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A.  GENERAL INFORMATION  
 
A.1 Background 
 
This hydrographic survey was conducted by the U.S. Naval Oceanographic Office (NAVO) to 
support a “Navy initiative to support extensive fleet use during major joint exercises and 
smaller operations” by the US Navy.  The survey area includes the Northern Training Area 
(NTA) and Sunharon Roads/Tinian harbor and approaches.  This survey was conducted using 
a combination of the Scanning Hydrographic Operational Airborne LIDAR Survey system 
(SHOALS) and the U.S. Naval Ship (USNS) SUMNER.   
 
A.2 Area Surveyed 
 
This survey was conducted along the coast of 
Tinian from January-March, 2001.1  The survey’s 
southern extent was Carolinas Point, the survey 
continued north along the western shore including 
Sunharon Roads/Tinian harbor.  It continued 
around to the island’s eastern side, ending just north 
of Massalog Point.  The approximate extents of the 
survey are: 
 
Northeast corner:    
15°06'17.49" N, 145°40'03.09" E 
 
Southwest corner:  
14°54'58.59" N, 145°34'26.47" E   
 
 
 
                                                                                                                     
 
                                                                                                                                            Figure 1:  Coverage   for W00054 and W00055 
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A.3 Data and Reports 
 
The following data and documentation were received from the Naval Oceanographic Office: 
 
Data:                      Description    Format 
Tinian_101503.crs                       Full density XYZ soundings   ASCII 
Tinian_101503.txt                       Full density XYZ soundings   ASCII 
Tinian_updated.des                       Smooth Sheet                CARIS file 
Sunhorn_updated.des                       Smooth Sheet                CARIS file 
 
Plots: 
2 Tinian, 00601-00602                           Smooth Sheet               Hard Copy 
 
Reports: 
hss003                         Hydrographic Survey Specifications Word 
WESTPAC LIDAR ROS                        LIDAR Report of Survey   Word2

Cruise Report, SURVEYOPS 6103-01   USNS SUMNER Cruise Report  Word3

APNDX A:  SURV AREAS                   Guam ROS appendix   Word4

APNDX B:   TIDE ZONES                    Guam ROS appendix   Word5

APNDX C:  TIDE STATIONS               Guam ROS appendix   Word6

APNDX D:  COVERAGE                       Guam ROS appendix   Word7

APNDX E:  NAVAIDS                          Guam ROS appendix   Word8

APNDX F:  ERROR ANALYSIS          Guam ROS appendix                                 Word9

 
Supporting Data: 
Bottom Grabs Tinian                 Excel 
Lessons Learned in Multi-Platform Hydrographic Surveys    PDF10

PFM Fledermaus         PFM 
 
B.  DATA ACQUISTION AND PROCESSING 
 
A complete description of data acquisition and processing systems, quality control procedures 
and data processing methods can be found in the WESTPAC LIDAR ROS and Cruise Report, 
SURVEYOPS 6103-01 for LIDAR and Sumner multibeam operations respectively. The 
Evaluator’s summary and discussions of methods follows. 
 
B.1  Data Acquisition 
 
This project was conducted primarily by LIDAR (SHOALS) 200% coverage, and 
supplemented by the USNS SUMNER which provided 100% SWMB in most of the offshore 
waters.  Those areas which were not covered by 100% SWMB coverage or 200% LIDAR 
coverage were identified by the Evaluator and are depicted on a supplemental layer to the 
Navy smooth sheet, called “W00054 and W00055_coverage.”11  See the following appropriate 
sections for a summary of each system used.   
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LIDAR:  
 
The LIDAR portion of the survey was conducted using the SHOALS 400 Airborne system 
mounted on a DeHaviland Twin Otter aircraft.  The LIDAR system was calibrated prior to 
survey operations and whenever major system components effecting data accuracy were 
changed or adjusted.   
 
Positioning was provided by Ashtech Z-12 GPS receivers.  Based on E-mail communications 
with Scott Ebrite of NAVO all LIDAR positions were obtained using stand-alone GPS mode  
due to insufficient DGPS beacon coverage in the survey area.  No calibrations of this receiver 
were conducted during the survey, but HDOP, PDOP, and SNR were monitored for data 
quality purposes.  PDOP’s of greater than four, GPS outages of longer than ten seconds, and 
positions solutions using less than four space vehicles resulted in rejection of the data, and 
reacquisition.   
 
NAVO personnel assessed that the survey area was covered at 4x4 meter spot density (110-
meter swath) and with greater than 200% coverage to ensure a very high confidence of target 
detection.  See the WESTPAC LIDAR ROS for additional information.12  The Evaluator 
examined LIDAR coverage using the Pure File Magic (PFM) dataset in Fledermaus.  While in 
general 200% or greater coverage was obtained, there were some cases where only 100% 
coverage was obtained.  These areas were most notably in the northern portion of the survey 
area.  See section D.2 of this report for further analysis of LIDAR data quality.   
 

 
The triangular area in the lower right hand corner is an example of an area with only 100% LIDAR 

coverage 
 
SHALLOW-WATER MULTIBEAM (SWMB):  
 
Sunharon Roads Tinian was surveyed by the USNS SUMNER, a 329-foot T-AGS 60 class 
vessel.  The USNS SUMNER was equipped with the Science Applications International 
Corporation (SAIC) Integrated Survey System (ISS-60) for data collection.  The motion 
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sensor was a POS/MV.  The vessel was also equipped with a SIMRAD EM 121 and a 1002 
multibeam sonar system for survey operations.  NAVO reported that one hundred percent 
shallow-water multibeam (SWMB) coverage was obtained in the survey area in waters 40 
meters and deeper or where the ship’s safety would permit.  Positioning was obtained using 
Fugro/Chance Omnistar Wide Area DGPS service.  A CTD, XBT and SST/SV were used to 
sample for sound velocity.   
 
B.2  Corrections to Echo Soundings 
 
LIDAR: 
 
Draft Correction:  
Not applicable for LIDAR 
 
Heave Corrections:   
The aircraft platform motion was compensated for by an aircraft-mounted inertial navigation 
system.  This resolved undulations in the flight path.  Aircraft movement outside of normal 
parameters resulted in “jerk” flags and rejected data.  The NOS Hydrographic Survey 
Specifications and Deliverables Manual (HSSDM) section 5.4.5 states that the maximum 
allowable error for heave error is 0.20 meters.  The Evaluator concludes the errors associated 
with heave are minimal with LIDAR, and meet the requirements of the NOS Hydrographic 
Surveys Specifications and Deliverables Manual. 
 
Tide corrections:      
Tides were obtained from NOAA tide gauge, 1633227 (Tanapag Harbor, Saipan).  Verified 
tides from the NOAA CO-OPS website were applied to all survey data.  E-mail 
communication with Scott Ebrite of NAVO stated that all data were corrected for tidal 
zoning.13  The NOAA CO-OPS provided zoning was modified by NAVO personnel.  See 
section C.2 of this report for more specifics concerning the modification of tide zones.  
NAVO personnel assessed the error associated with tidal measurements to be 0.025, and the 
error for co-tidal corrections to be 0.35 meters.  The NOS Hydrographic Survey 
Specifications and Deliverables Manual section 5.4.5 states that the maximum allowable error 
for Tide/water level error to be 0.45 meters.  The Evaluator agrees with the NAVO 
assessment and the tidal data and zoning meet these requirements.   
 
Offsets:  
The LIDAR ROS stated that no offsets were apparently applied to the LIDAR data.  It also 
states that in-flight calibration was conducted prior to the start of survey operations; this 
should be considered roughly analogous to patch testing a multibeam platform.  The offsets 
were then applied to the remainder of the data in the form of a “STATIC” file.   
 
See WESTPAC LIDAR ROS for specific information on LIDAR. 
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USNS SUMNER: SWMB system 
 
Draft Correction: 
Static draft correctors were applied during data acquisition in the Simrad multibeam software.  
Changes to the static draft were not monitored during the survey.  NAVO personnel assess the 
error to be 0.1 meters at the beginning of the survey, and increased to 0.5 meters over the 
course of the survey due to fuel burn off.  For additional discussion of this see section B.3 of 
this report.   
 
Changes to the dynamic draft were not monitored during this survey, nor were correctors 
applied.  NAVO personnel estimated the dynamic draft error to be 0.07 meters.  No 
transducer draft error was provided by NAVO.  The NOS Hydrographic Survey 
Specifications and Deliverables Manual section 5.4.5 states that the maximum allowable error 
for settlement and squat to be 0.20 meters.  It also states that the maximum allowable 
Transducer draft error is 0.15 meters.  The Evaluator agrees with the NAVO personnel 
assessment of the static draft.  However neither static draft nor dynamic draft measurements 
should be considered adequate to meet NOS Hydrographic Survey Specifications.    
 
Sound Velocity Correction: 
Sound velocity casts were conducted at least on a daily basis; typically casts were taken early 
each morning and late each evening.  All casts were visually displayed and overlaid for 
comparison purposes.  In addition XBT’s were preformed on a 6 hour interval.  Surface sound 
velocity was monitored in real time, and additional SVP casts were taken as local conditions 
warranted.  Sound velocity correctors were applied during data acquisition in the Simrad 
software.  NAVO personnel assessed the error associated with the sound speed sensor error as 
being within 0.5 meters per second, and the surface sound speed sensor error being within 
0.05 meters per second.  No sound velocity data were provided for this survey.  The Evaluator 
was unable to independently confirm the number or location of sound velocity casts 
conducted during this portion of the survey.  The Evaluator was also unable to review the 
soundings in CARIS subset mode, since neither raw nor processed data was provided to 
NOAA. The sound velocity sampling regime did not follow the NOAA standard practice of 
sampling sound velocity a minimum of every four hours.  No sound velocity confidence 
checks were documented for the survey.  The NOS Hydrographic Survey Specifications and 
Deliverables Manual section 5.4.5 states that the maximum allowable error for sound velocity 
is 0.30 meters plus 0.5% of the depth.  Without additional information, the Evaluator believes 
that errors associated with sound velocity could exceed NOS Hydrographic Survey 
Specifications.        
 
