draft and Offset measurements).

In instances where uncertainty information was unavailable or unknown the best estimation of the uncertainty
was used.

The TPE values for FAIRWEATHER and her launches, referencing original source information, are entered
into an Excel spreadsheet and included in Appendix IV.

4.3. Static Draft and Loading

The static draft value in the FAIRWEATHER HVF (Waterline Height in HVF) remained constant throughout
the 2004 field season. Its value and calculation are listed in the Offset spreadsheet located in Appendix Ill-
S220-2.

Static drafts (Waterline Height in HFV) for launch 1010 and 1018 were calculated using measurements from a
known reference mark to the waterline made with a steel tape. The launch static drafts remained constant
throughout the 2004 field season.

Loading measurements were taken on both launches throughout the field season when weather conditions
allowed. The procedure was to measure from a known mark to the waterline to calculate the draft. These
values were collected and inserted into the Vessel Loading worksheet located in Appendix IV-1. The
standard deviations of the draft changes were used to generate the loading values for the TPE model which
are listed in the FA_TPE_Values_2004 spreadsheet in Appendix IV. These values were not used for vertical
corrections to multibeam data.

4.4. Sound Velocity Equipment

The SBE 19plus SEACAT profilers were purchased in 2004 from Seabird Electronics. Calibration files and
testing information were included with the manuals provided by the manufacturer. Simultaneous casts were
taken with multiple instruments and compared to each other in Velocwin to ensure that the instruments met
calibration specifications.
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The calibration files were loaded into Velocwin and used during processing of casts. See Appendix V-CTD’s
for calibration and testing reports.

SVP casts from the SBE 19plus were processed with Velocwin and the correctors were applied to
echosounder data during post processing.

4.5. Water Level

Predicted and unverified observed water level correctors can be downloaded from the CO-OPS website.
When internet was unavailable, the ship enabled the automated Tidebot program, which would send daily
observed water level correctors for selected tide stations to the ship via email. The daily water level
correctors arrived in .txt file format. The files for the relevant days were collated into a tide station master file
which was converted to .tid file format in HydroMI. The .tid files were applied to data along with the

.zdf file in CARIS HIPS & SIPS. The Pacific Hydrographic Branch applies final approved (smooth) tides to
the survey data during final processing.

4.5.1. Tide Gauges

The Sutron 8210 tide gauges are equipped with factory calibrated Paros Scientific Sensors. The Sutron 8120
tide gauges are checked yearly by CO-OPS Field Operations Division personnel to ensure that accuracy
standards are being met.

4.5.2. Leveling Equipment

FAIRWEATHER is equipped with two Zeiss NI2 333 levels and two Leica NA2 100 universal automatic levels.
A Kukkamaki procedure was performed on Zeiss NI2 333 level S/N 100056 to verify the collimation. The
results of the Kukkamaki 100056 calibration are located in Appendix V-Control. The results of the Kukkamaki
calibrations for the remaining tides leveling equipment are not available.

4.6. Horizontal Control

The Ashtech Z-Xtreme GPS receiver is capable of 0.5cm horizontal and 1cm vertical accuracies. Data is
downloaded and converted to Rinex format using Ashtech Solutions v2.60. Rinex files are uploaded to NGS
Online Positioning User Service (OPUS) for processing.

The FAIRWEATHER portable DGPS reference station (Fly-Away) is set up in conjunction with an Ashtech Z-
Xtreme receiver, an Ashtech Geodetic 4 GPS antenna with ground plane, and a ruggedized laptop configured
with Ashtech Evaluate v6.25, in order to produce a 24 hour scatter plot for quality analysis check.
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SeaBat 8101
PRODUCT SPECIFICATION

240kHz MULTIBEAM ECHO SOUNDER

Phase and Amplitude
Bottom Detection

150° Wide Swath
Coverage

240 kHz Frequency

Up to 500m Range
e Capability

Portable
Configuration

Meets USACE Class 1
Standards

Meets IHO Standards

The SeaBat 8101 Multibeam Echo Sounder measures discrete depths, enabling
complex underwater features to be mapped with precision. Dense coverage is
achieved utilizing up to 3,000 soundings per second for a swath that can be over
500 meters wide, even as the survey vessel travels at speeds of over 18 knots.

With high accuracy and a measurement rate up to 30 profiles per second, the
SeaBat 8101 enables surveys to be completed faster and in greater detail than
previously realized. The SeaBat is an integral part of the new, integrated
bathymetry surveying systems.

e - The SeaBat transducer is available pressurized for depths from 100 to over 3,000
meters. Small and lightweight, it can be can be mounted on small un
vehicles (ROV, AUV or towed) and taken to where accurate measure
required.

RESON AfS RESOM INC. FESON OFFSHORE LTD.
Dermark USA United Kingdam
Tel:+4547 3300 22 Tel:+1 05 964-62680  Tel:+04 1224 727 427

Fx : + 45 47 38 00 66 Fax 41 805 964-T537  Faoco 4841204 727 438
E-mail: reson@rosondk - sales@veson.com salos@reson.infotrade.co.uk

http://www.reson.com
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DISPLAY SPECIFICATIONS

Screen Size: 14 inch Diagonal
Input: SVGA (800x600, 72 Hz)
Display: High Resolution Color

Power Consumption:

62 W

PROCESSOR SPECIFICATIONS

Power Requirements:

115/230VAC, 50/60Hz,
100W max.

Data Output: Selectable, 300-155.2 Kbaud
or Ethernet 10 base T
or 10 base 2
SeaBat 8101 Built-In Test Video Output: SVGA (800x600, 72 Hz)
Environment (“BITE”) Screen or NTSC or PAL video.

Graphics Colors:

256 colors (8-bit)

SYSTEM SPECIEICATIONS Display Mode: Sector Format
Display Arc: 150°
Operating Frequency: 240kHz Igput De_\/lcef ?;?UHO: erzk.bﬁ"
Range Scales: 5, 10, 15, 20, 25, 35, 50, 75, 100, 125, IMensions: (266rj4c1;8:?»x434lrgnm HWD)
150, 175, 200, 250, 300, 350, 400, 450, )
Temperature: Operating: 0° to +40°C
500m.
Range Resolution: 1.25cm Storage: -30° 1o +55°C
g o Weight: 20 kg (44 Ibs)

Number of Beams: 101
Horizontal Beamwidth: 1.5°
Horizontal Coverage: 150°
Vertical Beamwidth: 1.5°
Update Rate: Range-variable up to
30 times per second

SONAR HEAD SPECIFICATIONS
Power Requirement: 24VDC, 2 Amps max.
(Power available from
surface processor.)

SeaBat 8101 Head

Uplink: Digital, 76.8 Mbaud with Qpfj Fairings
Down Link Control: RS-232 or RS-422, 19,200 baud %qycﬁlaNg
Operating Depth: 100 meters . e
(300m, 1500m, 3000m & 6000m avbl.) Option 033: Side Scan Upgrade
Dimensions: 266x320mm W/Diam Option 034 Mounting Plate Assembly
(does not include projector) Opt!on 035: Fairings (pictured above)
Temperature: Operating: -5° to +40°C Opt!on 036: S.partles Kit .
Storage: -30° to +55°C Option 037: Titanium Housing
Weight (aluminum): Dry: 26.8 kg (59 Ibs) Option 038:  210° Swath '
Wet: 4.8 kg (10.6 Ibs) Option 040: Extended-Range Projector
Option 049: Increase Transducer Depth

Weight (titanium): Dry: 40 kg (88 Ibs)
Wet: 18 kg (39.6 Ibs)

©1999 RESON Inc.

Rating

Version 4.0
032399

Due to our policy of continuous product improvement,
specifications are subject to change without notice.




SeaBat 8111

B PRODUCT SPECIFICATION
— | MULTIBEAM ECHOSOUNDER

e Phase and amplitude
bottom detection

e 100 kHz frequency
e 150° swath coverage

¢ Real-time quality
control

e Sidescan upgradeable
e Modular and portable

e Pitch stabilization

The SeaBat 8111 is a modular multibeam echosounder system operating at
100 kHz. When installed on a vessel, it produces high-density, high-accuracy
soundings on the seafloor over a 150° swath. Major system components
include a transducer array, a transceiver unit, and a processor unit.

The SeaBat 8111 transducer array is comprised of a cylindrical receive array
and a linear transmitter array, mounted together on a support cradle that
provides mounting points to the vessel. Lightweight and portable, the array
can be installed temporarily over the side of a vessel of opportunity—a first for
a system in this frequency range.

The SeaBat 8111 transceiver features plug-in cards for easy maintenance and
is controlled from the sonar processor.

The Seabat 8111 processor is compatible with other SeaBat sonar heads, can
be updated in minutes to accommodate future requirements, and features a

user-friendly point-and-click interface.

www.reson.com

RESON A/S RESON Inc. RESON Offshore Ltd. RESON GmbH RESON SA(PTY)LTD  RESON-Telenav
Denmark USA UK Germany South Africa Singapore

Ph: +4547 3800 22 Ph: + 1 805 964 6260 Ph: + 44 1224 709 900 Ph: + 49 431 720 7180 Ph: + 27 21 786 3420 Ph: + 65 6 872 0863
Fax: + 4547 38 00 66 Fax: + 1 805 964 7537 Fax: +44 1224 709 910 Fax: +49431 7207181 Fax: +27 21 786 3462 Fax: +656 872 1334

email: reson@reson.dk  email: sales@reson.com  email: sales@reson.co.uk  email: reson@reson-gmbh.de  email: reson@reson.co.za email: telenav@mbox2 singnet.com.sg



SeaBat 8111 SYSTEM SPECIFICATIONS
SYSTEM PERFORMANCE

MECHANICAL INTERFACE

Frequency:
Range Resolution:
Swath Coverage:

Range:

Number of Beams:

Along-Track Beamwidth:

Across-Track Beamwidth:

Stabilization:

Projector Beam Control:

Accuracy:
Operational Speed:
Max. Update Rate:

Transducer Pressure Rating:

100 kHz
3.7 cm
150°

3m to 1200m
(with Option 040)

101

1.5° 3.0° 4.5° 6.0°*

1.5°

Pitch stabilization
within +/-15°

External motion
sensor required

IHO Compliant
Up to 20 knots
35 Hz
100m

*
operator selectable

INTERFACE

System Supply:

Video Display:
System Control:

Data Output:

Data Uplink:

Temperature:

90 to 260VAC, 50/60 Hz,

200W max.
SVGA, 800 x 600, 72 Hz

Trackball or from Ethernet

10 MB Ethernet or
serial RS232C

High-speed digital coax
with fiber-optic option

Operating: 0° to +40° C
Storage: -30° to +55° C

RELATED PRODUCTS

Dimensions (in mm):
Transducer Array:
Hydrophone:
Projector:
Processor:
Transceiver:

Weight:
Transducer Array:

Processor:
Transceiver:

Cable Length:

4[34

636 x 118 (Dia./Length)
113 x 650 (Dia./Length)
177 x 483 x 417
267 x 483 x 489

72 kg (dry) / 59 kg (wet)
with cables

20 kg
13.6 kg

15m

Transceiver

/)“

—' T
Hydrophone Projector
Transducer Array
SEAFLOOR COVERAGE

489

(with Extended Range option)

e Option 040
e Option 033
e Option 051

Extended range capabilities
Sidescan upgrade
24DC power supply for SeaBat

81-P Processor

Bottom Depth (meters)

Swath Width (meters)

5to 150 Up to 1110 (7.4 x water depth)
300 960 (3.2 x water depth)
450 810 (1.8 x water depth)
600 600 (1.0 x water depth)
750 450 (0.6 x water depth)
900 360 (0.4 x water depth)

Version: B006 030205
©1999 RESON Inc.

Due to our policy of continuous product improvement,
RESON reserves the right change specifications without notice.




SeaBat 8160

PRODUCT SPECIFICATION
MULTIBEAM ECHOSOUNDER SYSTEM

e Swath coverage
greater than 4x
water depth

e Operational depth:
10m to 3000m

e 50 kHz frequency
e 126 beams

e Hull-mount or
portable

e Meets IHO
accuracy

e Sidescan
upgradable

The SeaBat 8160 is a new addition to the 8100 series of multibeam
~echosounders. Operating at 50 kHz, the system ensonifies the whole
swath in-a-single ping, generating 126 simultaneous high-resolution
receive beams.

The SeaBat 8160 transducer array is comprised of a linear receive and
transmit array mounted together on a support-base. The T-shaped array
geometry provides the basis for a compact, high-resolution sonar which
is easily installed for portable or hull mounts—a first for a high-resolution
system in this frequency range.

The system features a pitch-stabilized transmitter and an active roll-
compensated receiver.

The SeaBat 8160 processor is compatible with other SeaBat sonar heads.
It can be updated in minutes to accommodate future requirements, and
features a user-friendly point-and-click interface.

RESON A/S « DENMARK RESON, INC. e USA

Tel +4547 3800 22 Tel +1 805 964 6260

Fax +45 47 38 00 66 Fax +1 805 964 7537

Email: reson@reson.dk Email: sales@reson.com

RESON OFFSHORE e UK RESON, GmbH ¢« GERMANY
Tel +44 1224 709 900 Tel +49 4317207180

Fax +44 1224 709 910 Fax +49 431 720 7181

Email: sales@reson.co.uk Email: reson@reson-gmbh.de

www.reson.com



SeaBat 8160 SYSTEM SPECIFICATIONS

SYSTEM PERFORMANCE

INTERFA

CE

Frequency: 50 kHz System Supply: 115V/230V 50/60 Hz,

Depth Resolution: 24 cm/9.6 cm 350W

Swath Coverage: Greater than 4x Video Display: SVGA, 800 x 600, 72 Hz
water depth System Control: Trackball or from

Max Operational Depth: 3000 m Ethernet

Number of Beams: 126 Data Output: ;gﬂ%@;gg&et or

Along-Track Beamwidth:  1.5° Data Uplink: High-speed digital coax

Across-Track Beamwidth: 1.5° with fiber-optic option

Pitch Stabilization: £10° Temperature: Operating: 0° to +40° C

Accuracy:

Operational Speed:

Max. Update Rate:
Transducer Depth Rating:

IHO Special Order
Up to 20 knots
15

Storage: -30° to +55° C

MECHANICAL INTERFACE

Dimensions (HWD in mm):

Transceiver

1100mm 90.5mm Transducer Array: 1474.5 x 1100 x 90.5
. - Processor: 177 x 483 x 417
124.5
" . F Transceiver: 265 x 483 x 492
ik Weight:
Transducer Array: 50 kg (dry) / 30 kg (wet)
1350mm dk i Processor: 20 kg
Transceiver: 13.6 kg
) Transducer Array i
e
0 .|]_u1.u_|.LL|.|.LLI.u.I_u_|.|.|.|.u_|.|.|].__
- A1/
150mm 100m 489
| 483 “ﬁj
177
Mounting Frame Mo g
Option 034H Q . . N i

Processor

Version: B34-PDF-011009

Due to our policy of continuous product improvement,
RESON reserves the right change specifications without notice.




POS MV 320

Performance
RTK DGPS
Position (m) 0.02 - 0.10 0.5 - 4.0
Velocity (m/s) 0.03 0.03
Roll and Pitch 0.01a 0.02G
True Heading 4m baseline: 0.01, 2m baseline: 0.020
Heave 5% of heave amplitude or 5cm
Physical Specifications
Size IMU 204 x 204 x 168mm
PCS 441 x 111 x 346mm, 2.5U 19" rack mount
Antenna 178 @ x 77mm (2x)
Choke Ring 360 Y x 61mm (2x)
Weight IMU 3.5 Kg
PCS 7 Kg
Power 110/220 VAC, 60/50 Hz, 60W
Operating Temperature  IMU & Antennas -400to +600
PCS OGto +600C
Humidity IMU & Antennas 0 to 100%
PCS 5 to 95% RH non-condensing
Cables IMU 8m standard
Antennas 15m standard (2x)
Interfaces
e
Ethernet Interface Function Operate POS MV & record data
(1 Obase_T) Data Position, attitude, heading, velocity, track and speed,
acceleration, status and performance, raw data.
All data has time and distance tags
UDP Ports Display port - low rate (1Hz) data
Data port - high rate (1-200Hz) data
IP Ports Control port - used by POSTNI controller
RS232 Interface (DB9 NMEA Port GGA, HDT, VTG, GST, ZDA, PASHR, PRDID (1-50Hz), GGK
males) High rate attitude Roll, pitch, true heading and heave in all multibeam
data port proprietary formats (1-200 Hz)
Auxillary GPS input GGA, GST, GSA, GSV from Auxilliary DGPS, P-code or
RTK reciever
Options Internal RTK GPS receiver; analog interface (roll, pitch & heave); field support kit

®
All performance figures are RMS, unless otherwise noted. Specifications subject to change without notice. APPI A | \ |1 _x

Applanix LLC 17461 Village Green Drive, Houston, TX, 77040
tel: 713-896-9900 fax: 713-896-9919 email: info@applanix.com
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The most popular commercial-grade
Coast Guard Beacon Receiver

* Dual-channel Coast Guard beacon receiver * Low power consumption extends battery life

* Supplements GPS systems with free differential corrections, * Automatic tuning mode for hands-free operation

enhancing accuracy * Integrated signal splitter outputs GPS signal from combined

* Fast signal acquisition GPS /differential antennas

* Wide input voltage range for a variety of power sources * Front-panel interface for easy configuration and status monitoring

csi wireless.

AUTHORIZED

BUSINESS PARTNER www.csi-wireless.com



The most popular commercial-grade DGPS Beacon Receiver

Receiver Specifications

Channels:
Channel Spacing:
Frequency Range:
MSK Bit Rates:
Cold Start Time:
Warm Start Time:
Demodulation:
Sensitivity:
Dynamic Range:
Frequency Offset:

Adjacent Channel Rejection:
Correction Output Protocol:

Input Status Protocol:

Communications
Interface:
Baud Rates:

2 independent channels
500 Hz

283.5 to 325.0 Hz

50, 100, 200 bps

<I min

<2 seconds

Minimum shift keying
2.5 pV/m for 6 dB SNR
100 dB

+8 Hz (27 ppm)

61 dB f, + 400 Hz
RTCM SC-104

NMEA 0183

RS-232C or RS-422
2400, 4800, 9600

Environmental Specifications

Operating Temperature:
Storage Temperature:
Humidity:

EMC:

Power Specifications
Input Voltage Range:
Nominal Power:

Nominal Current:

Antenna Voltage Output:
Antenna Input Impedance:

-30°C to +70°C

-40°C to +80°C

95% non-condensing
EN 60945

EN 50081-1

EN 50082- 1

FCC: Part 15, sub-part J,
class A digital device

9 to 40VDC
2.5W
210 mA

10VDC (5 VDC optional)

50 Q

Mechanical Specifications

Operating Modes
MBX-3 Mode (Default): RTCM SC-104 correction and
NMEA status message output
(Default Mode)

RTCM SC-104 correction and
NMEA status message output
and GPS NMEA message
input for position and satellite
status display

MBX-E Mode:

NMEA 0183 I/O

Receiver Automatic and Manual tune command
Frequency and data rate query

Receiver performance and operating status queries
Automatic search almanac queries (proprietary)
Baud rate selection command

Receiver tune command

Force cold start command (proprietary)

Software upgrade command (proprietary)
Configuration up-load command (proprietary)

Accessories

Antenna: Various
Power Cables: Various
Antenna Cables: Various
Data Cables: Various
CSI Beacon

MS Windows 95® beacon
control software

Command Center:

Pin-out

RS, 232C (DB9 PIN#)

Pin 2 TXD,RTCM SC-104/Status Output
Pin 3 RXD, configuration input

Pin 5 Signal return

150 mm Lx 125 mmW x 51 mmH
(59”7 Lx4.9”W x 2.0” H)

Dimensions: RS-422 (DB9 PIN#)

Weight: 0.64 kg (1.4 1b) Pin 1 TXD +,RTCM SC-104 /
Display: 2-line x |6-character LCD Status Output

Keypad: 3-key switch membrane Pin 2 TXD -, RTCM SC-104 /
Power Connector: 2-pin circular locking Status Output

Data Connector: DB9-S Pin 4 RXD -, configuration input
Antenna Connector: BNC-S Pin 5 Signal return

Optional GPS Output Port:  TNC-S Pin 7 RXD +, configuration input

© Copyright September 2002, CSI Wireless Inc. All rights reserved. Specifications subject to change without notice.
CSl Wireless and the CSI Wireless logo are trademarks of CSI Wireless Inc. Made in Canada.

Warranty: Each CSIWireless product is covered by a limited one-year warranty on parts and labor.

CSl Wireless Dealer

csi wireless.

4110 - 9th Street SE - Calgary - AB © Canada - T2G 3C4
Phone (403) 259+33I1 - Fax (403) 2598866

Avery label #05260 (laser print)

Printed in Canada.



CEEDUCER'™ Hydrographic Survey System

The CEEDUCER hydrographic survey system comprises of three basic modules, integrated with
appropriate firmware into one neat composite package to give a system that is unsurpassed for portability,
accuracy, ease of use and installation. Various options, such as tracking display, tide gauge, GPS Base
station, and radio telemetry are easily added with minimum fuss at additional cost.

Display and processor unit (DPU):

The DPU unit has been designed for easy of operation, with very simple controls. Provision is made for
entry of speed of sound, draft setting and calibration gate for bar checking the echo sounder. Where
appropriate, sounding velocity can be set automatically based on water temperature and salt/fresh water
selection by User. The unit provides a RS232 output in NMEA or ODOM emulation formats. All
soundings, plus position every two seconds, are logged internally. Special ‘event’ markers can be entered
manually from the keyboard. Full geodetic setup facilities for change of spheroid and grid are available.
Where appropriate, positions can be averaged automatically. The LCD display is a high contrast type for
use in bright light conditions and includes a backlit panel for night use, the LCD can be turned off after a
selected interval when using the power save option.

Echo sounder unit:

The CEEDUCER echo sounder uses the latest technology in transducer manufacture. The sound source and
the power driver/receiver electronics are moulded as an integral unit. The result is that cable noise is totally
eliminated, with the echo returns being sent to the display unit in digital form rather than analogue. The
CEEDUCER produces a bottom trace that is remarkably free from noise. This design also allows the
CEEDUCER to work accurately in very shallow water, to a minimum depth of 30cm. No other echo
sounder can produce such noise-free signals to do this. Bruttour International has worked closely with the
manufacturer in design and testing, to produce a Bruttour proprietary survey standard, high-accuracy
instrument. Two 200kHz-transducer types are available with beam widths of either 8° or 2.75°. Depth
range is 0.3 to 99.99 metres with 0.01 metre accuracy. If preferred user can input Digital depth data (single
or dual channel) from external echosounder.

GPS Receiver:

The display unit can be fitted with an 8 or 12 channel GPS receiver using a dual Marine Beacon / GPS
antenna. The display unit's micro-controller integrates the GPS data and provides Grid conversions and
display / logging options. GPS position data can be averaged over a period of time. If preferred user can
input position from external GPS receiver. The CEEDUCER System can be also supplied with internally
installed RTK receiver and associated telemetry, plus remote RTK Base Station.

Differential input (DGPS):
For differential operation, a Marine Radio Beacon receiver is included to provide RTCM differential input
to the GPS receiver. Alternatively, differential corrections can be entered from an external source.

Track Guidance:

The companion program, CEEDUCER?2, provides track guidance, graphical data editing, preparation of
plot files, and computation of quantities. Alternatively, for track guidance use MiniCEE™ and the Psion
Workabout™ Handheld computer, especially suitable for bright sunlight conditions.

Units: The CEEDUCER™ can operate in either metric or imperial units, User selects as required.

Bruttour International Pty Ltd  P.O. Box 118, Thornleigh, NSW, 2120, Australia.
Tel: +61 2 9481 8730 Fax: +61 29484 1978 e-mail: bruttour@attglobal.net
www.bruttour.com.au




IMPULSE 200 LR LASER

Our Impulse lasers are specifically designed for optimal performance under whatever conditions you might encounter
in the field. They are lightweight, extremely rugged, completely waterproof and versatile. Use them as a handheld

unit or mount them on a tripod for added stability.

Hardware Specifications:

Impulse Laser w/
1.5 to 4 X Zoom Scope

Typical Target IMPULSE 200 LR and Mounting Bracket

Accuracy & Range (Imperial) (Metric)
Accuracy (Typical) 0.1-0.2ft 3-5cm
Accuracy (Max) 0.5 ft 15 cm
Overhead cable / Stake 330 ft 100 m
Phone pole / Stockpile 655 ft 200 m
Tree / Tower 985 ft 300 m
Rock Face / Building 1640 ft 500 m
Max Distance 1885 ft 575 m
Range Resolution .01 ft 0.01m
Inclination Limits +/- 90 deg +/- 90 deg
Inclination Accuracy +/- 0.1 deg +/- 0.1 deg
Weight 2.2 Ibs. 1 kg
Size 6x2.5x5in. 15.2x6.4x 12.7 cm
Power Supply (2) AA batteries (20 hours of use)
Environment Waterproof to IP 67 and NEMA 6 For3-D data collection,
Temperature -22to+140F || -30to+60C mtefﬁz tgfainslp 2::;w1th
(Max distances are approximate) b e

MapStar MapStar
e

- Custom backlit LCD display
- Audible and visual indicators

- Impulse laser
- Red-dot scope

- RS232 serial output for - Hand strap
electronic data storage - Tripod / monopod Impulse Laser w/
- Selective range gating for mounting bracket ;Zd;f;; dsgi)iz
positive target acquisition - (2) AA batteries
- Built-in tilt sensor - Operator's manual
- Filter system to discriminate - Padded carrying case

reflective targets
- Cumulative distance capability
- Determines the distance

between two in-line objects
- Integrates with GPS

- 1.5 to 4 X zoom scope
- Yoke and staff
- Remote trigger data cable

r \ v
* 'q ’ C
P L GR 7070 S. Tucson Way, Centennial, CO 80112 USA

Qo TeCHNOLOGY Toll Free: 1 (800) 280-6113 | Local: 1 (303) 649-1000

Redefining Measurement  Web Page: www.lasertech.com | E-mail: info@lasertech.com

* All specifications are subject
to change without notice.
(Rev. 11/15/03)



GPS Pathfinder Pro XRS

High-performance
GPS with a world of
real-time options

The versatile GPS Pathfinder® Pro XRS receiver is
the thoroughbred of GPS receivers. Offering a full
range of accurate real-time correction sources,
great performance in all GPS conditions, and
rugged design for the toughest environments, the
Pro XRS is an essential tool for collecting and
maintaining GPS data.

Built to meet your demands

With the Pro XRS, you don’t have to worry
whether your GPS receiver can stand up to harsh
conditions. All its components are sealed in a
robust casing. Waterproof, dustproof, and
shock-resistant, the Pro XRS can work

anywhere you can.

Just as tough is the custom-designed ergonomic
backpack. But it’s light and comfortable, so you
can wear it all day.

You’re spoiled for real-time choice

If you're navigating in the field, or finding your way
back to a previously recorded feature, you've got
all the real-time options covered. Corrections from
a radiobeacon, a satellite differential service such
as OmniSTAR, or a satellite-based augmentation
system (SBAS) like WAAS! or EGNOS?are not
just built in, they're seamlessly integrated into

the receiver. Want the freedom to connect to an
external correction source like a virtual reference
station (VRS)? You've got it. This array of real-time
sources makes the Pro XRS the most adaptable
real-time GPS receiver around.

High quality, accurate data for your GIS
With the Pro XRS, you can be sure that the data
you collect meets your high standards. Offering
submeter accuracy in real time, and centimeter-
level postprocessed accuracy, it's the obvious
choice for collecting the high quality GPS data

you need in your GIS. And it has advanced
design features, like EVEREST™ multipath
rejection technology, to ensure you get only the
best positions.

Get the results you want

The GPS Pathfinder Pro XRS’s advanced design
gives you complete control over GPS quality. You
can focus on productivity, to keep working even in
adverse GPS conditions. Or you can configure the

receiver to deliver only the most precise positions.

It's up to you.

Flexible data collection options

Pick the field device and software that fits your
workflow. The Pro XRS is ready to use with a
variety of field computers, including Trimble’s own
range of handheld computers: the GIS TSCe™
field device, the Trimble® Recon™ handheld, and
the GeoExplorer® series.

Choosing software? Try the TerraSync™ software,
for a complete solution from the field to the
office and back. Choose off-the-shelf GPS field
software. Or use the GPS Pathfinder Tools SDK
to build your own application that’s totally
customized to your needs.

®| Real-time submeter accuracy
[

Integrated satellite, beacon,
and WAAS/EGNOS differential
receiver

®| EVEREST multipath rejection
Rugged design

Ergonomic, comfortable
backpack system

Choice of field device and field
software

All you need

You need equipment that’s as
adaptable and hard-working

as you are. So when you're
choosing GPS equipment,

don’t compromise. Get a

GPS Pathfinder Pro XRS receiver
and have it all.

& Trimble.
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Introduction

The GPS Pathfinder Systems receivers calculate very accurate GPS
positions on a second-by-second basis. After postprocessed
differential correction, the horizontal accuracy of each position for the
GPS Pathfinder Pro XR and Pro XRS receivers is better than

50 cm (RMS) + 1 part per million (ppm) times the distance between
the base and the rover. For the GPS Pathfinder Power receiver, the
horizontal accuracy is submeter (RMS) + 1 ppm. Using real-time
corrections, each position can be as accurate as submeter with the GPS
Pathfinder Systems, but is subject to a number of operational
conditions.

Note — RMS means that approximately 63% of the positions are within
the specified value.

Differential GPS Positioning Techniques

Differential GPS (DGPS) requires two or more receivers. One
receiver, called the reference station, is located at a known point to
determine the GPS measurement errors and compute corrections to
these errors. An unlimited number of mobile GPS Pathfinder Systems
receivers, commonly called rovers, collect GPS data at unknown
locations within the vicinity of the reference station. Errors common at
both the reference and rover receivers are corrected with DGPS either
in real time or during postprocessing.

Note — For more information about GPS and DGPS, review the
All About GPS tutorial on the Trimble website at www.trimble.com.

The GPS Pathfinder Systems receivers, in combination with Trimble
controlling software and the GPS Pathfinder Office software, provide
three ways of obtaining submeter positions:

e Real-time DGPS
e Postprocessed DGPS

e  Postprocessed real-time DGPS

GPS Pathfinder Systems User Guide
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The accuracy figures given in the sections below are obtained under
the following conditions:

*  Number of satellites used: > 4
* PDOP:<6

*  Signal-to-noise ratio: > 4

*  Satellite elevation mask: > 15°

o Reference station receiver is a Trimble GPS Pathfinder Pro XL,
Pro XR, Pro XRS, 4700, 4800, 5700, 5800, 4600 LS, Series
4000 GPS receiver, DSM'", Reference Station, or equivalent.

*  Synchronized measurements are logged at the reference station.

*  The logging interval for the roving receiver is the same as, or a
multiple of, the logging interval at the reference station.

J The reference station uses the correct antenna.

Real-Time DGPS

When using real-time DGPS, the reference station broadcasts the
correction values to the rovers within coverage range, through a
transmitter such as a radiobeacon (beacon DGPS) or a satellite
(satellite DGPS). The rover applies the corrections to its position in
real time.

The positions calculated by the GPS Pathfinder Systems receivers
using real-time DGPS are of submeter accuracy + 1 ppm. If you use a
provider of real-time DGPS that uses VRS/VBS techniques, there is
no degradation associated with distance from the reference station,
and the accuracy always stays at the submeter level (RMS).

GPS Pathfinder Systems also supports corrections from satellite-based
augmentation systems (SBAS) such as WAAS and EGNOS.

For information on postprocessing GPS data collected with real-time
DGPS, see Postprocessed real-time DGPS, page 20.

GPS Pathfinder Systems User Guide 19
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Postprocessed DGPS

When real-time DGPS is not available, or is available only part of the
time, you have to postprocess the autonomous GPS data in your rover
file to obtain the stated accuracy. When using postprocessed DGPS,
the reference station stores the correction values in base data files on a
computer.

Many reference station owners provide their base data to the
community through the Internet or other means of communication.
Often this means that you do not have to set up your own reference
station for postprocessed DGPS, but can use an existing one. For a list
of available reference stations, visit the Trimble website
www.trimble.com/trs/findtrs.asp.

Postprocessed real-time DGPS

Postprocessed DGPS positions are generally more accurate than
DGPS positions obtained in real time. If you collect SuperCorrect
records as well as GPS positions using Trimble TerraSync or
GPScorrect' " software, or applications developed using the GPS
Pathfinder Tools SDK, you can use the SuperCorrect option in the
GPS Pathfinder Office software to process the data if the accuracy of
the real-time DGPS positions is not sufficient, provided that you have
access to suitable reference station base files.

The accuracy using postprocessed real-time DGPS is the same as for
postprocessed DGPS (see the previous section).

Factors Affecting Postprocessed DGPS Accuracy

The accuracy that you obtain after data collection depends on several
factors, including:

e Number of visible satellites
*  Multipath

. Distance between reference station and rover receivers

GPS Pathfinder Systems User Guide
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e Position Dilution of Precision (PDOP)

*  Signal-to-noise ratio (SNR)

*  Satellite elevations

e Occupation time at a point

*  Receiver type at reference station

*  Accuracy of the reference station position

*  Synchronized measurements are logged at the reference station.

*  The logging interval for the roving receiver is the same as, or a
multiple of, the logging interval at the reference station.

. The reference station uses the correct antenna.

Number of visible satellites

Generally, you need a minimum of four satellites to get a good
position. If you have five or more satellites, accuracy increases by a
small amount. You can obtain positions from only three satellites by
supplying a height value manually. However, Trimble recommends
that you do not use this method, as an inaccurate height can
significantly reduce horizontal accuracy.

Note — The TerraSync software always uses a minimum of four
satellites. You cannot configure this setting.

When the number of visible satellites drops below the required
number, the controlling software stops logging positions and displays
the message Too few satellites.

Multipath

GPS signals are sometimes reflected off nearby objects, particularly
metallic objects, creating false or erroneous results. This phenomenon
is known as multipath. Severe multipath may cause position errors of
many meters, while mild multipath may cause small, undetectable
errors. For optimal accuracy, collect data in an environment that is free
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of large reflective surfaces, such as buildings and trees. EVEREST
multipath reduction technology in the receiver helps reduce the effects
of multipath.

Distance between reference station and rover

When you postprocess GPS Pathfinder Pro XR and Pro XRS data
using the GPS Pathfinder Office software Differential Correction
utility, the horizontal accuracy of the positions received is 50 cm
(RMS) at a 1 km base line (distance from reference station). For the
GPS Power receiver, the horizontal accuracy of the positions received
is submeter (RMS) at a 1 km base line.

Accuracy degrades by 1 ppm as the distance between the reference
station and the rover increases. This means that 1 mm of degradation
occurs for every kilometer between the reference station and the rover.
For example, you must collect data within 500 km (310 miles) of your
reference station to obtain submeter accuracy for the GPS Pathfinder
Pro XR and Pro XRS receiver.

PDOP

PDOP (Position Dilution of Precision) is a unitless measure of the
current satellite geometry. It indicates when the most accurate results
are provided. When satellites are spread around the sky, the PDOP
value is low, and the computed position is more accurate. When the
satellites are grouped closely together, the PDOP value is high, and the
computed position is less accurate. The lower the PDOP value, the
more accurate the GPS positions.

You can configure the PDOP mask so that if the PDOP exceeds the
mask value, the controlling software stops logging positions. A PDOP
mask of 6 is required for submeter accuracy.

GPS Pathfinder Systems User Guide
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SNR

SNR (signal-to-noise ratio) is a measure of the satellite signal strength
relative to the background noise. A strong signal with low noise
provides better accuracy. You can raise the SNR mask so that weak
signals with an SNR below the mask are excluded from the position
computation. In areas of dense canopy, the SNR mask can be lowered
so that you can collect GPS positions, although you may not achieve
submeter accuracy. For best results, the recommended setting for the
SNR mask is 4.

