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Horizontal and Vertical Control Report
TerraSond Limited

A. Vertical Control

Mean lower low water (MLLW) was the vertical control datum for this survey. All
soundings are referenced to MLLW.

All time measurements were made in Universal Time Coordinated (UTC). The local time
zone was offset from UTC by eight hours (Alaska Daylight Time = UTC — 8 hours). No
measurements were made using local time.

A.l Tide Corrector Stations

The Tides Statement of Work required the installation of nine tide stations in a mix of
offshore (submerged) as well as on-shore gauges. These were meant to support not only
the hydrography collected during OPR-R341-KR-19, but to provide tide data across the

Bristol Bay to Nunivak Island region.

The stations installed are summarized in the table below.

. . Julian Days
. . . Latitude Longitude . .
Tide Station (AK) | Station No. (NADS3) (NADS3) of Operation Configuration
(2019)
Port Moller 9463502 55-59-142 N 160-33-45.1 W 164 - 283 1 GNSS Buoy +2
BMPG
. 1 BMPG + 1 RBR
Cape Pierce 9465137 58-37-36.8 N 161-50-10.4 W 178 - 267 '+ 1 GNSS R
Naknek 9465203 58-43-55.4 N 156-59-00.0 W 197 -292 2 Bubblers
Kulukak Point 9465265 58-50-22.1 N 159-38-58.8 W 178 - 266 1 BMPG + 1 RBR
Levelock 9465419 59.06-26.7 N 156-51-40.1 W 188 — 289 2 Bubblers
Ishkowik 9465993 60-01-05.8 N 162-44-16.4 W 160 - 257 2 Bubblers
Cape Mendenhall | AAAAAAA | 59-50-19.6 N 166-02-49.3 W 186 - 271 2 BMPG
. K‘ésg’k‘“m BBBBBBB | 59-17-33.0 N 163-41-27.0 W 182 - 270 2 BMPG
Cape Corwin CCCCCCC | 60-00-16.7 N 165-36-27.5 W 198 - 258 GNSS Buoy

Table 1 - Tide Stations
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OPR-R341-KR-19
Kuskokwim Bay, AK & Vicinity Map with Tide Program Locations
June - October, 2019

lSS"DI'G"W 1GO“1=‘D"W 155°0I‘D"W

Cape Corwin Kulvagavik River N B
: ] A
& C. Mendenhall
;. ape Mendenhal b
37 q
Levelock
outhern Kuskokwim Bay -
b1
Kulukak Paint ."-"""e" 3
= - 2
&
3 Cape Pierce (West Side)
2 L]
=
=
3
c
=
L Key
E D OFPR-R341-KR-18_Kuskokwim Bay, AK
=3
®  Water Level Measuring
Subordinate Gauge Plan -
Station Name IStaliDn 1D Approx Lat Approx Long =
Kulvagavik River 946CCCC 60" 005" 162° 44.4° '§
z Cape Mendenhall 3460000 59° 487 166" (4.3 2
g SW Kuskokwim Bay SAENWWW 59323 163" 38.4°
; Cape Corwin 946L27Z 59°58.1' 165" 36.3"
2 Cape Pierce (West Side) 9465137 58° 37.5' 161° 50.2°
Kulakak Point 5465265 58° 50.4° 155" 38.8°
Levelock SAEXX 59° 06.6" 156" 51.4°
Naknek 94EYYYY 58° 4400 156" 59.0¢ =
Port Moller 9463502 55° 59.1' 160" 34.4° i maliey _g
Sources: Esri, GEBCO, NOAA, National Geographic, Garmin, HERE, Gecnames.org, and other Eg
contributors. Esri, Garmin, GEBCO, NOAA NGDC, and other contnbutors
T T
165°00"W 160°00"W
o 375 75 150 NM

Projection: NADS3 UTM Zone 3N 1

Figure 1 — Project overview including tide station locations (from Work Instructions).

TerraSond contracted JOA Surveys, LLC (JOA) for tide support. JOA handled all tasks
associated with the on-shore gauges as well as processing of tide data, datum
computations, providing smoothed/verified final tides, derivation of tide zones, and tide
report compilation. TerraSond deployed and recovered all offshore tide stations as well as
the GPS Buoy at Cape Corwin.

A.2. Tide Equipment

A wide range of tide and supporting equipment were utilized on this project. These are
summarized in the table below. Refer to the tide reports in Appendix I for details on
specific equipment at each site as well as processing of tide data.
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A.3. Tide Correctors

Tidal corrections for hydrography was accomplished using ERS methodology. The
NADS83 to MLLW grid file “R341KR2019_ERTDM_NADS83-MLLW.csar” provided by
NOAA was used for all corrections. The grid file has an estimated uncertainty of 0.13 m
at one standard deviation. Refer to the DRs for correspondence relating to this grid file.

AA. Tide Comparisons

For comparison purposes, an Ellipsoid Referenced Zoned Tide (ERZT) model was
computed in CARIS HIPS for each survey using tide zones generated by JOA that
utilized all project tide stations. This ZDF (“OPRR341KR19_20191208b.zdf”) is
included with the survey deliverables.

This ERZT separation model was created at a 100 m resolution in CARIS CSAR format
using all available survey lines. The ERTDM separation model was then differenced
from the ERZT model in CARIS, and the results were analyzed. A summary of the
results is shown in the following table.

Sovy ERZT mirfus ERTDM Mean 1 StDev
Difference*
F00770 0.044 0.023
H13246 0.057 0.227
H13247 -0.054 0.131
H13248 0.242 0.349
H13249 -0.350 0.094
H13250 0.127 0.280
H13251 0.232 0.260
Combined 0.033 0.271
*A positive difference means the ERZT separation value is larger

Table 2 — ERZT versus ERTDM comparison results

There is generally good agreement between the ERZT and ERTDM separation models.
Their project-wide agreement is 0.033 m on average with a standard deviation of 0.271.

Of the individual survey areas, H13246 and H13247, at 0.057 and -0.054 average
agreement respectively, have the best agreement between the models. These two sheets
are the furthest offshore of the seven in the project.
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The worst agreement is in H13249 at -0.350. This sheet has a more complicated tidal
regime and it is likely zoned water levels do not capture tidal change as well as the other
sheets.

Greater than 95% of all grid cells agree within allowable TVU for their depth.

Refer to Appendix II for JOA’s “Vertical Control Analysis Report”, which contains an
analysis of the tidal data as well as the tide comparisons for each survey. The ERTDM
separation model is available with the survey deliverables.

B. Horizontal Control

The horizontal control datum used for this survey was NAD83 (2011). All final positions
are NAD83 (2011).

Vessel positions were post-processed. Corrections for post-processing were supplied
primarily by the Trimble PP-RTX service in Applanix POSPac post-processing software,
supplemented by Applanix Smart Base (ASB) network solutions when necessary. QC
reports generated by the POSPac software are included in Appendix III.

Real-time positions were provided by a Hemisphere Atlas SmartLink antenna on the
ASV-CWS5. The Atlas system was configured to receive L-band SBAS corrections using
Hemipshere’s H10 subscription service, which provided RTK level corrections. Real-
time correctors on the Q105 utilized FAA WAAS. Note that all real-time corrections
were replaced in post-processing.

Refer to the DAPR for details on positioning results and methodology.

Vessel position confidence checks were performed by comparing PPRTX and ASB
results. These checks are available with each DR.

Correspondence relating to tides and confidence checks on vessel positioning are
available with the project DRs.

Post-processed positioning data and GPS processing files are available with the survey
deliverables.
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