Heave, Roll, and Pitch Corrections:    
A POS/MV provided motion correctors including attitude, heading, and heave to the Simrad 
EM 1002.  NAVO personnel assessed the error of the various sensors as follows: heave 0.05 
meters, roll 0.1 meter, pitch 0.1 meters, and heading 0.2 degrees.  In addition the Integrated 
Survey System (ISS-60) was configured to have the POS/MV apply the motion sensor offsets.  
According to the paper Lessons Learned in Multi-Platform Hydrographic Surveys, and 
Appendix F of the WEST PAC LIDAR ROS  this lead to motion sensor offsets being applied 
twice, once in the POS/MV and again in the Simrad software.  See appendix F of the 
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WESTPAC LIDAR ROS for additional information.  Scott Ebrite estimated the error as 
varying from between "0.2 to 0.3 meters.  The NOS Hydrographic Survey Specifications and 
Deliverables section 5.4.5 states that the maximum allowable error for Heave error is 0.20 
meters.  The Evaluator reviewed the PFM file, of the full density data in Fledermaus and did 
not observe any heave artifacts or other indications of a systematic error.  However the 
NAVO analysis shows that the data fails to meet HSSDM requirements.     
 
No patch test was conducted as part of this survey.  No calibrations were conducted during 
this survey, aside from calibration of new software for the EM 1002.  E-mail communications 
with Steve Farr of NAVO14 stated that the survey was run using previously obtained patch test 
and system calibrations.  These calibrations were not available for review, however review of 
the NAVO provided PFM dataset in Fledermaus did not reveal any artifacts which would 
indicate a systematic biases.   
 
Tide corrections:      
Tides were obtained from NOAA tide gauge, 1633227 (Tanapag Harbor, Saipan).  Verified 
tides from the NOAA CO-OPS website were applied to all data.  E-mail communication with 
Scott Ebrite of NAVO stated that all data was zone-corrected.  The NOAA CO-OPS zoning 
was modified by NAVO personnel.  See section C.2 of this report for more specifics 
concerning the modification of tide zones.  NAVO personnel assessed the error associated 
with tidal measurements to be 0.025, and the error for co-tidal corrections to be 0.35 meters.  
The NOS Hydrographic Survey Specifications and Deliverables section 5.4.5 states that the 
maximum allowable error for Tide/water level error to be 0.45 meters.  The Evaluator agrees 
with the NAVO assessment, and believes that the tidal data and zoning meet these 
requirements.   
 
Offsets: 
E-mail conversations with Scott Ebrite of NAVO stated that vessel offsets were applied to the 
SWMB data.  Appendix F of the WESTPAC LIDAR ROS provided estimates of the errors 
associated with the vessel offsets.   
 
B3.  Data Processing and Quality Control 
 
Hydrographer 
 
SWMB: 
Limited documentation on SWMB processing was provided by NAVO.  Processing flow 
diagrams were provided as part of an updated WESTPAC LIDAR ROS.  These indicated that 
all relevant correctors and processes had been applied to the data.  E-mail conversations with 
Scott Ebrite of NAVO stated that the data was edited and cleaned using in-house data 
processors including the NAVO Bathy-Hydro Post-Processing suite (BHPP).  Data processing 
was conducted using BHPP, and included the use of Area-Based Editor (ABE).  The 
statistical surface of the data set was reviewed by NAVO personnel to identify areas needing 
additional review.  E-mail communications with Scott Ebrite stated that cross check lines 
were conducted.  NAVO personnel found agreement between main scheme and cross lines to 
range from 0.8-1.5 meters.  NAVO did not provide multibeam sounding data to PHB in 
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CARIS format, so it is not possible to independently gauge the quality control methods used.  
The Evaluator did review the full density .PFM file in Fledermaus.  Comparison between 
cross lines and main scheme lines found differences generally around 0.19 meters.  No 
significant artifacts were observed.   
 
LIDAR: 
The SHOALS proprietary data processing suite was used for processing LIDAR data.  
SHOALS personnel field-processed, verified, and validated the data concurrent with data 
acquisition.  Verification included comparison of collected data to existing charted and data 
and prior soundings.  Data was initially processed using automated processing software.  Data 
were then manually reviewed, including review of individual waveforms as needed and edited 
for obvious anomalies.  Final cleaned data were binned at 4x4 meters, and output as an XYZ 
file.  See section 3.2-3.5.5 of the WESTPAC LIDAR ROS for additional information on data 
processing and quality control procedures.  Time-tagged position and depth and laser 
waveform files were then transferred to the NAVO system Bathy-Hydro Post-Processing suite 
(BHPP).  Data quality control and validation was carried out using the NAVO Area Based 
Editor (ABE).  NAVO personnel found good agreement between adjacent LIDAR lines, as 
well as between cross lines and main scheme lines.  The Evaluator did review the full density 
.PFM file in Fledermaus.  Comparison between cross lines and main scheme lines found 
differences generally around .12 meters.  No significant artifacts were observed.  The 
Evaluator believes appropriate quality control methods were used.   
 
It should be noted that testing of the SHOALS 1000 LIDAR system at the Navy’s South 
Florida Test Facility in 2003 confirmed a suspected deep bias error which would have also 
been present in the SHOALS 400 LIDAR system used during this survey.  Section 4.4 of the 
WESTPAC LIDAR ROS discusses a deep bias error as “An offset was discovered in the LIDAR 
data…  This offset ranges from 8 cm deeper at 10m depth to 82 cm deeper at 40 meters 
depth.”  See section 4.4 of the WESTPAC LIDAR ROS for additional discussion of this error.   
All of the SHOALS data in this survey has been corrected for the depth bias that was 
discovered and resubmitted to NOAA. 
 
Evaluator 
 
The Naval Oceanographic Office provided PHB with an excessed data set in “XYZ” ASCII  
format, and full density .PFM file.  See section B.4 of this report for specific data decimation 
specifications.  The Evaluator imported the XYZ data into MapInfo and compared it to the 
largest scale chart in the area.  Comparison between the full density and smooth sheet density 
data sets did not reveal any least depths more shoal that the reduced data set.  Because no raw 
data sets were provided to NOAA, it was difficult to more fully assess the quality of the data; 
however, documentation provided to NOAA was thorough and shows the Navy’s methods of 
data quality assurance are consistent with the requirements of the NOS Hydrographic Surveys 
Specifications and Deliverables Manual.  No additional editing or processing of the data was 
required. 
 
Internal Data Consistency 
 
LIDAR: 
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Crossline comparisons for the LIDAR data were conducted by the Naval Oceanographic 
Office.  NAVO personnel conducted a comparison between mainscheme and cross-lines, and 
found the deviation to be within IHO Order 2 standards.  In addition overlapping LIDAR was 
compared as a data check, and noted as having excellent agreement.  The Evaluator concurs 
with the NAVO assessment that LIDAR soundings agree within IHO Order 2; however they 
do not agree within NOS HSSDM accuracy specifications.  This assessment is based on 
review of the PFM.  Adjoining LIDAR swaths were examined and differences were observed 
to be generally 0.5 meters or less.  See section D.2 of this report for specific charting 
recommendations.   
 
SWMB: 
NAVO assessment of the SWMB data found that the maximum sounding error was not 
expected to exceed 1.5 meters.  The Evaluator observed that four cross lines were run over the 
SWMB portion of the survey area.  While the percentage of cross lines does not meet the 
NOAA specified 5% of main scheme lines, the lines cover a representative portion of the 
survey area.  Visual comparisons in Fledermaus of the full density soundings from cross lines 
and those from main scheme lines showed a good general comparison of 0.2-0.3 meters, with 
occasional differences of up to 0.5 meters.   
 
The NAVO estimate of the maximum sounding errors failed to include a possible motion 
induced heave error, as well as the POS/MV offsets being applied twice.  It was determined 
that this error could not be corrected.  NAVO personnel assessed the error as being between 
"0.2 and 0.3 meters.  Additional discussion of this error can be found in Lessons Learned in 
Multi-Platform Hydrographic Surveys and Appendix F of the WESTPAC LIDAR ROS.   

 
Cross line coverage by the USNS Sumner   

 
 
A PFM file, created from the full density soundings, was reviewed by the Evaluator.  No 
noticeable systematic errors were observed.  In addition comparisons were made to adjacent 
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SWMB lines, as well as to cross lines.  Agreement was generally good, with differences 
between adjacent lines generally being less than 0.5 meters.  In addition SWMB lines were 
compared to LIDAR data in areas of overlap.  The SWMB data was found to be consistently 
more shoal than the LIDAR data by 0.4 to 1.0 meters.  See the following section of this report 
for further discussion of this finding.   
 
Data quality factors: 
 
NAVO personnel also observed that the outer beams of the EM1002 data were being refracted 
upward, resulting in the depths from the outer beams being more shoal than the inner beams.  
It was determined that the outer beams were statistically different from the inner beams as 
well as different from the LIDAR data.  In order to eliminate this error NAVO rejected data 
beyond a 120o swath width.   
 
The WESTPAC LIDAR ROS states depth and water clarity prevented the LIDAR system from 
attaining 200% coverage over the entire survey area.  LIDAR coverage in Tinian was limited 
to depths of 35-40 meters.  According to the ROS, “In depths deeper than 20 meters signal-
to-noise ratio limitations greatly reduce target detection capability, particularly for small 
objects.  Multiple flight coverage will theoretically improve the confidence of target detection 
capability in the depth range of 2-7 meters, and possibly down to 20 meters.”  While 
theoretical detection of objects within this depth range may be possible, it should not be 
considered sufficient to merit disproval of charted items or to provide definitive least depths 
on point features without additional supporting data.   
 
Comparison between overlapping SWMB and LIDAR data by NAVO personnel also found 
that the SWMB data were consistently more shoal than the LIDAR data.  The differences 
were observed to vary between 0.13 to 0.63 meters, with an average difference of 0.49 meters 
being observed over a comparison of 100 random soundings in the approaches of Tinian 
harbor.  The Evaluator also conducted a comparison over the entire area of overlap between 
LIDAR and SWMB data and found differences between the SWMB and LIDAR data to be 
from 0.4 to 1.0 meters as noted above.  Conversations with Scott Ebrite of NAVO attributed 
the variability between systems, to differences between the static draft corrector value and the 
actual draft during the survey.  In addition the previously mentioned motioned induced heave 
error for the SWMB data was thought to contribute to this difference.  The Evaluator agrees 
with the NAVO assessment of the source of this error.   
 
No additional documentation on data quality factors was provided by Naval Oceanographic 
Office.  The Evaluator did not find any additional data quality factors.   
 