Elevation mask

When a satellite is low on the horizon, the GPS signals must travel
further through the atmosphere, delaying reception by the receiver. To
minimize noisy data, adjust the elevation mask. Satellites below the
mask are excluded from the position computation. For best results, the
recommended setting is 15°.

Occupation period

The GPS Pathfinder Systems receivers achieve the specified horizontal
accuracy with a one-second occupation time.

Note - To achieve higher levels of accuracy using a GPS Pathfinder
Systems receiver, collect carrier-phase data and postprocess using the
GPS Pathfinder Office software.

Receiver type

The following Trimble receiver models use Maxwell technology
and, when used as the reference station, yield submeter accuracy with
GPS Pathfinder Systems receivers:

*  GPS Pathfinder Pro XRS

*  GPS Pathfinder Pro XR

*  GPS Pathfinder Pro XL

GPS Pathfinder Systems User Guide 23
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e 5800 GPS receiver

e 5700 GPS receiver

e 4800 GPS receiver

e 4700 GPS receiver

e 4600 LS Surveyor

e 4000 series receiver

e DSM Reference Station

Warning — If the GPS receiver at the reference station has fewer than
12 channels, you may be unable to differentially correct some of your
data. If the reference station is not capable of logging data from all of the
satellites the rover is using, the data collected by the rover cannot be
differentially corrected using postprocessing.

Accuracy of the reference station position

Any inaccuracy in the reference station position is reflected in your
rover position accuracy. For information on the accuracy of your local
DGPS reference station coordinates, contact the provider of that
service, and check the Integrity Index in the GPS Pathfinder Office
version 3.00 Differential Correction utility when selecting a new base
station provider.

The Integrity Index provides you with an indication as to the quality of
available base data in comparison to other available sources. Poor base
data can result from a number of factors, such as an incorrect reference
position, bad environmental location, or a large distance between the
base and rover receivers. Base data downloaded from each station is
analyzed to formulate the quality indicator values and three key
measures are taken into account:

*  Bias (the measure of distance between an averaged GPS
position and a specified reference position)

»  Precision (the measure of the spread of actual GPS positions)

*  The distance between the base and rover receivers

GPS Pathfinder Systems User Guide
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Use the Integrity Index to avoid selecting base data that may provide
an inferior differential correction result. The quality indicator has a
range of 0 to 100, where O represents low quality base data and 100
represents high quality base data. For more information, refer to the
GPS Pathfinder Office 3.00 Differential Correction Help.

Synchronized measurements

To obtain optimal accuracy from differential correction, the reference
station must record reference data (or output differential corrections)
from synchronized measurements. Synchronized measurements occur
when the reference station receiver and rover receivers simultaneously
make measurements to all the satellites they are tracking.

When you use one of the receivers listed in Receiver type, page 23, as
a reference station receiver, the data is always synchronized. When
measurements are not synchronized, there is no equivalent reference
station position measured at exactly the same time as the rover
position. A simultaneous reference station position must be
interpolated, which reduces accuracy.

Logging intervals

Ideally, the logging interval at the reference station should be the same
as the logging interval at the rover. For example, if the reference
station is using a 5-second logging interval, the rover logging interval
should be 5 seconds. The rover logging interval can also be a direct
integer multiple of the interval at the reference station. For example, if
the reference station is logging every 5 seconds, the rover can log
every 10 seconds.

If the rover logging interval is not synchronized with the reference
station, the accuracy of the GPS positions logged by the rover may not
be submeter. This is because the reference station measurements must
be interpolated to correct the roving receiver’s measurements. For
more information, see Synchronized measurements, page 25.
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If the synchronized measurement logging interval at the reference is
1 second, you can use any logging interval at the rover. However, this
generates a large file at the reference station. If the computer or data
collector at the reference station runs out of space, you cannot
differentially correct any rover data collected after the base file ends.

When disk space is at a premium, the best option is a 5-second logging
interval for synchronized measurement data at the reference station
and a 5-second logging interval for positions at the rover. This is
frequent enough to be practical at the rover and uses the default
reference station logging interval, which results in base files that are
not too large.

Table 3.1 gives examples of various reference station and rover
intervals and their effect on accuracy. They are valid for both
postprocessed and real-time corrections.

Table 3.1 Logging Interval Accuracy

Reference station Rover interval Base data Notes

interval (seconds) (seconds) interpolated?

1 1 No Recommended for best accuracy.

5 5 No Recommended if reference station
disk space is at a premium.

1 3,or5,0r6,etc. No The rover interval is a direct integer
multiple of the reference station
interval.

5 10 No The rover interval is a direct integer
multiple of the reference station
interval.

5 1 Yes Base data is interpolated at

seconds 1, 2, 3, and 4. A slight
degradation of accuracy occurs
with interpolation. One in five of the
rover positions is not interpolated.
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Factors Affecting Real-Time DGPS Accuracy

Real-time DGPS offers similar accuracies to postprocessed GPS.
However, in addition to the factors discussed in Factors Affecting
Postprocessed DGPS Accuracy, page 20, there are other factors that
affect the accuracy of real-time DGPS positions. These factors
include:

*  Update rate of the corrections

. Corrections based on a different datum

Update rate of the corrections

The frequency, or rate, at which the RTCM differential correction
messages are output from the reference station affects the accuracy of
the GPS positions recorded by the roving receiver. The latency of the
corrections (that is, the time it takes for up-to-date information to get
from the reference station to the rover) also affects the rover position
accuracy.

Datum of corrections

Errors can occur if the reference stations use a datum other than
WGS-84 as the basis for the DGPS corrections. The error introduced
by using a reference station that transmits coordinates using a different
datum is generally quite small. However, in some places the margin of
error can be 5-10 meters. To avoid this type of error, set Trimble
controlling software to collect SuperCorrect data. You can then
postprocess the real-time DGPS positions if required.
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GPS Pathfinder Pro XRS

High-performance
GPS with a world of
real-time options

The versatile GPS Pathfinder® Pro XRS receiver is
the thoroughbred of GPS receivers. Offering a full
range of accurate real-time correction sources,
great performance in all GPS conditions, and
rugged design for the toughest environments, the
Pro XRS is an essential tool for collecting and
maintaining GPS data.

Built to meet your demands

With the Pro XRS, you don’t have to worry
whether your GPS receiver can stand up to harsh
conditions. All its components are sealed in a
robust casing. Waterproof, dustproof, and
shock-resistant, the Pro XRS can work

anywhere you can.

Just as tough is the custom-designed ergonomic
backpack. But it’s light and comfortable, so you
can wear it all day.

You’re spoiled for real-time choice

If you're navigating in the field, or finding your way
back to a previously recorded feature, you've got
all the real-time options covered. Corrections from
a radiobeacon, a satellite differential service such
as OmniSTAR, or a satellite-based augmentation
system (SBAS) like WAAS! or EGNOS?are not
just built in, they're seamlessly integrated into

the receiver. Want the freedom to connect to an
external correction source like a virtual reference
station (VRS)? You've got it. This array of real-time
sources makes the Pro XRS the most adaptable
real-time GPS receiver around.

High quality, accurate data for your GIS
With the Pro XRS, you can be sure that the data
you collect meets your high standards. Offering
submeter accuracy in real time, and centimeter-
level postprocessed accuracy, it's the obvious
choice for collecting the high quality GPS data

you need in your GIS. And it has advanced
design features, like EVEREST™ multipath
rejection technology, to ensure you get only the
best positions.

Get the results you want

The GPS Pathfinder Pro XRS’s advanced design
gives you complete control over GPS quality. You
can focus on productivity, to keep working even in
adverse GPS conditions. Or you can configure the

receiver to deliver only the most precise positions.

It's up to you.

Flexible data collection options

Pick the field device and software that fits your
workflow. The Pro XRS is ready to use with a
variety of field computers, including Trimble’s own
range of handheld computers: the GIS TSCe™
field device, the Trimble® Recon™ handheld, and
the GeoExplorer® series.

Choosing software? Try the TerraSync™ software,
for a complete solution from the field to the
office and back. Choose off-the-shelf GPS field
software. Or use the GPS Pathfinder Tools SDK
to build your own application that’s totally
customized to your needs.

®| Real-time submeter accuracy
[

Integrated satellite, beacon,
and WAAS/EGNOS differential
receiver

®| EVEREST multipath rejection
Rugged design

Ergonomic, comfortable
backpack system

Choice of field device and field
software

All you need

You need equipment that’s as
adaptable and hard-working

as you are. So when you're
choosing GPS equipment,

don’t compromise. Get a

GPS Pathfinder Pro XRS receiver
and have it all.

& Trimble.
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What Can the GPS Pathfinder Systems Receivers

Do?

The GPS Pathfinder Systems receivers, with Trimble controlling
software, make an ideal system for all GIS data collection and
maintenance projects. The system allows you to collect precise data
for utility, urban, and natural resource databases. As the demand for
accurate and up-to-date position and attribute information increases,
the system allows you to update existing GIS data, ensuring that
decisions made with the GIS are based upon the most accurate,
current, and reliable data available.

The foundation of the GPS Pathfinder Systems receivers is precise
GPS positioning technology. The GPS receivers feature 12 parallel
channels for continuous satellite tracking. Using differential GPS, the
GPS Pathfinder Systems receivers deliver differentially corrected C/A
code positions to submeter accuracy on a second-by-second basis
under the most challenging operating conditions.

Integrated Satellite Based Augmentation System (SBAS)
receiver

Satellite Based Augmentation System (SBAS) support is integrated
into the GPS Pathfinder Pro XR, Pro XRS, and Power receiver. It
allows you free access to real-time solutions transmitted from
geostationary SBAS satellites, such as the Wide Area Augmentation
System (WAAS) in the United States and the European Geostationary
Navigation Overlay Service (EGNOS) in Europe.

Integrated beacon receiver

The MSK beacon receiver is included in the GPS Pathfinder Pro XR
and Pro XRS receivers. It allows you free access to real-time solutions
transmitted from DGPS radiobeacons operating in the MF (medium
frequency) band from 283.5 kHz to 325 kHz. The integrated MSK
beacon receiver is an advanced dual-channel radiobeacon receiver. It

GPS Pathfinder Systems User Guide
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tracks broadcasts from DGPS radiobeacons conforming to the IALA
Standard. The beacon receiver uses its all-digital signal processing
techniques to track and demodulate signals from DGPS radiobeacons.

For an up-to-date list of beacon stations, visit the following Web page:

*  www.trimble.com/findbeacon.asp

Integrated satellite differential receiver

The integrated satellite differential capability of the GPS Pathfinder
Pro XRS and Power receivers decodes and uses satellite differential
corrections to provide submeter position accuracy. To receive and
decode these satellite signals, you must subscribe to a satellite
differential correction service. The GPS Pathfinder Pro XRS and
Power receivers support the OmniSTAR satellite differential
correction services. For information on obtaining a subscription,
subscription rates, and satellite coverage maps, visit
WWWw.omnistar.com

Once you have a subscription, you activate the service through an
on-the-air signal or an encrypted activation message entered into the
controlling software.

Satellite differential signals provide valid corrections over a large area.
Integrated virtual reference/base station (VRS/VBS) technology
permits the satellite corrections to be uniformly accurate over the
entire satellite coverage area, without the degradation in accuracy
associated with increasing distance from fixed reference stations.

Satellite differential signals are line-of-sight and can be blocked by
mountains, buildings, or tree canopy. Wet canopy, from a heavy rain,
reduces the signals even more. The same environmental factors that
affect the GPS signal, such as radar and microwave transmitters, can
interfere with the satellite signal. Power lines usually have no effect.



2  Product Overview

External differential correction receiver

The GPS Pathfinder Systems receivers can also receive differential
corrections from any external differential correction receiver that
communicates in the standard RTCM SC-104 data format.

Standard GPS Pathfinder Pro XR and Pro XRS
Features

The GPS Pathfinder Pro XR and Pro XRS receivers offer the
following:

*  12-channel DGPS receiver with EVEREST™ multipath
rejection technology, L1 C/A code tracking with carrier-phase
smoothing, and instantaneous full-wavelength carrier-phase
measurements.

*  Submeter accuracy — Typically horizontal accuracy less than
50 cm RMS with GPS Pathfinder Office software
postprocessing. This requires data to be collected with a
minimum of 4 satellites, maximum PDOP of 6, minimum SNR
of 4, minimum elevation of 15 degrees, and reasonable
multipath conditions.

* Integrated WAAS/EGNOS differential corrections

* 1 Hz position and velocity update rate.

e  Velocity computations incorporate carrier-phase data.
*  Time to First Fix typically less than 30 seconds.

*  Two RS-232 serial ports.

* NMEA-0183 output to external NMEA devices (supported
messages are ALM, GGA, GLL, GSA, GSV, VTG, and ZDA).

*  RTCM-SC 104 input from an external differential correction
receiver.

e TSIP protocol to/from the field device.

*  Fully automatic and manual beacon operating modes, fast
acquisition of differential beacon signals.

10 GPS Pathfinder Systems User Guide



Product Overview 2

*  Immunity to MSK jamming signals, advanced techniques for
combating atmospheric noise in the beacon receiver.

*  Integrated GPS/MSK beacon antenna.
»  User-upgradeable receiver firmware.
*  Receiver manual.

e  CE Mark compliance.

Additional GPS Pathfinder Pro XRS receiver features

The GPS Pathfinder Pro XRS GPS/MSK/beacon/satellite differential
receiver offers the items previously listed, and also:

* Integrated L-band satellite differential correction receiver

J Combined L1 GPS/beacon/satellite differential antenna



2  Product Overview

Combined L1 GPS/beacon/satellite differential antenna

The GPS Pathfinder Pro XRS receiver integrated L1
GPS/beacon/satellite differential antenna (P/N 33580-50) features two
antenna components:

J L1 GPS/satellite differential antenna

This active antenna is designed to filter out unwanted signals
and amplify the L1 GPS and satellite differential signals for
transmission over the antenna cable to the receiver.

*  MSK H-field loop beacon antenna

This antenna features a pre-amplifier for filtering out signal
interference such as AM radio broadcasts and noise from
switching power supplies. After filtering, the pre-amplifier
amplifies the MF signal for transmission over the same antenna
cable to the beacon receiver.

The coaxial antenna cable also carries DC power to the pre-amplifier
of both the L1 GPS/satellite differential and beacon antennas over the
center conductor of the cable.

The antenna assembly integrates the L1 GPS/satellite differential
antenna and a beacon antenna into a single antenna assembly, as
shown in Figure 2.2. The antenna assembly is completely
weatherproof and is designed to withstand harsh environmental
conditions.

Figure 2.2  Combined L1 GPS/beacon/satellite differential antenna
(for the GPS Pathfinder Pro XRS receiver)

14 GPS Pathfinder Systems User Guide



B  Specifications
Introduction

This appendix lists specifications for GPS Pathfinder Systems

receivers and antennas, and pinouts for cables that are supplied with

the receivers.

Specifications

Table B.1 lists specifications for the GPS Pathfinder Pro XR and

Pro XRS receiver.

Table B.1 GPS Pathfinder Pro XR and Pro XRS receiver

specifications

Parameter Specification

General 12 channel, L1/CA code tracking with carrier phase
filtered measurements and multibit digitizer

Update Rate 1 Hz

Time to First Fix < 30 seconds, typical

Size 11.1ecmx 5.1 cm x 19.5cm (4.4" x 2.0" x 7.7")

Weight 0.76 kg (1.68 Ib)

Power XR 6 W (maximum)
XRS 7 W (maximum)
both 10 to 32 VDC

Temperature —20 °C to 65 °C (—4 °F to 149 °F) operating
—30 °C to 85 °C (-22 °F to 185 °F) storage

Humidity 100% non-condensing

Casing Dustproof, splashproof, shock-resistant, sealed to 5psi
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Table B.3 lists specifications for the GPS Pathfinder Pro XRS antenna.

Table B.3 Combined L1 GPS/beacon/satellite differential antenna
specifications

Parameter Specification

General Right-hand, circular polarized; omnidirectional;
hemispherical coverage

Size 15.5 cm diameter x 14 cm high (6.1" x 5.5")

Weight 0.55 kg (1.2 Ib)

Temperature —20 °C to 65 °C (—4 °F to 149 °F) operating
—40 °C to 85 °C (—40 °F to 185 °F) storage

Humidity 100% fully sealed

Casing Dustproof, waterproof, shock resistant
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Specifications B

Pinouts

Table B.5 lists the pinouts for the GPS Pathfinder Pro XR and
Pro XRS receiver’s data/power cable.

Table B.5 Data/power cable pinout (P/N 30231-00)

To GPS Pathfinder Pro XR and Field Input Power

Pro XRS receiver Device

Conn P1 7 Cond Cbl Conn P2 2Conn Cbl Conn P3

#1 DE9S-F #2 TA3-M

Event In 1 in — — — —

TXD 2 Orange 2 RXD — —

out

RXD 3 in Red 3 TXD — —
ChgCtrl 4 in Black 4 DTR — —_

Sig Gnd 5 Shield 5 SigGnd — —

in/out

DSR 6 Yellow 6 DSR — —

out

Pwr On 7 in Brown 7 RTS — —

CTS 8 Green 8 CTS — —

out

Charge 9 Blue 9 RI — —

out

V+In 10 in — — White 1 V+in
V-In 11 in — — Black 2 V-Out
PPS 12 — — — —_
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Specifications B

Table B.7 lists the pinouts for the GPS Pathfinder Pro XR and
Pro XRS receiver’s NMEA/RTCM cable.

Table B.7 NMEA/RTCM cable pinout (P/N30232-00)

To GPS Pathfinder Pro XR and NMEA/RTCM output connectors

Pro XRS receiver

Conn P1 9 Cond ConnP2 7 Conn Conn P3
Cbl #1 DE9-M Cbl #1 DES-F

Event In 1 in — — — —

TX-(232) 2 out — — Orange 2 TXD

RX-(232) 3 in Red 2 RXD — —

ChgCtrl 4 in — — Shield

Sig Gnd 5 in/out Shield 5 Sig — 5 Sig
Gnd Gnd

TX+(422) 6 out — — —

Pwr On 7 in — — — —

RX+ (422) 8 out — — — —

Charge 9 out  Yellow 9 Pwr — —

V+In 10 in — — — —

V-In 11 in — — - —

PPS 12 — — — Brown 4 DTR
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GPS Pathfinder Pro XRS

High-performance
GPS with a world of
real-time options

The versatile GPS Pathfinder® Pro XRS receiver is
the thoroughbred of GPS receivers. Offering a full
range of accurate real-time correction sources,
great performance in all GPS conditions, and
rugged design for the toughest environments, the
Pro XRS is an essential tool for collecting and
maintaining GPS data.

Built to meet your demands

With the Pro XRS, you don’t have to worry
whether your GPS receiver can stand up to harsh
conditions. All its components are sealed in a
robust casing. Waterproof, dustproof, and
shock-resistant, the Pro XRS can work

anywhere you can.

Just as tough is the custom-designed ergonomic
backpack. But it’s light and comfortable, so you
can wear it all day.

You’re spoiled for real-time choice

If you're navigating in the field, or finding your way
back to a previously recorded feature, you've got
all the real-time options covered. Corrections from
a radiobeacon, a satellite differential service such
as OmniSTAR, or a satellite-based augmentation
system (SBAS) like WAAS! or EGNOS?are not
just built in, they're seamlessly integrated into

the receiver. Want the freedom to connect to an
external correction source like a virtual reference
station (VRS)? You've got it. This array of real-time
sources makes the Pro XRS the most adaptable
real-time GPS receiver around.

High quality, accurate data for your GIS
With the Pro XRS, you can be sure that the data
you collect meets your high standards. Offering
submeter accuracy in real time, and centimeter-
level postprocessed accuracy, it's the obvious
choice for collecting the high quality GPS data

you need in your GIS. And it has advanced
design features, like EVEREST™ multipath
rejection technology, to ensure you get only the
best positions.

Get the results you want

The GPS Pathfinder Pro XRS’s advanced design
gives you complete control over GPS quality. You
can focus on productivity, to keep working even in
adverse GPS conditions. Or you can configure the

receiver to deliver only the most precise positions.

It's up to you.

Flexible data collection options

Pick the field device and software that fits your
workflow. The Pro XRS is ready to use with a
variety of field computers, including Trimble’s own
range of handheld computers: the GIS TSCe™
field device, the Trimble® Recon™ handheld, and
the GeoExplorer® series.

Choosing software? Try the TerraSync™ software,
for a complete solution from the field to the
office and back. Choose off-the-shelf GPS field
software. Or use the GPS Pathfinder Tools SDK
to build your own application that’s totally
customized to your needs.

®| Real-time submeter accuracy
[

Integrated satellite, beacon,
and WAAS/EGNOS differential
receiver

®| EVEREST multipath rejection
Rugged design

Ergonomic, comfortable
backpack system

Choice of field device and field
software

All you need

You need equipment that’s as
adaptable and hard-working

as you are. So when you're
choosing GPS equipment,

don’t compromise. Get a

GPS Pathfinder Pro XRS receiver
and have it all.

& Trimble.



Reference Materials

If you have a problem and cannot find the information you need in the
product documentation, contact your local Distributor. Alternatively,
go to the Trimble Support page at www.trimble.com/support.html, and
then do one of the following:

e Browse the available online support resources.
e Request technical assistance from Trimble Support, click the
submit an inquiry link, fill in the form, and then click Send.

Trimble: www.trimble.com/support.html

Survey Controller: www.trimble.com/tsce.html
Survey Pro: www.tdsway.com
GIS TSCe: www.trimble.com/gistsce.html

ActiveSync™: www.microsoft.com/windowsmobile/
resources/downloads/pocketpc/default. mspx

Windows CE: www.microsoft.com/windows/embedded/ce.net

Hardware Specifications

Feature TSCe

Processor Intel StrongARM SA-1110, 206 MHz
Memory 64 MB low-power SDRAM

Storage 512 MB non-volatile flash disk
Screen 1/4 VGA transflective color LCD

Touch Screen

Passive - 87% transmissivity

Keyboard 57 key tactile action

9-Pin serial port RS232 COM1

26-Pin MultiPort RS232 COM2, Ethernet 10BaseT, USB
client, power in/out and audio in/out

Infrared IrDA Typel COM3

Audio Integrated speaker and microphone

Batteries NiMH rechargeable pack, 3800 mAH,

18.5W-h, 4.8V

AC Adaptor

Line voltage: 100 -240V AC 47-63 Hz




MicroTSG (Thermosalinograph) SBE 45

The SBE 45 MicroTSG Thermosalinograph is an externally
powered, high-accuracy instrument, designed for shipboard
determination of sea surface (pumped-water) conductivity and
temperature. Salinity and sound velocity can also be computed.
The MicroTSG is constructed of plastic and titanium to ensure
long life with minimum maintenance.

OPERATION OVERVIEW

Communication with the MicroTSG is over an internal, 3-wire,
RS-232C link, providing real-time data transmission. Commands
can be sent to the MicroTSG to provide status display, data
acquisition setup, data display and capture, and diagnostic tests.
User-selectable operating modes include:

*  Polled sampling — On command, the MicroTSG takes one
sample and sends the data to the computer.

*  Autonomous sampling — At pre-programmed intervals, the
MicroTSG samples and sends the data to the computer.
The MicroTSG does not enter quiescent (sleep) state
between samples.

+ Serial Line Sync — A pulse on the serial line causes
the MicroTSG to wake up, sample, and enter quiescent
state automatically.

Calibration coefficients stored in EEPROM allow the MicroTSG to transmit data in engineering units.

SENSORS

The MicroTSG retains the temperature and conductivity sensors used in the SBE 21 Thermosalinograph, but has
improved acquisition electronics that increase accuracy and resolution, and lower power consumption. The MicroTSG's
aged and pressure-protected thermistor has a long history of exceptional accuracy and stability (typical drift is less than
0.002 “C peryear). Electrical isolation of the conductivity electronics eliminates any possibility of ground-loop noise.

The MicroTSG’s internal-field conductivity cell is unaffected by external fouling, and uses expendable
anti-foulant devices.

OPTIONAL PNS0402 - SBE 45 POWER, NAVIGATION, and REMOTE TEMPERATURE INTERFACE BOX
An optional AC- or DC-powered Interface Box:

«  Providesisolated DC power and an optically isolated RS-232 data interface.

= Contains a NMEA 0183 port for appending navigation information from a NMEA navigation device to the data stream.

«  Contains an RS-232 port for appending the output of an optional remote temperature sensor (SBE 38), allowing for
measurement of sea surface temperature with minimal thermal contamination from the ship’s hull.

«  Qutputs the data stream (MicroTSG, NMEA navigation device, and SBE 38 data) to the computer over an
RS-232 interface.

SOFTWARE
The MicroTSG is supplied with a powerful Win 95/98/NT/2000/XP software package, SEASOFT®-win32.
SEASOFT's modular programs include:

«  SEATERM —terminal program for instrument setup and data display.
- SEASAVE — real-time data acquisition and display
«  SBE Data Processing —filtering, aligning, averaging, and plotting of data and derived variables.

SB Sea-Bird Electronics, Inc. E-mail: seabird@seabird.com
1808 136th Place NE, Bellevue, Washington 98005 USA Telephone: (425) 643-9866
(CELEEELL, \\icbsite: hitp://www.seabird.com Fax: (425) 643-9954



MicroTSG (Thermosalinograph)

SBE 45

SPECIFICATIONS

Measurement Range
Conductivity:
Temperature ™

Initial Accuracy

0-7 S/m (0-70 mSicm)
-5 t0 35 °C

Conductivity: 0.0003 S/m (0.003 mS/cm)

Temperature ™ 0.002 °C

Salinity: 0.005 PSU, typical
Typical Stability (per month)

Conductivity: 0.0003 S/m (0.003 mS/cm)

Temperature ™ 0.0002 °C

Saiinity: 0.003 PSU, typical
Resolution

Conductivity: 0.00001 S/m (0.0001 mSicm)

Temperature ™ 0.0001 °C

Salinity: 0.0002 PSU, typical
Calibration Range

Conductivity: 0-6 S/m (60 mS/cm); physical

calibration 2.6-6 S/m (26-60 mSfcm),
plus zero conductivity (air)

Temperature ™ +1to +32°C
Time Resolution 1 second
Clock Stability 13 seconds/month
Input Power 8-30 vDC

Acquisition Current
Quiescent Current
Acquisition Rate
Operating Pressure

34 mA at 8 VDC; 30 mA at 12-30 VDC
10 microamps

1 Hz maximum

34.5 decibars (50 psi) maximum

Flow Rate 10 to 30 ml/sec (0.16 to 0.48 gal/min)
Materials PVC housing
Weight 4.6 kg (10.2 Ibs)

* For specifications for optional SBE 38 remote temperature sensor,
see SBE 38 datashest.

216 Dimensionsin
(8 5) | millimeters
3/8 in. U.S. standard ) ’ (inches)
NPT threads, with
nylon hose barb 0]
fitting for 3/8 in. / C
tubing (typical) L 152
6.0
__76.2__ ©0)
(3.0) e}
EEE— Connector
(MCBH4SS)
© ]|
QuUT 5 e
438 6.35 mm T
133 (1/4 in.) 136
(13.3) mount hole (5.4)
(typical) N, L
IN o [+]
(] o) 101
(4.0)
i BN - S - = = _L
— 135 l-_?dg%)
5.3) )
Pin Signal
1 Common
. |_=or 2 RS-232 RX from computer
orientation 3 RS-232 TX to computer
4 External power in
(8 -30VDC)

System Schematic: SBE 45 with Optional PN 90402 Interface Box
and Remote Temperature Sensor

System Schematic: SBE 45

[ ]]

IBM-compatible
computer .
( : Optional
(not included) SR 80407
Interface Box AC input

LD

NMEA 0183
navigation interface

—‘—‘—‘_"———._
¢ Optional mounting kit
IBM-compatible P/N 50244 Data
computer Power supply 110 cable
(not included) (not included) |
RS-232 . oy Plastic
(RS-485 optional) . Seal
] ) - = RS-232
PRy 1| ~Stainless
steel
/ 7
Seawater Out k‘h(\( k\\ Seawater Out
SBE 45 SBE 45
MicroTSG Stainless pip2 nipples includad MicroTSG
Seawater In \ Optional Seawater In
\ remote sensor
SBE 38
[

Pum Pump

(not mcluded) (not included)
Seawater Intake Seawalter Intake
(as close to ship's bow as possible) (as close to ship's bow as possible)
(0304

SB Sea-Bird Electronics, Inc.
(CRLCLCEC

Website: http://www.seabird.com

1808 136th Place NE, Bellevue, Washington 98005 USA

E-mail: seabird@seabird.com
Telephone: (425) 643-29866
Fax: (425) 643-9954



SBE 19plus
SEACAT PROFILER

Conductivity, Temperature, and Pressure Recorder
with RS-232 Interface

Serial Number: 19P36026-4585

Sea-Bird Electronics, Inc.

1808 136" Place NE

Bellevue, Washington 98005 USA
Tel: 425/643-9866
Fax:425/643-9954



LIMITED LIABILITY STATEMENT

Extreme care should be exercised when using or servicing this equipment. It should be used or
serviced only by personnel with knowledge of and training in the use and maintenance of
oceanographic electronic equipment.

SEA-BIRD ELECTRONICS, INC. disclaims all product liability risks arising from the use or servicing of
this system. SEA-BIRD ELECTRONICS, INC. has no way of controlling the use of this equipment or of
choosing the personnel to operate it, and therefore cannot take steps to comply with laws pertaining to
product liability, including laws which impose a duty to warn the user of any dangers involved in
operating this equipment. Therefore, acceptance of this system by the customer shall be conclusively
deemed to include a covenant by the customer to defend, indemnify, and hold SEA-BIRD
ELECTRONICS, INC. harmless from all product liability claims arising from the use of servicing of this
system.



WARNING !!

Do not submerge this instrument (S/N 19P36026-4585)
beyond the depth rating of the lowest rated component listed below!

Main Housing (Titanium) 7000 meters
Pressure Sensor (3500 dBar) Druck 3500 meters

Pump (SBE 5M) 10500 meters



SYSTEM CONFIGURATION

Model SBE 19plus

Instrument Type

Firmware Version
Communications

Memory

Housing

0 Conductivity Raw Frequency
Pressure Sensor

Number of Voltages Sampled:
Serial RS-232C Sensor

Data Format:

Count

Frequency
Count

Pump (SBE 5M)

Voltage Delay Setting (standard)

14 June 2004

S/N 19P36026-4585

SBE 19plus SeaCarT Profiler

1.4D

9600 baud, 8 data bits, no parity, one stop bit
8192K

7000 meter (3AL-4V Titanium)

2630.97 Hz

Strain Gauge: 3500 dBar, S/N 5433

0

None

Temperature
Conductivity
Pressure, Strain gauge

050647

(standard) 0 seconds



IMPORTANT SOFTWARE & HARDWARE CONFIGURATION INFORMATION

Sea-Bird supplies two versions of our software package for communication, real-time data acquisition, and data
analysis and display:

e SEASOFT-Win32 - Windows software for PC running Win 95/98/NT/2000/XP

e SEASOFT-DOS - DOS software for IBM-PC/AT/386/486 or compatible computer with a hard drive
Detailed information on the use of the Windows software follows:

SEASOFT-Win32

SEASOFT-Win32 software was supplied on a CD-ROM with your CTD. This software package is designed to run on a PC running Win

95/98/NT/2000/XP. The CD-ROM also contains software manuals that describe the appropriate applications for the various programs, the

procedure for installing the software, and instructions on using the programs. There are three primary programs used with the CTD for

setup, data collection and retrieval, data display, and data processing:

e SEATERM - terminal program for setup of the CTD and uploading of data from the CTD memory (Note: If using the CTD with the
90208 Auto Fire Module or SBE 17plus V2 SEARAM, use SeatermAF instead of SEATERM)

e SEASAVE - real-time data acquisition program

e SBE Data Processing - data processing program

Instructions for using the software are found in their Help files.

To communicate with the CTD to set it up or to upload data from the CTD memory to the computer hard drive,
SEATERM must have information about the CTD hardware configuration (communication parameters, internal
firmware, etc.) and about the computer. To communicate with the CTD, double click on Seaterm.exe:
1. Inthe Configure menu, select the CTD. The Configuration Options dialog box appears.
A. On the COM Settings tab, select the firmware version (if applicable), baud rate, data bits, and parity to match the CTD’s
configuration sheet. If necessary, change the com port to match the computer you are using.
B. On the Upload Settings tab, enter upload type (all as a single file, etc.) as desired.
For the SBE 17 and 25 only: enter the serial number for the SBE 3 (temperature) and SBE 4 (conductivity) modular sensors,
exactly as they appear in the configuration (.con) file.
C. On the Header Information tab, change the settings as desired.
Click OK when done. SEATERM saves the settings in a SEATERM.ini file.
2. On the Toolbar, click Connect to communicate with the CTD.
To set up the CTD prior to deployment:
On the Toolbar, click Status. SEATERM sends the Status command and displays the response. Verify that the
CTD setup matches your desired deployment. If not, send commands to modify the setup.
4. To upload data from the CTD:
On the Toolbar, click Upload to upload data from the CTD memory to the computer.

»

Sea-Bird CTDs store and/or transmit data from their primary and auxiliary sensors in the form of binary or
hexadecimal number equivalents of the sensors’ frequency or voltage outputs. This is referred to as the raw data.
The calculations required to convert from raw data to engineering units of the measured parameters (temperature,
conductivity, pressure, dissolved oxygen, pH, etc.) are performed using the software, either in real time, or after
the data has been stored in a file. SEASAVE creates the file in real time. As noted above, SEATERM uploads the
recorded data and creates the file on the computer hard drive.

To successfully store data to a file on the computer and subsequently convert it to engineering units, the software
must know the CTD type, CTD configuration, and calibration coefficients for the sensors installed on the CTD.
This information is unique to each CTD, and is contained in a configuration file. The configuration file, which has
a .con extension, was written onto a floppy disk and the CD-ROM shipped with the CTD. The .con file for a given
CTD is named with the last four digits of the serial number for that CTD (e.g., 1234.con). The configuration file is
created or modified (e.g., changing coefficients after recalibration, or adding another sensor) by using the
Configure menu in SEASAVE or

SBE Data Processing. The configuration file is used by SEASAVE to convert raw data to engineering units
when it acquires, stores, and displays real-time data. The configuration file is also used by some modules in

SBE Data Processing (Data Conversion and Derive) that convert raw data to engineering units during data
processing.



The instrument type and instrument configuration settings of the .con file and the required setup for the
SEATERM.ini file for the CTD as delivered are documented below. The calibration coefficients for the CTD's
sensors are contained in the calibration coefficient section of the CTD manual.

NOTE:
SEATERM will not upload data correctly without a properly configured SEATERM.ini file. SEASAVE and SBE
Data Processing will not interpret the data correctly without the correct .con file.

SEASOFT CONFIGURATION:

The correct instrument type for your instrument is SBE 19plus SEACAT Profiler. The correct settings for the configuration of your
instrument as delivered are documented below:

Configuration for the SBE 19 Seacat pluz CTD Ed |

ASCI file opened: Mone

Freszure zenzor lppe IStrain Gauge j

Esternal vaoltage channels I 0 vl

Mode [Frafie =]
Sample interval seconds |-| i

Scans bo average |1

[ Suface PAR voltage added
[~ MMEL position data added

Channel Senzor M
1. Count
2. Frequency Conductivity EREI
3. Count Prezzure, Strain Gauge ErawE

Save bz

Selenh.

Fl ELE

odify. .

Feport... Help... E xit I Cancel
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SEACAT Profiler SBE 19plus
(S LELL

The SBE 19plus is the next generation Personal CTD, bringing numerous improvements in accuracy, resolution (in fresh as
well as salt water), reliability, and ease-of-use to the wide range of research, monitoring, and engineering applications
pioneered by its legendary SEACAT predecessor. The 19plus samples faster (4 Hz vs 2), is more accurate (0.005 vs 0.01 in
T, 0.0005 vs 0.001 in C, and 0.1% vs 0.25% — with seven times the resolution — in D), and has more memory (8 Mbyte vs 1).
There is more power for auxiliary sensors (500 ma vs 50), and they are acquired at higher resolution (14 bit vs 12). Cabling is
simpler and more reliable because there are four differential auxiliary inputs on two separate connectors, and a dedicated
connector for the pump. All exposed metal parts are titanium, instead of aluminum, for long life and minimum maintenance.

The 19plus can be operated without a computer from even the smallest boat, with data recorded in non-volatile FLASH
memory and processed later on your PC. Simultaneous with recording, real-time data can be transmitted over single-core,
armored cable directly to your PC'’s serial port (maximum transmission distance dependent on number of auxiliary sensors,
baud rate, and cable properties). The 19plus’ faster sampling and pump-controlled TC-ducted flow configuration significantly
reduces salinity spiking caused by ship heave, and allows slower descent rates for improved resolution of water column features.
Auxiliary sensors for dissolved oxygen, pH, turbidity, fluorescense, PAR, and ORP can be added, and for moored deployments the
19plus can be set to time-series mode using software commands. External power and two-way real-time communication over
10,000 meters of cable can be provided with the SBE 36 CTD Deck Unit and Power and Data Interface Module (PDIM).

The 19plus uses the same temperature and conductivity sensors proven in 5000 SEACAT and MicroCAT instruments, and a
superior new micro-machined silicon strain gauge pressure sensor developed by Druck, Inc. Improvements in design,
materials, and signal acquisition techniques yield a low-cost instrument with superior performance that is also easy to use.
Calibration coefficients, obtained in our computer-controlled high-accuracy calibration baths, are stored in EEPROM memory.
They permit data output in ASCII engineering units (degrees C, Siemens/m, decibars, Salinity [PSU], sound velocity [m/sec],
etc.). The 19plus can be factory-configured to emulate the .hex output format and 2 Hz data rate of old SEACATs for
compatibility with existing software or instrument fleets.

Accuracy, convenience, portability, software, and support; compelling reasons why the 19plus is today’s best low-cost CTD.

CONFIGURATION AND OPTIONS Shown with
A standard SBE 19plus is supplied with: optional cage,
+ Plastic housing for depths to 600 meters SBE 5T pump,
« Strain-gauge pressure sensor & SBE 43
+ 8 Mbyte FLASH RAM memory / DO sensor

* 9 D-size alkaline batteries

* Impulse glass-reinforced epoxy bulkhead connectors: 4-pin /O,
2-pin pump, and two 6-pin (two differential auxiliary A/D inputs each)

* SBE 5M miniature pump and T-C Duct

Options include:

« Titanium housing for depths to 7000 meters

» Sensors for oxygen, pH, fluorescence, light (PAR), light transmission,
and turbidity

* SBE 5T pump in place of SBE 5M for use with dissolved oxygen and/or
other pumped sensors

» Stainless steel cage

* MCBH Micro connectors

* Ni-Cad batteries and charger

SOFTWARE

SEASOFT®-Win32, our complete Windows 95/98/NT/2000/XP software package,

is included at no extra charge. Its modular programs include:

+ SEATERM® — communication and data retrieval

+ SEASAVE® — real-time data acquisition and display

» SBE Data Processing® — filtering, aligning, averaging, and plotting of CTD and
auxiliary sensor data and derived variables

SB Sea-Bird Electronics, Inc. Email: 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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SBE 19plus

SEACAT Profiler
(CCELLLEL

° Dimensions
©) cO OO OO0 in millimeters
(=) oo (inches)

| 808 (31.80) |

99 (3.90) DIA
~\ 0O0=00]
Q0= 0

]
[

575 (22.65)
SPECIFICATIONS
Measurement Range
Temperature -5t0 +35 °C ~ Data I/O
Conductivity 0to 9 S/m cable
Pressure 0to20/100/350/1000 /2000 /3500 /7000 meters
Initial Accuracy
Temperature 0.005 °C
Conductivity 0.0005 S/m
Pressure 0.1% of full scale range
Typical Stability (per month)
Temperature 0.0002 °C B
Conductivity 0.0003 S/m A'fl bleed
Pressure 0.004% of full scale range valve
Resolution
Temperature 0.0001 °C Yflttlng

Conductivity 0.00005 S/m (most oceanic waters; resolves 0.4 ppm in salinity)
0.00007 S/m (high salinity waters; resolves 0.4 ppm in salinity)
0.00001 S/m (fresh waters; resolves 0.1 ppm in salinity)

Pressure 0.002% of full scale range % Pump
Memory 8 Mbyte non-volatile FLASH memory inlet port
Data Storage Recorded Parameter Bytes/Sample
T+C 6 |- Pump
pressure 5 exhaust port
each external voltage 2
Real-Time Clock 32,768 Hz TCXO accurate to +1 minute/year ngmiM

optional 9-cell rechargeable nickel-cadmium battery pack
provides approximately 24 hours operation per charge

External Power Supply 9-28 VDC Conductivity cell guard

Internal Batteries 9 alkaline D-cells provide 60 hours continuous CTD operation; O

Power Requirements (covering temperature
Sampling 65 mA sensor, TC duct, &

SBE 5M pump 95 mA conductivity sensor)
Quiescent 30 YA

Auxiliary Voltage Sensors

Auxiliary power out up to 500 mA at 10.5-11 VDC

A/D resolution 14 bits

Input range 0-5VDC

Housing Materials — Depth Rating — Weight Water intake

Acetal Copolymer Plastic housing — 600 meter (1950 feet) — 7.3 kg (16 Ibs)
3AL-2.5V Titanium housing — 7000 meter (22,900 feet) — 13.7 kg (30 Ibs)

SB Sea-Bird Electronics, Inc. Email: seabird@seabird.com
1808 136th Place NE, Bellevue, Washington 98005 USA Telephone: (425) 643-9866
Website: http://www.seabird.com Fax: (425) 643-9954



Mini Submersible Pump

SBE 5M

The SBE 5M pump module consists of a centrifugal pump
head and a long-life, DC ball bearing motor contained in a
compact, titanium, pressure housing usable to
10,500 meters deep. The pump impeller and electric drive
motor are coupled magnetically through the housing,
providing high reliability by eliminating moving seals. Motor
speed and pumping rate remain constant over the entire
input voltage range. The motor drive electronics is
intrinsically protected against accidental reversed polarity.

APPLICATIONS

The SBE 5M is standard on the SBE 19 and 19plus
SEACAT Profiler CTD. It is optional on the SBE 16, 16plus,
and 16plus-IM SEACAT C-T Recorder. The pump flushes
water through the conductivity cell at a constant rate,
independent of the CTD's motion, improving dynamic
performance. For applications requiring pumping through
additional sensors (for example, a dissolved oxygen
sensor), use the SBE 5T pump instead.

Specify:

e Option 5M-1 for profiling (continuous duty) applications
such as the SBE 19plus.

e Option 5M-2 for moored (pulsed duty) applications such
as the SBE 16plus or 16plus-IM.

Contact Sea-Bird for use in other applications.

SPECIFICATIONS

Option 5M-1 (continuous duty):
Input voltage range 9 - 18 VDC

Flow Rate 25 ml/s supply current 95 ma
Note: Supply current is independent of operating voltage.

Option 5M-2 (pulsed duty):
Input voltage range 6 - 18 VDC

Pulse Duration Flow Volume Electrical Charge
0.5 seconds 15 ml 0.148 amp-seconds
1.0 seconds 21 mi 0.283 amp-seconds
1.5 seconds 31 ml 0.418 amp-seconds
2.0 seconds 40 ml 0.553 amp-seconds
Weight

In Air: 0.42 kg (0.91 Ibs)

In Water: 0.28 kg (0.60 Ibs)

0.5in.(13mm)

/\\< Intake \
o )
N4

2.03in.
(51 mm) "

0.5in. (13 mm)

I |
= 0.56 in. (14 mm)
I
@] ~+-=—— Plastic
impeller
housing
4.1 in.
(104 mm)
—— Titanium

1.7in.
(44 mm)

. 1.5in. __|
(38 mm)
XSG-2BCL-HP-SS
_ Pin Signal
(1) Ground
1@ «2 |(2) + Power

-~ Optional
. wet-pluggable

20 @1 connector,
MCBH-2MTI

06/03

Sea-Bird Electronics, Inc.

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

1808 136" Place NE, Bellevue, Washington 98005 USA

E-mail: seabird@seabird.com
Telephone: (425) 643-9866
Fax: (425) 643-9954
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S B E Sea-Bird Electronics, Inc. FAX: (425) 643-9954

1808 136th Place NE, Bellevue, Washington 98005 USA Tel: (425) 643-9866
m Website: http://www.seabird.com Email: seabird@seabird.com

SBE SM MINI SUBMERSIBLE PUMP CONFIGURATION SHEET

Serial Number: 0647
Job Number: 36026
Customer: NOAA/PMC

Delivery Date:  6/14/2004

Single Connector Housing with Titanium screws

Pressure Case: 10,500 meters (titanium)

Maxon Motor Type:
P/N 90337, Motor PN 20130 (Low power 6 VDC, 2000 RPM MAX) ]
P/N 90335, Motor PN 20130 (Low power 9 VDC, 2000 RPM MAX)

Vin 15V voltage across C2: 8.015 VDC  Current  7.73 mA
Vin 9V voltage across C2: 8.014 VDC  Current 74 mA

Vin 6V voltage across C2: 5.888 VDC  Current 7.61 mA

Pump submerged test, no load, Vin 12VDC Average current draw in water: 121 mA
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APPLICATION NOTE NO. 2D Revised December 2002

INSTRUCTIONS FOR CARE AND CLEANING OF CONDUCTIVITY CELLS

Since any conductivity sensor’s output reading is proportional to its dimensions, it is important to keep the cell
clean of internal coatings. Also, cell electrodes contaminated with oil, biological growths, or other foreign material
will cause low conductivity readings.

If the cell is allowed to dry out between usage, salt crystals may form on (and in) the platinized electrode surfaces.
When the instrument is next used, there will be a delay before these crystals are dissolved - in the meantime, sensor
accuracy may be affected. Therefore, we recommend that the cell be kept filled with distilled or de-ionized water
between uses. A length of 7/16" ID Tygon tubing is provided for this purpose, to be connected in such a way that
any air entrapped will be in the Tygon tube rather than in the cell.

An additional important benefit of keeping the cell ends closed with Tygon is to keep air-borne contaminants
(which are abundant on most research vessels) from entering the cell.

If it is not practical to keep the cell filled with distilled (or de-ionized) water between use (for example, in Arctic
environments where freezing is a hazard), flush the cell with clean fresh water (preferably distilled or de-ionized)
and close the cell with Tygon. Also, remember to keep the Tygon in a clean place (so that it does not pick up
contaminants) while the instrument is in use.

Experience indicates that in normal intermittent use (such as in CTD profiling operations), drift rates of
0.0003 S/m (0.003 mmho/cm) or less per month can be expected without any cleaning if the procedures described
above are followed.

The conductivity cell is primarily made of glass, and therefore is subject to breakage if mishandled. It is especially
important to use the right size Tygon tubing, since if you use tubing with a too small ID, it will be difficult to
remove the tubing, and the cell end may break if excessive force is used. The correct size tubing for all
instruments produced since 1980 is 7/16" ID, 9/16" OD, 1/16" wall. Instruments shipped prior to 1980 had
smaller retaining ridges at the ends of the cell, and 3/8" ID Tygon is required for these older instruments. It is better
to use Tygon (brand) than other plastic tubing, since it tends to remain flexible over a wide temperature range and
with age.

Do not insert any sort of cleaning probe (e.g., Q-tip) into the interior of the cell. If the platinized (black)
electrode surface is touched, it may be damaged and require the electrodes to be replatinized.

If a cell is filled with water, do not subject it to low temperatures that will freeze the water and break the cell.
Remove the water before shipment during the winter, or to polar regions at any season. No adverse affects
have been observed as a result of temporary dry storage, particularly if the cell is rinsed with fresh water
before storage.
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CELL CLEANING

Routine Cleaning (inside of cell not visibly dirty)

Fill the cell with a 1% solution of Triton X-100* and let soak for 30 minutes. This is most easily done by using a
length of 7/16" ID Tygon tubing to form a closed loop including the cell. After the soak, drain and flush with warm
(not hot) fresh water for 1 minute. Refill the cell with distilled (or de-ionized) water until the next usage.

Cleaning Severely Fouled Cells (visible deposits or marine growths on the inside of the cell)

Clamp the instrument so that the cell is vertical, and attach a length of 7/16" Tygon tubing to the lower end of the
cell. Use masking or other tape to secure the open end of the Tygon about even with the top end of the cell. Pour
Muriatic Acid (37% HCI) into the open end of the Tygon until the cell is filled to near the top and let soak for 1 to 2
minutes only. Avoid breathing the acid fumes!! Drain the acid from the cell and flush for 5 minutes with warm
(not hot) fresh water. Also rinse the exterior of the instrument to remove any spilled acid from the surface. Then fill
the cell with 1% Triton" solution, let stand for 5 minutes, and flush with warm fresh water for 1 minute. Refill with
distilled or de-ionized water until the next usage.

If this process does not remove the visible deposits, mechanically clean the cell with a small (0.275" diameter). soft-
bristled nylon bottle brush and 1% Triton solution. NOTE: Be extremely careful when cleaning, because the
platinum electrodes are thin and could be damaged if you use a brush that is too large or too stiff. The
electrodes must be replatinized after brush cleaning. Our service department will clean and replatinize your
cell for a nominal fee.

*Triton X-100 (a trade name of J. T. Baker, Inc) is a concentrated liquid non-ionic detergent available at most
chemical or scientific supply stores. Other liquid detergents can probably also be used, but scientific grades are
preferable because of their known composition. It is better to use a non-ionic detergent since conductivity readings
taken immediately after use are less likely to be affected by any residual detergent left in the cell.
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APPLICATION NOTE NO. 6 July 1994

DETERMINATION OF SOUND VELOCITY FROM CTD DATA

Use of CTD measurement for determination of sound velocity is appealing because these instruments are
simpler and more rugged and because their resolution, accuracy, and stability lead to far better precision
than can be obtained with direct SV measuring devices. For example, specifications of 0.01 mS/cm
conductivity, 0.01 degrees C temperature, and 1 meter in depth are readily achieved with good quality
CTD equipment. Assuming that the relationship between C, T, and D on the one hand and SV on the other
is exactly known (see below), the resulting uncertainty in SV would be as follows:

from temperature error (0.01 deg C) 0.021 meters/second
from conductivity error (0.01 mS/cm) 0.011 meters/second
from salinity error (0.01 psu) 0.012 meters/second
from depth error (1 meter) 0.017 meters/second

The equivalent SV errors (considered at 15 degrees C, 42.9 mS/cm, 35 psu, and O pressure, i.e, typical
open-ocean surface conditions) are much smaller than those wusually claimed for direct-
measurement instruments.

The question about the absolute accuracy of the inference of SV from CTD data is more difficult to
answer. The main reason for this is apparently the result of differences in the instrumentation used by
various researchers and is compounded by the difficulty of performing direct measurements of sound
velocity under controlled conditions of temperature, salinity, and (especially) pressure. For example,
3 widely used equations (Wilson, 1959; Del Grosso, 1972; Millero and Chen, 1977) show differences in
absolute sound speed on the order of 0.5 meter/second for various combinations of water temperature,
salinity, and pressure, despite being based on careful measurements made under laboratory conditions.

The work of Millero and Chen is, however, the most modern, and it builds upon and attempts to
incorporate the work of earlier investigators. Accordingly, the SV/CTD relationship described by these
researchers in their paper of 1977 was used as a major component in the derivation of the Equation of
State (Unesco technical papers in marine science no. 44). Millero and Chen's 1977 equation is also the one
endorsed by the Unesco/SCOR/ICES/IASPO Joint Panel on Oceanographic Tables and Standards which
comprises the internationally recognized authority for measurements of ocean parameters (in Sea-Bird's
SEASOFT software, users may select any of the 3 equations mentioned above).

We draw the following conclusions from the research papers listed above:

1) Investigators using specialized equipment under scrupulously controlled laboratory conditions
report measurements of SV vs. changes in temperature, salinity, and pressure which differ by
0.5 meters/second and more. It is unrealistic to expect that commercial direct-measurement
instruments will be more accurate under field conditions than the laboratory equipment used by
successions of careful researchers.
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2)

3)

4)

5)

The claimed 'accuracy' of commercial direct-measurement SV probes probably more legitimately
represents their 'precision' (compare with CTD/SV uncertainties tabulated above) than their
absolute accuracy. The relationship between what these instruments read and true sound velocity
is probably just as dependent on the same vagaries that are also the only significant sources of
error when employing the CTD approach.

Because of the uncertainties in the time-delays associated with the acoustic transducers and
electronics (and because of the difficulty of measuring with sufficient accuracy the length of the
acoustic path), direct-measurement probes must be calibrated in water. As suggested by the
research under controlled laboratory conditions, this is not an easy task, especially over a range of
temperature, pressure, and salinity. On the other hand, a CTD probe can easily be calibrated
using accepted methods.

A CTD can predict absolute SV to something better than 0.5 meter/second (a judgement seconded
by Professor Millero in a private conversation), while its relative accuracy (precision) is probably
better than 0.05 meter/s under the most demanding conditions of field use.

The very high precision associated with CTD measurements and the existence of an internationally
accepted relationship (even if imperfect) between CTD and SV permits very consistent
intercomparison and a high degree of uniformity among CTD-derived SV data sets, no matter
when and where taken.
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APPLICATION NOTE NO. 10 Revised May 2004

COMPRESSIBILITY COMPENSATION
OF SEA-BIRD CONDUCTIVITY SENSORS

Sea-Bird conductivity sensors provide precise characterization of deep ocean water masses. To achieve the accuracy
of which the sensors are capable, an accounting for the effect of hydrostatic loading (pressure) on the conductivity
cell is necessary. Conductivity calibration certificates show an equation containing the appropriate pressure-
dependent correction term, which has been derived from mechanical principles and confirmed by field observations.
The form of the equation varies somewhat, as shown below:

SBE 4, 9, 9plus, 16, 19, 21, 25, and 26/26plus

(g +hf2+if>+jf*)/10

Conductivity (Siemens/meter) = slope + offset (recommended)

or

1 + [CTcor]t + [CPcor] p

@f™+ bf?+c+dt)/10

Conductivity (Siemens/meter) = slope + offset

1 +[CPcor] p

SBE 16plus, 19plus, 37, 45, and 49

g+ hf2+if>+jf*

Conductivity (Siemens/meter) = slope + offset

1 + [CTcor]t + [CPcor] p

where

a, b, ¢, d, m, and CPcor are the calibration coefficients used for older sensors (prior to January 1995);
Sea-Bird continues to calculate and print these coefficients on the calibration sheets for use with

old software, but recommends use of the g, h, I, j, CTcor, CPcor form of the equation for most
accurate results

g, h, L, j, CTcor, and CPcor are the calibration coefficients used for newer sensors

CPcor isthe correction term for pressure effects on conductivity

slope and offset are correction coefficients used to make corrections for sensor drift between calibrations;
set to 1.0 and O respectively on initial calibration by Sea-Bird (see Application Note 31 for details on
calculating slope and offset)

f is the instrument frequency (kHz)

t is the water temperature (°C)

p is the water pressure (decibars)

Sea-Bird CTD data acquisition, display, and post-processing software SEASOFT automatically implements
these equations.
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DISCUSSION OF PRESSURE CORRECTION

Conductivity cells do not measure the specific conductance (the desired property), but rather the conductance of a
specific geometry of water. The ratio of the cell’s length to its cross-sectional area (Cell constant) is used to relate the
measured conductance to specific conductance. Under pressure, the conductivity cell’s length and diameter are
reduced, leading to a lower indicated conductivity. The magnitude of the effect is not insignificant, reaching
0.0028 S/m at 6800 dbars.

The compressibility of the borosilicate glass used in the conductivity cell (and all other homogeneous, noncrystalline
materials) can be characterized by E (Young’s modulus) and v (Poisson’s ratio). For the Sea-Bird conductivity cell,
E=9.1x 10° psi, v=0.2, and the ratio of indicated conductivity divided by true conductivity is:

l1+s
where s= (CPcor) (p)
Typical value for CPcor is - 9.57 x 10°® for pressure in decibars or - 6.60x 10™ for pressure in psi

Note: This equation, and the mathematical derivations below, deals only with the pressure correction term, and does
not address the temperature correction term.

MATHEMATICAL DERIVATION OF PRESSURE CORRECTION
For a cube under hydrostatic load:

AL/L=s=-p(1-2Vv)/E

where

e pis the hydrostatic pressure

e Eis Young’s modulus

e vis Poisson’s ratio

e AL /L and sare strain (change in length per unit length)

Since this relationship is linear in the forces and displacements, the relationship for strain also applies for the length,
radius, and wall thickness of a cylinder.

To compute the effect on conductivity, note that Ry = pL / A , where Ry is resistance of the material at 0 pressure,
p is volume resistivity, L is length, and A is cross-sectional area. For the conductivity cell A = r* , where r is the
cell radius. Under pressure, the new length is L (1 + s) and the new radius is r (1 + 8). If R, is the cell resistance
under pressure:

R,=pL(1+9)/(mr’[l+s)=pL/nr’(1+5)=Ry/(1+59)
Since conductivity is 1/R:

C,=Co(1+9) and Co=C,/(1+9=C,/(1+ [Cpcor][p])
where

o C, is conductivity at 0 pressure

e C, is conductivity measured at pressure

A less rigorous determination may be made using the material’s bulk modulus. For small displacements in a cube:
AV/V=3AL/L=-3p(1-2v)/E or AV/V=-p/K
where

e AV/Vis the change in volume per volume or volume strain
o Kis the bulk modulus. K is related to Eand vby K=E /3 (1 -2 v).

In this case, AL /L =-p/3K.



Sea-Bird Electronics, Inc.
1808 136th Place NE

m Bellevue, WA 98005
USA

Phone: (425) 643-9866

Fax: (425) 643-9954

E-mail: seabird @ seabird.com
Web: www.seabird.com

APPLICATION NOTE NO. 14 January 1989

1978 PRACTICAL SALINITY SCALE

Should you not be already familiar with it, we would like to call your attention to the January 1980 issue of the IEEE
Journal of Oceanic Engineering, which is dedicated to presenting the results of a multi-national effort to obtain a
uniform repeatable Practical Salinity Scale, based upon electrical conductivity measurements. This work has been
almost universally accepted by researchers, and all instruments delivered by Sea-Bird since February 1982 have been
supplied with calibration data based upon the new standard.

The value for conductivity at 35 ppt, 15 degrees C, and 0 pressure [C(35,15,0)] was not agreed upon in the IEEE
reports -- Culkin & Smith used 42.914 mmho/cm (p 23), while Poisson used 42.933 mmho/cm (p 47). It really does
not matter which value is used, provided that the same value is used during data reduction that was used to compute
instrument calibration coefficients. Our instrument coefficients are computed using C(35,15,0) = 42.914 mmho/cm.

The PSS 1978 equations and constants for computing salinity from in-situ measurements of conductivity,
temperature, and pressure are given in the 'Conclusions' section of the IEEE journal (p 14) and are reproduced back
of this note. In the first equation, 'R’ is obtained by dividing the conductivity value measured by your instrument by
C(35,15,0), or 42.914 mmho/cm. Note that the PSS equations are based upon conductivity in units of mmho/cm,
which are equal in magnitude to units of mS/cm. If you are working in conductivity units of Siemens/meter
(S/m), multiply your conductivity values by 10 before using the PSS 1978 equations.

Also note that the equations assume pressure relative to the sea-surface. Absolute pressure gauges (as used in all
Sea-Bird CTD instruments) have a vacuum on the reference side of their sensing diaphragms and indicate
atmospheric pressure (nominally 10.1325 dBar) at the sea-surface. This reading must be subtracted to obtain
pressure as required by the PSS equations. The pressure reading displayed when using Sea-Bird's SEASOFT CTD
acquisition, display, and post-processing software is the corrected sea-surface pressure and is used by SEASOFT to
compute salinity, density, etc in accordance with the PSS equations.
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1978 PRACTICAL SALINITY SCALE EQUATIONS, from IEEE Journal of Oceanic Engineering,
Vol. DE-5, Mo, 1, January 1980, page 14,

CONCLUSIONS

Using Mewly generated data, a fit has been made giving the
following algorithm for the calculation of salinity from dam
of the form:

R oS, TP
O35, 15, m

Tin °C (TPTS "68), P in decibars.

R _ FX (A, + A.F + 4.PY)
Rr=——Rp=1+ =
Rprr | +B T+ 8,7 + ByR + B RT

.|']ﬂ=i.7{| -‘CLT+|:=T2 4_,:.3}"\3 +:4]'"'

3426 % 1072
Ay =—5370 % 107" B, = 4484 % 10°°
Ay= 3939% 1075 By= 4215% |p=!

A= 2070%10°% B

By =—3.107 % 107°
£y = 6766097 X 10°°
¢y = 200564 X 10-2
ey = 1104259 X 10=*
ey =—69698 XK 1077

£g = 10031 ¥ 10-°
4

= 2’ o, L=15) 3 b2
= a ——rrEea
o i 1+KT—15) 5 !

gg = 00080 by = 00005 k= (0162,

ay ==0.1692 b, =—0.0056
@y = 153851 by =—0.0068
23 = 140941 by ==0.0375
aq ==T0261 &, = D638
gy = 27081 by = —0.0144
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APPLICATION NOTE 27Druck NOVEMBER 2003

Minimizing Strain Gauge Pressure Sensor Errors
The following Sea-Bird instruments use strain gauge pressure sensors manufactured by GE Druck:

SBE 16plus and 16plus-IM SEACAT (not 16*) with optional strain gauge pressure sensor

SBE 19plus SEACAT Profiler (not 19%)

SBE 25 SEALOGGER CTD, which uses SBE 29 Strain-Gauge Pressure Sensor (built after March 2001)

SBE 37 MicroCAT (37-IM, -IMP, -SM, -SMP, and -SI) with optional pressure sensor (built after September 2000)
SBE 39 Temperature Recorder with optional pressure sensor (built after September 2000)

SBE 49 FastCAT CTD Sensor

SBE 50 Digital Oceanographic Pressure Sensor

* Note: SBE 16 and SBE 19 SEACATS were originally supplied with other types of pressure sensors. However, a few
of these instruments have been retrofitted with Druck sensors.

The Druck sensors are designed to respond to pressure in nominal ranges 0 - 20 meters, 0 - 100 meters, 0 - 350 meters,
0 — 1000 meters, 0 — 2000 meters, 0 — 3500 meters, and 0 — 7000 meters (with pressures expressed in meters of
deployment depth capability). The sensors offer an initial accuracy of 0.1% of full scale range.

DEFINITION OF PRESSURE TERMS

The term psia means pounds per square inch, absolute (absolute means that the indicated pressure is referenced to
a vacuum).

For oceanographic purposes, pressure is most often expressed in decibars (1 dbar = 1.4503774 psi). A dbar is 0.1 bar; a
bar is approximately equal to a standard atmosphere (1 atmosphere = 1.01325 bar). For historical reasons, pressure at
the water surface (rather than absolute or total pressure) is treated as the reference pressure (0 dbar); this is the value
required by the UNESCO formulas for computation of salinity, density, and other derived variables.

Some oceanographers express pressure in Newtons/meter” or Pascals (the accepted SI unit). A Pascal is a very small
unit (1 psi = 6894.757 Pascals), so the mega-Pascal (MPa = 10° Pascals) is frequently substituted (1 MPa = 100 dbar).

Since the pressure sensors used in Sea-Bird instruments are absolute types, their raw data inherently indicate
atmospheric pressure (about 14.7 psi) when in air at sea level. Sea-Bird outputs pressure in one of the following ways:

e For CTDs that output raw data (SBE 16plus, 16plus-IM, 19plus, 25, and 49) and are supported by SEASOFT’s
SEASAVE (real-time data acquisition) and SBE Data Processing (data processing) software — In SEASOFT, user
selects pressure output in psi (not psia) or dbar. SEASOFT subtracts 14.7 psi from the raw absolute reading and
outputs the remainder as psi or converts the remainder to dbar.

e  For the SBE 50 — User selects pressure output in psia (including atmospheric pressure) or dbar. Calculation of dbar
is as described above.

e  For all other instruments that can output converted data in engineering units (SBE 16plus, 16plus-IM, 19plus,
37, 39, and 49) — Instrument subtracts 14.7 psi from the raw absolute reading and converts the remainder to dbar.

Note: SBE 16plus, 16plus-IM, 19plus, and 49 can output raw or converted data.

RELATIONSHIP BETWEEN PRESSURE AND DEPTH

Despite the common nomenclature (CTD = Conductivity - Temperature - Depth), all CTDs measure pressure, which is
not quite the same thing as depth. The relationship between pressure and depth is a complex one involving water
density and compressibility as well as the strength of the local gravity field, but it is convenient to think of a decibar as
essentially equivalent to a meter, an approximation which is correct within 3% for almost all combinations of salinity,
temperature, depth, and gravitational constant.

1
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SEASOFT offers two methods for estimating depth from pressure.

e  For oceanic applications, salinity is presumed to be 35 PSU, temperature to be 0° C, and the compressibility of the
water (with its accompanying density variation) is taken into account. This is the method recommended in
UNESCO Technical Paper No. 44 and is a logical approach in that by far the greatest part of the deep-ocean water
column approximates these values of salinity and temperature. Since pressure is also proportional to gravity and
the major variability in gravity depends on latitude, the user’s latitude entry is used to estimate the magnitude of the
local gravity field.

» SBE 16plus, 16plus-IM, 19plus, 25, and 49 - User is prompted to enter latitude if Depth [salt water] is selected
as a display variable in SEASAVE or as an output variable in the Data Conversion or Derive module of
SBE Data Processing.

» SBE 37-SI and 50 - Latitude is entered in the instrument’s EEPROM using the LATITUDE= command in
SEASOFT’s SEATERM (terminal program) software.

» SBE 39 — User is prompted to enter latitude if conversion of pressure to depth is requested when converting an
uploaded .asc file to a .cnv file in SEATERM.

e  For fresh water applications, compressibility is not significant in the shallow depths encountered and is ignored, as
is the latitude-dependent gravity variation. Fresh water density is presumed to be 1 gm/cm, and depth (in meters) is
calculated as 1.019716 * pressure (in dbars).

CHOOSING THE RIGHT SENSOR

Initial accuracy and resolution are expressed as a percentage of the full scale range for the pressure sensor. The

initial accuracy is 0.1% of the full scale range. Resolution is 0.002% of full scale range, except for the SBE 25

(0.015% resolution). For best accuracy and resolution, select a pressure sensor full scale range to correspond to no more
than the greatest depths to be encountered. The effect of this choice on CTD accuracy and resolution is shown below:

Range Maximum Initial Error | SBE 16plus, 16plus-IM, 19plus, 37, 39, 49, & 50 - SBE 25 -
(meters) (meters) Resolution (meters) Resolution (meters)
0-20 0.02 0.0004 0.003
0-100 0.10 0.002 0.015
0-350 0.35 0.007 0.052
0—1000 1.0 0.02 0.15
0 -2000 2.0 0.04 0.30
0-3500 35 0.07 0.52
0 - 7000 7.0 0.14 1.05

The meaning of accuracy, as it applies to these sensors, is that the indicated pressure will conform to true pressure to
within + maximum error (expressed as equivalent depth) throughout the sensor’s operating range. Note that a
7000-meter sensor reading + 7 meters at the water surface is operating within its specifications; the same sensor would
be expected to indicate 7000 meters + 7 meters when at full depth.

Resolution is the magnitude of indicated increments of depth. For example, a 7000-meter sensor on an SBE 25
(resolution 1.05 meters) subjected to slowly increasing pressure will produce readings approximately following the
sequence 0, 1.00, 2.00, 3.00 (meters). Resolution is limited by the design configuration of the CTD’s A/D converter.
For the SBE 25, this restricts the possible number of discrete pressure values for a given sample to somewhat less than
8192 (13 bits); an approximation of the ratio 1 : 7000 is the source of the SBE 25°s 0.015% resolution specification.

Note: SEASOFT (and other CTD software) presents temperature, salinity, and other variables as a function of depth or
pressure, so the CTD’s pressure resolution limits the number of plotted data points in the profile. For example, an

SBE 25 with a 7000-meter sensor might acquire several values of temperature and salinity during the time required to
descend from 1- to 2-meters depth. However, all the temperature and salinity values will be graphed in clusters
appearing at either 1 or 2 meters on the depth axis.

High-range sensors used in shallow water generally provide better accuracy than their absolute specifications indicate.
With careful use, they may exhibit accuracy approaching their resolution limits. For example, a 3500-meter sensor has
a nominal accuracy (irrespective of actual operating depth) of + 3.5 meters. Most of the error, however, derives from
variation over time and temperature of the sensor’s offset, while little error occurs as a result of changing sensitivity.

2




MINIMIZING ERRORS
Offset Errors

The primary offset error due to drift over time can be eliminated by comparing CTD readings in air before beginning
the profile to readings from a barometer. Follow this procedure:

1. Allow the instrument to equilibrate in a reasonably constant temperature environment for at least 5 hours. Pressure
sensors exhibit a transient change in their output in response to changes in their environmental temperature;
allowing the instrument to equilibrate before starting will provide the most accurate calibration correction.

2. Place the instrument in the orientation it will have when deployed.

3. Set the pressure offset to 0.0:
e Inthe .con file, using SEASAVE or SBE Data Processing (for SBE 16plus, 16plus-IM, 19plus, 25, or 49).
e Inthe CTD’s EEPROM, using the appropriate command in SEATERM (for SBE 16plus, 16plus-IM, 19plus,
37,39, 49, or 50).

4. Collect pressure data from the instrument using SEASAVE or SEATERM (see instrument manual for details). If
the instrument is not outputting data in decibars, convert the output to decibars.

5. Compare the instrument output to the reading from a good barometer placed at the same height as the pressure
sensor. Calculate offSet (decibars) = barometer reading (converted to decibars) — instrument reading (decibars).

6. Enter calculated offset in decibars:
e Inthe .con file, using SEASAVE or SBE Data Processing (for SBE 16plus, 16plus-IM, 19plus, 25, or 49).
e Inthe CTD’s EEPROM, using the appropriate command in SEATERM (for SBE 16plus, 16plus-IM, 19plus,
37,39, 49, or 50).

Note: For instruments that store calibration coefficients in EEPROM and also use a .con file (SBE 16plus, 16plus-IM,
19plus, and 49), set the pressure offset (Steps 3 and 6 above) in both the EEPROM and in the .con file.

Offset Correction Example

Pressure measured by a barometer is 14.65 psia. Pressure displayed from instrument is -2.5 dbars.
Convert barometer reading to dbars using the relationship:  (psia — 14.7) * 0.6894759 = dbars
Barometer reading = (14.65 — 14.7) * 0.6894759 = -0.034 dbars

Offset =-0.034 — (-2.5) =+ 2.466 dbar

Enter offset in .con file (if applicable) and in instrument EEPROM (if applicable).

Another source of offset error results from temperature-induced drifts. Because Druck sensors are carefully temperature
compensated, errors from this source are small. Offset errors can be estimated for the conditions of your profile, and
eliminated when post-processing the data in SBE Data Processing by the following procedure:

1. Immediately before beginning the profile, take a pre-cast in air pressure reading.
2. Immediately after ending the profile, take a post-cast in air pressure reading with the instrument at the same
elevation and orientation. This reading reflects the change in the instrument temperature as a result of being

submerged in the water during the profile.