B4.  Data Decimation 
 
Sounding Selection:  According to the WESTPAC LIDAR ROS section 7.4.9, data were  
decimated using a NAVO area-based shoal biased sounding selection algorithm.  No 
additional information was provided as to the specifics of this algorithm. 
 
The Naval Oceanographic Office provided PHB with a decimated, shoal-biased dataset and a 
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full-density dataset.  The sounding density of the final decimated data set was 1.5 meters at 
the scale of survey (1:10,000 and 1:25,000 respectively), where supported by acquired 
sounding coverage.  Visual examination of the complete sounding data set at the Pacific 
Hydrographic Branch did not reveal any least depths more shoal than the excessed data set.  
PHB did not further decimate or otherwise excess the data. 
 
 
C.   VERTICAL AND HORIZONTAL CONTROL 
 
C.1 Horizontal Control 
 
The horizontal datum for surveys W00054 and W00055 was World Geodetic System 1984 
(WGS 84).  Data were provided in Universal Transverse Mercator, zone 55, based on the 
WGS 1984 spheroid.   
  
LIDAR positions were obtained from an Ashtech Z-12 GPS receiver onboard the survey 
aircraft.  All LIDAR positions were obtained using stand-alone GPS mode due to insufficient 
DGPS beacon coverage in the survey area.  No calibrations of this receiver were conducted 
during the survey, but HDOP, PDOP, and SNR were monitored for data quality purposes.  
Stand alone GPS provides a global average accuracy of 13 meters (95% confidence level) 
horizontally and 22 meters (95% confidence level) vertically, according to the Federal Radio 
Navigation Plan.  This meets the IHO Order 2 requirement of 20 m + 5% of depth but does 
not meet the positioning accuracy requirements of the NOS Hydrographic Surveys 
Specifications and Deliverables Manual. 
 
Positioning of USNS SUMNER was obtained using Fugro/Chance Omnistar Wide Area 
DGPS service.  System modeling around Tinian indicated that the correctors were on average 
between 2.0 and 2.5 meters (1 sigma), with spurious error spikes of 5 to 8 meters.  This falls 
within the NOS Hydrographic Surveys Specifications and Deliverables requirement of 5 m + 
5% of depth.   
 
C.2 Vertical Control 
 
The vertical datum for surveys W00054 and W00055 was Mean Lower-Low Water (MLLW).  
Tides were obtained from NOAA tide gauge, 1633227 (Tanapag Harbor, Saipan).  The 
applied tide file was verified tides from the CO-OPS website.  See section 6.7 of the 
WESTPAC LIDAR ROS for additional information on application of tide correctors to the 
data.  All data were zone corrected.  NAVO personnel determined that zoning based on the 
Saipan gauge was more appropriate for the survey than zoning based on the gauge at Apra 
Harbor.  Because the Tanapag Harbor gauge was located in one of the tide zones, NAVO 
personnel were able to “reverse” the zones as follows: 
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      NAVO              NOAA      
          MAR300         0 min   1.0         MAR300         0 min   0.98 

MAR301 6 min 1.0  MAR301 0 min 1.0 
            MAR302 6 min 1.0  MAR302 0 min 0.98 
            MAR303 0 min   0.97  MAR303        -6 min   0.93 

 
NOAA-provided tide zones MAR300 and MAR301 were split from Ushi Pt., Tinian to 15º 
10’ 00” N by 145º 30’ 00” E.  All correctors are in reference to the tide gauge in Saipan (163-
3227).  While some differences were noted between NOAA and NAVO derived zoning, CO-
OPS stated the NAVO modification to the tidal zoning would not significantly impact the 
vertical accuracy.  No tidal data was provided to the Evaluator for this survey.   The Evaluator 
concludes that the tidal data and zoning meet NOS Hydrographic Surveys Specifications and 
Deliverables.   
 
 
D. ANALYSIS AND RECOMMENDATIONS 
 
D.1 Error Analysis 
 
Please see the WESTPAC LIDAR ROS for NAVO’s analysis of depth errors.  The Evaluator 
generally agrees with the methodology used by NAVO in this assessment, and that the data 
likely meet specifications as noted in the NAVO reports for depth accuracy.  Specific 
discussions of data accuracy and error issues are discussed below in section D.2. 
  
D.2 Discussion of Data Quality and Suitability for Charting 
 
LIDAR: 
As discussed in the WESTPAC LIDAR ROS the instrumental accuracy error was assessed as 
being minimal (0.1 meters).  Positional accuracy was stated as meeting IHO Order 2 
specifications, due to the lack of DGPS positioning.  The Evaluator agrees with these 
statements.  The WESTPAC LIDAR ROS states: “Theoretically, all navy areas meet IHO 
Order 1 target/object detection requirements for depths from 7m to 20m with single flight 
coverage.  While at depths deeper than 20m signal-to-noise ratio limitations greatly reduce 
target detection capability, particularly for small objects.” In addition subsequent testing of 
the CHARTS system which utilizes the same operating principles and algorithms detected 2 
meter and larger targets 100% of the time in depths from 5 to 30 meters.  While it was noted 
that multiple flights would improve the confidence in the data, due to NOAA’s limited 
experience with LIDAR and lack of standard specifications and procedures and empirical test 
results for utilizing LIDAR for item investigations, the Evaluator cannot confidently say that 
object detection standards were met in areas with merely 200% LIDAR.   
 
The WESTPAC LIDAR ROS stated that surf and rough seas were significant within the area of 
survey, but had relatively little impact on LIDAR data collection or quality.  Areas with 
persistent white water prevented coverage and resulted in holidays.  The holidays were 
identified by the Evaluator and are depicted on a supplemental layer to the Navy smooth 
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sheet, called “W00054 and W00055_coverage.”  In these areas the Evaluator recommends 
retaining the data as charted.15

 
To sum up the evaluation of LIDAR data16 acquired on surveys W00054 and W00055: 
 

• The LIDAR do not meet NOS positioning accuracy requirements due to the use of 
stand-alone GPS; positioning should be considered to meet IHO Order 2 requirements; 

• The LIDAR data do meet NOS requirements for depth accuracy; 
• The LIDAR data cannot be considered to meet NOS requirements for object detection 

and full bottom search. 
 
    Based on this evaluation, and a review of the vintage of charted data for Tinian, LIDAR 
data on surveys W00054 and W00055 should be considered adequate for: 
 

• Drawing depth curves on charts 
• Charting soundings to delineate the general bathymetry of the seafloor and new shoals 

detected during the survey 
 
LIDAR data should not be considered adequate to: 
 

• Disprove charted wrecks, rocks, obstructions, or shoals; 
• Acquire definitive least depths on wrecks, rocks, obstructions, or shoals; 
• Remove wire drag information from the charts 

 
SWMB: 
No Report of Survey describing data acquisition, processing, and quality control procedures 
for the SUMNER multibeam data was provided .  The paper Lessons Learned in Multi-
Platform Hydrographic Surveys provided some general details.  According to this paper, the 
motion sensor offsets were applied twice, and no corrective action was possible.  NAVO 
personnel assessed this error to be between "0.2 and 0.3 meters.   
 
To sum up the evaluation of multibeam data acquired on surveys W00054 and W00055: 
 

• The multibeam data meet NOS positioning accuracy requirements; 
• The multibeam data cannot be considered to meet NOS requirements for depth 

accuracy due to potential double-application of correctors, lack of dynamic draft and 
loading correctors applied, uncertainty in the sound velocity sampling regime, 
uncertainty in the data acquisition and processing methods used (no ROS provided), 
and differences noted in internal data consistency and comparison with overlapping 
LIDAR data.  SWMB should be considered to meet IHO Order 2 requirements. 

• The multibeam data cannot be considered to meet NOS requirements for object 
detection and full bottom search, since no documentation was provided regarding the 
data acquisition and processing methods used for the survey. 

 
Therefore, multibeam data should be considered adequate17 to: 
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• Chart new shoals and obstructions not previously depicted on NOAA charts 
• Depict the general bathymetry and nature of the seafloor; even though data are 

considered to be outside of NOS specifications, given the vintage of the charted data, 
the fact that they compare within IHO Order 2 specifications, and were collected in 
waters 40 meters deeper, data should be adequate to chart soundings and depth curves  
in these waters18 

 
Multibeam data should not be considered adequate to: 
 

• Disprove charted wrecks, rocks, obstructions, or shoals; 
• Supersede shoaler soundings on the chart; 
• Remove wire drag information from the chart. 

 
D.3 Automated Wreck and Obstruction Information System (AWOIS) 
Items 
 
No AWOIS items were located within the limits of survey W00054 and W00055.  All charted 
and new items discussed in sections D.4 and D.5 of this report should be added to the AWOIS 
database.19   
 
D.4 Chart Comparison and Specific Charting Recommendations 
 
Surveys W00054 and W0005520 were compared with charts 81067 (6th Ed.; Aug. 2003, 
1:75,000) and 81071 (6th Ed.; April.  1991, 1:20,000 modified by MCD to account for the 
datum shift mentioned below), the largest scale charts which covered the entire survey area.   
 
Chart 81067 
A comparison between surveyed and charted (81067) bathymetry found good general 
agreement, with most soundings comparing within 1-2 fathoms.  There were some areas of 
greater differences (up to 20 fathoms), but the Evaluator attributes these to the complex nature 
of the bottom (large number of coral heads) and the advances in survey technology (full 
coverage SWMB and LIDAR).21  Areas which did differ significantly from the chart are    
discussed below. 
 
A charted (81067) 13-fathom sounding at 14°55'40.14" N, 145°37'33.52" E; (352222.39, 
1650797.23) was covered by 100% SWMB.  Surveyed soundings in the general area ranged 
from 37-47 fathoms.  On chart 81071 no sounding appears at the charted 13-fathom location, 
however the area does lie outside of the 20 fathom curve.   Even though the SWMB, which is 
the source of the surveyed data, does not meet NOS Hydrographic Surveys Specifications and 
Deliverables requirements for disprovals, the extreme age of the charted soundings (1930’ and 
1940’s vintage surveys) and the extreme difference justifies charting the surveyed soundings 
since it clearly shows a difference in the bathymetry.  The Evaluator recommends removal of 
the charted sounding, and charting the area based on survey depths.22
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Chart 81071 
An offset was observed between raster chart 81071 and the NAVO survey data.  NOAA’s 
Marine Charting Division was contacted and “shifted the grid 3.6 seconds North and 4.6 
seconds East” to match the survey data.  Please see the attached E-mail (Jenny Thacker, 
5/20/2004) for additional information on this topic.  All chart comparisons were conducted on 
this shifted chart.  A comparison between surveyed and charted (81071) bathymetry found 
good general agreement, with most soundings comparing within 1-2 fathoms.  There were 
some areas of greater differences (3-4 fathoms), but the Evaluator attributes these to the 
complex nature of the bottom (large number of coral heads) and the advances in positioning 
technology (use of GPS).23  Several areas did differ significantly from the chart, and are 
discussed below. 
 