3. Calculate the average of the pre- and post-cast readings. Enter the negative of the average value (in decibars) as the
offset in the .con file.
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Hysteresis Errors

Hysteresis is the term used to describe the failure of pressure sensors to repeat previous readings after exposure to other
(typically higher) pressures. The Druck sensor employs a micro-machined silicon 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.

Power Turn-On Transient

Druck pressure sensors exhibit virtually no power turn-on transient. The plot below, for a 3500-meter pressure sensor in
an SBE 19plus SEACAT Profiler, is representative of the power turn-on transient for all pressure sensor ranges.

19p-4492-3.5Kk.cnv
0.20

0158+

0.10+

_0.0aA

=

=

[}
=

Depth [salt water, m

-0.05+

-0.10+

-0.154

_DQDIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0o 05 1.0 14 20 25 3.0 38 4.0 445 5.0
Time, Elapsed [minutes]

Thermal Transient

Pressure sensors exhibit a transient change in their output in response to changes in their environmental temperature, so
the thermal transient resulting from submersion in water must be considered when deploying the instrument.

During calibration, the sensors are allowed to warm-up before calibration points are recorded. Similarly, for best depth
accuracy the user should allow the CTD to warm-up for several minutes before beginning a profile; this can be part of
the soak time in the surface water. Soaking also allows the CTD housing to approach thermal equilibrium (minimizing
the housing's effect on measured temperature and conductivity) and permits a Beckman- or YSI-type dissolved oxygen
sensor (if present) to polarize.
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APPLICATION NOTE NO. 31 September 2001

Computing Temperature and Conductivity Slope and Offset Correction Coefficients from
Laboratory Calibrations and Salinity Bottle Samples

Conductivity Sensors

SEASOFT’s prompt for slope and offset values when the conductivity sensor is selected when setting up the
configuration (.con) file permits the user to make corrections for sensor drift between calibrations. For newly calibrated
sensors use slope = 1.0, offset = 0.0. The correction formula is:

(corrected conductivity) = slope * (computed conductivity) + offset

The conductivity sensor usually drifts by changing span (the slope of the calibration curve), and changes are typically
toward lower conductivity readings with time. Offset error in conductivity (error at O S/m) is usually due to electronics
drift, which is usually less than +0.0001 S/m per year. Offsets greater than +0.0002 S/m are symptomatic of sensor
malfunction. Sea-Bird, therefore, recommends drift corrections to conductivity sensors be made by assuming no offset
error, unless there is strong evidence to the contrary or a special need.

As an example of computing these correction coefficients, if we had the following calibration data:

true conductivity: 3.5 S/m
instrument reading: 3.49965 S/m

slope = 3.5 /3.49965 = 1.000100
Correcting for Conductivity Drift Based on Pre- and Post-Cruise Laboratory Calibrations

Suppose a conductivity sensor is calibrated (pre-cruise), then immediately used at-sea, and then returned for post-cruise
calibration. The pre- and post-cruise calibration data can be used to generate a slope correction for data taken between
the pre- and post-cruise calibrations.

If a is the conductivity computed from the pre-cruise bath data (temperature and frequency) using post-cruise
calibration coefficients and p is the true conductivity in the pre-cruise bath, then:

(@B

1

M s

Postslope = (postslope is typically < 1.0)

(@)(ay)

1

M s

Beginning in February 1995, the value for postslope was calculated and printed on the conductivity calibration sheet.
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To correct conductivity data taken between pre- and post-cruise calibrations:

Let:
n = number of days between pre- and post-cruise calibrations
b = number of days between pre-cruise calibration and the cast to be corrected
islope = interpolated slope; this is the value to enter in the .con file
postslope = slope from calibration sheet as calculated above

islope = 1.0 + (b / n) ((1/ postslope) - 1.0)
In the .con file, use the pre-cruise calibration coefficients and use islope for the value of slope.*

Note: The CTD configuration (.con) file is edited using the Configure menu (in SEASAVE or SBE Data Processing in
our SEASOFT-Win32 suite of programs) or SEACON (in SEASOFT-DOS).

For typical conductivity drift rates (equivalent to -0.003 PSU/month), islope would not need to be recalculated more
frequently than at weekly intervals.

* You can also calculate preslope. If a is the conductivity computed from the post-cruise bath data (temperature
and frequency) using pre-cruise calibration coefficients and B is the true conductivity in the post-cruise bath, then:

(@B

M s

Preslope = (preslope is typically > 1.0)

(@)(ay)

M s

In this case, pre-cruise calibration coefficients would be used and:
islope = 1.0 + (b / n) (preslope - 1.0)

Correcting for Conductivity Drift Based on Salinity Bottles Taken At-Sea

For this situation the pre-cruise calibration coefficients are used to compute conductivity and CTD salinity. Salinity
samples are obtained using water sampler bottles during CTD profiles, and the difference between CTD salinity and
bottle salinity is used to determine the drift in conductivity.

In using this method to correct conductivity, it is important to realize that differences between CTD salinity and
hydrographic bottle salinity are due to errors in conductivity, temperature, and pressure measurements (as well as
errors in obtaining and analyzing bottle salinity values). All CTD temperature and pressure errors and bottle errors
must first be corrected before attributing the remaining salinity difference as CTD conductivity error and proceeding
with conductivity corrections.

Suppose that at a Pacific Ocean station, three salinity bottles are taken during a CTD profile and assume for this
discussion that shipboard analysis of the bottle salinities is perfect. The bottle salinities and the uncorrected CTD data
might be:




Approximate Bottle CTD Raw CTD Raw CTD Temperature | CTD Pressure
Depth (m) Salinity Salinity Conductivity (S/m) (9] (dbar)

200 34.9770 34.9705 4.63421 18.3924 202.7

1000 34.4710 34.4634 3.25349 3.9841 1008.8

4000 34.6850 34.6778 3.16777 1.4527 4064.1

The uncorrected salinity differences (CTD salinity - bottle salinity) are approximately -0.007 ppt. To determine
conductivity drift, the CTD temperature and pressure data must first be corrected. Suppose that the error in temperature
measurements is +0.0015 C uniformly at all temperatures, and the error in pressure is +0.5 dbar uniformly at all
pressures. The drift offsets are obtained by projecting the drift history of both sensors from pre-cruise calibrations. If
these offsets are entered in the .con file, the correct CTD temperature and pressure will be the reported raw values and
will need no further correction. In addition, the CTD raw salinity will be reported using the correct CTD temperature
and pressure. This correction method also assumes that the pressure coefficient for the conductivity cell is correct. The
CTD data with corrected temperature and pressure are:

Correct CTD Correct CTD CTD Conductivity CTD Salinity Bottle Salinity
Pressure (dbar) Temperature (°C) (S/m) T,P Corrected
202.2 18.3909 4.63421 34.9719 34.9770
1008.3 3.9826 3.25349 34.4652 34.4710
4063.6 1.4512 3.16777 34.6796 34.6850

The (CTD-bottle) salinity difference of -0.005 ppt is now properly assigned as conductivity error, equivalent to about -
0.0005 S/m at 4.0 S/m. By plotting the conductivity error versus conductivity, it is evident that the drift is primarily a
slope change.

The program SEACALC (in SEASOFT-DOS) can be used to compute bottle conductivity. Enter bottle salinity for
salinity, CTD corrected temperature for temperature, and CTD corrected pressure for pressure.

CTD Conductivity (S/m) | Bottle Conductivity (S/m) | [CTD - Bottle] Conductivity (S/m)
4.63421 4.63481 -0.00060
3.25349 3.25398 -0.00049
3.16777 3.16821 -0.00044

If a is the CTD conductivity computed with pre-cruise coefficients and f is the true bottle conductivity then:

(@B

M s

slope = (slope is typically > 1.0)

(@)(ay)

M s

Using the above data, the slope correction coefficient for conductivity at this station is slope = +1.000137. Following
Sea-Bird's recommendation of assuming no offset error in conductivity, offset is set to 0.0.

For typical Sea-Bird sensors that are calibrated regularly, 70 - 90% of the CTD salinity error is due to conductivity
calibration drift, 10 - 30% is due to temperature calibration drift, and only 0% - 10% is due to pressure calibration drift.
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Temperature Sensors
SEASOFT’s prompt for slope and offset values when the temperature sensor is selected when setting up the
configuration (.con) file permits the user to make corrections for sensor drift between calibrations. For newly calibrated

sensors, use slope = 1.0, offset = 0.0. The correction formula is:

(corrected temperature) = slope * (computed temperature) + offset

where :
slope = (true temperature span) / (instrument temperature span)
offset = (true temperature - instrument reading) * slope measured at 0.0 °C

As an example of computing the correction coefficients, if we had the following calibration data:

true temperature 0.0°C 25.0°C
instrument reading 0.0015 °C 25.0013 °C
slope = (true temperature span) / (instrument temperature span)

=(25.0-0.0)/(25.0013 - 0.0015) =1.000008000

offset = (true temperature - instrument reading) * slope measured at 0.0 °C
= (0.0 - 0.0015) * (1.000008000) =-0.00150002

For this example Sea-Bird would recommend the drift correction values (entered in the .con file)
slope =1.0 offset =-0.0015

Sea-Bird temperature sensors usually drift by changing offset (an error of equal magnitude at all temperatures). In
general, the drift can be toward higher or lower temperature with time; however, for a specific sensor the drift will
remain the same sign (direction) for many consecutive years. A large span error (change in calibration slope) indicates
an unusual aging of electronic components and is symptomatic of sensor malfunction. Sea-Bird therefore recommends
that drift corrections to temperature sensors be made by assuming no slope error, unless there is strong evidence to the
contrary or a special need.

Sensors with serial numbers less than 1050 drift more typically toward higher temperature with time, while sensors with
serial numbers greater than 1050 drift more typically toward lower temperature with time. Many years of experience
with hundreds of sensors indicates that the drift is smooth and uniform with time, allowing users to make very accurate
drift corrections to field data based only on pre- and post-cruise laboratory calibrations.

Calibration checks at-sea are advisable for consistency checks of the sensor drift rate and for early detection of sensor
malfunction. However, data from reversing thermometers is rarely accurate enough to make calibration corrections that
are better than those possible by shore-based laboratory calibrations. A proven alternate consistency check is to use dual
SBE 3 temperature sensors on a CTD and to track the difference in drift rates between the two sensors. In the deep
ocean, where temperatures are uniform, the difference in temperature measured by two sensors can be resolved to better
than 0.0002 °C and will change smoothly with time as predicted by the difference in drift rates of the two sensors.

The temperature sensors rarely exhibit span errors larger than 0.005 °C over the range -5 to 35 °C even after years of
drift. A span error that increases by more than +0.0002 [°C per °C per year] is symptomatic of sensor malfunction.
Previous to January 1993 some calibrations have been delivered that include span errors up to 0.004 °C in 30 °C
(span error of 0.000133) because of undetected systematic errors in calibration. Temperature calibrations preformed at
Sea-Bird after January 1995 have span error less than 0.0002 °C in 30 °C.
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Correcting for Temperature Drift Based on Pre- and Post-Cruise Laboratory Calibrations

Suppose a temperature sensor is calibrated (pre-cruise), then immediately used at-sea for 4 months, and then returned
for post-cruise calibration. Converting the post-cruise calibration data using the pre-cruise coefficients, we obtain
the estimates:

Real Temperature........ 0.0°....... 25.0°C
Instrument Reading..... 0.002°... 25.001°C

These calibration data correspond to offset error = +0.002 °C, and span error = -0.00004 [°C per °C] at the end of
4 months of use. The correction coefficients are slope= 1.000040002, offset= -0.00200008. Note the difference
between the error value and the value of the correction coefficient.

For preliminary work at sea, use the pre-cruise calibration coefficients and slope = 1.0, offset = 0.0. Temperature
data obtained during the cruise is corrected for drift using properly scaled values of correction coefficients. Data
from the end of the second month at sea would be converted using pre-cruise coefficients and slope=1.00002,
offset=-0.001. At the end of the 4-month cruise, data could be converted by either using pre-cruise coefficients and
slope=1.00004, offset=-0.002, or by using post-cruise coefficients and slope= +1.0, offset = 0.0.
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APPLICATION NOTE NO. 34 January 1992

CONDUCTIVITY CELL FILLING AND STORAGE DEVICE P/N 50087
INSTRUCTIONS FOR USE

Figure 1

Sea-Bird recommends keeping the conductivity
cell full of purified water (except in freezing
environments) during periods when the CTD is not
being used. This is important in keeping the cell

- free from contamination and in keeping the

electrodes wetted and ready for immediate use.

- CTDs with pumped conductivity cells (SBE 911,

SBE 25, and some SEACATs) are shipped with
syringe and tubing assembly (P/N 50087) as an
accessory for filling and storing the conductivity

— TN cell. The tubing assembly consists of a length of
— 1/4 inch LD. tube connected to a short piece of
|| 7/16 inch L.D. tube by a plastic reducing union.

To fill the conductivity cell, draw about 40-60 cc of
purified water into the syringe, connect the plastic
tubing to the TC duct intake on the temperature
(] sensor [Figure 1], (or to the open end of the
@E conductivity cell on systems without the TC duct

[Figure 2]) and inject water into the cell and
pump plumbing.

For CTDs with a TC duct, remove the plastic
reducing union and connect the smaller diameter

tubing directly to the TC duct. For CTDs without a

TC duct, leave the reducing union and large
diameter tubing attached and carefully connect the

Figure 2

tubing directly to the end of the glass conductivity
cell [Figure 2].

After filling the conductivity cell, loop the rubber
band around a bar on the CTD cage and back over
the top of the syringe to secure the apparatus for
storage.

REMEMBER TO REMOVE THE SYRINGE
AND TUBING ASSEMBLY BEFORE
DEPLOYMENT!
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APPLICATION NOTE NO. 40 Revised November 2002

SBE ST PUMP SPEED ADJUSTMENT INSTRUCTIONS

Equipment: DC power supply Drawings: 31441 (schematic)
Frequency counter 40630 (3000 rpm pump)
40631 (1300 rpm pump)

The pump housing must be disassembled to adjust the pump speed. Referencing above drawings:

1. Remove the white plastic end cap retainer ring located at the connector end of the pump by twisting in a
counter-clockwise motion.

2. Install a 2-pin dummy plug with locking sleeve (P/N 17044.1) over the bulkhead connector. This will
provide a good grip on the pump connector and will protect the connector pins.
Rotate the connector back and forth while carefully pulling the end cap away from the housing. Pull the
end cap (piston o-ring seal) out of the housing. The motor and electronics assembly are attached to the
end cap and will come out as a unit.

3. Connect the positive lead of your frequency counter to the yellow test post (T1) (drawing 40630/40631).
Connect the frequency counter ground (negative) to the power supply ground (negative).

4a. For low voltage pump (pump with LV in the serial number), supply 6 volts DC power to either
the bulkhead connector (large pin is common, small pin is positive) or connect directly to the PCB
(P8 is positive, P19 or P18 is common, drawing 40630/40631).

4b. For normal voltage pump, supply 12 volts to either the bulkhead connector (large pin is common,
small pin is positive) or connect directly to the PCB (P8 is positive, P19 or P18 is common,
drawing 40630/40631).

5. A 2K ohm potentiometer (R11, drawing 40630/40631) is located on the back side of the board. Adjust the
potentiometer to obtain the frequency corresponding to the desired speed (Frequency * 30 = RPM).
With the Pittman 18.2Q motor (P/N 3711B113), set the jumper position P15 to P17 (1300 rpm) and P12
to P13 (1300 rpm), and adjust the speed as desired, up to the nominal maximum of 2000 rpm. With the
Pittman 7.4Q motor (P/N 3711B112), set the jumper position P15 to P16 (3000 rpm) and P14 to P13
(3000 rpm), and adjust the speed as desired, up to the nominal maximum of 4500 rpm. To adjust speed
of the 7.4Q motor below approximately 2200 rpm, set the jumper position P15 to P17 (1300 rpm) and
P12 to P13 (1300 rpm), and adjust speed using the potentiometer.

6. Disconnect the frequency counter and the power supply. Make sure the O-ring and mating surfaces
are clean. Lightly lubricate before inserting the connector end cap into the housing cylinder. Replace the
pump end cap retainer.
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Sea-Bird Electronics, Inc. Phone: (425) 643-9866
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Web: www.seabird.com

APPLICATION NOTE NO. 42 Revised September 2001

ITS-90 TEMPERATURE SCALE

Beginning January 1995, Sea-Bird temperature calibration certificates list a new set of coefficients labeled g, A, i, j,
and FO. These coefficients correspond to ITS90 (T90) temperatures and should be entered by those researchers
working with SEASOFT-DOS Versions 4.208 and higher (and all versions of SEASOFT-Win32). For the
convenience of users who prefer to use older SEASOFT versions, the new certificates also list a, b, ¢, d, and FO
coefficients corresponding to IPTS68 (T68) temperatures as required by SEASOFT-DOS versions older than 4.208.

It is important to note that the international oceanographic research community will continue to use T68 for
computation of salinity and other seawater properties. Therefore, following the recommendations of Saunders (1990)
and as supported by the Joint Panel on Oceanographic Tables and Standards (1991), SEASOFT-DOS 4.200 and
later and all versions of SEASOFT-Win32 convert between T68 and T90 according to the linear relationship:

Tes = 1.00024 * Ty

The use of T68 for salinity and other seawater calculations is automatic in all SEASOFT programs. However, when
selecting temperature as a display/output variable, you will be prompted to specify which standard (T90 or T68) is
to be used to compute temperature. SEASOFT recognizes whether you have entered T90 or T68 coefficients in the
configuration (.con) file, and computes T90 temperature directly or calculates it from the Saunders linear
approximation, depending on which coefficients were used and which display variable type is selected.

For example, if g, h, i, j, FO coefficients (T90) are entered in the .con file and you select temperature variable type as
T68, SEASOFT computes T90 temperature directly and multiplies it by 1.00024 to display T68. Conversely, if a, b,
¢, d, and FO coefficients (T68) are entered in the .con file and you select temperature variable type as T90,
SEASOFT computes T68 directly and divides by 1.00024 to display T90.

Note: The CTD configuration (.con) file is edited using the Configure menu (in SEASAVE or SBE Data Processing
in our SEASOFT-Win32 suite of programs) or SEACON (in SEASOFT-DOS).

Also beginning January 1995, Sea-Bird's own temperature metrology laboratory (based upon water triple-point and
gallium melt cell, SPRT, and ASL F18 Temperature Bridge) converted to T90. These T90 standards are now
employed in calibrating all Sea-Bird temperature sensors, and as the reference temperature used in conductivity
calibrations. Accordingly, all calibration certificates show T90 (g, h, i, j) coefficients that result directly from
T90 standards, and T68 coefficients (a, b, ¢, d) computed using the Saunders linear approximation.
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Sea-Bird Electronics, Inc. Phone: (425) 643-9866
1808 136th Place NE Fax: (425) 643-9954

m Bellevue, WA 98005 E-mail: seabird@seabird.com
USA Web: www.seabird.com
APPLICATION NOTE NO. 57 Revised May 2003

I/0 Connector Care and Installation

This Application Note describes the proper care and installation of standard I/O connectors for Sea-Bird
CTD instruments. Once properly installed, the connections require minimal care. Unless access to the bulkhead is
required, the connections can be left in place indefinitely.

The Application Note is divided into three sections:
e  Connector Cleaning and Installation

e Locking Sleeve Installation

e Cold Weather Tips

Connector Cleaning and Installation

1. Carefully clean the bulkhead connector and the inside of the mating inline (cable end) connector with a
Kimwipe. Remove all grease, hair, dirt, and other contamination.

Clean bulkhead connector Clean inside of connector

2. Inspect the connectors:
A. Inspect the pins on the bulkhead connector for signs of corrosion. The pins should be bright and shiny, with no
discoloration. If the pins are discolored or corroded, clean with alcohol and a Q-tip.
B. Inspect the bulkhead connector for chips, cracks, or other flaws that may compromise the seal.
C. Inspect the inline connector for cuts, nicks, breaks, or other problems that may compromise the seal.

Replace severely corroded or otherwise damaged connectors - contact SBE for instructions or a Return
Authorization Number (RMA number).

B Corroded pins on bulkhead connectors -
Connector on right has a missing pin




3. Using a tube of 100% silicone grease (Dow DC-4 or
equivalent), squeeze approximately half the size of a
pea onto the end of your finger.

CAUTION:
Do not use WD-40 or other petroleum-based
lubricants, as they will damage the connectors.

4. Apply a light, even coating of grease to the molded
ridge around the base of the bulkhead connector.
The ridge looks like an o-ring molded into the
bulkhead connector base and fits into the groove of
the mating inline connector.

| Note bulge in connector §
. due to trapped air

7. After the cable is mated, run your fingers along the
inline connector toward the bulkhead, milking any
trapped air out of the connector. You should hear
the air being ejected.

CAUTION:
Failure to eject the trapped air will result in the
connector leaking.

Mate the inline connector to the bulkhead,
being careful to align the pins with the sockets.
Do not twist the inline connector on the
bulkhead connector. Twisting can lead to bent
pins, which will soon break.

Push the connector all the way onto the
bulkhead. There may be an audible pop,
which is good. With some newer cables,
or in cold weather, there may not be an
initial audible pop.
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Locking Sleeve Installation

After the connectors are mated, install the locking sleeve. The locking sleeve secures the inline connector to the
bulkhead connector and prevents the cable from being inadvertently removed.
Important points regarding locking sleeves:

e Tighten the locking sleeve by hand. Do not use a wrench or pliers to tighten the locking sleeve.
Overtightening will gall the threads, which can bind the locking sleeve to the bulkhead connector. Attempting
to remove a tightly bound locking sleeve may instead result in the bulkhead connector actually unthreading
from the end cap. A loose bulkhead connector will lead to a flooded instrument. Pay particular attention
when removing a locking sleeve to ensure the bulkhead connector is not loosened.

e Itis a common misconception that the locking sleeve provides watertight integrity. It does not, and
continued re-tightening of the locking sleeve will not fix a leaking connector.

e  As part of routine maintenance at the end of every cruise, remove the locking sleeve, slide it up the cable, and
rinse the connection (still mated) with fresh water. This will prevent premature cable failure.

Locking Sleeve

Cold Weather Tips

In cold weather, the connector may be hard to install and remove.

Removing a frozen inline connector:

1. Wrap the connector with a washrag or other cloth.

2. Pour hot water on the cloth and let the connector sit for a minute or two. The connector should thaw and become

flexible enough to be removed.

Installing an inline connector:
When possible, mate connectors in warm environments before the cruise and leave them connected.
If not, warm the connector sufficiently so it is flexible. A flexible connector will install properly.

By following these procedures, you will have many years of reliable service from your cables!
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APPLICATION NOTE NO. 67 October 2001

Editing Sea-Bird .hex Data Files

After acquiring real-time .hex data or uploading .hex data from CTD memory, users sometimes want to edit the header
to add or change explanatory notes about the cast. Some text editing programs modify the file in ways that are not visible
to the user (such as adding or removing carriage returns and line feeds), but that corrupt the format and prevent further
processing by SEASOFT (both DOS and Windows versions). This Application Note provides details on one way to
edit a .hex data file with a text editor while retaining the required format. The procedure described below has been
found to work correctly on computers running Win 98, Win 2000, and Win NT. If the editing is not performed using this
technique, SEASOFT may reject the data file and give you an error message.

1. Make a back-up copy of your .hex data file before you begin.
2. Run WordPad.

3. In the File menu, select Open. The Open dialog box appears. For Files of type, select All Documents (*.*). Browse
to the desired .hex data file and click Open.

4. Edit the file as desired, inserting any new header lines after the System Upload Time line. Note that all header
lines must begin with an asterisk (*), and *END* indicates the end of the header. An example is shown below, with
the added lines in bold:

* Sea-Bird SBE 21 Data File:

* FileName = C:\Odis\SAT2-ODIS\oct14-19\oc15_99.hex

* Software Version Seasave Win32 v1.10

* Temperature SN = 2366

* Conductivity SN = 2366

* System UpLoad Time = Oct 15 1999 10:57:19

* Testing adding header lines

* Must start with an asterisk

* Can be placed anywhere between System Upload Time and END of header
* NMEA Latitude = 30 59.70 N

* NMEA Longitude = 081 37.93 W

*NMEA UTC (Time) = Oct 15 1999 10:57:19

* Store Lat/Lon Data = Append to Every Scan and Append to .NAV File When <Citrl F7> is Pressed
** Ship: Sea-Bird

** Cruise:  Sea-Bird Header Test

** Station:

** Latitude:

** Longitude:

*END*

5. In the File menu, select Save (not Save As). If you are running Windows 2000, the following message displays:
You are about to save the document in a Text-Only format, which will remove all formatting. Are you sure you
want to do this?

Ignore the message and click Yes.

6. In the File menu, select Exit.

NOTE: This Application Note does not apply to .dat data files. Sea-Bird is not aware of a technique for editing a .dat
file that will not corrupt the file.
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APPLICATION NOTE NO. 68 Revised March 2004

Using USB Ports to Communicate with Sea-Bird Instruments

Most Sea-Bird instruments use the RS-232 protocol for transmitting setup commands to the
instrument and receiving data from the instrument. However, many newer PCs and |aptop
computers have USB port(s) instead of RS-232 serial port(s).

USB serial adapters are available commercially. These adapters plug into the USB port, and allow
one or more seria devices to be connected through the adapter. Sea-Bird tested USB serial adapters
from three manufacturers with our instruments, and verified compatibility. These manufacturers and
the tested adapters are:

o Keyspan (www.keyspan.com) - High Speed USB Serial Adapter (part # USA-19QW) and
USB 4-Port Serial Adapter (part # USA-49W)

e Edgeport (www.ionetworks.com) - Standard Serial Converter Edgeport/2 (part # 301-1000-02)
e |OGEAR (www.iogear.com) —USB 1.1 to Serial Converter Cable (model # GUC232A)
Other USB adapters from these manufacturers, and adapters from other manufacturers, may also be

compatible with Sea-Bird instruments. We recommend testing of any other adapters with the
instrument before deployment, to verify that thereis no problem.
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APPLICATION NOTE NO. 69 July 2002

Conversion of Pressure to Depth

Sea-Bird’s SEASOFT software can calculate and output depth, if the instrument data includes
pressure. Additionally, some Sea-Bird instruments (such as the SBE 37-SI or SBE 50) can be set up
by the user to internally calculate depth, and to output depth along with the measured parameters.
Sea-Bird uses the following algorithms for calculating depth:

Fresh Water Applications

Because most fresh water applications are shallow, and high precision in depth not too critical,
Sea-Bird software uses a very simple approximation to calculate depth:

depth (meters) = pressure (decibars) * 1.019716

Seawater Applications

Sea-Bird uses the formula in UNESCO Technical Papers in Marine Science No. 44. This is an
empirical formula that takes compressibility (that is, density) into account. An ocean water column
at 0 °C (t=0) and 35 PSU (s = 35) is assumed.

The gravity variation with latitude and pressure is computed as:
g (m/sec’) =9.780318 * [ 1.0+ ( 5.2788x10 +2.36x10~ *x) *x ]+ 1.092x10° * p
where
x = [sin (latitude / 57.29578) ] *
p = pressure (decibars)
Then, depth is calculated from pressure:
depth (meters) = [(((-1.82x107" * p+2.279x107'") * p - 2.2512x107 ) * p + 9.72659) * p] / g
where

p = pressure (decibars)
g = gravity (m/secz)
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APPLICATION NOTE NO. 71 September 2003

Desiccant Use and Regeneration (drying)

This application note applies to all Sea-Bird instruments intended for underwater use. The application note covers:
e  When to replace desiccant

e Storage and handling of desiccant

e  Regeneration (drying) of desiccant

e  Material Safety Data Sheet (MSDS) for desiccant

When to Replace Desiccant Bags

Before delivery of the instrument, a desiccant package is placed in the housing, and the electronics chamber is filled with dry

Argon. These measures help prevent condensation. To ensure proper functioning:

1. Install a new desiccant bag each time you open the housing and expose the electronics.

2. Ifpossible, dry gas backfill each time you open the housing and expose the electronics. If you cannot, wait at least
24 hours before redeploying, to allow the desiccant to remove any moisture from the chamber.

What do we mean by expose the electronics?

e  For most battery-powered Sea-Bird instruments (such as SBE 16, 16plus, 16plus-IM, 17plus, 19, 19plus, 25, 37-SM,
37-SMP, 37-IM, 37-IMP, 44; PN 90208 Auto Fire Module [AFM)]), there is a bulkhead between the battery and
electronics compartments. Battery replacement does not affect desiccation of the electronics, as the batteries are
removed without removing the electronics and no significant gas exchange is possible through the bulkhead. Therefore,
opening the battery compartment to replace the batteries does not expose the electronics; you do not need to install a
new desiccant bag in the electronics compartment each time you open the battery compartment. For these instruments,
install a new desiccant bag if you open the electronics compartment to access the printed circuit boards.

e For the SBE 39 and 48, the electronics must be removed or exposed to access the battery. Therefore, install a new
desiccant bag each time you open the housing to replace a battery.

Storage and Handling
Adsorption Rate for Sorb-It®
(from http://www.s-cpp.com/pdf/DesiccantPerfData.pdf)

Testing by Siid-Chemie (desiccant’s manufacturer) T =30 °C, 60% relative humidity, static condictions

at 60% relative humidity and 30 °C shows that 30

approximately 25% of the desiccant’s adsorbing o5

capacity is used up after only 1 hour of exposure to  —

a constantly replenished supply of moisture in the £

air. In other words, if you take a bag out of a é

container and leave it out on a workbench for g— 15 /

1 hour, one-fourth of its capacity is gone before & 10

you ever install it in the instrument. Therefore: ® 5 /

e Keep desiccant bags in a tightly sealed, i
impermeable container until you are ready to o¥— | I |
use them. Open the container, remove a bag, g i 5 10 15 20
and quickly close the container again. 3 Ilﬂlour B time [hours]

e Once you remove the bag(s) from the sealed approximately 25% of
container, rapidly install the bag(s) in the adsorption capacity lost

instrument housing and close the housing.
Do not use the desiccant bag(s) if exposed to
air for more than a total of 30 minutes.
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Regeneration (drying) of Desiccant

Replacement desiccant bags are available from Sea-Bird:
e PN 60039 is a metal can containing 25 1-gram desiccant bags and 1 humidity indicator card. The 1-gram bags are
used in our smaller diameter housings, such as the SBE 3 (plus, F, and S), 4 (M and C), 5T, 37 (-SI, -SM, -SMP,
-IM, and -IMP), 38, 39, 43, 44, 45, 48, 49, and 50.
e PN 31180 is a 1/3-ounce desiccant bag, used in our SBE 16plus, 16plus-IM, 19plus, and 21.
e PN 30051 is a 1-ounce desiccant bag. The 1-ounce bags are used in our larger diameter housings, such as the
SBE 9plus, 16, 17plus, 19, 25, 26, 32, AFM, and PDIM.
However, if you run out of bags, you can regenerate your existing bags using the following procedure provided by the
manufacturer (Siid-Chemie Performance Packaging, a Division of United Catalysts, Inc.):

MIL-D-3464 Desiccant Regeneration Procedure

Regeneration of the United Desiccants’ Tyvek Desi Pak®™ or Sorb-It® bags or United Desiccants’
X-Crepe Desi Pak®™ or Sorb-It* bags can be accomplished by the following method:

1. Arrange the bags on a wire tray in a single layer to allow for adequate air flow around the bags during
the drying process. The oven’s inside temperature should be room or ambient temperature (25 — 29.4
°C [77 — 85 °F] ). A convection, circulating, forced-air type oven is recommended for this
regeneration process. Seal failures may occur if any other type of heating unit or appliance is
used.

2. When placed in forced air, circulating air, or convection oven, allow a minimum of 3.8 to 5.1 cm (1.5
to 2.0 inches) of air space between the top of the bags and the next metal tray above the bags.
If placed in a radiating exposed infrared-element type oven, shield the bags from direct exposure to the
heating element, giving the closest bags a minimum of 40.6 cm (16 inches) clearance from the heat
shield. Excessive surface film temperature due to infrared radiation will cause the Tyvek material to
melt and/or the seals to fail. Seal failure may also occur if the temperature is allowed to increase
rapidly. This is due to the fact that the water vapor is not given sufficient time to diffuse through the
Tyvek material, thus creating internal pressure within the bag, resulting in a seal rupture. Temperature
should not increase faster than 0.14 to 0.28 °C (0.25 to 0.50 °F) per minute.

3. Set the temperature of the oven to 118.3 °C (245 °F), and allow the bags of desiccant to reach
equilibrium temperature. WARNING: Tyvek has a melt temperature of 121.1 — 126.7 °C
(250 — 260 °F) (Non MIL-D-3464E activation or reactivation of both silica gel and Bentonite clay can
be achieved at temperatures of 104.4 °C [220 °F]).

4. Desiccant bags should be allowed to remain in the oven at the assigned temperature for 24 hours.
At the end of the time period, the bags should be immediately removed and placed in a desiccator jar or
dry (0% relative humidity) airtight container for cooling. If this procedure is not followed precisely,
any water vapor driven off during reactivation may be re-adsorbed during cooling
and/or handling.

5. After the bags of desiccant have been allowed to cool in an airtight desiccator, they may be removed
and placed in either an appropriate type polyliner tightly sealed to prevent moisture adsorption, or a
container that prevents moisture from coming into contact with the regenerated desiccant.

NOTE: Use only a metal or glass container with a tight fitting metal or glass lid to store the regenerated desiccant. Keep
the container lid closed tightly to preserve adsorption properties of the desiccant.
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3509 Sud-Chemie Performance
.o A Packaging
SUD-CHEMIE s 101 Christine Dr.

Creating Performance Technology ‘i‘“\‘ Belen, New Mexico 87002

\s Phone: (505) 864-6691

ISO 9002 CERTIFIED Fax: (505) 864-9296

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

SECTION I -- PRODUCT IDENTIFICATION

Trade Name and Synonyms: Silica Gel, Synthetic Amorphous Silica,
Silicon, Dioxide

Chemical Family: Synthetic Amorphous Silica

Formula: SiO,.x H,O

SECTION Il -- HAZARDOUS INGREDIENTS

Components in the Solid Mixture

COMPONENT CAS No % ACGIH/TLV (PPM) OSHA-(PEL)
Amorphous 63231-67-4 >99 | PEL - 20 (RESPIRABLE), | LIMIT — NONE,
Silica TLV -5 HAZARD -

IRRITANT

Synthetic amorphous silica is not to be confused with crystalline silica such as quartz,
cristobalite or tridymite or with diatomaceous earth or other naturally occurring forms of
amorphous silica that frequently contain crystalline forms.

This product is in granular form and packed in bags for use as a desiccant. Therefore, no

exposure to the product is anticipated under normal use of this product. Avoid inhaling
desiccant dust.

SECTION Ill -- PHYSICAL DATA

Appearance and Odor: White granules; odorless.
Melting Point: >1600 Deg C; >2900 Deg F
Solubility in Water: Insoluble.

Bulk Density: >40 Ibs./cu. ft.

Percent Volatile by Weight @ 1750 Deg F: <10%.
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Sud-Chemie Performance
Packaging

101 Christine Dr.

Belen, New Mexico 87002
Phone: (505) 864-6691
ISO 9002 CERTIFIED Fax: (505) 864-9296

SUD-CHEMIE

Creating Performance Technology

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

SECTION IV -- FIRE EXPLOSION DATA

Fire and Explosion Hazard - Negligible fire and explosion hazard when exposed to heat
or flame by reaction with incompatible substances.

Flash Point - Nonflammable.

Firefighting Media - Dry chemical, water spray, or foam. For larger fires, use water spray
fog or foam.

Firefighting - Nonflammable solids, liquids, or gases: Cool containers that are exposed
to flames with water from the side until well after fire is out. For massive fire in enclosed
area, use unmanned hose holder or monitor nozzles; if this is impossible, withdraw from
area and let fire burn. Withdraw immediately in case of rising sound from venting safety
device or any discoloration of the tank due to fire.