The area centered on Puntan Diapblo (14°59'47.32" N, 145°35'03.4" E; (347783.21, 
1658423.02)) showed significant difference between charted and surveyed soundings.  
Surveyed soundings from LIDAR were up to 20 fathoms more shoal than the chart.  The 
Evaluator attributes this to the steep bottom and the advances in positioning technology (use 
of GPS).  The Evaluator recommends replacing the charted soundings with surveyed data.24   
 
The charted Naval Anchorage berths located off the south west coast of Tinian, at 
14°57'31.62" N, 145°36'36.06" E; (350525.17, 1654235.41) should be updated to reflect the 
addition of two new explosive anchorage berth (A and B).25   See 33CFR110.239 for 
additional details regarding these berths.  
 
Charted Features26

 
The charted (81067 and 81071) submerged buoy at 14°58'16.86" N  145°35'55.44" E  
(349320.19 , 1655633.36) was covered using 100% SWMB.  Depths at the charted location 
ranged from 39 to 43 fathoms, and no indication of this item was observed during review of 
the .PFM.    Investigation into the source of the charted buoy revealed no additional 
information.  The Evaluator recommends retaining this item as charted for reasons stated in 
section D.2 with regard to the use of multibeam data from this survey.29   
 
The entrance channel to Tinian Harbor (81071) 14°57'36.93" N  145°37'28.95" E ; 
(352106.17 , 1654388.63) was covered with  200% LIDAR.  Survey depths were found to 
agree with the charted notes.30  Due to the vintage (1945 and 1970) of the remarks denoted the 
depths of this channel, the Evaluator recommends removing them, and charting appropriate 
soundings from this survey for the channel.31  This is not a U.S. Army Corps of Engineers 
maintained channel. 
  
New Features 

 
The Evaluator recommends modifying the existing chart Note A, to add cautionary notes for 
the established explosives Anchorages A and B, as well as a new Security Zone.  The note 
should reflect the latest version of the CFR, including sections: 33CFR165.1403, and 
33CFR110.239.  New demarcations should be added to the charts indicating the extents of 
these zones where appropriate.32
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The aforementioned security zone and explosives anchorages coincide with a number of the 
charted (81071) Navy anchorage berths.  The Evaluator recommends that the Navy be 
contacted to provide an updated anchoring scheme.33

 
D.5 Shoreline  
 
The shoreline portrayed on the NAVO smooth sheet was generated from LIDAR data 
collected during the survey and LANDSAT7 imagery.  In general the NAVO generated 
shoreline agreed well with the charted (81071 and 81067) shoreline.  The Evaluator 
recommends retaining the shoreline as charted.34

 
D.6 Dangers to Navigation  
 
Because new editions of charts 81067 and 81071 will be published upon completion of the  
evaluation of this survey, no Dangers to Navigation were submitted.35

 
D.7 Aids to Navigation 
 
No aids to Navigation were positioned during this survey.  Retain all as charted.36
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Revisions Compiled During Cartographic Processing and Final Approval 
 
1Cartographic revision- These dates represent data collection for surveys W00054 and 
W00055. 
2 Attached to this report 
3 Attached to this report 
4 Attached to this report 
5 Attached to this report 
6 Attached to this report 
7 Attached to this report 
8 Attached to this report 
9 Attached to this report 
10 Attached to this report 
11 See figure 1 in this report 
12 Attached to this report 
13 Email is attached to this report 
14 Email is attached to this report 
15 Concur 
16 The lidar data has been applied to the chart in accordance with the evaluator’s 
recommendations. 
17  The multibeam data has been applied to the chart in accordance with the evaluator’s 
recommendations. 
18 Concur with evaluator’s statements 
19 Concur 
20 Concur with clarification-a smoothsheet was supplied by the evaluator combining surveys 
W00054 and W00055 and titled W00055. This was used to compile charts 81067 and 81071. 
21 Concur 
22 Concur—chart using survey data. 
23 Concur 
24 Concur—chart using survey data. 
25 Concur 
26 A few shoal depths and selected features have been retained on charts 81067 and 81071 
within the 2001 Navy survey data.  With the additional exceptions mentioned below, W00054 
and W00055 are adequate to supersede the charted data within the common area. 
 
Endnotes 27 and 28 were deleted during office review. 
 
29 Concur with clarification.  Revise Obstn note on chart 81071 to Subm buoy as shown on 
Chart 81067.  In addition, the foul note shown on chart 81067 at latitude 14/58/54N, longitude 
145/35/36E should be revised to an Obstn note and added to chart 81071 as the same feature. 
Source for these revisions is from L-1836-2003 as provided by the Marine Chart Division.  
30  Do not concur. A few survey soundings of 29 feet were found in this channel. It is 
recommended to revise the dredged note to “29 feet 2001”based on survey information. In 
addition, it is recommended that the Marine Chart Division address the note “Less Water 
(Reported 1970)” 

17 



Outside Source Data Evaluation                              W00054 and W00055                                       July, 2004 

                                                                                                                                                                      
31 Do not concur.  Retain note as charted. Four soundings were charted from the smooth sheet 
in the vicinity of Lat 14/57/50N, Long 145/37/24E that were within the dredged note limit 
line. It is recommended to adjust the limit line to reflect the shoaler soundings.  In addition, it 
is recommended to revise the dredged note based on survey information.  
32 Concur 
33 Concur 
34 Concur 
35 Concur 
36 Concur 
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Questions and Issues for visit of NAVOCEANO personnel to NOAA 
Pacific Hydrographic Branch 
Week of September 29, 2003 

 
Missing Data:   
 
The following data was indicated as submitted to NOAA in accordance with 
NAVOCEANO Transmittal and Transfer Records but are not in possession by NOAA: 
 
Oahu (00US16): 
 

Three photo quality paper hydrographic sounding sheets: 00619, 00620 and 
00621.  

 
Thirteen digital smooth sheets: 09x.dgn, 10x.dgn, 11x.dgn, 12x.dgn, 13x.dgn, 
14x.dgn,   15x.dgn, 16x.dgn, 17x.dgn, 18x.dgn, 19x.dgn, 20x.dgn, and 21x.dgn.   
 
Thirteen paper hydrographic sounding sheets:  00609, 00610, 00611, 00612, 
00613, 00614, 00615, 00616, 00617, 00618, 00619, 00620, and 00621. 
 
Raster chart/lidar sounding quality control overlays:  
  

Chart no. 19358- eight overlays 
 Chart no. 19364- seven overlays 

Chart no. 19369- seven overlays 
Chart no. 19362- one overlay 
Chart no. 19367- two overlays 
Chart no. 19366- five overlays 
 

Talking paper- ?  
 
Molokai (00US16): 
 
 Five smooth sheets- 03x.dgn, 04x.dgn, 05x.dgn, 06x.dgn, and 07x.dgn 
 
 Five ASCII.crs files containing position/depth/corrector data: 
 03x_10000.pfm.crs- 07x_10000.pfm.crs 
 
 Five ASCII.xyz files containing latitude, longitude and depth (meters) 
 03x_10000.xyz- 07x_10000.xyz 
 
 Five paper hydrographic sounding sheets: 
 00603, 00604, 00605, 00606, and 00607 
 
 Five raster overlays for chart 19351 
 



Saipan (00US17) 
 

Report of Survey for – unavailable at time of submission, to be forwarded later? 
 
No data was provided for Kaulu Rock.  This area is indicated in Appendix A of the 
Hawaii LIDAR ROS as being included in US Navy coverage.  Is it NAVOCEANO’s 
desire for NOAA to update charts using this data? 
 
 
Additional Data: 
 
While not submitted by NAVOCEANO, the following data, if available and unclassified, 
would be valuable in assisting NOAA in assessing survey coverage by system type.  
Degree of coverage by system (multibeam, LIDAR, side-scan sonar) greatly aids us in 
determining which areas of the charts have been sufficiently covered to disprove charted 
features and supersede charted depths with new survey depths.  They also provide a 
measure of data quality to give NOAA confidence that the data meet specifications for 
charting: 
 

• SWMB data:  
o Sun-shaded DTM’s of multibeam coverage (typically at a 5-meter grid) 
o Processed, merged, cleaned data (e.g. CARIS HDCS format) 
o Raw sensor data (not as critical) 

• Side-scan sonar data: 
o Side-scan image mosaics (ideally separated by 100%, 200%, etc coverage) 
o Raw or processed sensor data (not critical, but helpful) 

• LIDAR: 
o Sun-shaded DTM’s of coverage, separated by 100%, 200%, etc.  Grid 

resolution no larger than spot spacing 
 
It would increase data processing speed if NOAA were provided Smooth Sheet soundings 
and contours in chart units (e.g. feet for Guam). 
 
Saipan, Tinian, and Farallon de Medinilla 
 

1. We could use some clarification on the various positioning methods and 
associated used in the WESTPAC surveys.  In particular: 

Tinian and FDM were not surveyd using DGPS due to range limitations according   
to the WESTPAC LIDAR ROS  What was used, and what is the positional 
accuracy?  If stand-alone GPS, would this not degrade positional accuracy to IHO 
Order 2?  The Navy Smooth Sheet for Tinian notes LIDAR used DGPS, but does 
not note the source of the correctors.  Most Navy areas on Guam, Saipan, Tinian 
and FDM covered by LIDAR meet IHO Order 1 specifications for positional, depth 
measurement accuracy.  The exceptions are: 

 



Guam – LIDAR and FST single beam data meets order 1.  FST data is positioned with 
DGPS, LIDAR data is positioned kinematic GPS.  The area immediately NW of the Apra 
harbor jetty, north of the harbor entrance was covered by USNS Sumner and is degraded 
to order 2 for positional and depth accuracy.  All data within the inner and outer harbor 
meet order 1. 
 
Saipan – the western third of the outer anchorage and areas deeper than approximately 
40 meters were covered by USNS Sumner and are degraded to order 2 for positional and 
depth accuracy.  All LIDAR data for Saipan was positioned with DGPS and meets order 
1. 
 
Tinian - due to insufficient DGPS beacon coverage LIDAR platform positioning utilized 
GPS and is degraded to order 2 for positional accuracy.  SPS provides a global average 
predictable positioning accuracy of 13meters (95 percent) horizontally and 22 meters (95 
percent) vertically.  Ref.  Federal Radionavigation Plan, Sec. 3.2.1, para B, pp 3-6.  All 
areas covered by LIDAR meet IHO order 1 for depth accuracy and target detection.  
Those areas deeper than approximately 40 meters, were covered by USNS Sumner and 
are degraded to order 2 . 
 
FDM - due to insufficient DGPS beacon coverage LIDAR platform positioning utilized 
GPS and is degraded to order 2.  SPS provides a global average predictable positioning 
accuracy of 13meters (95 percent) horizontally and 22 meters (95 percent) vertically.  
Ref.  Federal Radionavigation Plan, Sec. 3.2.1, para B, pp 3-6.  All areas covered by 
LIDAR meet IHO order 1 for depth accuracy and target detection. Those areas deeper 
than 40 meters, were covered by USNS Sumner and are degraded to order 2 for 
positional and depth accuracy. 
 

••••    The USNS SUMNER was noted as using WADGPS; what is the source of 
correctors and positional accuracy of the data? USNS Sumner utilized the 
Fugro/Chance Wide Area DGPS system known as Omnistar.   Accuracy 
analysis, conducted by Fugro/Chance, for the area, indicated significant error 
with respect to the pseudo-range correctors.  This was due to the distance of 
the reference stations from the survey area (Okinawa and Manila, I believe).  
The error was of such an extent that DGPS positions exceeded those from 
standalone GPS.  Therefore, ALL USNS Sumner data is degraded to order 2 
for positional accuracy.  Post survey, problems concerning the application of 
motion correctors and static draft were discovered.  Subsequently, ALL USNS 
Sumner sounding data is degraded to order 2.  Fortunately all USNS Sumner 
data utilized is deeper than 40 meters where loss of an order of IHO accuracy 
is not a significant concern.  

 
••••    The WESTPAC LIDAR ROS notes that position quality was monitored in real-

time by checking HDOP, SNR, etc.  Were any post-processing methods 
employed to check and remove bad positions or fliers in the data?  Yes, time 
series of the LOP’s  are graphically examined for spikes and discontinuities.  
These are normally seen when the constellation changes, RFI, etc.  When 



these are identified, the LOP shift is checked for spec compliance.  If it’s 
excessive, the questionable section is deleted.  If it doesn’t exceed 1 cm at 
chart scale the software interpolates through the gap.  If it’s excessive we 
have a holiday that needs to be re-flown.   

 
2.  Many of the existing questions we have about the survey data are due to NOAA’s lack 
of familiarity with NAVOCENO survey procedures and standards.  We do not currently 
have a copy of any Report of Survey for USNS SUMNER survey operations 6103-01, if 
one exists.  While we do have Cruise Report, SURVEYOPS 6103-01, USNS SUMNER, 
this document contains minimal information about Saipan, Tinian, and Farallon de 
Medinilla operations.   

• What was the sound velocity sampling regime for the USNS SUMNER?  Were 
any sound velocity problems noted during the survey?  USNS Sumner was 
operating in, essentially, open ocean waters.  As such, SVP’s are quite stable.  
However, CTD’s were done on a daily basis within the immediate operating area 
of the vessel.  Synoptic XBT’s are dropped on a 6 hour interval.  All collected 
SVP’s can be displayed and overlaid for comparison and evaluation real-time.  
USNS Sumner has a surface SV probe at the transducer depth.  The surface SV is 
continuously compared to the corresponding SV in the MB sonar.  If the SV 
discrepancy exceeds limits the surveyor is alerted.  At this point an XBT will be 
dropped, merged with the local salinity profile and a SVP generated.  This SV 
structure of the water column will be evaluated against other SVP’s.  If a new 
SVP is required a CTD cast will be done and a new SVP loaded into the system. 

 
• In a discussion of the survey in Lessons Learned in Multi-Platform Hydrographic 

Surveys, several data quality issues were noted.  These included the POS/MV 
offsets being applied twice, once in the ISS-60 and again by the EM1002 
multibeam system.  It was determined that this error could not be corrected.  What 
was the estimated effect of this error on the data quality?  Generally 0.8 – 1.5 
meters.  All USNS Sumner data accuracy was degraded to order 2 for this reason, 
as discussed in the ROS. 

• What quality control methods were used to assess the SWMB data from USNS 
SUMNER?  Cross checks, overlap with LIDAR data, comparison to charted 
soundings, 3D visualization of shaded data, area based editor.  Were cross check 
lines or other quality control methods used?  Yes, x-checks were done.  If so what 
were the results?  Compared to other Sumner data, within spec for order 2, in 
some cases within spec for order 1, compared to LIDAR about 0.8 – 1.5 meter 
discrepancy.  How were the data processed and cleaned?  The same way all our 
multi beam data is processed and cleaned.  Using 3D visualization tools and our 
Area Based Editor.   NAVO doesn’t process and validate by line, we process by 
area.  We also look at the statistical surface for problem areas, which get further 
attention.  3-D visualization tools are utilized to examine the data throughout the 
process. 

• What tide data were used to reduce USNS SUMNER multibeam data?  For ops at 
Saipan, Tinian and, FDM NAVO determined the Saipan gauge (163-3227) would 
be more appropriate for the immediate area.   NAVO modified the zones and 



adjusted the correctors slightly to utilize the Saipan gauge (163-3227).  NOAA 
verified NOAA tides from the NOAA tide gauge on Saipan (163-3227) were used 
as the reference. 

 
 

• 3.  What was the source of the final tide data and zoning for each of these survey 
areas?  NOAA Pacific Hydrographic Branch, Seattle, WA.  www.co-
ops.nos.noaa.gov.   The WESTPAC LIDAR ROS seems to indicate that the 
NOAA-derived tidal zoning was used to correct all data; however, the NOAA 
zoning is based upon the Apra Harbor tide station as the reference station.  The 
Navy smooth sheets for Saipan and Tinian, as well as the ROS, note that 
Tanapang Harbor Gauge, Saipan was used.  Were the tides correctors observed 
(unverified), or verified? For ops at Saipan, Tinian and, FDM NAVO determined 
the Saipan gauge (163-3227) would be more appropriate for the immediate area.   
NAVO modified the zones and adjusted the correctors slightly to utilize the Saipan 
gauge.  NOAA verified NOAA tides from the NOAA tide gauge on Saipan were 
used as the reference.  Zones were alters as follows: 

 
MAR300 0 min 1.0 
MAR301 6 min 1.0 
MAR302 6 min 1.0 
MAR303 0 min   0.97 
MAR400 0 mim  0.93 
 

Zones MAR300 and MAR301 are split from Ushi Pt., Tinian to  
N 15 10’ by  E145 30’ 
 
With reference to Saipan 163-3227 Saipan is corrected with no phase or 
amplitude correctors applied.  Tinian west, 6 minute phase delay with no 
amplitude correction.  Tinian east, no phase delay with a 0.97 amplitude 
correction.  FDM, no phase delay with a 0.93 amplitude correction 

 
Were zoned tides applied to all data?  Yes.  Can we get a copy of the tide corrector 
file used to reduce the data?  We do not use corrector files.  The corrections 
applicable to a zone are applied to the verified tides from the reference gauge.  
The corrected tides for a zone are loaded into the zone.  The zone tides are 
numerically applied to the soundings that fall within the zone.  Providing these 
files should not be a problem. 

 
4.  The WESTPAC LIDAR ROS notes navigational buoyage being observed at variance 
from several charts of both Saipan and Tinian.  Were any positions taken?  No NAVAID’s 
were positioned on Tinian, NAVAIDS were only positioned at Saipan and Apra harbor.  
See Appendix E of the ROS. 
 
5. What are NAVOCENO’s expectations of NOAA regarding the shoreline for the 
surveyed areas?  This is not really NAVO’s call.  We would expect NOAA to use the most 



accurate shoreline available, regardless of the source.  If accurately geo-referenced 
satellite imagery can be used, that would be excellent. The WESTPAC LIDAR ROS notes 
that the source of the shoreline for the survey was vector shoreline from the DNC which 
should be revised to include the zero contour from LIDAR.  The Navy smooth sheet 
notes the shoreline is “Survey Derived/ Landsat7 Image.”  Is it NAVOCENO’s intent that 
NOAA should revise existing charted shoreline?  Yes, where appropriate and where 
LIDAR derived shoreline is more accurate.  Obviously, this would not be the case along 
tidal flats at low tide. Tidal flats would have to be flown at the appropriate high tide, 
flown in kinematic mode and an ellipsoid-to-HW offset applied, or the soundings 
corrected to a HW datum with the zero contour derived.  It must be remembered that the 
LIDAR zero contour in these data is referenced to MLLW and in some areas MLLW and 
HW may be quire far apart, horizontally.   However, a significant amount of shoreline 
within the WESTPAC area is quite steep with HW and LW lines less than 1 meter apart, 
horizontally.  Tinian, Saipan, FDM, parts of Guam, Na Pali coast of Kauai, North coast 
of Molokai, the Big island come to mind.   In some areas shoreline reclamation has 
occurred and port facilities have been constructed rendering currently published 
shoreline inaccurate.  These areas should be updated.  Shoreline should be updated 
where needed from the best available source data.  If so additional documentation will 
have to be provided concerning the source and accuracy of the shoreline data.  What 
additional documentation?  Even then, it is unlikely that NOAA will be able to revise the 
shoreline, except in areas in which ground-based GPS positions were obtained (e.g. 
Guam).  If current shoreline is used in many areas, even in the face of documentation that 
it’s wrong, then places like FDM will continue to be miss-positioned by about a mile on 
the charts.  In areas such as FDM, LIDAR will, most likely, be the most accurate source 
data. Our experience is that satellite based shoreline is only as good as the geo-
rectification, and without ground control points is less than satisfactory.  
 
6.  The WESTPAC LIDAR ROS notes surf and rough sea as being significant but having 
little impact on the data.  The Navy Smooth Sheet for Tinian notes data gaps due to poor 
water clarity and whitewater.  In addition several smaller gaps appear on the Smooth 
Sheet, without any annotations.  What are the exact extents of these, No data, either due 
to water clarity issues, excessive depth or no coverage. and which areas have less than 
200% coverage?  All areas less the 40 meters deep have 200% coverage.  Areas greater 
than 40m depth have 100% MB coverage. 
 