SECTION V -- HEALTH HAZARD DATA

Health hazards may arise from inhalation, ingestion, and/or contact with the skin and/or
eyes. Ingestion may result in damage to throat and esophagus and/or gastrointestinal
disorders. Inhalation may cause burning to the upper respiratory tract and/or temporary or
permanent lung damage. Prolonged or repeated contact with the skin, in absence of
proper hygiene, may cause dryness, irritation, and/or dermatitis. Contact with eye tissue
may result in irritation, burns, or conjunctivitis.

First Aid (Inhalation) - Remove to fresh air immediately. If breathing has stopped, give
artificial respiration. Keep affected person warm and at rest. Get medical attention
immediately.

First Aid (Ingestion) - If large amounts have been ingested, give emetics to cause
vomiting. Stomach siphon may be applied as well. Milk and fatty acids should be
avoided. Get medical attention immediately.

First Aid (Eyes) - Wash eyes immediately and carefully for 30 minutes with running
water, lifting upper and lower eyelids occasionally. Get prompt medical attention.

First Aid (Skin) - Wash with soap and water.



143

Sud-Chemie Performance
Packaging

101 Christine Dr.

Belen, New Mexico 87002
Phone: (505) 864-6691
ISO 9002 CERTIFIED Fax: (505) 864-9296

SUD-CHEMIE

Creating Performance Technology

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

NOTE TO PHYSICIAN: This product is a desiccant and generates heat as it adsorbs
water. The used product can contain material of hazardous nature. ldentify that material
and treat accordingly.

SECTION VI -- REACTIVITY DATA
Reactivity - Silica gel is stable under normal temperatures and pressures in sealed
containers. Moisture can cause a rise in temperature which may result in a burn.
SECTION VIl --SPILL OR LEAK PROCEDURES
Notify safety personnel of spills or leaks. Clean-up personnel need protection against
inhalation of dusts or fumes. Eye protection is required. Vacuuming and/or wet methods
of cleanup are preferred. Place in appropriate containers for disposal, keeping airborne
particulates at a minimum.
SECTION VIl -- SPECIAL PROTECTION INFORMATION
Respiratory Protection - Provide a NIOSH/MSHA jointly approved respirator in the
absence of proper environmental control. Contact your safety equipment supplier for
proper mask type.
Ventilation - Provide general and/or local exhaust ventilation to keep exposures below
the TLV. Ventilation used must be designed to prevent spots of dust accumulation or

recycling of dusts.

Protective Clothing - Wear protective clothing, including long sleeves and gloves, to
prevent repeated or prolonged skin contact.

Eye Protection - Chemical splash goggles designed in compliance with OSHA
regulations are recommended. Consult your safety equipment supplier.
SECTION IX -- SPECIAL PRECAUTIONS

Avoid breathing dust and prolonged contact with skin. Silica gel dust causes eye irritation
and breathing dust may be harmful.
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Sud-Chemie Performance
Packaging
101 Christine Dr.

SUD-CHEMIE -

Creating Performance Technology go# Belen, New Mexico 87002
EMW Phone: (505) 864-6691
ISO 9002 CERTIFIED Fax: (505) 864-9296

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

* No Information Available

HMIS (Hazardous Materials Identification System) for this product is as

follows:

Health Hazard 0

Flammability 0

Reactivity 0

Personal Protection HMIS assigns choice of personal protective equipment to the
customer, as the raw material supplier is unfamiliar with the
condition of use.

The information contained herein is based upon data considered true and accurate. However, United Desiccants makes no warranties
expressed or implied, as to the accuracy or adequacy of the information contained herein or the results to be obtained from the use
thereof. This information is offered solely for the user's consideration, investigation and verification. Since the use and conditions of
use of this information and the material described herein are not within the control of United Desiccants, United Desiccants assumes no
responsibility for injury to the user or third persons. The material described herein is sold only pursuant to United Desiccants' Terms
and Conditions of Sale, including those limiting warranties and remedies contained therein. It is the responsibility of the user to
determine whether any use of the data and information is in accordance with applicable federal, state or local laws and regulations.
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Sea-Bird Electronics, Inc. Phone: (425) 643-9866
1808 136th Place NE Fax: (425) 643-9954

m Bellevue, WA 98005 E-mail: seabird@seabird.com
USA

Web: www.seabird.com

Application Note 56 Revised September 2003

Interfacing to RS-485 Sensors

A few Sea-Bird instruments use the RS-485 protocol for transmitting setup commands to the instrument and
receiving data from the instrument. However, most personal computers (PCs) do not come with an RS-485 port.
This Application Note covers interfacing our RS-485 instruments with a PC by the following methods:

e  Connecting the instrument to an external RS-485/RS-232 Interface Converter that plugs into an existing
RS-232 port on the PC.
OR
e Installing an RS-485 interface card (and associated software) in the PC, and then connecting the instrument
directly to the new RS-485 port in the PC.

External RS-485/RS-232 Interface Converter

RS-485/RS-232 Interface Converters are available commercially. These converters plug into the RS-232 port on the PC,
and allow an RS-485 device to be connected through the converter. Sea-Bird tested a converter from one manufacturer
with our instruments, and verified compatibility. The manufacturer and tested converter is:

Black Box (www.blackbox.com) —
IC520A-F with RS-232 DB-25 female connector and RS-485 terminal block connector

Other converters from this manufacturer, and converters from other manufacturers, may also be compatible with
Sea-Bird instruments. We recommend testing other converters with the instrument before deployment, to verify that there
is no problem.

Follow this procedure to use the IC520A-F Converter:

1. Connect the Converter to the PC:
e Ifthe PC has a 25-pin male RS-232 connector, plug the Converter directly into the PC connector.
e Ifthe PC has a 9-pin male RS-232 connector, plug the Converter into a 25-pin to 9-pin adapter
(such as Black Box FA520A-R2 Adapter). Plug the 25-pin to 9-pin adapter into the PC.

2. On the Converter, measure the voltage between XMT+ and ground and between XMT- and ground.
Connect whichever has the highest voltage to RS-485 ‘A’ and the other to RS-485 ‘B’. The ground terminal can
be left unconnected.

RS-485 Interface Card and Port in the PC

An RS-485 Interface Card installs in the PC, and allow an RS-485 device to be connected to the RS-485 port.
These Interface Cards are available commercially. When using with a Sea-Bird instrument:

e RS-485 Transmitter -
The Interface Card must be configured to automatically handle the RS-485 driver enable.

¢ Two-Wire Interface -
TX+ and RX+ on the Interface Card must be connector together and to ‘A’ on the instrument.
TX- and RX- on the Interface Card must be connected together and to ‘B’ on the instrument.
Note: Some Interface Cards have a jumper to make the connections internally, while for other Cards the
connections must be made in a jumper cable.



e  Terminal Program Compatibility -
If the Interface Card uses shared interrupts, SEATERM (our Windows terminal program) must be used to
communicate with the instrument.
If the Interface Card is configured as a standard COM port, either SEATERM or our DOS-based terminal
programs may be used to communicate with the instrument.

Sea-Bird tested two Interface Cards from one manufacturer with our instruments, and verified compatibility.
The manufacturer and tested cards are:

National Instruments (www.ni.com) -
AT-485/2
PCI-485/2

Other Cards from this manufacturer, and Cards from other manufacturers, may also be compatible with Sea-Bird
instruments. We recommend testing other Cards with the instrument before deployment, to verify that there is
no problem.

Follow this procedure to use the AT-485/2 or PCI-485/2 Interface Card:

1. Install the RS-485 driver software (provided with Interface Card) on your PC before installing the
Interface Card.

2. Install the RS-485 Interface Card.

3. Configure the RS-485 Interface Card in your PC (directions are for a PC running Windows XP):

Right click on My Computer and select Properties.

In the System Properties dialog box, click on the Hardware tab. Click the Device Manager button.
In the Device Manager window, double click on Ports. Double click on the desired RS-485 port.
In the Communications Port Properties dialog box, click the Port Settings tab.

Click the Advanced button.

E. Inthe Advanced Settings dialog box, set Transceiver Mode to 2 wire TxRdy Auto.

SOow»

4. Make a jumper cable (do not use a standard adapter cable) to connect the Interface Card to the instrument’s
I/O cable. Pin outs are shown for a Sea-Bird 9-pin (current production) or 25-pin (older production) I/O cable:

DB-9S DB-9P DB-25P
(connect to PC) (connect to Sea-Bird I/O cable PN 801385) (connect to Sea-Bird I/O cable PN 801046)
pin | common pin 5 common pin 7 common
pin4 TX+ pin3 'A' pin2 'A'
pin 8 RX+ pin3 'A' pin2 'A'
pin5 TX- pin2 'B' pin3 'B'
pin 9 RX- pin2 'B' pin3 'B'

5. Run SEATERM (these Cards use shared interrupts, so the DOS terminal programs cannot be used):
A. In SEATERM’s Configure menu, select the desired instrument.
B. Inthe Configuration Options dialog box, set Mode to RS-485 and set COMM Port to the appropriate
RS-485 port.
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DRAWINGS

Dwg 32367 SEACAT Plus Internal Wiring, Impulse CONnectors...........c.cceceeeenens
Dwg 32421 Cable Assy, Data l/O, RMG-4FS to DB-9S, PN 801225....................

Dwg 30565 Cable, RMG-2FS to RMG-2FS, Pump Interface, PN 17133...............
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WARRANTY POLICY 2003

S-YEAR LIMITED WARRANTY (NEW PRODUCTS)

For a period of five years after the date of original shipment from our factory, products manufactured by
Sea-Bird are warranted to function properly and be free of defects in materials and workmanship. Should a
Sea-Bird instrument fail during the warranty period, return it freight pre-paid to our factory. We will repair it
(or at our option, replace it) at no charge, and pay the cost of shipping it back to you. Certain products and
components have modified coverage under this warranty as described below.

LIMITED WARRANTY ON SERVICE & REPAIRS

Service work, repairs, replacement parts and modifications are warranted to be free of defects in materials or
workmanship for the remainder of the original 5-year warranty or one year from the date of shipment from our
factory after repair or service, which ever is longer. Certain products and components have modified coverage
under this warranty as described below.

MODIFICATIONS / EXCEPTIONS / EXCLUSIONS

1. The SBE 43 DO sensor is warranted to function properly for 5 years. Under normal use however, the
electrolyte in an SBE 43 DO sensor will require replenishment after about 3 years. Purchase of an
SBE 43 includes one free electrolyte replenishment (as necessitated by chemical depletion of
electrolyte) anytime during the warranty period. To obtain the replenishment, return the sensor
freight pre-paid to our factory. We will refurbish it for free (electrolyte refill, membrane
replacement, and recalibration) and pay the cost of shipping it back to you. Membrane damage or
depletion of electrolyte caused by membrane damage is not covered by this warranty.

2. Because pH and other dissolved oxygen (DO) electrodes have a limited life caused by the depletion
of their chemical constituents during normal storage and use, our warranty applies differently to such
electrodes. Electrodes in SBE 13 and 23 DO sensors, SBE 18 pH sensors, and SBE 27 pH/ORP
sensors are covered under warranty for the first 90 days only. Other components of the sensor are
covered for 5 years.

3. Equipment manufactured by other companies (e.g., fluorometers, transmissometers, PAR, optical
backscatter sensors, altimeters, etc.) are warranted only to the limit of the warranties provided by
their original manufacturers.

4. Batteries, zinc anodes, or other consumable/expendable items are not covered under this warranty.

5. This warranty is void if in our opinion the instrument has been damaged by accident, mishandled,
altered, or repaired by the customer where such treatment has affected its performance or reliability.
In the event of such abuse by the customer, costs for repairs plus two-way freight costs will be borne
by the customer. Instruments found defective should be returned to the factory carefully packed, as
the customer will be responsible for freight damage.

6. Incidental or consequential damages or costs incurred as a result of product malfunction are not the
responsibility of SEA-BIRD ELECTRONICS, INC



Warranty Administration Policy

Sea-Bird Electronics, Inc. and its authorized representatives or resellers provide warranty support only to
the original purchaser. Warranty claims, requests for information or other support, and orders for post-
warranty repair and service, by end-users that did not purchase directly from Sea-Bird or an authorized
representative or reseller, must be made through the original purchaser. The intent and explanation of our
warranty policy follows:

1.

2.

Warranty repairs are only performed by Sea-Bird.

Repairs or attempts to repair Sea-Bird products performed by customers (owners) shall be called
owner repairs.

Our products are designed to be maintained by competent owners. Owner repairs of Sea-Bird
products will NOT void the warranty coverage (as stated above) simply as a consequence of their
being performed.

Owners may make repairs of any part or assembly, or replace defective parts or assemblies with
Sea-Bird manufactured spares or authorized substitutes without voiding warranty coverage of the
entire product, or parts thereof. Defective parts or assemblies removed by the owner may be returned
to Sea-Bird for repair or replacement within the terms of the warranty, without the necessity to return
the entire instrument. If the owner makes a successful repair, the repaired part will continue to be
covered under the original warranty, as if it had never failed. Sea-Bird is not responsible for any costs
incurred as a result of owner repairs or equipment downtime.

We reserve the right to refuse warranty coverage on a claim by claim basis based on our judgment and
discretion. We will not honor a warranty claim if in our opinion the instrument, assembly, or part has
been damaged by accident, mishandled, altered, or repaired by the customer where such treatment has
affected its performance or reliability.

For example, if the CTD pressure housing is opened, a PC board is replaced, the housing is resealed,
and then it floods on deployment, we do not automatically assume that the owner is to blame. We will
consider a claim for warranty repair of a flooded unit, subject to our inspection and analysis. If there
is no evidence of a fault in materials (e.g., improper or damaged o-ring, or seal surfaces) or
workmanship (e.g., pinched o-ring due to improper seating of end cap), we would cover the flood
damage under warranty.

In a different example, a defective PC board is replaced with a spare and the defective PC board is sent
to Sea-Bird. We will repair or replace the defective PC board under warranty. The repaired part as well
as the instrument it came from will continue to be covered under the original warranty.

As another example, suppose an owner attempts a repair of a PC board, but solders a component in
backwards, causing the board to fail and damage other PC boards in the system. In this case, the
evidence of the backwards component will be cause for our refusal to repair the damage under
warranty. However, this incident will NOT void future coverage under warranty.

If an owner's technician attempts a repair, we assume his/her qualifications have been deemed
acceptable to the owner. The equipment owner is free to use his/her judgment about who is assigned to
repair equipment, and is also responsible for the outcome. The decision about what repairs are
attempted and by whom is entirely up to the owner.
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Service Request Form

To return your instrument for calibration or other service, please take a few moments to provide us with
the information we need, so we can serve you better.

PLEASE:
1. Get a Returned Material Authorization (RMA) number from Sea-Bird (phone 425-643-9866,
fax 425-643-9954, or email seabird@seabird.com). Reference the RMA number on this form, on the
outside shipping label for the equipment, and in all correspondence related to this service request.
2. Fill out 1 form for each type (model) of instrument.
3. Include this form when shipping the instrument to Sea-Bird for servicing.
4. Fax us acopy of this form on the day you ship. FAX: (425) 643-9954

RETURNED MATERIAL AUTHORIZATION (RMA) NUMBER
RMA Number:

CONTACT INFORMATION
Your name:

Institution/Organization/Company:

Shipping/Delivery address for packages:

Telephone: Fax:

e-mail:

SERVICE INFORMATION
Date Shipped:

Sea-Bird Model Number (for example, SBE 37-SM):

Quantity:

Serial Numbers:

(Note: Specify instrument serial numbers below if specific services are required for some instruments.
For example, if 10 instruments are being returned for calibration, and 1 of the 10 also requires repairs,
specify the serial number for the instrument requiring the repairs in the appropriate section of the form.)
SEASOFT Version you have been using with this instrument(s):

[ ] Perform Routine Services:
__ Calibration (includes basic diagnostic):
__ Temperature __ Conductivity _ Pressure _ DO _ pH
(Please allow a minimum of 3 weeks after we receive the instrument(s) to complete calibration.)
__Full system Diagnostic and Check Out
___ Other (specify):

[ ] System Upgrade or Conversion:
Specify (include instrument serial number if multiple instruments are part of shipment):

[ ] Diagnose and Repair Operational Faults:
Please send a disk containing the raw data (.hex or .dat files) which shows the problems you
describe. Also send the .con files you used to acquire or display the data.
Problem Description (continue on additional pages if needed; include instrument serial number if
multiple instruments are part of shipment):
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PAYMENT/BILLING INFORMATION

Credit Card: Sea-Bird accepts payment by MasterCard, VISA, or American Express.

[ ] MasterCard [ ]Visa [ ]1American Express

Account Number: Expiration Date:
Credit Card Holder Name (printed or typed):
Credit Card Holder Signature:
Credit Card Billing Address (if different than shipping address):

Invoice/Purchase Order: If you prefer us to invoice you, please complete the following or enclose a copy
of your Purchase Order:

Purchase Order Number:

Billing Address (if different than shipping address):

Instructions for Returning Goods to Sea-Bird

You can ship any of the following ways:
1. Domestic Shipments (USA) - Ship prepaid (via UPS, FedEx, DHL, etc.) directly to:
Sea-Bird Electronics, Inc.
1808 136th Place NE
Bellevue, WA 98005, USA
Telephone: (425) 643-9866 Fax: (425) 643-9954
2. Foreign Shipments - Ship via prepaid airfreight to:
Sea-Bird Electronics, Inc.
1808 136th Place NE
Bellevue, WA 98005, USA
Telephone: (425) 643-9866 Fax: (425) 643-9954
Notify: MTI Worldwide Logistics for Customs Clearance
Seattle, WA, USA
Telephone: (206) 431-4366 Fax: (206) 431-4374
(Please note Airport of Destination: SEA for Seattle, WA)
3. Ship via EXPRESS COURIER directly to Sea-Bird Electronics (UPS, FedEx, or DHL;
do not ship via TNT SKYPACK). Courier services will clear Customs and deliver the package to
Sea-Bird. It is not necessary to notify our customs broker.
Include a commercial invoice showing the description of the instruments, and value for Customs
purposes only. On the invoice, include the statement that “ Goods are of USA Origin”.
Failure to include this statement in your invoice will result in US Customs assessing duties on

the shipment, which we will in turn pass on to the customer/shipper.

Note:

Due to changes in EU and Chinese regulations, if Sea-Bird receives an instrument from the EU or China
in a crate containing coniferous solid wood, we will return the instrument in a new crate made with
mahogany and plywood. We will charge for the replacement crates based on the dimensions of the crate
we receive. The charge will be determined as follows:

1. Multiply the crate length x width x height in centimeters (overall volume in cm3, not internal volume).
2. Determine the price based on your calculated overall volume and the following chart:

Overall Volume (cm3) Example Instrument Price (USD)
less than 52,000 37-SM MicroCAT $45
52,000 to less than 65,000 SEACAT, no cage $70
65,000 to 240,000 CTD in cage $125
more than 240,000 -- consult factory

These prices are valid only for crate replacement required in conjunction with the return of a customer's
instrument after servicing, and only when the instrument was shipped to Sea-Bird in a crate originally
supplied by Sea-Bird.



SBE 19plus
SEACAT PROFILER

Conductivity, Temperature, and Pressure Recorder
with RS-232 Interface

Serial Number: 19P36026-4616 and -4617

Sea-Bird Electronics, Inc.

1808 136" Place NE

Bellevue, Washington 98005 USA
Tel: 425/643-9866
Fax:425/643-9954
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WARNING !!

Do not submerge this instrument (S/N 19P36026-4616)
beyond the depth rating of the lowest rated component listed below!

Main Housing (Plastic) 600 meters
Pressure Sensor (1000 dBar) Druck 1000 meters

Pump (SBE 5M) 10500 meters
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WARNING !!

Do not submerge this instrument (S/N 19P36026-4617)
beyond the depth rating of the lowest rated component listed below!

Main Housing (Plastic) 600 meters
Pressure Sensor (1000 dBar) Druck 1000 meters

Pump (SBE 5M) 10500 meters
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SYSTEM CONFIGURATION

Model SBE 19plus

Instrument Type

Firmware Version
Communications

Memory

Housing

0 Conductivity Raw Frequency
Pressure Sensor

Number of Voltages Sampled:
Serial RS-232C Sensor

Data Format:

Count

Frequency
Count

Pump (SBE 5M)

Voltage Delay Setting (standard)

14 June 2004

S/N 19P36026-4616

SBE 19plus SeaCarT Profiler

1.4D

9600 baud, 8 data bits, no parity, one stop bit
8192K

600 meter (Celcon plastic)

2686.52 Hz

Strain Gauge: 1000 dBar, S/N 5512

0

None

Temperature
Conductivity
Pressure, Strain gauge

050651

(standard) 0 seconds
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SYSTEM CONFIGURATION

Model SBE 19plus

Instrument Type

Firmware Version
Communications

Memory

Housing

0 Conductivity Raw Frequency
Pressure Sensor

Number of Voltages Sampled:
Serial RS-232C Sensor

Data Format:

Count

Frequency
Count

Pump (SBE 5M)

Voltage Delay Setting (standard)

14 June 2004

S/N 19P36026-4617

SBE 19plus SeaCarT Profiler

1.4D

9600 baud, 8 data bits, no parity, one stop bit
8192K

600 meter (Celcon plastic)

2801.47 Hz

Strain Gauge: 1000 dBar, S/N 5513

0

None

Temperature
Conductivity
Pressure, Strain gauge

050649

(standard) 0 seconds
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S B E Sea-Bird Electronics, Inc. FAX: (425) 643-9954

1808 136th Place NE, Bellevue, Washington 98005 USA Tel: (425) 643-9866
m Website: http://www.seabird.com Email: seabird@seabird.com

SBE 5M MINI SUBMERSIBLE PUMP CONFIGURATION SHEET for 4616

Serial Number: 0651
Job Number: 36026
Customer: NOAA/PMC

Delivery Date: ~ 6/14/2004

Single Connector Housing with Titanium screws

Pressure Case: 10,500 meters (titanium)

Maxon Motor Type:
P/N 90337, Motor PN 20130 (Low power 6 VDC, 2000 RPM MAX) []
P/N 90335, Motor PN 20130 (Low power 9 VDC, 2000 RPM MAX)

Vin 15V voltage across C2: 7.947 VDC  Current 11.8 mA
Vin 9V voltage across C2: 7.948 VDC  Current 11.0 mA

Vin 6V voltage across C2: 5.868 VDC  Current 10.2 mA

Pump submerged test, no load, Vin 12VDC Average current draw in water: 124 mA
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S B E Sea-Bird Electronics, Inc. FAX: (425) 643-9954

1808 136th Place NE, Bellevue, Washington 98005 USA Tel: (425) 643-9866
m Website: http://www.seabird.com Email: seabird@seabird.com

SBE 5M MINI SUBMERSIBLE PUMP CONFIGURATION SHEET for 4617

Serial Number: 0649
Job Number: 36026
Customer: NOAA/PMC

Delivery Date:  6/14/2004

Single Connector Housing with Titanium screws

Pressure Case: 10,500 meters (titanium)

Maxon Motor Type:
P/N 90337, Motor PN 20130 (Low power 6 VDC, 2000 RPM MAX) ]
P/N 90335, Motor PN 20130 (Low power 9 VDC, 2000 RPM MAX)

Vin 15V voltage across C2: 7.947 VDC  Current 11.8 mA
Vin 9V voltage across C2: 7.948 VDC  Current 11.0 mA

Vin 6V voltage across C2: 5.868 VDC  Current 10.2 mA

Pump submerged test, no load, Vin 12VDC Average current draw in water: 124 mA
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IMPORTANT SOFTWARE & HARDWARE CONFIGURATION INFORMATION

Sea-Bird supplies two versions of our software package for communication, real-time data acquisition, and data
analysis and display:

e SEASOFT-Win32 - Windows software for PC running Win 95/98/NT/2000/XP

e SEASOFT-DOS - DOS software for IBM-PC/AT/386/486 or compatible computer with a hard drive
Detailed information on the use of the Windows software follows:

SEASOFT-Win32

SEASOFT-Win32 software was supplied on a CD-ROM with your CTD. This software package is designed to run on a PC running Win

95/98/NT/2000/XP. The CD-ROM also contains software manuals that describe the appropriate applications for the various programs, the

procedure for installing the software, and instructions on using the programs. There are three primary programs used with the CTD for

setup, data collection and retrieval, data display, and data processing:

e SEATERM - terminal program for setup of the CTD and uploading of data from the CTD memory (Note: If using the CTD with the
90208 Auto Fire Module or SBE 17plus V2 SEARAM, use SeatermAF instead of SEATERM)

e SEASAVE - real-time data acquisition program

e SBE Data Processing - data processing program

Instructions for using the software are found in their Help files.

To communicate with the CTD to set it up or to upload data from the CTD memory to the computer hard drive,
SEATERM must have information about the CTD hardware configuration (communication parameters, internal
firmware, etc.) and about the computer. To communicate with the CTD, double click on Seaterm.exe:
1. Inthe Configure menu, select the CTD. The Configuration Options dialog box appears.
A. On the COM Settings tab, select the firmware version (if applicable), baud rate, data bits, and parity to match the CTD’s
configuration sheet. If necessary, change the com port to match the computer you are using.
B. On the Upload Settings tab, enter upload type (all as a single file, etc.) as desired.
For the SBE 17 and 25 only: enter the serial number for the SBE 3 (temperature) and SBE 4 (conductivity) modular sensors,
exactly as they appear in the configuration (.con) file.
C. On the Header Information tab, change the settings as desired.
Click OK when done. SEATERM saves the settings in a SEATERM.ini file.
2. On the Toolbar, click Connect to communicate with the CTD.
To set up the CTD prior to deployment:
On the Toolbar, click Status. SEATERM sends the Status command and displays the response. Verify that the
CTD setup matches your desired deployment. If not, send commands to modify the setup.
4. To upload data from the CTD:
On the Toolbar, click Upload to upload data from the CTD memory to the computer.

»

Sea-Bird CTDs store and/or transmit data from their primary and auxiliary sensors in the form of binary or
hexadecimal number equivalents of the sensors’ frequency or voltage outputs. This is referred to as the raw data.
The calculations required to convert from raw data to engineering units of the measured parameters (temperature,
conductivity, pressure, dissolved oxygen, pH, etc.) are performed using the software, either in real time, or after
the data has been stored in a file. SEASAVE creates the file in real time. As noted above, SEATERM uploads the
recorded data and creates the file on the computer hard drive.

To successfully store data to a file on the computer and subsequently convert it to engineering units, the software
must know the CTD type, CTD configuration, and calibration coefficients for the sensors installed on the CTD.
This information is unique to each CTD, and is contained in a configuration file. The configuration file, which has
a .con extension, was written onto a floppy disk and the CD-ROM shipped with the CTD. The .con file for a given
CTD is named with the last four digits of the serial number for that CTD (e.g., 1234.con). The configuration file is
created or modified (e.g., changing coefficients after recalibration, or adding another sensor) by using the
Configure menu in SEASAVE or

SBE Data Processing. The configuration file is used by SEASAVE to convert raw data to engineering units
when it acquires, stores, and displays real-time data. The configuration file is also used by some modules in

SBE Data Processing (Data Conversion and Derive) that convert raw data to engineering units during data
processing.



The instrument type and instrument configuration settings of the .con file and the required setup for the
SEATERM.ini file for the CTD as delivered are documented below. The calibration coefficients for the CTD's
sensors are contained in the calibration coefficient section of the CTD manual.

NOTE:
SEATERM will not upload data correctly without a properly configured SEATERM.ini file. SEASAVE and SBE
Data Processing will not interpret the data correctly without the correct .con file.

SEASOFT CONFIGURATION:

The correct instrument type for your instrument is SBE 19plus SEACAT Profiler. The correct settings for the configuration of your
instrument as delivered are documented below:

Configuration for the SBE 19 Seacat pluz CTD Ed |

ASCI file opened: Mone

Freszure zenzor lppe IStrain Gauge j

Esternal vaoltage channels I 0 vl

Mode [Frafie =]
Sample interval seconds |-| i

Scans bo average |1

[ Suface PAR voltage added
[~ MMEL position data added

Channel Senzor M
1. Count
2. Frequency Conductivity EREI
3. Count Prezzure, Strain Gauge ErawE

Save bz

Selenh.

Fl ELE

odify. .
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SPECIFICATIONS

SBE 19plus SpeCifiCations..........cccveveereeeiieenen e

SBE 5M PUMP.... vvveereereeeerseeeeeeeeesesssesesssssessesesssessssesseee




SEACAT Profiler SBE 19plus
(S L ELL

The SBE 19plus is the next generation Personal CTD, bringing numerous improvements in accuracy, resolution (in fresh as
well as salt water), reliability, and ease-of-use to the wide range of research, monitoring, and engineering applications
pioneered by its legendary SEACAT predecessor. The 19plus samples faster (4 Hz vs 2), is more accurate (0.005 vs 0.01 in
T, 0.0005 vs 0.001 in C, and 0.1% vs 0.25% — with seven times the resolution — in D), and has more memory (8 Mbyte vs 1).
There is more power for auxiliary sensors (500 ma vs 50), and they are acquired at higher resolution (14 bit vs 12). Cabling is
simpler and more reliable because there are four differential auxiliary inputs on two separate connectors, and a dedicated
connector for the pump. All exposed metal parts are titanium, instead of aluminum, for long life and minimum maintenance.

The 19plus can be operated without a computer from even the smallest boat, with data recorded in non-volatile FLASH
memory and processed later on your PC. Simultaneous with recording, real-time data can be transmitted over single-core,
armored cable directly to your PC'’s serial port (maximum transmission distance dependent on number of auxiliary sensors,
baud rate, and cable properties). The 19plus’ faster sampling and pump-controlled TC-ducted flow configuration significantly
reduces salinity spiking caused by ship heave, and allows slower descent rates for improved resolution of water column features.
Auxiliary sensors for dissolved oxygen, pH, turbidity, fluorescense, PAR, and ORP can be added, and for moored deployments the
19plus can be set to time-series mode using software commands. External power and two-way real-time communication over
10,000 meters of cable can be provided with the SBE 36 CTD Deck Unit and Power and Data Interface Module (PDIM).

The 19plus uses the same temperature and conductivity sensors proven in 5000 SEACAT and MicroCAT instruments, and a
superior new micro-machined silicon strain gauge pressure sensor developed by Druck, Inc. Improvements in design,
materials, and signal acquisition techniques yield a low-cost instrument with superior performance that is also easy to use.
Calibration coefficients, obtained in our computer-controlled high-accuracy calibration baths, are stored in EEPROM memory.
They permit data output in ASCII engineering units (degrees C, Siemens/m, decibars, Salinity [PSU], sound velocity [m/sec],
etc.). The 19plus can be factory-configured to emulate the .hex output format and 2 Hz data rate of old SEACATs for
compatibility with existing software or instrument fleets.

Accuracy, convenience, portability, software, and support; compelling reasons why the 19plus is today’s best low-cost CTD.

CONFIGURATION AND OPTIONS Shown with
A standard SBE 19plus is supplied with: optional cage,
« Plastic housing for depths to 600 meters SBE 5T pump,
« Strain-gauge pressure sensor & SBE 43
+ 8 Mbyte FLASH RAM memory / DO sensor

* 9 D-size alkaline batteries

* Impulse glass-reinforced epoxy bulkhead connectors: 4-pin /O,
2-pin pump, and two 6-pin (two differential auxiliary A/D inputs each)

* SBE 5M miniature pump and T-C Duct

Options include:

* Titanium housing for depths to 7000 meters

» Sensors for oxygen, pH, fluorescence, light (PAR), light transmission,
and turbidity

* SBE 5T pump in place of SBE 5M for use with dissolved oxygen and/or
other pumped sensors

» Stainless steel cage

* MCBH Micro connectors

* Ni-Cad batteries and charger

SOFTWARE

SEASOFT®-Win32, our complete Windows 95/98/NT/2000/XP software package,

is included at no extra charge. Its modular programs include:

+ SEATERM® — communication and data retrieval

+ SEASAVE® — real-time data acquisition and display

» SBE Data Processing® — filtering, aligning, averaging, and plotting of CTD and
auxiliary sensor data and derived variables

SB Sea-Bird Electronics, Inc. Email: 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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SEACAT Profiler

SBE 19plus

OO O OO O

Dimensions
(@] ° o ONONONONGO) in millimeters
(=) oo (inches)
| 808 (31.80) |
99 (3.90) DIA \
\©
]
575 (22.65)

SPECIFICATIONS
Measurement Range
Temperature -51t0 +35 °C
Conductivity 0to 9 S/m
Pressure 0to20/100 /350 /1000 /2000 /3500 /7000 meters
Initial Accuracy
Temperature 0.005 °C
Conductivity 0.0005 S/m
Pressure 0.1% of full scale range
Typical Stability (per month)
Temperature 0.0002 °C B
Conductivity 0.0003 S/m A'fl bleed _H
Pressure 0.004% of full scale range valve
Resolution
Temperature 0.0001 °C Yflttlng
Conductivity 0.00005 S/m (most oceanic waters; resolves 0.4 ppm in salinity)

0.00007 S/m (high salinity waters; resolves 0.4 ppm in salinity)

0.00001 S/m (fresh waters; resolves 0.1 ppm in salinity)
Pressure 0.002% of full scale range
Memory 8 Mbyte non-volatile FLASH memory
Data Storage Recorded Parameter Bytes/Sample

T+C 6

pressure 5

each external voltage 2 O
Real-Time Clock 32,768 Hz TCXO accurate to +1 minute/year ngmiM
Internal Batteries 9 alkaline D-cells provide 60 hours continuous CTD operation; O

optional 9-cell rechargeable nickel-cadmium battery pack

provides approximately 24 hours operation per charge O
External Power Supply 9-28 VDC Conductivity cel guard
Power Requirements (covering temperature O
Sampling 65 mA sensor, TC duct, &
SBE 5M pump 95 mA conductivity sensor)
Quiescent 30 YA O
Auxiliary Voltage Sensors
Auxiliary power out up to 500 mA at 10.5-11 VDC O
A/D resolution 14 bits
Input range 0-5VDC /

Housing Materials — Depth Rating — Weight

Acetal Copolymer Plastic housing — 600 meter (1950 feet) — 7.3 kg (16 Ibs)
3AL-2.5V Titanium housing — 7000 meter (22,900 feet) — 13.7 kg (30 lbs)

~

Water intake

(CELELLEL

Data I/O
cable

/ _Pump

inlet port

|- Pump
exhaust port

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

Website: http://www.seabird.com

Email: seabird@seabird.com
Telephone: (425) 643-9866
Fax: (425) 643-9954



Mini Submersible Pump

SBE 5M

The SBE 5M pump module consists of a centrifugal pump
head and a long-life, DC ball bearing motor contained in a
compact, titanium, pressure housing usable to
10,500 meters deep. The pump impeller and electric drive
motor are coupled magnetically through the housing,
providing high reliability by eliminating moving seals. Motor
speed and pumping rate remain constant over the entire
input voltage range. The motor drive electronics is
intrinsically protected against accidental reversed polarity.

APPLICATIONS

The SBE 5M is standard on the SBE 19 and 19plus
SEACAT Profiler CTD. It is optional on the SBE 16, 16plus,
and 16plus-IM SEACAT C-T Recorder. The pump flushes
water through the conductivity cell at a constant rate,
independent of the CTD's motion, improving dynamic
performance. For applications requiring pumping through
additional sensors (for example, a dissolved oxygen
sensor), use the SBE 5T pump instead.

Specify:

e Option 5M-1 for profiling (continuous duty) applications
such as the SBE 19plus.

e Option 5M-2 for moored (pulsed duty) applications such
as the SBE 16plus or 16plus-IM.

Contact Sea-Bird for use in other applications.

SPECIFICATIONS

Option 5M-1 (continuous duty):
Input voltage range 9 - 18 VDC

Flow Rate 25 ml/s supply current 95 ma
Note: Supply current is independent of operating voltage.

Option 5M-2 (pulsed duty):
Input voltage range 6 - 18 VDC

Pulse Duration Flow Volume Electrical Charge
0.5 seconds 15 ml 0.148 amp-seconds
1.0 seconds 21 mi 0.283 amp-seconds
1.5 seconds 31 ml 0.418 amp-seconds
2.0 seconds 40 ml 0.553 amp-seconds
Weight

In Air: 0.42 kg (0.91 Ibs)

In Water: 0.28 kg (0.60 Ibs)

0.5in.(13mm)

/\\< Intake \
o )
N4

2.03in.
(51 mm) "

0.5in. (13 mm)

I |
= 0.56 in. (14 mm)
I
@] ~+-=—— Plastic
impeller
housing
4.1 in.
(104 mm)
—— Titanium

1.7in.
(44 mm)

. 1.5in. __|
(38 mm)
XSG-2BCL-HP-SS
_ Pin Signal
(1) Ground
1@ «2 |(2) + Power

-~ Optional
. wet-pluggable

20 @1 connector,
MCBH-2MTI

06/03

Sea-Bird Electronics, Inc.

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

1808 136" Place NE, Bellevue, Washington 98005 USA

E-mail: seabird@seabird.com
Telephone: (425) 643-9866
Fax: (425) 643-9954
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S B E Sea-Bird Electronics, Inc. FAX: (425) 643-9954

1808 136th Place NE, Bellevue, Washington 98005 USA Tel: (425) 643-9866
m Website: http://www.seabird.com Email: seabird@seabird.com

SBE SM MINI SUBMERSIBLE PUMP CONFIGURATION SHEET

Serial Number: 0651
Job Number: 36026
Customer: NOAA/PMC

Delivery Date:  6/14/2004

Single Connector Housing with Titanium screws

Pressure Case: 10,500 meters (titanium)

Maxon Motor Type:
P/N 90337, Motor PN 20130 (Low power 6 VDC, 2000 RPM MAX) ]
P/N 90335, Motor PN 20130 (Low power 9 VDC, 2000 RPM MAX)

Vin 15V voltage across C2: 7.929 VDC  Current  9.29 mA
Vin 9V voltage across C2: 7.928 VDC  Current 8.8 mA

Vin 6V voltage across C2: 5.885 VDC Current 7.99 mA

Pump submerged test, no load, Vin 12VDC Average current draw in water: 120 mA
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APPLICATION NOTE NO. 2D Revised December 2002

INSTRUCTIONS FOR CARE AND CLEANING OF CONDUCTIVITY CELLS

Since any conductivity sensor’s output reading is proportional to its dimensions, it is important to keep the cell
clean of internal coatings. Also, cell electrodes contaminated with oil, biological growths, or other foreign material
will cause low conductivity readings.

If the cell is allowed to dry out between usage, salt crystals may form on (and in) the platinized electrode surfaces.
When the instrument is next used, there will be a delay before these crystals are dissolved - in the meantime, sensor
accuracy may be affected. Therefore, we recommend that the cell be kept filled with distilled or de-ionized water
between uses. A length of 7/16" ID Tygon tubing is provided for this purpose, to be connected in such a way that
any air entrapped will be in the Tygon tube rather than in the cell.

An additional important benefit of keeping the cell ends closed with Tygon is to keep air-borne contaminants
(which are abundant on most research vessels) from entering the cell.

If it is not practical to keep the cell filled with distilled (or de-ionized) water between use (for example, in Arctic
environments where freezing is a hazard), flush the cell with clean fresh water (preferably distilled or de-ionized)
and close the cell with Tygon. Also, remember to keep the Tygon in a clean place (so that it does not pick up
contaminants) while the instrument is in use.

Experience indicates that in normal intermittent use (such as in CTD profiling operations), drift rates of
0.0003 S/m (0.003 mmho/cm) or less per month can be expected without any cleaning if the procedures described
above are followed.

The conductivity cell is primarily made of glass, and therefore is subject to breakage if mishandled. It is especially
important to use the right size Tygon tubing, since if you use tubing with a too small ID, it will be difficult to
remove the tubing, and the cell end may break if excessive force is used. The correct size tubing for all
instruments produced since 1980 is 7/16" ID, 9/16" OD, 1/16" wall. Instruments shipped prior to 1980 had
smaller retaining ridges at the ends of the cell, and 3/8" ID Tygon is required for these older instruments. It is better
to use Tygon (brand) than other plastic tubing, since it tends to remain flexible over a wide temperature range and
with age.

Do not insert any sort of cleaning probe (e.g., Q-tip) into the interior of the cell. If the platinized (black)
electrode surface is touched, it may be damaged and require the electrodes to be replatinized.

If a cell is filled with water, do not subject it to low temperatures that will freeze the water and break the cell.
Remove the water before shipment during the winter, or to polar regions at any season. No adverse affects
have been observed as a result of temporary dry storage, particularly if the cell is rinsed with fresh water
before storage.

110



111

CELL CLEANING

Routine Cleaning (inside of cell not visibly dirty)

Fill the cell with a 1% solution of Triton X-100* and let soak for 30 minutes. This is most easily done by using a
length of 7/16" ID Tygon tubing to form a closed loop including the cell. After the soak, drain and flush with warm
(not hot) fresh water for 1 minute. Refill the cell with distilled (or de-ionized) water until the next usage.

Cleaning Severely Fouled Cells (visible deposits or marine growths on the inside of the cell)

Clamp the instrument so that the cell is vertical, and attach a length of 7/16" Tygon tubing to the lower end of the
cell. Use masking or other tape to secure the open end of the Tygon about even with the top end of the cell. Pour
Muriatic Acid (37% HCI) into the open end of the Tygon until the cell is filled to near the top and let soak for 1 to 2
minutes only. Avoid breathing the acid fumes!! Drain the acid from the cell and flush for 5 minutes with warm
(not hot) fresh water. Also rinse the exterior of the instrument to remove any spilled acid from the surface. Then fill
the cell with 1% Triton" solution, let stand for 5 minutes, and flush with warm fresh water for 1 minute. Refill with
distilled or de-ionized water until the next usage.

If this process does not remove the visible deposits, mechanically clean the cell with a small (0.275" diameter). soft-
bristled nylon bottle brush and 1% Triton solution. NOTE: Be extremely careful when cleaning, because the
platinum electrodes are thin and could be damaged if you use a brush that is too large or too stiff. The
electrodes must be replatinized after brush cleaning. Our service department will clean and replatinize your
cell for a nominal fee.

*Triton X-100 (a trade name of J. T. Baker, Inc) is a concentrated liquid non-ionic detergent available at most
chemical or scientific supply stores. Other liquid detergents can probably also be used, but scientific grades are
preferable because of their known composition. It is better to use a non-ionic detergent since conductivity readings
taken immediately after use are less likely to be affected by any residual detergent left in the cell.
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APPLICATION NOTE NO. 6 July 1994

DETERMINATION OF SOUND VELOCITY FROM CTD DATA

Use of CTD measurement for determination of sound velocity is appealing because these instruments are
simpler and more rugged and because their resolution, accuracy, and stability lead to far better precision
than can be obtained with direct SV measuring devices. For example, specifications of 0.01 mS/cm
conductivity, 0.01 degrees C temperature, and 1 meter in depth are readily achieved with good quality
CTD equipment. Assuming that the relationship between C, T, and D on the one hand and SV on the other
is exactly known (see below), the resulting uncertainty in SV would be as follows:

from temperature error (0.01 deg C) 0.021 meters/second
from conductivity error (0.01 mS/cm) 0.011 meters/second
from salinity error (0.01 psu) 0.012 meters/second
from depth error (1 meter) 0.017 meters/second

The equivalent SV errors (considered at 15 degrees C, 42.9 mS/cm, 35 psu, and O pressure, i.e, typical
open-ocean surface conditions) are much smaller than those wusually claimed for direct-
measurement instruments.

The question about the absolute accuracy of the inference of SV from CTD data is more difficult to
answer. The main reason for this is apparently the result of differences in the instrumentation used by
various researchers and is compounded by the difficulty of performing direct measurements of sound
velocity under controlled conditions of temperature, salinity, and (especially) pressure. For example,
3 widely used equations (Wilson, 1959; Del Grosso, 1972; Millero and Chen, 1977) show differences in
absolute sound speed on the order of 0.5 meter/second for various combinations of water temperature,
salinity, and pressure, despite being based on careful measurements made under laboratory conditions.

The work of Millero and Chen is, however, the most modern, and it builds upon and attempts to
incorporate the work of earlier investigators. Accordingly, the SV/CTD relationship described by these
researchers in their paper of 1977 was used as a major component in the derivation of the Equation of
State (Unesco technical papers in marine science no. 44). Millero and Chen's 1977 equation is also the one
endorsed by the Unesco/SCOR/ICES/IASPO Joint Panel on Oceanographic Tables and Standards which
comprises the internationally recognized authority for measurements of ocean parameters (in Sea-Bird's
SEASOFT software, users may select any of the 3 equations mentioned above).

We draw the following conclusions from the research papers listed above:

1) Investigators using specialized equipment under scrupulously controlled laboratory conditions
report measurements of SV vs. changes in temperature, salinity, and pressure which differ by
0.5 meters/second and more. It is unrealistic to expect that commercial direct-measurement
instruments will be more accurate under field conditions than the laboratory equipment used by
successions of careful researchers.
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2)

3)

4)

5)

The claimed 'accuracy' of commercial direct-measurement SV probes probably more legitimately
represents their 'precision' (compare with CTD/SV uncertainties tabulated above) than their
absolute accuracy. The relationship between what these instruments read and true sound velocity
is probably just as dependent on the same vagaries that are also the only significant sources of
error when employing the CTD approach.

Because of the uncertainties in the time-delays associated with the acoustic transducers and
electronics (and because of the difficulty of measuring with sufficient accuracy the length of the
acoustic path), direct-measurement probes must be calibrated in water. As suggested by the
research under controlled laboratory conditions, this is not an easy task, especially over a range of
temperature, pressure, and salinity. On the other hand, a CTD probe can easily be calibrated
using accepted methods.

A CTD can predict absolute SV to something better than 0.5 meter/second (a judgement seconded
by Professor Millero in a private conversation), while its relative accuracy (precision) is probably
better than 0.05 meter/s under the most demanding conditions of field use.

The very high precision associated with CTD measurements and the existence of an internationally
accepted relationship (even if imperfect) between CTD and SV permits very consistent
intercomparison and a high degree of uniformity among CTD-derived SV data sets, no matter
when and where taken.
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Sea-Bird Electronics, Inc. Phone: (425) 643-9866
1808 136th Place NE Fax: (425) 643-9954

m Bellevue, WA 98005 E-mail: seabird@seabird.com
USA Web: www.seabird.com
APPLICATION NOTE NO. 10 Revised May 2004

COMPRESSIBILITY COMPENSATION
OF SEA-BIRD CONDUCTIVITY SENSORS

Sea-Bird conductivity sensors provide precise characterization of deep ocean water masses. To achieve the accuracy
of which the sensors are capable, an accounting for the effect of hydrostatic loading (pressure) on the conductivity
cell is necessary. Conductivity calibration certificates show an equation containing the appropriate pressure-
dependent correction term, which has been derived from mechanical principles and confirmed by field observations.
The form of the equation varies somewhat, as shown below:

SBE 4, 9, 9plus, 16, 19, 21, 25, and 26/26plus

(g +hf2+if>+jf*)/10

Conductivity (Siemens/meter) = slope + offset (recommended)

or

1 + [CTcor]t + [CPcor] p

@f™+ bf?+c+dt)/10

Conductivity (Siemens/meter) = slope + offset

1 +[CPcor] p

SBE 16plus, 19plus, 37, 45, and 49

g+ hf2+if>+jf*

Conductivity (Siemens/meter) = slope + offset

1 + [CTcor]t + [CPcor] p

where

a, b, ¢, d, m, and CPcor are the calibration coefficients used for older sensors (prior to January 1995);
Sea-Bird continues to calculate and print these coefficients on the calibration sheets for use with

old software, but recommends use of the g, h, I, j, CTcor, CPcor form of the equation for most
accurate results

g, h, L, j, CTcor, and CPcor are the calibration coefficients used for newer sensors

CPcor isthe correction term for pressure effects on conductivity

slope and offset are correction coefficients used to make corrections for sensor drift between calibrations;
set to 1.0 and O respectively on initial calibration by Sea-Bird (see Application Note 31 for details on
calculating slope and offset)

f is the instrument frequency (kHz)

t is the water temperature (°C)

p is the water pressure (decibars)

Sea-Bird CTD data acquisition, display, and post-processing software SEASOFT automatically implements
these equations.
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DISCUSSION OF PRESSURE CORRECTION

Conductivity cells do not measure the specific conductance (the desired property), but rather the conductance of a
specific geometry of water. The ratio of the cell’s length to its cross-sectional area (Cell constant) is used to relate the
measured conductance to specific conductance. Under pressure, the conductivity cell’s length and diameter are
reduced, leading to a lower indicated conductivity. The magnitude of the effect is not insignificant, reaching
0.0028 S/m at 6800 dbars.

The compressibility of the borosilicate glass used in the conductivity cell (and all other homogeneous, noncrystalline
materials) can be characterized by E (Young’s modulus) and v (Poisson’s ratio). For the Sea-Bird conductivity cell,
E=9.1x 10° psi, v=0.2, and the ratio of indicated conductivity divided by true conductivity is:

l1+s
where s= (CPcor) (p)
Typical value for CPcor is - 9.57 x 10°® for pressure in decibars or - 6.60x 10™ for pressure in psi

Note: This equation, and the mathematical derivations below, deals only with the pressure correction term, and does
not address the temperature correction term.

MATHEMATICAL DERIVATION OF PRESSURE CORRECTION
For a cube under hydrostatic load:

AL/L=s=-p(1-2Vv)/E

where

e pis the hydrostatic pressure

e Eis Young’s modulus

e vis Poisson’s ratio

e AL /L and sare strain (change in length per unit length)

Since this relationship is linear in the forces and displacements, the relationship for strain also applies for the length,
radius, and wall thickness of a cylinder.

To compute the effect on conductivity, note that Ry = pL / A , where Ry is resistance of the material at 0 pressure,
p is volume resistivity, L is length, and A is cross-sectional area. For the conductivity cell A = r* , where r is the
cell radius. Under pressure, the new length is L (1 + s) and the new radius is r (1 + 8). If R, is the cell resistance
under pressure:

R,=pL(1+9)/(mr’[l+s)=pL/nr’(1+5)=Ry/(1+59)
Since conductivity is 1/R:

C,=Co(1+9) and Co=C,/(1+9=C,/(1+ [Cpcor][p])
where

o C, is conductivity at 0 pressure

e C, is conductivity measured at pressure

A less rigorous determination may be made using the material’s bulk modulus. For small displacements in a cube:
AV/V=3AL/L=-3p(1-2v)/E or AV/V=-p/K
where

e AV/Vis the change in volume per volume or volume strain
o Kis the bulk modulus. K is related to Eand vby K=E /3 (1 -2 v).

In this case, AL /L =-p/3K.
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APPLICATION NOTE NO. 14 January 1989

1978 PRACTICAL SALINITY SCALE

Should you not be already familiar with it, we would like to call your attention to the January 1980 issue of the IEEE
Journal of Oceanic Engineering, which is dedicated to presenting the results of a multi-national effort to obtain a
uniform repeatable Practical Salinity Scale, based upon electrical conductivity measurements. This work has been
almost universally accepted by researchers, and all instruments delivered by Sea-Bird since February 1982 have been
supplied with calibration data based upon the new standard.

The value for conductivity at 35 ppt, 15 degrees C, and 0 pressure [C(35,15,0)] was not agreed upon in the IEEE
reports -- Culkin & Smith used 42.914 mmho/cm (p 23), while Poisson used 42.933 mmho/cm (p 47). It really does
not matter which value is used, provided that the same value is used during data reduction that was used to compute
instrument calibration coefficients. Our instrument coefficients are computed using C(35,15,0) = 42.914 mmho/cm.

The PSS 1978 equations and constants for computing salinity from in-situ measurements of conductivity,
temperature, and pressure are given in the 'Conclusions' section of the IEEE journal (p 14) and are reproduced back
of this note. In the first equation, 'R’ is obtained by dividing the conductivity value measured by your instrument by
C(35,15,0), or 42.914 mmho/cm. Note that the PSS equations are based upon conductivity in units of mmho/cm,
which are equal in magnitude to units of mS/cm. If you are working in conductivity units of Siemens/meter
(S/m), multiply your conductivity values by 10 before using the PSS 1978 equations.

Also note that the equations assume pressure relative to the sea-surface. Absolute pressure gauges (as used in all
Sea-Bird CTD instruments) have a vacuum on the reference side of their sensing diaphragms and indicate
atmospheric pressure (nominally 10.1325 dBar) at the sea-surface. This reading must be subtracted to obtain
pressure as required by the PSS equations. The pressure reading displayed when using Sea-Bird's SEASOFT CTD
acquisition, display, and post-processing software is the corrected sea-surface pressure and is used by SEASOFT to
compute salinity, density, etc in accordance with the PSS equations.
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1978 PRACTICAL SALINITY SCALE EQUATIONS, from IEEE Journal of Oceanic Engineering,
Vol. DE-5, Mo, 1, January 1980, page 14,

CONCLUSIONS

Using Mewly generated data, a fit has been made giving the
following algorithm for the calculation of salinity from dam
of the form:
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APPLICATION NOTE 27Druck NOVEMBER 2003

Minimizing Strain Gauge Pressure Sensor Errors
The following Sea-Bird instruments use strain gauge pressure sensors manufactured by GE Druck:

SBE 16plus and 16plus-IM SEACAT (not 16*) with optional strain gauge pressure sensor

SBE 19plus SEACAT Profiler (not 19%)

SBE 25 SEALOGGER CTD, which uses SBE 29 Strain-Gauge Pressure Sensor (built after March 2001)

SBE 37 MicroCAT (37-IM, -IMP, -SM, -SMP, and -SI) with optional pressure sensor (built after September 2000)
SBE 39 Temperature Recorder with optional pressure sensor (built after September 2000)

SBE 49 FastCAT CTD Sensor

SBE 50 Digital Oceanographic Pressure Sensor

* Note: SBE 16 and SBE 19 SEACATS were originally supplied with other types of pressure sensors. However, a few
of these instruments have been retrofitted with Druck sensors.

The Druck sensors are designed to respond to pressure in nominal ranges 0 - 20 meters, 0 - 100 meters, 0 - 350 meters,
0 — 1000 meters, 0 — 2000 meters, 0 — 3500 meters, and 0 — 7000 meters (with pressures expressed in meters of
deployment depth capability). The sensors offer an initial accuracy of 0.1% of full scale range.

DEFINITION OF PRESSURE TERMS

The term psia means pounds per square inch, absolute (absolute means that the indicated pressure is referenced to
a vacuum).

For oceanographic purposes, pressure is most often expressed in decibars (1 dbar = 1.4503774 psi). A dbar is 0.1 bar; a
bar is approximately equal to a standard atmosphere (1 atmosphere = 1.01325 bar). For historical reasons, pressure at
the water surface (rather than absolute or total pressure) is treated as the reference pressure (0 dbar); this is the value
required by the UNESCO formulas for computation of salinity, density, and other derived variables.

Some oceanographers express pressure in Newtons/meter” or Pascals (the accepted SI unit). A Pascal is a very small
unit (1 psi = 6894.757 Pascals), so the mega-Pascal (MPa = 10° Pascals) is frequently substituted (1 MPa = 100 dbar).

Since the pressure sensors used in Sea-Bird instruments are absolute types, their raw data inherently indicate
atmospheric pressure (about 14.7 psi) when in air at sea level. Sea-Bird outputs pressure in one of the following ways:

e For CTDs that output raw data (SBE 16plus, 16plus-IM, 19plus, 25, and 49) and are supported by SEASOFT’s
SEASAVE (real-time data acquisition) and SBE Data Processing (data processing) software — In SEASOFT, user
selects pressure output in psi (not psia) or dbar. SEASOFT subtracts 14.7 psi from the raw absolute reading and
outputs the remainder as psi or converts the remainder to dbar.

e  For the SBE 50 — User selects pressure output in psia (including atmospheric pressure) or dbar. Calculation of dbar
is as described above.

e  For all other instruments that can output converted data in engineering units (SBE 16plus, 16plus-IM, 19plus,
37, 39, and 49) — Instrument subtracts 14.7 psi from the raw absolute reading and converts the remainder to dbar.

Note: SBE 16plus, 16plus-IM, 19plus, and 49 can output raw or converted data.

RELATIONSHIP BETWEEN PRESSURE AND DEPTH

Despite the common nomenclature (CTD = Conductivity - Temperature - Depth), all CTDs measure pressure, which is
not quite the same thing as depth. The relationship between pressure and depth is a complex one involving water
density and compressibility as well as the strength of the local gravity field, but it is convenient to think of a decibar as
essentially equivalent to a meter, an approximation which is correct within 3% for almost all combinations of salinity,
temperature, depth, and gravitational constant.
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SEASOFT offers two methods for estimating depth from pressure.

e  For oceanic applications, salinity is presumed to be 35 PSU, temperature to be 0° C, and the compressibility of the
water (with its accompanying density variation) is taken into account. This is the method recommended in
UNESCO Technical Paper No. 44 and is a logical approach in that by far the greatest part of the deep-ocean water
column approximates these values of salinity and temperature. Since pressure is also proportional to gravity and
the major variability in gravity depends on latitude, the user’s latitude entry is used to estimate the magnitude of the
local gravity field.

» SBE 16plus, 16plus-IM, 19plus, 25, and 49 - User is prompted to enter latitude if Depth [salt water] is selected
as a display variable in SEASAVE or as an output variable in the Data Conversion or Derive module of
SBE Data Processing.

» SBE 37-SI and 50 - Latitude is entered in the instrument’s EEPROM using the LATITUDE= command in
SEASOFT’s SEATERM (terminal program) software.

» SBE 39 — User is prompted to enter latitude if conversion of pressure to depth is requested when converting an
uploaded .asc file to a .cnv file in SEATERM.

e  For fresh water applications, compressibility is not significant in the shallow depths encountered and is ignored, as
is the latitude-dependent gravity variation. Fresh water density is presumed to be 1 gm/cm, and depth (in meters) is
calculated as 1.019716 * pressure (in dbars).

CHOOSING THE RIGHT SENSOR

Initial accuracy and resolution are expressed as a percentage of the full scale range for the pressure sensor. The

initial accuracy is 0.1% of the full scale range. Resolution is 0.002% of full scale range, except for the SBE 25

(0.015% resolution). For best accuracy and resolution, select a pressure sensor full scale range to correspond to no more
than the greatest depths to be encountered. The effect of this choice on CTD accuracy and resolution is shown below:

Range Maximum Initial Error | SBE 16plus, 16plus-IM, 19plus, 37, 39, 49, & 50 - SBE 25 -
(meters) (meters) Resolution (meters) Resolution (meters)
0-20 0.02 0.0004 0.003
0-100 0.10 0.002 0.015
0-350 0.35 0.007 0.052
0—1000 1.0 0.02 0.15
0 -2000 2.0 0.04 0.30
0-3500 35 0.07 0.52
0 - 7000 7.0 0.14 1.05

The meaning of accuracy, as it applies to these sensors, is that the indicated pressure will conform to true pressure to
within + maximum error (expressed as equivalent depth) throughout the sensor’s operating range. Note that a
7000-meter sensor reading + 7 meters at the water surface is operating within its specifications; the same sensor would
be expected to indicate 7000 meters + 7 meters when at full depth.

Resolution is the magnitude of indicated increments of depth. For example, a 7000-meter sensor on an SBE 25
(resolution 1.05 meters) subjected to slowly increasing pressure will produce readings approximately following the
sequence 0, 1.00, 2.00, 3.00 (meters). Resolution is limited by the design configuration of the CTD’s A/D converter.
For the SBE 25, this restricts the possible number of discrete pressure values for a given sample to somewhat less than
8192 (13 bits); an approximation of the ratio 1 : 7000 is the source of the SBE 25°s 0.015% resolution specification.

Note: SEASOFT (and other CTD software) presents temperature, salinity, and other variables as a function of depth or
pressure, so the CTD’s pressure resolution limits the number of plotted data points in the profile. For example, an

SBE 25 with a 7000-meter sensor might acquire several values of temperature and salinity during the time required to
descend from 1- to 2-meters depth. However, all the temperature and salinity values will be graphed in clusters
appearing at either 1 or 2 meters on the depth axis.

High-range sensors used in shallow water generally provide better accuracy than their absolute specifications indicate.
With careful use, they may exhibit accuracy approaching their resolution limits. For example, a 3500-meter sensor has
a nominal accuracy (irrespective of actual operating depth) of + 3.5 meters. Most of the error, however, derives from
variation over time and temperature of the sensor’s offset, while little error occurs as a result of changing sensitivity.
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MINIMIZING ERRORS
Offset Errors

The primary offset error due to drift over time can be eliminated by comparing CTD readings in air before beginning
the profile to readings from a barometer. Follow this procedure:

1. Allow the instrument to equilibrate in a reasonably constant temperature environment for at least 5 hours. Pressure
sensors exhibit a transient change in their output in response to changes in their environmental temperature;
allowing the instrument to equilibrate before starting will provide the most accurate calibration correction.

2. Place the instrument in the orientation it will have when deployed.

3. Set the pressure offset to 0.0:
e Inthe .con file, using SEASAVE or SBE Data Processing (for SBE 16plus, 16plus-IM, 19plus, 25, or 49).
e Inthe CTD’s EEPROM, using the appropriate command in SEATERM (for SBE 16plus, 16plus-IM, 19plus,
37,39, 49, or 50).

4. Collect pressure data from the instrument using SEASAVE or SEATERM (see instrument manual for details). If
the instrument is not outputting data in decibars, convert the output to decibars.

5. Compare the instrument output to the reading from a good barometer placed at the same height as the pressure
sensor. Calculate offSet (decibars) = barometer reading (converted to decibars) — instrument reading (decibars).

6. Enter calculated offset in decibars:
e Inthe .con file, using SEASAVE or SBE Data Processing (for SBE 16plus, 16plus-IM, 19plus, 25, or 49).
e Inthe CTD’s EEPROM, using the appropriate command in SEATERM (for SBE 16plus, 16plus-IM, 19plus,
37,39, 49, or 50).

Note: For instruments that store calibration coefficients in EEPROM and also use a .con file (SBE 16plus, 16plus-IM,
19plus, and 49), set the pressure offset (Steps 3 and 6 above) in both the EEPROM and in the .con file.

Offset Correction Example

Pressure measured by a barometer is 14.65 psia. Pressure displayed from instrument is -2.5 dbars.
Convert barometer reading to dbars using the relationship:  (psia — 14.7) * 0.6894759 = dbars
Barometer reading = (14.65 — 14.7) * 0.6894759 = -0.034 dbars

Offset =-0.034 — (-2.5) =+ 2.466 dbar

Enter offset in .con file (if applicable) and in instrument EEPROM (if applicable).

Another source of offset error results from temperature-induced drifts. Because Druck sensors are carefully temperature
compensated, errors from this source are small. Offset errors can be estimated for the conditions of your profile, and
eliminated when post-processing the data in SBE Data Processing by the following procedure:

1. Immediately before beginning the profile, take a pre-cast in air pressure reading.
2. Immediately after ending the profile, take a post-cast in air pressure reading with the instrument at the same
elevation and orientation. This reading reflects the change in the instrument temperature as a result of being

submerged in the water during the profile.

3. Calculate the average of the pre- and post-cast readings. Enter the negative of the average value (in decibars) as the
offset in the .con file.
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Hysteresis Errors

Hysteresis is the term used to describe the failure of pressure sensors to repeat previous readings after exposure to other
(typically higher) pressures. The Druck sensor employs a micro-machined silicon 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.

Power Turn-On Transient

Druck pressure sensors exhibit virtually no power turn-on transient. The plot below, for a 3500-meter pressure sensor in
an SBE 19plus SEACAT Profiler, is representative of the power turn-on transient for all pressure sensor ranges.
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Thermal Transient

Pressure sensors exhibit a transient change in their output in response to changes in their environmental temperature, so
the thermal transient resulting from submersion in water must be considered when deploying the instrument.

During calibration, the sensors are allowed to warm-up before calibration points are recorded. Similarly, for best depth
accuracy the user should allow the CTD to warm-up for several minutes before beginning a profile; this can be part of
the soak time in the surface water. Soaking also allows the CTD housing to approach thermal equilibrium (minimizing
the housing's effect on measured temperature and conductivity) and permits a Beckman- or YSI-type dissolved oxygen
sensor (if present) to polarize.
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APPLICATION NOTE NO. 31 September 2001

Computing Temperature and Conductivity Slope and Offset Correction Coefficients from
Laboratory Calibrations and Salinity Bottle Samples

Conductivity Sensors

SEASOFT’s prompt for slope and offset values when the conductivity sensor is selected when setting up the
configuration (.con) file permits the user to make corrections for sensor drift between calibrations. For newly calibrated
sensors use slope = 1.0, offset = 0.0. The correction formula is:

(corrected conductivity) = slope * (computed conductivity) + offset

The conductivity sensor usually drifts by changing span (the slope of the calibration curve), and changes are typically
toward lower conductivity readings with time. Offset error in conductivity (error at O S/m) is usually due to electronics
drift, which is usually less than +0.0001 S/m per year. Offsets greater than +0.0002 S/m are symptomatic of sensor
malfunction. Sea-Bird, therefore, recommends drift corrections to conductivity sensors be made by assuming no offset
error, unless there is strong evidence to the contrary or a special need.

As an example of computing these correction coefficients, if we had the following calibration data:

true conductivity: 3.5 S/m
instrument reading: 3.49965 S/m

slope = 3.5 /3.49965 = 1.000100
Correcting for Conductivity Drift Based on Pre- and Post-Cruise Laboratory Calibrations

Suppose a conductivity sensor is calibrated (pre-cruise), then immediately used at-sea, and then returned for post-cruise
calibration. The pre- and post-cruise calibration data can be used to generate a slope correction for data taken between
the pre- and post-cruise calibrations.

If a is the conductivity computed from the pre-cruise bath data (temperature and frequency) using post-cruise
calibration coefficients and p is the true conductivity in the pre-cruise bath, then:

(@B

1

M s

Postslope = (postslope is typically < 1.0)

(@)(ay)

1

M s

Beginning in February 1995, the value for postslope was calculated and printed on the conductivity calibration sheet.
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To correct conductivity data taken between pre- and post-cruise calibrations:

Let:
n = number of days between pre- and post-cruise calibrations
b = number of days between pre-cruise calibration and the cast to be corrected
islope = interpolated slope; this is the value to enter in the .con file
postslope = slope from calibration sheet as calculated above

islope = 1.0 + (b / n) ((1/ postslope) - 1.0)
In the .con file, use the pre-cruise calibration coefficients and use islope for the value of slope.*

Note: The CTD configuration (.con) file is edited using the Configure menu (in SEASAVE or SBE Data Processing in
our SEASOFT-Win32 suite of programs) or SEACON (in SEASOFT-DOS).

For typical conductivity drift rates (equivalent to -0.003 PSU/month), islope would not need to be recalculated more
frequently than at weekly intervals.

* You can also calculate preslope. If a is the conductivity computed from the post-cruise bath data (temperature
and frequency) using pre-cruise calibration coefficients and B is the true conductivity in the post-cruise bath, then:

(@B

M s

Preslope = (preslope is typically > 1.0)

(@)(ay)

M s

In this case, pre-cruise calibration coefficients would be used and:
islope = 1.0 + (b / n) (preslope - 1.0)

Correcting for Conductivity Drift Based on Salinity Bottles Taken At-Sea

For this situation the pre-cruise calibration coefficients are used to compute conductivity and CTD salinity. Salinity
samples are obtained using water sampler bottles during CTD profiles, and the difference between CTD salinity and
bottle salinity is used to determine the drift in conductivity.

In using this method to correct conductivity, it is important to realize that differences between CTD salinity and
hydrographic bottle salinity are due to errors in conductivity, temperature, and pressure measurements (as well as
errors in obtaining and analyzing bottle salinity values). All CTD temperature and pressure errors and bottle errors
must first be corrected before attributing the remaining salinity difference as CTD conductivity error and proceeding
with conductivity corrections.

Suppose that at a Pacific Ocean station, three salinity bottles are taken during a CTD profile and assume for this
discussion that shipboard analysis of the bottle salinities is perfect. The bottle salinities and the uncorrected CTD data
might be:




Approximate Bottle CTD Raw CTD Raw CTD Temperature | CTD Pressure
Depth (m) Salinity Salinity Conductivity (S/m) (9] (dbar)

200 34.9770 34.9705 4.63421 18.3924 202.7

1000 34.4710 34.4634 3.25349 3.9841 1008.8

4000 34.6850 34.6778 3.16777 1.4527 4064.1

The uncorrected salinity differences (CTD salinity - bottle salinity) are approximately -0.007 ppt. To determine
conductivity drift, the CTD temperature and pressure data must first be corrected. Suppose that the error in temperature
measurements is +0.0015 C uniformly at all temperatures, and the error in pressure is +0.5 dbar uniformly at all
pressures. The drift offsets are obtained by projecting the drift history of both sensors from pre-cruise calibrations. If
these offsets are entered in the .con file, the correct CTD temperature and pressure will be the reported raw values and
will need no further correction. In addition, the CTD raw salinity will be reported using the correct CTD temperature
and pressure. This correction method also assumes that the pressure coefficient for the conductivity cell is correct. The
CTD data with corrected temperature and pressure are:

Correct CTD Correct CTD CTD Conductivity CTD Salinity Bottle Salinity
Pressure (dbar) Temperature (°C) (S/m) T,P Corrected
202.2 18.3909 4.63421 34.9719 34.9770
1008.3 3.9826 3.25349 34.4652 34.4710
4063.6 1.4512 3.16777 34.6796 34.6850

The (CTD-bottle) salinity difference of -0.005 ppt is now properly assigned as conductivity error, equivalent to about -
0.0005 S/m at 4.0 S/m. By plotting the conductivity error versus conductivity, it is evident that the drift is primarily a
slope change.

The program SEACALC (in SEASOFT-DOS) can be used to compute bottle conductivity. Enter bottle salinity for
salinity, CTD corrected temperature for temperature, and CTD corrected pressure for pressure.

CTD Conductivity (S/m) | Bottle Conductivity (S/m) | [CTD - Bottle] Conductivity (S/m)
4.63421 4.63481 -0.00060
3.25349 3.25398 -0.00049
3.16777 3.16821 -0.00044

If a is the CTD conductivity computed with pre-cruise coefficients and f is the true bottle conductivity then:

(@B

M s

slope = (slope is typically > 1.0)

(@)(ay)

M s

Using the above data, the slope correction coefficient for conductivity at this station is slope = +1.000137. Following
Sea-Bird's recommendation of assuming no offset error in conductivity, offset is set to 0.0.

For typical Sea-Bird sensors that are calibrated regularly, 70 - 90% of the CTD salinity error is due to conductivity
calibration drift, 10 - 30% is due to temperature calibration drift, and only 0% - 10% is due to pressure calibration drift.
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Temperature Sensors
SEASOFT’s prompt for slope and offset values when the temperature sensor is selected when setting up the
configuration (.con) file permits the user to make corrections for sensor drift between calibrations. For newly calibrated

sensors, use slope = 1.0, offset = 0.0. The correction formula is:

(corrected temperature) = slope * (computed temperature) + offset

where :
slope = (true temperature span) / (instrument temperature span)
offset = (true temperature - instrument reading) * slope measured at 0.0 °C

As an example of computing the correction coefficients, if we had the following calibration data:

true temperature 0.0°C 25.0°C
instrument reading 0.0015 °C 25.0013 °C
slope = (true temperature span) / (instrument temperature span)

=(25.0-0.0)/(25.0013 - 0.0015) =1.000008000

offset = (true temperature - instrument reading) * slope measured at 0.0 °C
= (0.0 - 0.0015) * (1.000008000) =-0.00150002

For this example Sea-Bird would recommend the drift correction values (entered in the .con file)
slope =1.0 offset =-0.0015

Sea-Bird temperature sensors usually drift by changing offset (an error of equal magnitude at all temperatures). In
general, the drift can be toward higher or lower temperature with time; however, for a specific sensor the drift will
remain the same sign (direction) for many consecutive years. A large span error (change in calibration slope) indicates
an unusual aging of electronic components and is symptomatic of sensor malfunction. Sea-Bird therefore recommends
that drift corrections to temperature sensors be made by assuming no slope error, unless there is strong evidence to the
contrary or a special need.