7.  Did NAVOCENO submit any Notice to Mariners submitted to NIMA or USCG based 
on this survey data?  No. 
 
Hawaiian Islands 
 
1.  Many of the questions we have about the Hawaiian survey data are due to a need to 
determine the actual the actual coverage of each survey. 
        
The Hawaii LIDAR ROS notes:  
 
Oahu “Portions of USACOE area sheets 29, 31, 32, 33, 34 and 35 will meet Order 



 1 due to multiple coverage.”  (What areas meet Order 1?  All areas on Oahu meet 
order 1 accuracy requirement for positioning and depth.  All were flown at 4x4 
spot spacing.   Were these areas run at Navy standard 4x4-meter spot spacing and 
200% coverage or at the USACE requirements of 8x8-meter spot spacing and 
100% coverage?)  All areas on Oahu were flown at 4x4 spot density.  “Sheets 04 
and 05 do not meet Order 1 due to lack of multiple coverage.”  (What do they 
meet?  Were theses sheet run at Navy standards 4x4-meter spot spacing and 200% 
coverage or at the USACE requirements of 8x8-meter spot spacing and 100% 
coverage?)  Sheets 4 – 5 and 29 – 35 were flown at 4x4 spot spacing and meet 
order 1.  These sheets may not have 200% coverage over the entire area because 
they were USACE areas, not Navy areas, 200% coverage was not a requirement.  
However, due to the difficult environmental conditions, most of these areas have 
200% or better coverage due to multiple flights to attain data.  Multiple coverage 
is not required to meet order 1.  The reasoning behind 200% coverage is 
explained in the ROS. 

 
Noted Exceptions to the above coverage in the Hawaii LIDAR ROS are:  
 
Oahu – “Pearl Harbor, west and north to Kaena Pt. coverage is to 50m Depth.”   

(Which areas meet coverage requirements?) All sheets from Pearl Harbor, west 
and north to Kaena Pt. coverage is to 50m Depth.  Coverage is 200%.  
   
 “Kaneohe Bay, coverage limited to 11m - 13m in the channel and 
   inner bay due to water clarity issues.  Turbidity and to some extent 
   chlorophyll increases at 8m - 10m depth with a rapid falloff of 

transmissivity…” (How does this affect the submitted data quality?  Which 
areas were coverage requirements met?)  It can affect data quality, but it doesn’t 
affect data quality with respect the final submitted data.  In the Kaneohe 
channel, essentially, all channel depths were deleted unless there was a very 
high confidence in their accuracy, confidence attained from examining the laser 
waveforms and agreement with existing soundings.   The reason there is no data 
in the channel is there was, simply, no bottom return.  Other holes in the data 
are due to poor clarity, either from turbidity, aeration, surf, whitewater or lack 
of bottom return.  
 
“Barbers Pt. harbor, coverage very limited due to water clarity.”  (We need 
specific extents of coverage, and a quality assessment of provided data.)  The 
extent of coverage is evident on the sounding sheet.  There is no data in the 
harbor; bottom returns were lost in the vicinity of the harbor mouth.   
 
“Pearl Harbor, no coverage due to water clarity.”  (Was any additional       
survey action taken? If so is the data available to NOAA?)  NAVO’s FST 
conducted a multi beam and SSS survey of Pearl Harbor in 2002.  There were 
problems with DGPS.  Essentially, they were not in DGPS mode for parts of the 
survey.  Potentially, this will degrade the survey to order 2, which is 



inappropriate for the area.  NAVO is still working on the data, rooting out that 
which in not DGPS based.  Data is currently unavailable. 
 

Kauai-  “Port Allen, harbor coverage very limited due to water clarity.”  (In which 
areas were coverage requirements met?) The extent of coverage is evident on the 
sounding sheet.   There is little data in the harbor, bottom returns were lost just 
inside the entrance to the harbor.  

 
In addition to the above mentioned gaps in the provided data, several small data gaps  
appear on the provided hydrographic sounding sheets.  There is no mention of holidays in  
the ROS or on the Smooth Sheets.  Are these holidays?  Open to discussion and what the 
definition of a holiday is.  I would have to see the areas in question.  I would not consider 
all to be holidays.  Some of these holidays occur in surf zones or high hazard areas.  
These would not be called holidays if this were a vessel-based survey.  Other holidays are 
outside the technical capability of the system, too deep or too turbid.  The survey spec 
and plan was for a LIDAR survey form the shoreline out to extinction depth, where ever 
that may occur.  Any data gaps for other reasons, such as a missed line, is normally 
considered a holiday.  If an area was flown repeatedly and no data attainable, I don’t 
consider that a holiday, it’s a no data available area.   If so what are the actual extents of 
the holidays?   There is a missed line south of Barbers Pt, Oahu that is, technically, a 
holiday.  However, based on the uniform and benign nature of the bottom it does not 
detract from the quality or completeness of the survey.  If these data are considered with 
respect to a single beam survey with typically 2% bottom coverage, I would be hard 
pressed to call any data holes a holiday, in the classic sense.  The extent of coverage is 
evident on the sounding sheet.   
 
The Hawaii LIDAR ROS section 1.1.2 notes “CINCPACFLT recently removed Limited 
Distribution restrictions on hydrographic data in Pearl Harbor and the approach.  This 
effectively transfers the responsibility of charts for Pearl Harbor from NIMA to NOAA 
NOS.”  (Is there additional data available from the Navy to assist in updating NOAA 
chart 19366? NAVO’s FST conducted a multi beam and SSS survey of Pearl Harbor in 
2002.  There were problems with DGPS.  Essentially, they were not in DGPS mode for 
parts of the survey.  Potentially, this will degrade the survey to order 2, which is 
inappropriate for the area.  NAVO is still working on the data, rooting out that which in 
not DGPS based.  Data is currently unavailable. 
 
In addition there are areas south of LIDAR survey W00077 and W00078 (Navy surveys 
00607-00608, 00US16) which were not covered by submitted data.  Is there additional 
data available from the Navy to assist in updating NOAA chart 19359 and 19357)?   
Good point.  There was some ship work off Pearl Harbor, but I don’t know its status at 
this time. 

The Hawaii LIDAR ROS section 1.5.1 notes “The only area affected was within five miles 
of the VOR tower at Honolulu airport.  This is an area of mixed Navy, USACoE and 
USGS requirements where Navy coverage requirements are not always met.”  (Can more 
specific information be provided about where the coverage requirements were not met?)  
200% coverage. 



 
2.  The Hawaii LIDAR ROS section 6.4 notes “Numerous wrecks indicated along Oahu's 
south coast were not detected in the LIDAR data.  Status and/or existence of these wrecks 
is unknown.”  (What is the charting recommendation for these wrecks?  LIDAR did NOT 
disprove their existence.  How does this speak to object detection requirements being 
met?  LIDAR is not an imaging system.  If the wreck does not stand proud of the bottom, 
is composed of small pieces scattered about or has essentially been dismembered it will 
not be seen by LIDAR, and probably not by a multi beam system.   IHO object detection 
requirements are based on a 2m cube object.  LIDAR can detect a 2m cube according to 
IHO spec, and sometimes a 1m cube object.  Differentiating small objects from amongst 
bottom clutter and variability is a difficult problem for anything other than an imaging 
system.  This same issue is applicable to MB data and is not unique to LIDAR.   NOAA’s 
read on this statement is that the wrecks were not disproved.)    I would say that’s correct 
for small wrecks that my be quite broke up, but with detecting capability of a 2m cube 
and multiple coverage, the detection of any wreck 2m cube or larger is extremely high.  
With the lack of any laser hits and corresponding shoal soundings after multiple 
coverage, pending further investigation, classifying the wreck, as “existence doubtful” 
should be appropriate. 
 
3.  The Hawaii LIDAR ROS section 6.6 notes  “The only navaids positioned were a Navy-
maintained buoy off PMRF Kauai and the observation tower at the Makua Training 
Area, Oahu.” (Were these positioned with the Rockwell handheld unkeyed plugger?)  
Yes, unkeyed, stand alone GPS. 
 
4.  We would like to discuss NAVOCENO’s expectations of NOAA regarding the 
shoreline for the surveyed areas. Where appropriate and where LIDAR derived shoreline 
is more accurate.  Obviously, this would not be the case along tidal flats at low tide. 
Tidal flats would have to be flown at the appropriate high tide, flown in kinematic mode 
and an ellipsoid-to-HW offset applied, or the soundings corrected to a HW datum with 
the zero contour derived.  It must be remembered that the LIDAR zero contour in these 
data is referenced to MLLW and in some areas MLLW and HW may be quire far apart, 
horizontally.   However, a significant amount of shoreline within the WESTPAC area is 
quite steep with HW and LW lines less than 1 meter apart, horizontally.   The Na Pali 
coast of Kauai, North coast of Molokai, the Big Island comes to mind.   In some areas 
shoreline reclamation has occurred and port facilities have been constructed rendering 
currently published shoreline inaccurate.  These areas should be updated.  Shoreline 
should be updated where needed from the best available source data.  The Hawaii 
LIDAR ROS section 6.7 notes “The shoreline source was initially generated from the 
vector shoreline used in the DNC of the area.  This should be revised using high-
resolution shoreline derived from the zero contour obtained from the LIDAR datasets.” 
Was the LIDAR derived shoreline (zero contour provided to NOAA?  Don’t know. I 
believe it is on the smooth sheets.  It has also been NOAA’s experience that LIDAR 
derived shoreline, without ground-truthing and field edit, is not completely reliable for 
charting tidal shoreline.  LIDAR shoreline should not be discounted just because it’s from 
LIDAR.  LIDAR systems are much more capable of defining a shoreline than any vessel.  
It’s use should be selective and used where applicable, as discussed above.  If current 



shoreline is used, even in the face of documentation that it’s wrong, then places like FDM 
will continue to be miss-positioned by about a mile on the charts.  In areas such as FDM, 
Molokai’s north coast and parts of Maui, Kauai and the Big Island, LIDAR or Satellite 
imagery would be appropriate.  LIDAR will, most likely, be the most accurate source 
data. Our experience is that satellite based shoreline is only as good as the geo-
rectification, and without ground control points is less than satisfactory.  
 