Sensors with serial numbers less than 1050 drift more typically toward higher temperature with time, while sensors with
serial numbers greater than 1050 drift more typically toward lower temperature with time. Many years of experience
with hundreds of sensors indicates that the drift is smooth and uniform with time, allowing users to make very accurate
drift corrections to field data based only on pre- and post-cruise laboratory calibrations.

Calibration checks at-sea are advisable for consistency checks of the sensor drift rate and for early detection of sensor
malfunction. However, data from reversing thermometers is rarely accurate enough to make calibration corrections that
are better than those possible by shore-based laboratory calibrations. A proven alternate consistency check is to use dual
SBE 3 temperature sensors on a CTD and to track the difference in drift rates between the two sensors. In the deep
ocean, where temperatures are uniform, the difference in temperature measured by two sensors can be resolved to better
than 0.0002 °C and will change smoothly with time as predicted by the difference in drift rates of the two sensors.

The temperature sensors rarely exhibit span errors larger than 0.005 °C over the range -5 to 35 °C even after years of
drift. A span error that increases by more than +0.0002 [°C per °C per year] is symptomatic of sensor malfunction.
Previous to January 1993 some calibrations have been delivered that include span errors up to 0.004 °C in 30 °C
(span error of 0.000133) because of undetected systematic errors in calibration. Temperature calibrations preformed at
Sea-Bird after January 1995 have span error less than 0.0002 °C in 30 °C.
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Correcting for Temperature Drift Based on Pre- and Post-Cruise Laboratory Calibrations

Suppose a temperature sensor is calibrated (pre-cruise), then immediately used at-sea for 4 months, and then returned
for post-cruise calibration. Converting the post-cruise calibration data using the pre-cruise coefficients, we obtain
the estimates:

Real Temperature........ 0.0°....... 25.0°C
Instrument Reading..... 0.002°... 25.001°C

These calibration data correspond to offset error = +0.002 °C, and span error = -0.00004 [°C per °C] at the end of
4 months of use. The correction coefficients are slope= 1.000040002, offset= -0.00200008. Note the difference
between the error value and the value of the correction coefficient.

For preliminary work at sea, use the pre-cruise calibration coefficients and slope = 1.0, offset = 0.0. Temperature
data obtained during the cruise is corrected for drift using properly scaled values of correction coefficients. Data
from the end of the second month at sea would be converted using pre-cruise coefficients and slope=1.00002,
offset=-0.001. At the end of the 4-month cruise, data could be converted by either using pre-cruise coefficients and
slope=1.00004, offset=-0.002, or by using post-cruise coefficients and slope= +1.0, offset = 0.0.
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APPLICATION NOTE NO. 34 January 1992

CONDUCTIVITY CELL FILLING AND STORAGE DEVICE P/N 50087
INSTRUCTIONS FOR USE

Figure 1

Sea-Bird recommends keeping the conductivity
cell full of purified water (except in freezing
environments) during periods when the CTD is not
being used. This is important in keeping the cell

- free from contamination and in keeping the

electrodes wetted and ready for immediate use.

- CTDs with pumped conductivity cells (SBE 911,

SBE 25, and some SEACATs) are shipped with
syringe and tubing assembly (P/N 50087) as an
accessory for filling and storing the conductivity

— TN cell. The tubing assembly consists of a length of
— 1/4 inch LD. tube connected to a short piece of
|| 7/16 inch L.D. tube by a plastic reducing union.

To fill the conductivity cell, draw about 40-60 cc of
purified water into the syringe, connect the plastic
tubing to the TC duct intake on the temperature
(] sensor [Figure 1], (or to the open end of the
@E conductivity cell on systems without the TC duct

[Figure 2]) and inject water into the cell and
pump plumbing.

For CTDs with a TC duct, remove the plastic
reducing union and connect the smaller diameter

tubing directly to the TC duct. For CTDs without a

TC duct, leave the reducing union and large
diameter tubing attached and carefully connect the

Figure 2

tubing directly to the end of the glass conductivity
cell [Figure 2].

After filling the conductivity cell, loop the rubber
band around a bar on the CTD cage and back over
the top of the syringe to secure the apparatus for
storage.

REMEMBER TO REMOVE THE SYRINGE
AND TUBING ASSEMBLY BEFORE
DEPLOYMENT!
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APPLICATION NOTE NO. 40 Revised November 2002

SBE ST PUMP SPEED ADJUSTMENT INSTRUCTIONS

Equipment: DC power supply Drawings: 31441 (schematic)
Frequency counter 40630 (3000 rpm pump)
40631 (1300 rpm pump)

The pump housing must be disassembled to adjust the pump speed. Referencing above drawings:

1. Remove the white plastic end cap retainer ring located at the connector end of the pump by twisting in a
counter-clockwise motion.

2. Install a 2-pin dummy plug with locking sleeve (P/N 17044.1) over the bulkhead connector. This will
provide a good grip on the pump connector and will protect the connector pins.
Rotate the connector back and forth while carefully pulling the end cap away from the housing. Pull the
end cap (piston o-ring seal) out of the housing. The motor and electronics assembly are attached to the
end cap and will come out as a unit.

3. Connect the positive lead of your frequency counter to the yellow test post (T1) (drawing 40630/40631).
Connect the frequency counter ground (negative) to the power supply ground (negative).

4a. For low voltage pump (pump with LV in the serial number), supply 6 volts DC power to either
the bulkhead connector (large pin is common, small pin is positive) or connect directly to the PCB
(P8 is positive, P19 or P18 is common, drawing 40630/40631).

4b. For normal voltage pump, supply 12 volts to either the bulkhead connector (large pin is common,
small pin is positive) or connect directly to the PCB (P8 is positive, P19 or P18 is common,
drawing 40630/40631).

5. A 2K ohm potentiometer (R11, drawing 40630/40631) is located on the back side of the board. Adjust the
potentiometer to obtain the frequency corresponding to the desired speed (Frequency * 30 = RPM).
With the Pittman 18.2Q motor (P/N 3711B113), set the jumper position P15 to P17 (1300 rpm) and P12
to P13 (1300 rpm), and adjust the speed as desired, up to the nominal maximum of 2000 rpm. With the
Pittman 7.4Q motor (P/N 3711B112), set the jumper position P15 to P16 (3000 rpm) and P14 to P13
(3000 rpm), and adjust the speed as desired, up to the nominal maximum of 4500 rpm. To adjust speed
of the 7.4Q motor below approximately 2200 rpm, set the jumper position P15 to P17 (1300 rpm) and
P12 to P13 (1300 rpm), and adjust speed using the potentiometer.

6. Disconnect the frequency counter and the power supply. Make sure the O-ring and mating surfaces
are clean. Lightly lubricate before inserting the connector end cap into the housing cylinder. Replace the
pump end cap retainer.
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APPLICATION NOTE NO. 42 Revised September 2001

ITS-90 TEMPERATURE SCALE

Beginning January 1995, Sea-Bird temperature calibration certificates list a new set of coefficients labeled g, A, i, j,
and FO. These coefficients correspond to ITS90 (T90) temperatures and should be entered by those researchers
working with SEASOFT-DOS Versions 4.208 and higher (and all versions of SEASOFT-Win32). For the
convenience of users who prefer to use older SEASOFT versions, the new certificates also list a, b, ¢, d, and FO
coefficients corresponding to IPTS68 (T68) temperatures as required by SEASOFT-DOS versions older than 4.208.

It is important to note that the international oceanographic research community will continue to use T68 for
computation of salinity and other seawater properties. Therefore, following the recommendations of Saunders (1990)
and as supported by the Joint Panel on Oceanographic Tables and Standards (1991), SEASOFT-DOS 4.200 and
later and all versions of SEASOFT-Win32 convert between T68 and T90 according to the linear relationship:

Tes = 1.00024 * Ty

The use of T68 for salinity and other seawater calculations is automatic in all SEASOFT programs. However, when
selecting temperature as a display/output variable, you will be prompted to specify which standard (T90 or T68) is
to be used to compute temperature. SEASOFT recognizes whether you have entered T90 or T68 coefficients in the
configuration (.con) file, and computes T90 temperature directly or calculates it from the Saunders linear
approximation, depending on which coefficients were used and which display variable type is selected.

For example, if g, h, i, j, FO coefficients (T90) are entered in the .con file and you select temperature variable type as
T68, SEASOFT computes T90 temperature directly and multiplies it by 1.00024 to display T68. Conversely, if a, b,
¢, d, and FO coefficients (T68) are entered in the .con file and you select temperature variable type as T90,
SEASOFT computes T68 directly and divides by 1.00024 to display T90.

Note: The CTD configuration (.con) file is edited using the Configure menu (in SEASAVE or SBE Data Processing
in our SEASOFT-Win32 suite of programs) or SEACON (in SEASOFT-DOS).

Also beginning January 1995, Sea-Bird's own temperature metrology laboratory (based upon water triple-point and
gallium melt cell, SPRT, and ASL F18 Temperature Bridge) converted to T90. These T90 standards are now
employed in calibrating all Sea-Bird temperature sensors, and as the reference temperature used in conductivity
calibrations. Accordingly, all calibration certificates show T90 (g, h, i, j) coefficients that result directly from
T90 standards, and T68 coefficients (a, b, ¢, d) computed using the Saunders linear approximation.
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APPLICATION NOTE NO. 57 Revised May 2003

I/0 Connector Care and Installation

This Application Note describes the proper care and installation of standard I/O connectors for Sea-Bird
CTD instruments. Once properly installed, the connections require minimal care. Unless access to the bulkhead is
required, the connections can be left in place indefinitely.

The Application Note is divided into three sections:
e  Connector Cleaning and Installation

e Locking Sleeve Installation

e Cold Weather Tips

Connector Cleaning and Installation

1. Carefully clean the bulkhead connector and the inside of the mating inline (cable end) connector with a
Kimwipe. Remove all grease, hair, dirt, and other contamination.

Clean bulkhead connector Clean inside of connector

2. Inspect the connectors:
A. Inspect the pins on the bulkhead connector for signs of corrosion. The pins should be bright and shiny, with no
discoloration. If the pins are discolored or corroded, clean with alcohol and a Q-tip.
B. Inspect the bulkhead connector for chips, cracks, or other flaws that may compromise the seal.
C. Inspect the inline connector for cuts, nicks, breaks, or other problems that may compromise the seal.

Replace severely corroded or otherwise damaged connectors - contact SBE for instructions or a Return
Authorization Number (RMA number).

B Corroded pins on bulkhead connectors -
Connector on right has a missing pin




3. Using a tube of 100% silicone grease (Dow DC-4 or
equivalent), squeeze approximately half the size of a
pea onto the end of your finger.

CAUTION:
Do not use WD-40 or other petroleum-based
lubricants, as they will damage the connectors.

4. Apply a light, even coating of grease to the molded
ridge around the base of the bulkhead connector.
The ridge looks like an o-ring molded into the
bulkhead connector base and fits into the groove of
the mating inline connector.

| Note bulge in connector §
. due to trapped air

7. After the cable is mated, run your fingers along the
inline connector toward the bulkhead, milking any
trapped air out of the connector. You should hear
the air being ejected.

CAUTION:
Failure to eject the trapped air will result in the
connector leaking.

Mate the inline connector to the bulkhead,
being careful to align the pins with the sockets.
Do not twist the inline connector on the
bulkhead connector. Twisting can lead to bent
pins, which will soon break.

Push the connector all the way onto the
bulkhead. There may be an audible pop,
which is good. With some newer cables,
or in cold weather, there may not be an
initial audible pop.
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Locking Sleeve Installation

After the connectors are mated, install the locking sleeve. The locking sleeve secures the inline connector to the
bulkhead connector and prevents the cable from being inadvertently removed.
Important points regarding locking sleeves:

e Tighten the locking sleeve by hand. Do not use a wrench or pliers to tighten the locking sleeve.
Overtightening will gall the threads, which can bind the locking sleeve to the bulkhead connector. Attempting
to remove a tightly bound locking sleeve may instead result in the bulkhead connector actually unthreading
from the end cap. A loose bulkhead connector will lead to a flooded instrument. Pay particular attention
when removing a locking sleeve to ensure the bulkhead connector is not loosened.

e Itis a common misconception that the locking sleeve provides watertight integrity. It does not, and
continued re-tightening of the locking sleeve will not fix a leaking connector.

e  As part of routine maintenance at the end of every cruise, remove the locking sleeve, slide it up the cable, and
rinse the connection (still mated) with fresh water. This will prevent premature cable failure.

Locking Sleeve

Cold Weather Tips

In cold weather, the connector may be hard to install and remove.

Removing a frozen inline connector:

1. Wrap the connector with a washrag or other cloth.

2. Pour hot water on the cloth and let the connector sit for a minute or two. The connector should thaw and become

flexible enough to be removed.

Installing an inline connector:
When possible, mate connectors in warm environments before the cruise and leave them connected.
If not, warm the connector sufficiently so it is flexible. A flexible connector will install properly.

By following these procedures, you will have many years of reliable service from your cables!
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APPLICATION NOTE NO. 67 October 2001

Editing Sea-Bird .hex Data Files

After acquiring real-time .hex data or uploading .hex data from CTD memory, users sometimes want to edit the header
to add or change explanatory notes about the cast. Some text editing programs modify the file in ways that are not visible
to the user (such as adding or removing carriage returns and line feeds), but that corrupt the format and prevent further
processing by SEASOFT (both DOS and Windows versions). This Application Note provides details on one way to
edit a .hex data file with a text editor while retaining the required format. The procedure described below has been
found to work correctly on computers running Win 98, Win 2000, and Win NT. If the editing is not performed using this
technique, SEASOFT may reject the data file and give you an error message.

1. Make a back-up copy of your .hex data file before you begin.
2. Run WordPad.

3. In the File menu, select Open. The Open dialog box appears. For Files of type, select All Documents (*.*). Browse
to the desired .hex data file and click Open.

4. Edit the file as desired, inserting any new header lines after the System Upload Time line. Note that all header
lines must begin with an asterisk (*), and *END* indicates the end of the header. An example is shown below, with
the added lines in bold:

* Sea-Bird SBE 21 Data File:

* FileName = C:\Odis\SAT2-ODIS\oct14-19\oc15_99.hex

* Software Version Seasave Win32 v1.10

* Temperature SN = 2366

* Conductivity SN = 2366

* System UpLoad Time = Oct 15 1999 10:57:19

* Testing adding header lines

* Must start with an asterisk

* Can be placed anywhere between System Upload Time and END of header
* NMEA Latitude = 30 59.70 N

* NMEA Longitude = 081 37.93 W

*NMEA UTC (Time) = Oct 15 1999 10:57:19

* Store Lat/Lon Data = Append to Every Scan and Append to .NAV File When <Citrl F7> is Pressed
** Ship: Sea-Bird

** Cruise:  Sea-Bird Header Test

** Station:

** Latitude:

** Longitude:

*END*

5. In the File menu, select Save (not Save As). If you are running Windows 2000, the following message displays:
You are about to save the document in a Text-Only format, which will remove all formatting. Are you sure you
want to do this?

Ignore the message and click Yes.

6. In the File menu, select Exit.

NOTE: This Application Note does not apply to .dat data files. Sea-Bird is not aware of a technique for editing a .dat
file that will not corrupt the file.
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APPLICATION NOTE NO. 68 Revised March 2004

Using USB Ports to Communicate with Sea-Bird Instruments

Most Sea-Bird instruments use the RS-232 protocol for transmitting setup commands to the
instrument and receiving data from the instrument. However, many newer PCs and |aptop
computers have USB port(s) instead of RS-232 serial port(s).

USB serial adapters are available commercially. These adapters plug into the USB port, and allow
one or more seria devices to be connected through the adapter. Sea-Bird tested USB serial adapters
from three manufacturers with our instruments, and verified compatibility. These manufacturers and
the tested adapters are:

o Keyspan (www.keyspan.com) - High Speed USB Serial Adapter (part # USA-19QW) and
USB 4-Port Serial Adapter (part # USA-49W)

e Edgeport (www.ionetworks.com) - Standard Serial Converter Edgeport/2 (part # 301-1000-02)
e |OGEAR (www.iogear.com) —USB 1.1 to Serial Converter Cable (model # GUC232A)
Other USB adapters from these manufacturers, and adapters from other manufacturers, may also be

compatible with Sea-Bird instruments. We recommend testing of any other adapters with the
instrument before deployment, to verify that thereis no problem.
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APPLICATION NOTE NO. 69 July 2002

Conversion of Pressure to Depth

Sea-Bird’s SEASOFT software can calculate and output depth, if the instrument data includes
pressure. Additionally, some Sea-Bird instruments (such as the SBE 37-SI or SBE 50) can be set up
by the user to internally calculate depth, and to output depth along with the measured parameters.
Sea-Bird uses the following algorithms for calculating depth:

Fresh Water Applications

Because most fresh water applications are shallow, and high precision in depth not too critical,
Sea-Bird software uses a very simple approximation to calculate depth:

depth (meters) = pressure (decibars) * 1.019716

Seawater Applications

Sea-Bird uses the formula in UNESCO Technical Papers in Marine Science No. 44. This is an
empirical formula that takes compressibility (that is, density) into account. An ocean water column
at 0 °C (t=0) and 35 PSU (s = 35) is assumed.

The gravity variation with latitude and pressure is computed as:
g (m/sec’) =9.780318 * [ 1.0+ ( 5.2788x10 +2.36x10~ *x) *x ]+ 1.092x10° * p
where
x = [sin (latitude / 57.29578) ] *
p = pressure (decibars)
Then, depth is calculated from pressure:
depth (meters) = [(((-1.82x107" * p+2.279x107'") * p - 2.2512x107 ) * p + 9.72659) * p] / g
where

p = pressure (decibars)
g = gravity (m/secz)
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APPLICATION NOTE NO. 71 September 2003

Desiccant Use and Regeneration (drying)

This application note applies to all Sea-Bird instruments intended for underwater use. The application note covers:
e  When to replace desiccant

e Storage and handling of desiccant

e  Regeneration (drying) of desiccant

e  Material Safety Data Sheet (MSDS) for desiccant

When to Replace Desiccant Bags

Before delivery of the instrument, a desiccant package is placed in the housing, and the electronics chamber is filled with dry

Argon. These measures help prevent condensation. To ensure proper functioning:

1. Install a new desiccant bag each time you open the housing and expose the electronics.

2. Ifpossible, dry gas backfill each time you open the housing and expose the electronics. If you cannot, wait at least
24 hours before redeploying, to allow the desiccant to remove any moisture from the chamber.

What do we mean by expose the electronics?

e  For most battery-powered Sea-Bird instruments (such as SBE 16, 16plus, 16plus-IM, 17plus, 19, 19plus, 25, 37-SM,
37-SMP, 37-IM, 37-IMP, 44; PN 90208 Auto Fire Module [AFM)]), there is a bulkhead between the battery and
electronics compartments. Battery replacement does not affect desiccation of the electronics, as the batteries are
removed without removing the electronics and no significant gas exchange is possible through the bulkhead. Therefore,
opening the battery compartment to replace the batteries does not expose the electronics; you do not need to install a
new desiccant bag in the electronics compartment each time you open the battery compartment. For these instruments,
install a new desiccant bag if you open the electronics compartment to access the printed circuit boards.

e For the SBE 39 and 48, the electronics must be removed or exposed to access the battery. Therefore, install a new
desiccant bag each time you open the housing to replace a battery.

Storage and Handling
Adsorption Rate for Sorb-It®
(from http://www.s-cpp.com/pdf/DesiccantPerfData.pdf)

Testing by Siid-Chemie (desiccant’s manufacturer) T =30 °C, 60% relative humidity, static condictions

at 60% relative humidity and 30 °C shows that 30

approximately 25% of the desiccant’s adsorbing o5

capacity is used up after only 1 hour of exposure to  —

a constantly replenished supply of moisture in the £

air. In other words, if you take a bag out of a é

container and leave it out on a workbench for g— 15 /

1 hour, one-fourth of its capacity is gone before & 10

you ever install it in the instrument. Therefore: ® 5 /

e Keep desiccant bags in a tightly sealed, i
impermeable container until you are ready to o¥— | I |
use them. Open the container, remove a bag, g i 5 10 15 20
and quickly close the container again. 3 Ilﬂlour B time [hours]

e Once you remove the bag(s) from the sealed approximately 25% of
container, rapidly install the bag(s) in the adsorption capacity lost

instrument housing and close the housing.
Do not use the desiccant bag(s) if exposed to
air for more than a total of 30 minutes.
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Regeneration (drying) of Desiccant

Replacement desiccant bags are available from Sea-Bird:
e PN 60039 is a metal can containing 25 1-gram desiccant bags and 1 humidity indicator card. The 1-gram bags are
used in our smaller diameter housings, such as the SBE 3 (plus, F, and S), 4 (M and C), 5T, 37 (-SI, -SM, -SMP,
-IM, and -IMP), 38, 39, 43, 44, 45, 48, 49, and 50.
e PN 31180 is a 1/3-ounce desiccant bag, used in our SBE 16plus, 16plus-IM, 19plus, and 21.
e PN 30051 is a 1-ounce desiccant bag. The 1-ounce bags are used in our larger diameter housings, such as the
SBE 9plus, 16, 17plus, 19, 25, 26, 32, AFM, and PDIM.
However, if you run out of bags, you can regenerate your existing bags using the following procedure provided by the
manufacturer (Siid-Chemie Performance Packaging, a Division of United Catalysts, Inc.):

MIL-D-3464 Desiccant Regeneration Procedure

Regeneration of the United Desiccants’ Tyvek Desi Pak®™ or Sorb-It® bags or United Desiccants’
X-Crepe Desi Pak®™ or Sorb-It* bags can be accomplished by the following method:

1. Arrange the bags on a wire tray in a single layer to allow for adequate air flow around the bags during
the drying process. The oven’s inside temperature should be room or ambient temperature (25 — 29.4
°C [77 — 85 °F] ). A convection, circulating, forced-air type oven is recommended for this
regeneration process. Seal failures may occur if any other type of heating unit or appliance is
used.

2. When placed in forced air, circulating air, or convection oven, allow a minimum of 3.8 to 5.1 cm (1.5
to 2.0 inches) of air space between the top of the bags and the next metal tray above the bags.
If placed in a radiating exposed infrared-element type oven, shield the bags from direct exposure to the
heating element, giving the closest bags a minimum of 40.6 cm (16 inches) clearance from the heat
shield. Excessive surface film temperature due to infrared radiation will cause the Tyvek material to
melt and/or the seals to fail. Seal failure may also occur if the temperature is allowed to increase
rapidly. This is due to the fact that the water vapor is not given sufficient time to diffuse through the
Tyvek material, thus creating internal pressure within the bag, resulting in a seal rupture. Temperature
should not increase faster than 0.14 to 0.28 °C (0.25 to 0.50 °F) per minute.

3. Set the temperature of the oven to 118.3 °C (245 °F), and allow the bags of desiccant to reach
equilibrium temperature. WARNING: Tyvek has a melt temperature of 121.1 — 126.7 °C
(250 — 260 °F) (Non MIL-D-3464E activation or reactivation of both silica gel and Bentonite clay can
be achieved at temperatures of 104.4 °C [220 °F]).

4. Desiccant bags should be allowed to remain in the oven at the assigned temperature for 24 hours.
At the end of the time period, the bags should be immediately removed and placed in a desiccator jar or
dry (0% relative humidity) airtight container for cooling. If this procedure is not followed precisely,
any water vapor driven off during reactivation may be re-adsorbed during cooling
and/or handling.

5. After the bags of desiccant have been allowed to cool in an airtight desiccator, they may be removed
and placed in either an appropriate type polyliner tightly sealed to prevent moisture adsorption, or a
container that prevents moisture from coming into contact with the regenerated desiccant.

NOTE: Use only a metal or glass container with a tight fitting metal or glass lid to store the regenerated desiccant. Keep
the container lid closed tightly to preserve adsorption properties of the desiccant.
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3509 Sud-Chemie Performance
.o A Packaging
SUD-CHEMIE s 101 Christine Dr.

Creating Performance Technology ‘i‘“\‘ Belen, New Mexico 87002

\s Phone: (505) 864-6691

ISO 9002 CERTIFIED Fax: (505) 864-9296

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

SECTION I -- PRODUCT IDENTIFICATION

Trade Name and Synonyms: Silica Gel, Synthetic Amorphous Silica,
Silicon, Dioxide

Chemical Family: Synthetic Amorphous Silica

Formula: SiO,.x H,O

SECTION Il -- HAZARDOUS INGREDIENTS

Components in the Solid Mixture

COMPONENT CAS No % ACGIH/TLV (PPM) OSHA-(PEL)
Amorphous 63231-67-4 >99 | PEL - 20 (RESPIRABLE), | LIMIT — NONE,
Silica TLV -5 HAZARD -

IRRITANT

Synthetic amorphous silica is not to be confused with crystalline silica such as quartz,
cristobalite or tridymite or with diatomaceous earth or other naturally occurring forms of
amorphous silica that frequently contain crystalline forms.

This product is in granular form and packed in bags for use as a desiccant. Therefore, no

exposure to the product is anticipated under normal use of this product. Avoid inhaling
desiccant dust.

SECTION Ill -- PHYSICAL DATA

Appearance and Odor: White granules; odorless.
Melting Point: >1600 Deg C; >2900 Deg F
Solubility in Water: Insoluble.

Bulk Density: >40 Ibs./cu. ft.

Percent Volatile by Weight @ 1750 Deg F: <10%.
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Sud-Chemie Performance
Packaging

101 Christine Dr.

Belen, New Mexico 87002
Phone: (505) 864-6691
ISO 9002 CERTIFIED Fax: (505) 864-9296

SUD-CHEMIE

Creating Performance Technology

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

SECTION IV -- FIRE EXPLOSION DATA

Fire and Explosion Hazard - Negligible fire and explosion hazard when exposed to heat
or flame by reaction with incompatible substances.

Flash Point - Nonflammable.

Firefighting Media - Dry chemical, water spray, or foam. For larger fires, use water spray
fog or foam.

Firefighting - Nonflammable solids, liquids, or gases: Cool containers that are exposed
to flames with water from the side until well after fire is out. For massive fire in enclosed
area, use unmanned hose holder or monitor nozzles; if this is impossible, withdraw from
area and let fire burn. Withdraw immediately in case of rising sound from venting safety
device or any discoloration of the tank due to fire.

SECTION V -- HEALTH HAZARD DATA

Health hazards may arise from inhalation, ingestion, and/or contact with the skin and/or
eyes. Ingestion may result in damage to throat and esophagus and/or gastrointestinal
disorders. Inhalation may cause burning to the upper respiratory tract and/or temporary or
permanent lung damage. Prolonged or repeated contact with the skin, in absence of
proper hygiene, may cause dryness, irritation, and/or dermatitis. Contact with eye tissue
may result in irritation, burns, or conjunctivitis.

First Aid (Inhalation) - Remove to fresh air immediately. If breathing has stopped, give
artificial respiration. Keep affected person warm and at rest. Get medical attention
immediately.

First Aid (Ingestion) - If large amounts have been ingested, give emetics to cause
vomiting. Stomach siphon may be applied as well. Milk and fatty acids should be
avoided. Get medical attention immediately.

First Aid (Eyes) - Wash eyes immediately and carefully for 30 minutes with running
water, lifting upper and lower eyelids occasionally. Get prompt medical attention.

First Aid (Skin) - Wash with soap and water.
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Sud-Chemie Performance
Packaging

101 Christine Dr.

Belen, New Mexico 87002
Phone: (505) 864-6691
ISO 9002 CERTIFIED Fax: (505) 864-9296

SUD-CHEMIE

Creating Performance Technology

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

NOTE TO PHYSICIAN: This product is a desiccant and generates heat as it adsorbs
water. The used product can contain material of hazardous nature. ldentify that material
and treat accordingly.

SECTION VI -- REACTIVITY DATA
Reactivity - Silica gel is stable under normal temperatures and pressures in sealed
containers. Moisture can cause a rise in temperature which may result in a burn.
SECTION VIl --SPILL OR LEAK PROCEDURES
Notify safety personnel of spills or leaks. Clean-up personnel need protection against
inhalation of dusts or fumes. Eye protection is required. Vacuuming and/or wet methods
of cleanup are preferred. Place in appropriate containers for disposal, keeping airborne
particulates at a minimum.
SECTION VIl -- SPECIAL PROTECTION INFORMATION
Respiratory Protection - Provide a NIOSH/MSHA jointly approved respirator in the
absence of proper environmental control. Contact your safety equipment supplier for
proper mask type.
Ventilation - Provide general and/or local exhaust ventilation to keep exposures below
the TLV. Ventilation used must be designed to prevent spots of dust accumulation or

recycling of dusts.

Protective Clothing - Wear protective clothing, including long sleeves and gloves, to
prevent repeated or prolonged skin contact.

Eye Protection - Chemical splash goggles designed in compliance with OSHA
regulations are recommended. Consult your safety equipment supplier.
SECTION IX -- SPECIAL PRECAUTIONS

Avoid breathing dust and prolonged contact with skin. Silica gel dust causes eye irritation
and breathing dust may be harmful.
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Sud-Chemie Performance
Packaging
101 Christine Dr.

SUD-CHEMIE -

Creating Performance Technology go# Belen, New Mexico 87002
EMW Phone: (505) 864-6691
ISO 9002 CERTIFIED Fax: (505) 864-9296

MATERIAL SAFETY DATA SHEET — August 13, 2002
SORB-IT®
Packaged Desiccant

* No Information Available

HMIS (Hazardous Materials Identification System) for this product is as

follows:

Health Hazard 0

Flammability 0

Reactivity 0

Personal Protection HMIS assigns choice of personal protective equipment to the
customer, as the raw material supplier is unfamiliar with the
condition of use.

The information contained herein is based upon data considered true and accurate. However, United Desiccants makes no warranties
expressed or implied, as to the accuracy or adequacy of the information contained herein or the results to be obtained from the use
thereof. This information is offered solely for the user's consideration, investigation and verification. Since the use and conditions of
use of this information and the material described herein are not within the control of United Desiccants, United Desiccants assumes no
responsibility for injury to the user or third persons. The material described herein is sold only pursuant to United Desiccants' Terms
and Conditions of Sale, including those limiting warranties and remedies contained therein. It is the responsibility of the user to
determine whether any use of the data and information is in accordance with applicable federal, state or local laws and regulations.
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Sea-Bird Electronics, Inc. Phone: (425) 643-9866
1808 136th Place NE Fax: (425) 643-9954

m Bellevue, WA 98005 E-mail: seabird@seabird.com
USA

Web: www.seabird.com

Application Note 56 Revised September 2003

Interfacing to RS-485 Sensors

A few Sea-Bird instruments use the RS-485 protocol for transmitting setup commands to the instrument and
receiving data from the instrument. However, most personal computers (PCs) do not come with an RS-485 port.
This Application Note covers interfacing our RS-485 instruments with a PC by the following methods:

e  Connecting the instrument to an external RS-485/RS-232 Interface Converter that plugs into an existing
RS-232 port on the PC.
OR
e Installing an RS-485 interface card (and associated software) in the PC, and then connecting the instrument
directly to the new RS-485 port in the PC.

External RS-485/RS-232 Interface Converter

RS-485/RS-232 Interface Converters are available commercially. These converters plug into the RS-232 port on the PC,
and allow an RS-485 device to be connected through the converter. Sea-Bird tested a converter from one manufacturer
with our instruments, and verified compatibility. The manufacturer and tested converter is:

Black Box (www.blackbox.com) —
IC520A-F with RS-232 DB-25 female connector and RS-485 terminal block connector

Other converters from this manufacturer, and converters from other manufacturers, may also be compatible with
Sea-Bird instruments. We recommend testing other converters with the instrument before deployment, to verify that there
is no problem.

Follow this procedure to use the IC520A-F Converter:

1. Connect the Converter to the PC:
e Ifthe PC has a 25-pin male RS-232 connector, plug the Converter directly into the PC connector.
e Ifthe PC has a 9-pin male RS-232 connector, plug the Converter into a 25-pin to 9-pin adapter
(such as Black Box FA520A-R2 Adapter). Plug the 25-pin to 9-pin adapter into the PC.

2. On the Converter, measure the voltage between XMT+ and ground and between XMT- and ground.
Connect whichever has the highest voltage to RS-485 ‘A’ and the other to RS-485 ‘B’. The ground terminal can
be left unconnected.

RS-485 Interface Card and Port in the PC

An RS-485 Interface Card installs in the PC, and allow an RS-485 device to be connected to the RS-485 port.
These Interface Cards are available commercially. When using with a Sea-Bird instrument:

e RS-485 Transmitter -
The Interface Card must be configured to automatically handle the RS-485 driver enable.

¢ Two-Wire Interface -
TX+ and RX+ on the Interface Card must be connector together and to ‘A’ on the instrument.
TX- and RX- on the Interface Card must be connected together and to ‘B’ on the instrument.
Note: Some Interface Cards have a jumper to make the connections internally, while for other Cards the
connections must be made in a jumper cable.



e  Terminal Program Compatibility -
If the Interface Card uses shared interrupts, SEATERM (our Windows terminal program) must be used to
communicate with the instrument.
If the Interface Card is configured as a standard COM port, either SEATERM or our DOS-based terminal
programs may be used to communicate with the instrument.

Sea-Bird tested two Interface Cards from one manufacturer with our instruments, and verified compatibility.
The manufacturer and tested cards are:

National Instruments (www.ni.com) -
AT-485/2
PCI-485/2

Other Cards from this manufacturer, and Cards from other manufacturers, may also be compatible with Sea-Bird
instruments. We recommend testing other Cards with the instrument before deployment, to verify that there is
no problem.

Follow this procedure to use the AT-485/2 or PCI-485/2 Interface Card:

1. Install the RS-485 driver software (provided with Interface Card) on your PC before installing the
Interface Card.

2. Install the RS-485 Interface Card.

3. Configure the RS-485 Interface Card in your PC (directions are for a PC running Windows XP):

Right click on My Computer and select Properties.

In the System Properties dialog box, click on the Hardware tab. Click the Device Manager button.
In the Device Manager window, double click on Ports. Double click on the desired RS-485 port.
In the Communications Port Properties dialog box, click the Port Settings tab.

Click the Advanced button.

E. Inthe Advanced Settings dialog box, set Transceiver Mode to 2 wire TxRdy Auto.

SOow»

4. Make a jumper cable (do not use a standard adapter cable) to connect the Interface Card to the instrument’s
I/O cable. Pin outs are shown for a Sea-Bird 9-pin (current production) or 25-pin (older production) I/O cable:

DB-9S DB-9P DB-25P
(connect to PC) (connect to Sea-Bird I/O cable PN 801385) (connect to Sea-Bird I/O cable PN 801046)
pin | common pin 5 common pin 7 common
pin4 TX+ pin3 'A' pin2 'A'
pin 8 RX+ pin3 'A' pin2 'A'
pin5 TX- pin2 'B' pin3 'B'
pin 9 RX- pin2 'B' pin3 'B'

5. Run SEATERM (these Cards use shared interrupts, so the DOS terminal programs cannot be used):
A. In SEATERM’s Configure menu, select the desired instrument.
B. Inthe Configuration Options dialog box, set Mode to RS-485 and set COMM Port to the appropriate
RS-485 port.
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DRAWINGS
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Dwg 30565 Cable, RMG-2FS to RMG-2FS, Pump Interface, PN 17133...............
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LEICA NA2 - NAK2

Universal automatic level

Geosystems




LEICA NA2

The classical level from Leica Geosystems

The NA2 universal auto-
matic level meets all
requirements regarding
precision, convenience
and reliability.