 
5.  The Hawaii LIDAR ROS section 8.3  notes  “Additionally, NAVOCEANO installed 
backup gauges on Oahu at the Barbers Pt. Harbor and the Waianae small craft harbor…  
In addition section 8.4  notes “Results of comparing zone HAW213 (Oahu west coast 
from Barbers Pt. harbor  to Kepuhi Pt. and including Waianae) referenced to NOAA's 
Honolulu gauge and the installed Waianae gauge are as follows:  

Maximum difference: 0.35 meters 
   Mean difference: 0.15 meters 
   Standard Deviation: 0.179 meters”   
 
The greatest discrepancy between the NAVO installed Waianae tide gauge and the NOAA 
tides was noted when high surf conditions were evident on the west side of Oahu.  This is 
the maximum difference noted above.  This was the case, occasionally, as the winter 
month’s approached.   The water buildup on the west side is not apparent in the NOAA 
Honolulu gauge data, as expected.  During times of excessive tidal mis-match between 
Honolulu and Waianae, the west coast was not typically flown.  In the few instances 
where data were collected during this time the data was discarded and the area re-flown. 
 

• While the Hawaii LIDAR ROS describes the tide zones used and tide gauges 
installed, no definitive mention is made of the tide files used reduce data to 
MLLW.  The ROS states that NOAA tides and NOAA derived zones were used.  It 
also states that the NAVO installed gauges were used to validate the NOAA zone 
and correction scheme.  NAVO installed gauges at Barbers Pt, Waianae and 
Kauai were installed as a backup for a failed NOAA gauge and to verify the 
accuracy of the NOAA zones and corrections.  Were they in accordance with the 
provided tide zoning?  Were they observed (i.e. unverified), or verified by 
NOAA? NOAA verified NOAA tides from the NOAA tide gauge at Honolulu 
applied as per the NOAA zoning scheme with NOAA specified corrections. 

 
 
6.  We would like to discuss in detail the chart comparisons and recommendation in 
APPENDIX C of the Hawaii LIDAR ROS. 
 
In General: all survey data: 
 
1.  In areas with 200% or greater LIDAR coverage, were any statistical comparisons 
made between the first 100% and second 100% to ensure that no systematic errors were 
evident, and that the data compare within IHO Order 1 standards?  Yes.  This is done as a 
standard procedure in the processing/validation.  In processing, data can be color coded 



by depth, line or file.  Line/file color-coding allows us to compare coverage.  This was 
done in all areas.  Another tool available is visualization of the statistical surface color 
coded by standard deviation.  Areas of high standard deviation are thoroughly examined. 
200% coverage was not required to meet any IHO requirement.  The reasoning for doing 
200% coverage is explained in the ROS.   
 
2.  How does the PFM sounding selection algorithm work?  Area based shoal biased 
sounding selection.   We assume it is a shoal-biased routine.    

 
 
 
 





























































































            APPENDIX  A 
 
  GUAM, SAIPAN, TINIAN, FDM SURVEY AREAS 
 
 

 
 
 



                 APPENXIX B 
 
          GUAM, SAIPAN, TINIAN, FDM TIDE ZONES 
 

 
 
 



 
 
 
 
 
 
 



 
 
 
 



 
 
 
The tide zone around Saipan and Tinian were modified as shown here.  It was felt that 
using the Saipan tide gauge (163-3227) would better represent the local tide regime than 
a reference gauge at Apra Harbor Guam (163-0000).  Details can be found in the ROS 
text, section 6.4, Final Tide Zoning. 



 

MAR400
Time Correction 0.0 min
Range Corrector x0.93
Reference  163-3227

 
 
 
 
 
 
 



         APPENDIX C 
 
       TIDE STATIONS 
 
                          U.S. DEPARTMENT OF COMMERCE 
                National Oceanic and Atmospheric Administration 
                            National Ocean Service 
                                                                   Page  1 of  7 
 
Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
To reach the tidal bench marks, from the Guam airport travel east on Chalan 
Passajeros (Route 10A) for 2.9 km (1.8 mi) where it dead ends at Marine Drive 
(Route 1), turn left and proceed on Marine Drive for approximately 19 km (12 
mi) until you reach the main gate of the Naval Station Guam.  Obtain a 
visitor's pass and continue on Marine Drive for 2.9 km (1.8 mi) until you reach 
San Luis Road, turn right (east) and follow to the boat channel on your right 
to its entrance.    The bench marks are located between Small Boat Channel and 
Fleet Landing Channel.  The tide house is located on the east corner of the 
entrance to the Sunny Cove Marina boat harbor. 
 
 
                         T I D A L   B E N C H   M A R K S 
 
 
                 PRIMARY BENCH MARK STAMPING:  NO 4 1949 
                         DESIGNATION:          163 0000 TIDAL 4 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1684 
AGENCY:                  US Coast and Geodetic Survey (USC&GS)     PID#:  TW0041 
SETTING CLASSIFICATION:  Concrete valve box 
 
 
The primary bench mark is a disk set in the NW side of a 2 m x 4 m (6 ft x 12 
ft) concrete valve box with steel plates projecting 0.15 m (0.5 ft) in the 
center of road between remains of Fleet Post Office Building and Fleet Landing 
Channel, 81 m (266 ft) south of the NE corner of the remains of the building, 
24.17 m (79.3 ft) NW of the last light pole along the SE bulkhead, and 7.92 m 
(26.0 ft) NW of the SE bulkhead of the old Fleet Landing Channel.  Note: A 
white square is painted around mark. 
 
 
 
                         BENCH MARK STAMPING:  NO 5 1949 
                         DESIGNATION:          163 0000 TIDAL 5 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1685 
AGENCY:                  US Coast and Geodetic Survey (USC&GS)     PID#:  TW0042 
SETTING CLASSIFICATION:  Concrete bulkhead 
 
 
The bench mark is a disk set inside a 6-inch diameter iron pipe handhold at the 



end of Small Boat Channel, about 29 m (95 ft) west of Fleet Landing Channel 
bulkhead, 1.98 m (6.5 ft) SW of east corner of boat channel, and 0.21 m (0.7 
ft) below level of concrete bulkhead. 
 
 
 
                          U.S. DEPARTMENT OF COMMERCE 
                National Oceanic and Atmospheric Administration 
                            National Ocean Service 
                                                                   Page  2 of  7 
 
 
Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
 
                         T I D A L   B E N C H   M A R K S 
 
 
                         BENCH MARK STAMPING:  NO 6 1949 
                         DESIGNATION:          163 0000 TIDAL 6 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1686 
AGENCY:                  US Coast and Geodetic Survey (USC&GS)     PID#:  TW0043 
SETTING CLASSIFICATION:  Concrete culvert headwall 
 
 
The bench mark is a disk set in top of the south end of a concrete culvert 
headwall on the south side of San Luis Road, 95.40 m (313.0 ft) south of bench 
mark NO 5 1949, 82.30 m (270.0 ft) east of the centerline of Marine Drive, 
12.19 m (40.0 ft) south of the centerline of San Luis Road, and 9.14 m (30.0 
ft) north of telephone pole 2-H-22-6-19-2. 
 
 
 
                         BENCH MARK STAMPING:  NO 11 1964 
                         DESIGNATION:          163 0000 NO 11 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1688 
AGENCY:                  US Coast and Geodetic Survey (USC&GS)     PID#:  AA4394 
SETTING CLASSIFICATION:  Concrete foundation 
 
 
The bench mark is a disk set in concrete foundation which used to support a - 
now destroyed - walkway to tide house, 12.80 m (42.0 ft) south of the NE end of 
Pier K, 4.03 m (13.2 ft) east of SE corner of tidehouse, 0.91 m (3.0 ft) west 
of the steel piling bulkhead on  the west side of Fleet Landing Channel, and 
0.29 m (1.0 ft) SE of the SE corner of the concrete step that used to lead to 
the - now destroyed - walkway. 
 
 
 
 
 



    U.S. DEPARTMENT OF COMMERCE 
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                            National Ocean Service 
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Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
 
                         T I D A L   B E N C H   M A R K S 
 
 
                         BENCH MARK STAMPING:  NO 12 1974 
                         DESIGNATION:          163 0000 NO 12 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1689 
AGENCY:                  National Ocean Survey (NOS)               PID:          
SETTING CLASSIFICATION:  Concrete patio slab 
 
 
The bench mark is a disk set flush in SW corner of the elevated 9 m x 6 m (28 ft 
x 21 ft) concrete patio supporting a yellow flammable storage house of the U.S. 
Naval Sea Cadets Headquarters, 57 m (187 ft) west of the west side of the Fleet 
Landing Channel, 18.75 m (61.5 ft) east of the east side of the small boat 
channel, and 7.32 m (24.0 ft) south of a flagpole. 
 
 
 
                         BENCH MARK STAMPING:  TIDAL BM 13 1975 
                         DESIGNATION:          163 0000 TIDAL BM 13 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1690 
AGENCY:                  National Ocean Survey (NOS)               PID:          
SETTING CLASSIFICATION:  Concrete apron slab 
 
 
The bench mark is a disk set in the concrete apron fronting the double door 
entrance to the Communication Security Material Issuing office, 70 m (230 ft) 
NW of the centerline of the intersection of San Luis Road and Marine Drive, 42 
m (139 ft) west of a fire hydrant, 7 m (24 ft) north of the south wall of the 
office, and 0.85 m (2.8 ft) east of the office. 
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Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
 
                         T I D A L   B E N C H   M A R K S 
 
 
                         BENCH MARK STAMPING:  0000 K TIDAL BM 1978 
                         DESIGNATION:          163 0000 TIDAL BM K 
 
MONUMENTATION:           Tidal Station disk                        VM#:     1691 
AGENCY:                  National Ocean Survey (NOS)               PID:          
SETTING CLASSIFICATION:  Concrete base of a flagpole 
 
 
The bench mark is a disk set in the NW corner of the concrete base of a flagpole 
at the Sumay Cove Marina, 61 m (200 ft) east of bench mark NO 6 1949, 19.96 m 
(65.5 ft) east of the SE corner of the Marina Building (#1985), 14.02 m (46.0 
ft) east of east edge of a 6 m x 18 m (20 ft x 60 ft) old concrete foundation 
used for drydocking small boats, 6.10 m (20.0 ft) west of the eastern-most edge 
of a wooden plank deck along west side of Sunny Cove, and 3.05 m (10.0 ft) 
south of a small concrete floored picnic shelter. 
 