It was designed by sur-
veyors and development
engineers with years of
experience and who know
what a field instrument
has to be able to do.

The NA2 soon pays for
itself, because it can be
used for all types of sur-
veying job; on building
sites for routine levelling,
in engineering projects,
and for geodetic control at
all levels of accuracy.

Universal application

e Levelling of all types and
all orders of accuracy

* Precise levelling and
settlement determinations
on buildings

* Routine heighting for
the construction of roads,
railways, pipelines,
tunnels and so forth

e Setting-out work and
control measurements on
the construction site

e Area levelling of high
accuracy

e Tacheometric levelling
with the K-version on flat
terrain by combining
stadia and angular meas-
urements with height
readings

e Deformation measure-
ment and monitoring of
bridges




Quickly set up, simple to use

Strong tripods

In principle, the NA2

can be set up on any Leica
Geosystems tripod. In
practice, for all-round
purposes, we recommend
the heavy-duty GST20
telescopic-leg tripod.

For precise levelling the
GST40 fixed-leg tripod

is suitable because of its
extreme rigidity.

The modular relationship
between instrument and
tripod is an advantage
when transport space is
limited.

Push-button for compensator control

Centring is easy

The circular level only
needs to be centred
approximately to bring the
compensator well into its
working range of ~30', and
so setting-up goes quicker.

The bubble is viewed
positively via a pentaprism
and is monitored down
the eyepiece.

Endless horizontal drive

Footscrew

Play-free footscrews

The pitch of the smooth-
running and backlash-free
footscrews is such that
the bubble can be centred
in a very short time.

Independent of
temperature

Unlike the tubular level of

a traditional instrument, the
NA2 universal automatic
level is relatively insensitive
to direct solar radiation

and an umbrella need only
be considered for the most
precise levelling.

Open sight

Rapid / fine focusing knob

Pentaprism for viewing circular level

Endless horizontal drive

Footscrew




Adjust the line of sight automatically

Easy to level up

The advantage of this
instrument is that, as soon
as the bubble is centred,
the line of sight is horizontal
for all pointings of the
telescope. The observer is
freed of the time-consuming
centring procedure involved
with the traditional tubular
level, and can concentrate
on the business of staff
readings.

Push-button control —
added security

With most automatics one
taps the tripod or instru-
ment to check if the com-
pensator is functioning.
Leica Geosystems offers a
far more sophisticated
solution.

Pressing the button under
the NA2 eyepiece gives the
compensator a gentle tap,
so that you see the staff
image swing smoothly

Robust and automatic

The compensator is
essentially a pendulum
with a prism (4).

The suspension system
comprises four flexed

tapes (1) made of a special
alloy to ensure faultless
functioning even at extreme
temperatures. The compen-
sator, which is located
between the focusing lens
and the crosshair reticle,

is pneumatically damped
against mechanical vibra-
tion and is screened against
magnetic fields.

away and then float gently
back to give the horizontal
line of sight. This check,
which takes less than

a second, is technically
perfect, as the pendulum
itself is activated and
swings through its full
range. It is also immediately
apparent if the bubble

is not centred.

Minimum maintenance

In the unlikely event that
the compensator is
damaged (and this can only
happen as a result of
extremely harsh treatment)
it is replaced easily, being
held only by three screws.

2/NAK2 compensator

uspension tapes

rism (fixed)

‘ompensator body

‘endulum with prism

ine of sight

'ush-button

pring which taps pendulum
'neumatic damping mechanism
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Top-class optics

Top-class optics

The telescope is of excellent
quality and gives a bright,
high-contrast, erect image,
even in poor light — an
essential for accurate
levelling. With the standard
eyepiece the magnification
is 32x, the optimum for
most applications of the
instrument. Optional
eyepieces are available; the
40x may be preferred for
precise levelling, the 25x

in hot, shimmer conditions.
Eyepiece exchange takes
only a second or so.

The focusing knob has a

coarse/fine movement:

— coarse, for rapid setting
with minimum turning

— fine, for the final delicate
touch to give the perfect
image.

At an advantage on
unstable ground

If a tubular level is used
on unstable ground it tilts
out of range and has to be
continuously reset. By
contrast, the pendulum of
the NA2 “compensates”
and keeps the line of sight
horizontal.

Fatigue-free viewing

The reticle has:

— a single horizontal hair
for reading normal staffs

— a wedge-shaped hair for
use with invar staffs

— stadia hairs for distance
measurement and three-
wire levelling.

The general layout of

the controls, the smooth
friction-braked rotation

of the instrument, and the
endless horizontal drive
with bilateral knobs,

all combine to make the
instrument easy to use.

Angle measurement
with the NAK2

Civil engineers and contrac-
tors often require a circle
for angle measurement

and setting-out work. Even
simple detail surveys, by
taking angle, distance and
height, and plotting with
the polar method, can be
done with a level.

The model NAK2 has an
internal glass circle which
is read via a scale micro-
scope and which can be set
to any value by turning

the rim around the base

of the instrument.

NA2Z field of view with metric levelling staff
Reading at horizontal hair: 1.143 m

NAK2
circle reading (400 gon)
3292.66 gon

NAK2
circle reading (360°)
314°42"




High-performance accessories for precise levelling

GPM3
parallel-plate micrometer

This optional accessory
slips over the telescope
objective and blends
perfectly with the smooth
lines of the NA2. With

a compensator setting
accuracy of +0.3” (equiva-
lent to 0.01 mm in 10 m)
and a micrometer reading
to 0.1 mm direct and

0.01 mm by estimation, the
NA2 with GPM3 is an ideal
combination for precise
levelling, deformation
studies, and even optical
tooling. The micrometer
drive for raising and lower-
ing the line of sight is con-
veniently located and read-
ings are taken on a glass
scale viewed through an
eyepiece just above the
telescope eyepiece. This
optical reading system,
which is digital apart from
the last and estimated
figure in the metric and
inch versions, is superior
to the usual metal drum
system.

GPM6
parallel-plate micrometer

There are tasks for which
a micrometer is needed,
yet for which the very high
accuracy of the GPM3 is
not essential.

To meet this requirement,
a simpler micrometer
attachment, the GPM6
with drum reading,

is available for the NA2.

The GPMB6 fits on to the
telescope objective in the
same manner as the GPMS3,
but the graduation is
engraved on a metal drum.

Eyepiece accessories for
specialized tasks

Because of the bayonet
fastening of the inter-
changeable eyepiece, all
theodolite eyepiece acces-
sories can be used with
the NA2.

e Diagonal eyepiece for
observing from above,
below, and from the side;
useful in cramped spaces

* Eyepiece lamp for con-
verting the NA2 into
a horizontal collimator
for laboratory work

e Autocollimation eye-
piece for setting machine
parts and instrument
components precisely
vertical



Compact

Precise

Reliable, automatic,
maintenance-free

Easy handling

Quick levelling-up

Superh telescope

Effortless focusing

Abundant accessories;
many applications

The rugged NA2 is indifferent
to weather conditions and

is extremely reliable in the
rough world of the building
site. The pendulum compen-
sator is protected against
knocks and shocks. There is
a highly-effective vibration-
damping mechanism.

The high setting accuracy
ensures that the line of
sight stays put. The attach-
able parallel-plate micro-
meter renders the NA2
ideal for precise fine
levelling.

The instantaneous check
facility with the push-button
control not only makes
work easier; it also
promotes confidence.

The convenient, well-
arranged controls are
designed for maximum
convenience. The bilateral,
endless horizontal

drive promotes rapid
fine-pointing.

The instrument is quickly
set up with the three rapid-
action footscrews. Their
self-adjusting threads
make subsequent resetting
unnecessary.

Telescope with excellently-
corrected optics for bright,
high-contrast images.
All optical components are
coated on both sides.

The erect image seen down
the telescope is quickly

and accurately brought into
focus with the convenient
rapid and fine focusing
knob.

Additional items such as
the parallel-plate micro-
meter, the laser eyepiece,
or theodolite eyepiece
accessories, offer almost
unlimited possibilities.




LEICA NA2- NAK2

Proven reliability ensures precise results

Versatile accessories for
demonstrable success

A comprehensive program
of accessories enables you
to expand the performance
and applications range

of each instrument.

This way, you can match
your equipment exactly

to requirements.

The possibilities are
described in brochure
“Survey accessories”
710 883en.

Technical data

Robust container for
safe transport

The NA2 is supplied in a
foam-padded container
made of high performance
synthetic material. The
foam padding absorbs all
jolts and shocks. The
container provides perfect
protection for the NA2.

Standard deviation for 1 km double-run
levelling, depending on type of staff and on

procedure up to 0.7 mm
With parallel-plate micrometer 0.3 mm
Telescope erect image
Standard eyepiece 32x
FOK73 eyepiece (optional) 40x
FOK117 (optional) 25x%
Clear objective aperture 45 mm
Field of view at 100 m 2.2 m
Shortest focusing distance 1.6 m
Multiplication factor 100
Additive constant 0
Working range of compensator ~30’
Setting accuracy of compensator (stand. dev.) 0.3
Sensitivity of circular level 8'/2 mm
Glass circle (K version) 400 gon (360°)
Graduation diameter 70 mm
Graduation interval 1 gon (1°)
Reading by estimation to 10 mgon (1')
Water- and dust resistance IP53
Temperature range:

Operation —-20°C to +50°C (- 4°F to 122°F)
Storage —-40°C to +70°C (-40°F to 158°F)

Parallel-plate micrometer Range Interval Estimation
(optional accessory)

GPM3, with glass scale 10 mm 0.1mm 0.01 mm
GPMB6, with metal drum 10mm 0.2mm 0.05 mm

lllustrations, descriptions, and technical data are not binding and may be changed.
Printed in Switzerland — Copyright Leica Geosystems AG, Heerbrugg, Switzerland, 1999

710 837en - V.03 - RDV

/S0 9001/ 1S0 14001

Total Quality Management —
Our commitment to total
customer satisfaction

Ask your local Leica
Geosystems agent for
more information

about our TQM program.

L
Geosystems

Leica Geosystems AG
CH-9435 Heerbrugg
(Switzerland)

Phone +41 71727 31 31
Fax +4171727 46 73
www.leica-geosystems.com



Carl Zeiss NI-2 Level




o

10
20

40

42
41
42
43

50

70

81

i

Contents

Optical Data
MNi 2 lllustration
Mechanical Data

Setting up, Reading

Adjustments Circular level to vertical axis
Line of collimation (horizontal)
Circular level on staff

Mechanical
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Optical Data

Telescope with Zeiss T-coating

Magnification

Aperture

EShortest sighting distance

Field of view

2%

158 in (40 mm )
1Mt (33m)
23 # at 1000 ft

Estimation of wee ft. on Ve ft. graduation up to 120 R

{1 mm onalcm graduationup to 120 m)

Circular Level
Sensitivity

Circle (on request)
Material
Diameter
Graduation

Graduation interval

15 per 2 mm

Glass
285 in (75 mm)
360° or 4009

1% or 19

Readings through reading microscope

Magnification
Scale interval

Estimation to

17 =
10 or 018
1 or 0019



Fig. 1 Ni2 with herizental circle
{about Ya natural size)

1 Focus control with guick-fine
movemeant

2 Viewing prism for eircular lavel

1 Eyapiece of reading microscops
tor circle

4 Telezcope eyvepiecs with
dioptre scale

& Serew cover over raticle
adjusting screw

6 Lateral fine movement controls

7 Leveling screw

B Knurled setting ring for
circle orientation

9 Adjusting screw for tripod
hinges

10 Adjusting screws far circular
level

11 Clamping screw for tripod
feg fitting

Mechanical Data

Dimensions:

Length of telescope

Height of instrument .
Diameter of base .
External dimengions of case

5 3 tripod extending from
S 2 triped extending from

Weights:

Mi 2 without circla

Mi 2 with circle . :
Case for Ni 2 without circle
Case for Ni 2 with circle,
with plumb bob

Parallel plate micrometer
in leather case .

Torch with supports
Leather case for torch

S 3 tripod

S 2 tripod

Leveling staff (03) 4 m. folding to 2 m. .

Leveling staff (05) 3 m.
folding to 1.5 m.

Invar staff (06) 3 m., rigid
“Scotch light™ staves,
additional weight .

4

o

1006 in. (27 cm.)

5.1 in. (13 cm.)

51in. (13 em.)

13XE69XE61 in.

(3IBX175X156 cm.) : 02
Jft.5in to 5 fr. 7 in.

{approx.)
(102—170 cm.) 03

IftSin. to 5t 7 im.

(approx.)
(102-170 ¢m)

4.8 Ibs. (2.1 kg.)
5.3 Ibs. (2.4 kg.)
64 lbs. (29 kg.)

6.6 Ibs. (3.0 kq.) 04

1.3 Ibs. (0.6 kg.)
0.7 Ibs. (0.3 kg.)
1.7 Ibs. (0.7 kg.)
11.6 Ibs. (5.3 kg.) 06
136 Ibs. (6.2 kg.)
12 Ibs. (5.5 kg.)

05

6.4 Ibs. (2.9 kg.) B

9 Ibs. (4.0 kg.) |

0.45 Ibs. (0.2 kg.}

Tripod leg:
only, not n
stifrnass o
(1 m.) apar
tips moder:

Lift instrum
secure tigh

Center circ
hairs on a
the eyepiec

Caution: C
aver an ex
dried with :
ellowed to
of the cont.

Aim telesc
edge of the

For fine zal
the fine mo

Focus for
focus cont
matically ir

Read staff
necessary :
slightly tap
maovement



Positioning Data Link

PDL

High Performance
Data Link

Designed for Survey Systems

19,200 Baud Rate
Higher Over-the -Air Link Rate
Extends Your Battery Life

Enhanced User Interface

Change Channels in the Field
View Status Information

Compatible with GPS
RTK Equipment
Worldwide

Complete Kit Solutions Available
for Your Application

Reliable
Rugged, All Season Operation

Surveyors utilizing Global Positioning Systems require a rugged radio
modem data link for precise positioning information. The PDL is compact
and lightweight and offers power efficient operation. It is easy to use, and
provides high performance and rugged dependability for the toughest
survey environments.

PDL Products are designed to easily mount on all standard tripods and
range poles. Complete kit solutions are available.

2Year Warranty

Lower Cost of Ownership

T

PACIFIC CREST

CORPORATION



Positioning Data Link’

Channel Button with AutoBase and AutoRover.”
Digital Display.
Modem/Power Status Indicators.
RF Power Select Toggle Switch.

Channel Button with AutoBase and AutoRover.”
Digital Display.
Modem/Power Status Indicators.

High Power Base Low Power Base Rover
General Specifications
DTE — DCE Interface 3 Wire, RS-232, 38.4k Baud Maximum.
User Interface On/Off Button. On/Off Button. On/Off Button.

Channel Button with AutoBase and AutoRover.
Digital Display.
Modem/Power Status Indicators.

Modem Specifications
Link Rate/Modulation

19,200 bps/4 Level FSK.
9600 bps/4 Level FSK.
9600 bps/GMSK.
4800 bps/GMSK.

Power

External 9-16VDC.

Internal Battery 0 [J NAO O O O O NA O O O O Lithium lon Battery Pack.
During TX (nominal) [ 110 Watts.[J O O O Il Watts. [T O O N/A.

During RX (nominal) [ 1.9 Watts.[D O O O 0.9 Watts. [ O O 0.3 Watts.

Antenna

External ] O  |soowmBNCO O 0 0 50 Ohm,NMO.O O 0 0 50 Ohm, NMO.

Link Protocols

Transparent, Packet Switched, Digipeater,
TRIMTALK."

Transparent, Packet Switched, Digipeater,
TRIMTALK."

Transparent, Packet Switched, TRI MTALK.™

Forward Error Correction
Radio Specifications
Frequency Bands

Hamming Code (12, 8) with Data Interleaving.

Refer to price list for available frequency bands.

Frequency Control

Synthesized 12.5k Hertz Resolution.
+2.5 ppm Stability.

>-60 dB at 19,000 bps/4 Level FSK.

RF Power Selectl] [ Low/High. OO Edctory Programmable. [J O NIA.

RF Transmitter Output [ 3/35 Watts Maximum. [ O O 05-2Watts. 0 [ O O 0 Watt (Receive Only).
Sensitivity -116 dBm (12 dB SINAD).

Adjacent Channel Selectivity >-60 dB. >-70 dB at 9600 bps/GMSK. >-60 dB.

Type Certification

Operating Temperature

Environmental Specificatio

ns

-22° to +140° F (-30°t0 +60°C).

All models are type accepted and certified for operation in the U.S. and Canada.
For detailed information concerning your country's type certification, please contact your sales representative.

-40 to +140° F (-20° to +85° C).

Storage Temperature

-67° to +185° F(-55°to +85°C).

-4%10 +1850F (-20° to +85° C).

Vibration/Shock

ANSI/ASAE EP455.

Enclosure

Mechanical Specifications
Dimensions

6.23"Wx277"Hx 658" L.

IEC 60529 I.P. 66.
Water Tight and Dust Proof.

8.25" L x 2.40" Diameter.

8.25" L x 2.40" Diameter.

(158ecmWx7.0cmHx 16.7 cm L).

(21.0 cm L x 6.1 cm Diameter).

(21.0 ecm L x 6.1 cm Diameter).

Weight O O O 2.9 Ibs. (134 Kg).O [0 O O 0.65 Ibs. (0.30 Kg). O O O ] V5 Ibs. (034 Kg).
Data/Power Connector[] 5 Pin LEMO #1 Shell. [T O O 5 Pin LEMO #0 Shell. [0 O ] 5 Pin LEMO #0 Shell.
Mount 0 O O Tripod Bracket. 1 [ O O 5/8" - Il Range Pole. I O 5/8" - 11 Range Pole.

NN

PACIFIC CREST

CORPORATION

Web: www.paccrst.com,
©2000 Pacific Crest Corporation.

990 Richard Avenue, Suite 110, Santa Clara, CA 95050
1-800-795-1001, Tel: 408-653-2070, Fax: 408-748-9984

E-mail: sales@paccrst.com

License required prior to operation of radio communication equipment. Specifications subject to change without prior notice.
TRIMTALK™ is a trademark of Trimble Navigation Limited.
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Z-Xtreme
Survey System

Z-XTREME

The Ashtech® z-Xtreme™ from Thales Navigation professional
products is a rugged, weather-proof, dual-frequency GPS receiver
designed to provide surveyors with cost-effective, centimeter-accurate
positions in a variety of system configurations.

The Z-Xtreme receiver begins with state-of-the-art satellite electronics
coupled with patented Z-Tracking™ to deliver the highest GPS signal
reception level. A removable battery and flash memory card provide
enough capacity to last all day for maximum utility. Components are
completely integrated inside a weather-proof, high impact plastic
housing, ensuring your investment is safe, rain or shine. Use the easy-
to-operate interface on the front panel for important functions such as
site information entry, survey status, and set-up of RTK base stations
without the additional cost of a handheld controller. The result:
Z-Xtreme with Instant-RTK® outperforms all other receivers in its class!

ZX-SOoLUTIONS

The Z-Xtreme survey system from Thales Navigation provides a range
of solutions designed for the vast array of positioning needs — from
entry level static or kinematic post-processed surveys, all the way up
to real-time functions such as stake out. The entry level ZX-Solutions™
system dramatically increases your productivity for control surveys and
other post-processed applications. Add an optional kinematic kit to
make topographic feature collection more cost effective. Use Ashtech
Solutions™ software to easily process the field data, export results and

www.thalesnavigation.com

4

47°12.381'N
438.074°E &

INSTANT-RTK TECHNOLOGY

generate reports. Purchase only what you need for the job at hand
because ZX-Solutions is fully upgradeable.

ZX-SUPERSTATION

Eclipse the productivity of optical instrument stake out with a ZX-
SuperStation™. The ZX-SuperStation is a field-to-finish GPS surveying
system that combines the Z-Xtreme receiver with a powerful data
collector and wireless modems for centimeter accuracy in real-time.
Instant-RTK gives you the ability to initialize the centimeter solution in
a fraction of the time of conventional RTK systems. Powerful data
collection software gives you the ability to efficiently perform GPS
surveying techniques and to interface seamlessly with optical total stations.

THALES

NAVIGATION



Z-XTREME

TECHNICAL SPECIFICATIONS

Ashtech Technology

¢ 12 channel all-in-view operation

« Full-wavelength carrier on L1 and L2

¢ Z-Tracking

* Multipath mitigation

¢ Dual-frequency smoothing for improved code
differential

* Instant-RTK

Performance Figures®

Static, Rapid Static
¢ Horizontal: 0.005 m + 1 ppm
(0.016ft+1ppm)
« Vertical: 0.010 m + 1 ppm
(0.033ft + 1ppm)
Post-Processed Kinematic
« Horizontal: 0.010 m + 1 ppm
(0.033ft + 1ppm)
« Vertical: 0.020 m + 1 ppm
(0.065ft+1ppm)
Real-Time Code Differential Position
e<1m(3.28ft)
Real-Time Z Kinematic Position (Fine Mode)
¢ Horizontal: 0.010 m + 2 ppm
(0.033ft + 2 ppm)
« Vertical: 0.020 m + 2 ppm
(0.065ft + 2 ppm)
* Azimuth (arc sec): 0.4 + 2.0/baseline (km)
RTK Occupation Time
« 2 seconds (typical - sub-centimeter accuracy
with longer occupation time)
Instant-RTK Initialization
* 99.9% reliability
» Typically <2 seconds with 6 or more satellites,
PDOP <5, baseline length <7 km (4.35 mi),
open sky and low multipath conditions
RTK Operating Range
* Recommended: 10 km (6.21 mi)
* Maximum: 40 km (24.85 mi)

Standard Features

* 16 MB PCMCIA removable memory card

* NMEA 0183 output

* Selectable update rate from 999 sec to 10 Hz
« Event marker

 Point positioning

« 1 PPS timing signal

« Session programming

Thales Navigation, Inc.

Corporate Headquarters, Santa Clara, CA, USA

+1 408 615 5100 * Fax +1 408 615 5200

Toll Free (Sales in USA/Canada) 1 800 922 2401

Email professionalsales@thalesnavigation.com

In Washington, DC  +1 703 476 2212 * Fax +1 703 476 2214
In South America +56 2 234 56 43 * Fax +56 2 234 56 47
In China +86 10 6566 9866 * Fax +86 10 6566 0246

European Headquarters, Carquefou, France

+33228 09 38 00 * Fax +33 2 28 09 39 39

Email professionalsalesemea@thalesnavigation.com

In Germany +49 81 6564 7930 * Fax +49 81 6564 7950

In Russia +7 095 956 5400 * Fax +7 095 956 5360

In UK +44 (0) 870 601 0000 * Fax +44 (0) 208 391 1672

In the Netherlands +31 78 61 57 988 * Fax +31 78 61 52 027
Web site  www.thalesnavigation.com

» Wide array of coordinate transformations

* Removable internal battery

* 8-character alphanumeric LED display with 4-
button interface

« 3 function LED display - Radio,Memory,
Satellites/Power

 Multi-function audible alarm

* Quick reference card holder

» External mount capabilities

» External power input

* 4 RS-232 ports (115200 baud max, 3
external, 1 internal)

 1-year warranty

* Free factory technical support

Standard Accessories

» Communications software

» Padded system bag and hard case
* RS-232 data cable

» Receiver operating manual

* Quick reference field card

Technical Data

Environmental
Z-Xtreme Receiver
* Meets MIL-STD 810E for wind driven rain
and dust
» Operating temperature: -30° to +55°C
(-22° to 131°F)
 Storage temperature: -40° to +85°C
(-40° to 185°F)
Geodetic 4 Antenna
» Meets IPX7 specifications for submersion
» Operating temperature: -55 to +75°C
(-40° to 149°F)
 Storage temperature: -55° to +75°C
(-67° to 167°F)

Physical

Weight

* Receiver: 1.59 kg (3.50 Ib)

* Antenna: 0.82 kg (1.81 Ib)

* Battery: 0.43 kg (0.95 Ib)
Dimensions

*76.2 Hx 196.85 W x 222.25 D mm
* (0.25 H x 0.646 W x 0.729 D ft)
Power

*10-28VDC, 6.0 W

Internal battery
« Capacity: 6000 mAh
* >9 hours (typical) @ 25°C (77°F)
« Operating temperature: -30° to +55°C
(-22° to 131°F)
« Storage temperature: -40 to +60°C
(-40° to + 140°F)

PC card
* ATA Type Il PCMCIA memory card (16 MB

standard)
* Temperature range: -40° to +85°C

(-40° to 185°F)

 Data capacity: 4500 epochs per 2 MB*
* Based on one session, eight satellites' data
and full measurements. This number can vary
significantly depending on the conditions of the
session.

Optional Features

« Real-time kinematic (base and rover modes)
for cm-accuracy

* RTCM 2.2 (Types 1, 2, 3, 9, 16, 18, 19, 20,
21, 22)

« Internal UHF or spread spectrum radio for
RTK rover operations

 External UHF or spread spectrum radio for
RTK base and rover operations

» Geodetic 4 antenna ground plane kit

» Kinematic antenna kit

« Aircraft antenna kit

* AC power cable

» Choke ring antenna

* Long haul backpack kit

« All-on-a-pole kit

Optional Application Software

GPS data processing
» Ashtech Solutions

Land Surveying and Construction
¢ TDS Survey Pro

« Carlson SurvCE

» Ashtech Survey Control Il

» Ashtech GPS Fieldmate

Mining and Land Seismic
» Ashtech Mine Surveyor Il
 Ashtech Seismark Il

1 Specifications assume operation follows all the
procedures recommended in the product manual utilizing
Instant-RTK, post processing with Ashtech Solutions or
Ashtech Office Suite for Survey. High-multipath areas,
high PDOP values, low satellite visibility, and periods of
adverse atmospheric conditions and/or other adverse
circumstances will degrade system performance. All
accuracy specifications are RMS values.

Thales Navigation follows a policy of continuous product improvement; specifications and descriptions are thus subject to change without notice.
Please contact Thales Navigation for the latest product information.

© 2003 Thales Navigation, Inc. All ights reserved. Ashtech, Z-Xtreme, Instant-RTK, ZX-SuperStation, ZX-Solutions, Z-Tracking, GPS FieldMate, Survey Control Il and Ashtech Solutions are trademarks
of Thales Navigation. All other product and brand names are trademarks or registered trademarks of their respective holders. Ashtech P-code GPS technology has been FGCC tested and is capable
of performing first order surveys (report available upon request). rev(5.03) part # 830190
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TOP GUN'
DTM-310

ELECTRONIC TOTAL STATION




Valuable functions, superior cost-performance,
longer battery life and enhanced software

Nikon has just taken the world-renowned Top Gun® DTM-300 total station to a
whole new level. The new Top Gun® DTM-310’s enhanced keyboard and on-board
software enable easy code input in both alphabet and numbers, the way you've
always wanted. It builds on existing features — such as the large four-line LCD
and full numeric key pad — to improve overall convenience. And software
upgrades make it easier to search and display data. In fact, the Top Gun®
DTM-310 provides customers in any field — from civil construction to cadastral
surveying and mapping — with greater ease of operation.

ENHANCED BASIC FUNCTIONS

Large four-line display with full alphanumeric input on both faces
Meets basic requirements for distance and angle measurement
Resume function for quick startup and power management
Enhanced, powerful built-in programs

500-point on-board data slotage function

7.3 hours continuous measuring with one on-board battery
Compact and lightweight

Quick access to the 20 most recently stored codes

CONVENIENT ALPHANUMERIC INPUT

The inclusion of alphabetic input enables you to store codes in a
combination of letters and numerals. Codes, target heights (HT) and point
numbers are easily input for each new measurement. And codes can also
be selected from the most recent 20 codes stored in the memory,
eliminating the need to repeatedly input the same codes.

ANG 1| xvz u| REC *

‘e e
RDM ST S0 )
KEKIREKERIKD

B KEY DESCRIPTIONS

MSR: Distance measurement in normal measurement mode

DSP: Selects display item by scrolling display

TRK: Distance measurement in high-speed measurement mode

ANG: Horizontal angle zero-set, user-defined angle input or hold

XYZ: Coordinate measurement

RDM: Remote distance measurement (continuous or radial)

REM: Remote elevation measurement

STN: Station setup (known point, 2-point resection or 3-point resection)

§-0: Stakeout by inputting angle distance or coordinates

INlumination: Display illumination

REC: Data record to internal memory

ENT: Data entry or sending observation data to communication port in normal
observation mode

FNC: Input of temperature and barometric pressure, prism constant, and height
of target; simple COGO calculation; settings; view/edit stored data;
communication (internal memory); vertical collimation correction




Ennancep, PowerruL BuiLt-iNn PRoGRAMS

On-board data storage function
Thie OTM-310 mamary stores up 1o 500
raw or coordnate records. Coordinate data
can ba manually input, measured or

uplnadad from a PG, (Contac your Mikan
distributor for downksadiuplead and iommal
carversion software.) (ata can Do nstanthy
racalled and raviewad for station selug,
stakaout and COGO.

sigtion satup cbtained by mputting the co-
ordinale of backsight or direction angles,
a mora simpified dedault station selup is
also possible, This can be obtained by

§
&
:
:
g
:
;
:

while maknaining the prior ofantation in
lact. Two- and threg-paint resechons ans
algo available. |n the case of & three-paint
rasection, i is possible to franster the al-
ewvalion from a banch mark

X¥Z coordinate measurement
The coardingle ‘E!.I‘&I:ﬁﬂ"l can e 58t o Bur-
vey, mathematical or MEZ with indepan

denl eoordinaie order settings. Azimuth
rara-direction can be s o either north
or south. GCoardinate calculations ara

based on these settings. Point nama,
number. code and coordinale daka can ba
slosed in the data file. The tangad heighl
can be changad at any mae by prassing
the FNC kiy,

Stakeout

Lets you perormm slakeouts by inputting
angle and distances, or coordinates. Co-
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prdinales can e searchad and retreved
from the built=in mamaory, Zero-drection
eouridown and delia displays (Left/Right.
IntCwt, Cut/Fill) make for fast and sampla
stakeouls. Slakeout data can e alss re-
cardéd in the intémal mamory.

RDM

For eontinuous or fadial remote distance

measuremenl. Press the DSP key 1o sa-
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COGO calculation

Enables point-to-point inverse caboula-
tions, plus azimuth and distance cabloula-
oS, Goordingles can be Searched amnd
rajrignsed lrom the on-board memony, and
calcutaied coondinates can be saved

Data display

The DTM-310 enables you fo search data
bry traacing biasck ram Be mas! recen recond
from specifs station points, or from & simple
painl nember.
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Basic MEASUREMENT

FuncTions

= Buill-in Autesmatic Verical Compensation
= Vertical Anghe Zaro-Degres Sat Handled in Threoe

7.3 Hours ConTinuOUS
OrperaTiNG TIME

Intermal bathery BC-80 provides abaul 7.3 hours {with full charge, at 200G,
far distancelangle measurements) of continuous oparation. The remaining

batbary power & indicated by the LCD, As Mi-kH batbery BC-80 containg no Mades

harmful substance, recyeling ks nod necessary. Ouick recharge can be = Grsde Display

parformed in about 2 hours with standard battery charger Q-TOUAS-TOE. = With Triple Prism, to 1.2km or 3,900 fes! {under
The Q-FOUND-70E"s discharging funclion presarves the batheries’ minimem good conditions)

» (5 4 Jppm x Dpmm Frecision

» Auiomatic Environmental Compansation

+ Selpctable Angle Fesding ol 5107, 0.5 mgon,
0,020, 05MIL

= Angle Measurament Accuracy ol 571 Gmgon'
0.02MIL (standard deviation basad on DINTETE3)

power and protects againgt detenoration.

Resume FuncTion

Thes resuma funchon can automatically rever B0 1he arientalion pooar 1o
powar OFF, gr aulomalically display the previouws horizontal angla.
I guarantess tha aataly of all previous data sellings.



Standard Package -

* DTM-310 main unit

* On-board battery BC-60

= Battery charger
Q-70U/Q-70E

* Lens cap

Optional Accessories

» Diagonal eyepiece prism

* High-power (32x) and
low-power (16x)
eyepiece lenses

* Compass (tubular type)
and compass adapter

Specifications

Telescope
Tube length
Etfective diameter of objective

Magpnification

Field of view

Resolving power

Minimum focusing distance

Angle measurement

Reading system

Unit of reading

Least count (selectable)
(360°)

(400G)

(6400MIL)
Accuracy (Standard deviation based
on DIN 18723)
Tilt sensor (Automatic Vertical
Compensator)
Working range
Distance measurement
Range (with Nikon prism)
(Normal conditions: ordinary haze,
visibility 20km/12.5 miles)

with mini prism

with single prism

with triple prism
(Good conditions: no haze,
visibility 40km/25 miles)

with mini prism

with single prism

with triple prism
Accuracy

Maximum measurement display
Least count
Standard MSR mode
Tracking mode

* Plumb bob

* Tool set

* Plastic case

» Vinyl cover

* Instruction manual

« Zenith prism

* Solar filter

« Solar reticle

* External battery B4

150mm/5.9 in.

36mm/1.41 in.

(EDM aperture 40mm/1.57 in.)
26x (standard)

1°30'

3.5"

1.0m/3.3 ft.

Incremental encoder
Degree/Gon/6400MIL

5" or 10"

0.5mgon or 1mgon
0.02MIL or 0.05MIL
5°/1.6mgon/0.02MIL

Liquid type
+3'

380m/1,300 ft.
800m/2,600 ft.
1,100m/3,700 ft.

450m/1,500 ft.

1,000m/3,300 ft.

1,200m/3,900 ft.

(5 + 3ppm x D)mm,

=10°C to +40°C/+14°F to +104°F
+(5 + 5ppm x D)mm,

-20°C to +50°C/-4°F to +122°F
1,230m/4,000 ft.

1mm/0.005 ft.
10mm/0.05 ft.

Measuring intervals
Standard MSR mode
Tracking mode

Measuring mode

Ambient temperature range

Atmospheric correction range
Temperature range
Pressure range

Display

On-board battery BC-60 and
battery charger Q-70U/Q-70E

4 sec.

1.2 sec.
Continuous/Single/Average (2 - 99)
-20°C to +50°C (-4°F to +122°F)

—40°C 1o +60°C (-40°F to +140°F)
400 to 999mmHg (1mmHg step)
15.8 to 39.3 in.Hg (0.1 in.Hg step)
533 to 1,332hPa (1hPa step)
Dot-matrix LCD

16 characters x 4 lines

Level vial
Sensitivity of plate level vial
Sensitivity of circular level vial
Leveling base

Tribrach e
Optical plummet

Image

Magnification

Field of view

Power sources

Type

Continuous operating time

Quick battery chargor ger (Q-70U/Q-70E)
Input voltage

Recharging time
Dimensions (W x D x H
Main unit (with carrying handle)
Weight

Main unit w/battery

Battery BC-60

Carrying case

_1.5 hrs.

30%/2mm
10'/2mm

Detachable
Erect

3x

5°

0.5m/1.6 f. to o0
Ni-MH 7.2V DC
7.3 hrs. or 8,760 measurements

(for distance/angle measurement)
22 hrs. (for angle measurement only)

115V for Q-70U, 220/240V for Q-70E

164 x 177 x 335mm/6.5 x 7.0 x 13.2 in.

5.5kg/12.1 Ibs.
0.5kg/1.1 Ibs.
2.5kg/5.5 Ibs.

These products (DTM-310 and battery charger Q-70U/E) are strategic products subject to Japanese/International export
control regime. They should not be exported without authorization from the appropriate governmental authorities.

Specifications and equupment are subject to change without any notice or obligation
on the part of the manufacturer. February 1997
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