 
 
                         BENCH MARK STAMPING:  USN BM 1 
                         DESIGNATION:          163 0000 USN BM 1 
                         ALIAS:                14 
 
MONUMENTATION:           Bench Mark disk                           VM#:     1692 
AGENCY:                  U.S. Department of Defense (DOD)          PID:          
SETTING CLASSIFICATION:  Concrete bulkhead 
 
 
The bench mark is a disk set inside a 6-inch diameter iron pipe handhold at end 
of Small Boat Channel, 38.10 m (125.0 ft) west of the Fleet Landing Channel 
bulkhead, 11.77 m (38.6 ft) SW of the inside east corner of the Small Boat 
Channel, 10.00 m (32.8 ft) SW of bench mark NO 5 1949, and 0.21 m (0.7 ft) 
below the level of concrete bulkhead.  
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Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
 
                         T I D A L   B E N C H   M A R K S 
 
 
                         BENCH MARK STAMPING:    
                         DESIGNATION:          163 0000 TIDAL 7 
                         ALIAS:                TIDAL 7 PIE 
 
MONUMENTATION:           Bolt                                      VM#:     1693 
AGENCY:                  Unknown                                   PID#:  TW0044 
SETTING CLASSIFICATION:  Concrete culvert headwall 
 
 
The bench mark is a bolt set flush in the north end of a concrete culvert 
headwall at the SW corner of the intersection of Marine Drive and San Luis 
Road, 21.34 m (70.0 ft) south of the centerline of San Luis Road, 10.97 m (36.0 
ft) west of the centerline of Marine Drive, and about 4 m (12 ft) north of a 
protruding concrete post labeled "Buried Cable". 
 
 
 
                         BENCH MARK STAMPING:  0000 N 1994 
                         DESIGNATION:          163 0000 N 
 
MONUMENTATION:           Tidal Station disk                        VM#:    12702 
AGENCY:                  National Ocean Service (NOS)              PID:          
SETTING CLASSIFICATION:  Concrete slab 
 
 
The bench mark is a disk set flush in the SE corner of a 5 m x 8 m x 1 m (16 ft 
x 26 ft x 3 ft) utility access pad, 0.2 km (0.1 mi) west of the intersection of 
Marine Drive and San Luis Road, 30 m (98 ft) east of the Trans-Pacific Cable 
Station sign, 14.50 m (47.6 ft) SE of a 2.5 m x 2 m x 1 m (8 ft x 7 ft x 3 ft) 
concrete bunker, 11.75 m (38.5 ft) SW of utility pole "JB-61-9", 10.85 m (35.6 
ft) north of the centerline of San Luis, and 1.24 m (4.1 ft) above the natural 
grade of the hill. 
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Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
 
                            T I D A L   D A T U M S  
 
 
Tidal datums at GUAM, APRA HARBOR based on: 
 
     LENGTH OF SERIES:      19 YEARS 
     TIME PERIOD:           January 1960 - December 1978 
     TIDAL EPOCH:           1960-1978 
     CONTROL TIDE STATION:    
 
 
Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in METERS: 
 
     HIGHEST OBSERVED WATER LEVEL (08/28/1992)    =  1.338 
     MEAN HIGHER HIGH WATER (MHHW)                =  0.732 
     MEAN HIGH WATER (MHW)                        =  0.695 
     MEAN TIDE LEVEL (MTL)                        =  0.442 
     MEAN SEA LEVEL (MSL)                         =  0.430 
     MEAN LOW WATER (MLW)                         =  0.186 
     MEAN LOWER LOW WATER (MLLW)                  =  0.000 
     LOWEST  OBSERVED WATER LEVEL (12/21/1968)    = -0.683 
 
 
 
Bench Mark Elevation Information           In METERS above: 
 
     Stamping or Designation               MLLW        MHW 
 
     NO 4 1949                              2.618    1.923 
     NO 5 1949                              1.032    0.337 
     NO 6 1949                              1.987    1.292 
     NO 11 1964                             2.447    1.752 
     NO 12 1974                             2.641    1.946 
     TIDAL BM 13 1975                       3.295    2.600 
     0000 K TIDAL BM 1978                   2.156    1.461 
     USN BM 1                               0.988    0.293 
     163 0000 TIDAL 7                       2.715    2.020 
     0000 N 1994                           13.369   12.674 
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Station ID: 1630000                                PUBLICATION DATE:  08/30/2000 
Name:       GUAM, APRA HARBOR                                  
            0 
NOAA Chart: 81054                                  Latitude:         13ø 26.5' N 
USGS Quad:  APRA HARBOR                            Longitude:       144ø 39.2' E 
 
D E F I N I T I O N S 
 
 
Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal 
Datum Epoch.  It pertains to local mean sea level and should not be confused 
with the fixed datums of North American Vertical Datum of 1988 (NAVD 88). 
 
NGVD 29 is a fixed datum adopted as a national standard geodetic reference for 
heights but is now considered superseded.  NGVD 29 is sometimes referred to as 
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological 
Survey Topographic Quads.  NGVD 29 was originally derived from a general 
adjustment of the first-order leveling networks of the U.S. and Canada after 
holding mean sea level observed at 26 long term tide stations as fixed. 
Numerous local and wide-spread adjustments have been made since establishment in 
1929.  Bench mark elevations relative to NGVD 29 are available from the National 
Geodetic Survey (NGS) data base via the World Wide Web at  
National Geodetic Survey. 
 
NAVD 88 is a fixed datum derived from a simultaneous, least squares, minimum 
constraint adjustment of Canadian/Mexican/United States leveling observations. 
Local mean sea level observed at Father Point/Rimouski, Canada was held fixed as 
the single initial constraint.  NAVD 88 replaces NGVD 29 as the national 
standard geodetic reference for heights.  Bench mark elevations relative to 
NAVD 88 are available from NGS through the World Wide Web at  
National Geodetic Survey. 
 
NGVD 29 and NAVD 88 are fixed geodetic datums whose elevation relationships to 
local MSL and other tidal datums may not be consistent from one location to 
another. 
 
The Vertical Mark Number (VM#) and PID# shown on the bench mark sheet are unique 
identifiers for bench marks in the tidal and geodetic databases, respectively. 
Each bench mark in either database has a single, unique VM# and/or PID# 
assigned. 
Where both VM# and PID# are indicated, both tidal and geodetic elevations are 
available for the bench mark listed. 
 
The NAVD 88 elevation is shown on the Elevations of Tidal Datums Table Referred 
to MLLW only when two or more of the bench marks listed have NAVD 88 elevations. 
The NAVD 88 elevation relationship shown in the table is derived from an average 
of several bench mark elevations relative to tide station datum.  As a result of 
this averaging, NAVD 88 bench mark elevations computed indirectly from the tidal 
datums elevation table may differ slightly from NAVD 88 elevations listed for 
each bench mark in the NGS database. 
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                            National Ocean Service 
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Station ID: 1633227                                PUBLICATION DATE:  04/09/2001 
Name:       TANAPAG HBR, SAIPAN, N MARIANAS ISLAND 
            0 
NOAA Chart: 81067                                  Latitude:         15ø 13.6' N 
USGS Quad:  ISLAND OF SAIPAN                       Longitude:       145ø 44.2' E 
 
To reach tidal bench marks from Saipan International Airport, proceed north 3.4 
km (2.1 mi) along an unnamed road.  As the road terminates, turn left (west) 
onto Cross Island Road (Note: there are no road signs in Saipan).  Turn right 
(north) on Middle Road (first large intersection with traffic light) and 
proceed for 8 km (5 mi).  Turn left (west) immediately after the WESTPAC 
building (located on the west side of Middle Road).  The unnamed road will bend 
to the south, turn right (west) just past the Port of Saipan Building (two 
story concrete building painted beige).  Proceed through the parking toll booth 
and turn right toward the NNE side of the port facility.  The bench marks were 
located on the Port of Saipan facility.  The tide gauge was located where east 
parking lot meets with the east face of Delta Dock. 
 
                         T I D A L   B E N C H   M A R K S 
 
                 PRIMARY BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 UH-2C 
 
MONUMENTATION:           Bolt                                      VM#:    16316 
AGENCY:                  University of Hawaii (UH)                 PID: 
SETTING CLASSIFICATION:  Concrete deck 
 
The primary bench mark is a 9/16" SS hex head bolt set in the concrete deck 
where the east face of Delta Dock (Delta -3) meets the east face of the parking 
lot (CPA-2) fronting the port building, located at the Commonwealth Port 
Authority (CPA) facility in Saipan Harbor (aka Tanapag Harbor), 2.83 m (9.3 ft) 
SSE of the SE corner of a diesel containment wall, 2.56 m (8.4 ft) NNE of 
utility pole #7, and 1.13 m (3.7 ft) west of the east pier face (CPA-2). 
 
                         BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 CPA-1 
 
MONUMENTATION:           Bench Mark disk                           VM#:    16317 
AGENCY:                  U.S. Geological Survey (USGS)             PID: 
SETTING CLASSIFICATION:  Concrete deck 
 
The bench mark is a disk set flush in the concrete deck in the extreme NW corner 
of the port, located at the Commonwealth Port Authority (CPA) facility in 
Saipan Harbor (aka Tanapag Harbor), 70.01 m (229.7 ft) north of the south end 
of Able Dock, 0.58 m (1.9 ft) south from the north edge of Baker Dock, and 0.55 
m (1.8 ft) east of the west edge of Able Dock. 
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                National Oceanic and Atmospheric Administration 
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                         T I D A L   B E N C H   M A R K S 
 
                         BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 CPA-2 
 
MONUMENTATION:           Bench Mark disk                           VM#:    16318 
AGENCY:                  U.S. Geological Survey (USGS)             PID: 
SETTING CLASSIFICATION:  Concrete bullrail 
 
The bench mark is a disk set flush in the concrete bull rail in the extreme WSW 
corner of the port, located at the Commonwealth Port Authority (CPA) facility 
in Saipan Harbor (aka Tanapag Harbor), 70.01 m (229.7 ft) south of the north 
edge of Baker Dock, 1.60 m (5.2 ft) east of the west end of bull rail, 0.19 m 
(0.6 ft) north of the south end of bull rail, and 0.33 m (1.1 ft) above the 
pier deck. 
 
                         BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 UH-1 
 
MONUMENTATION:           Bolt                                      VM#:    16319 
AGENCY:                  University of Hawaii (UH)                 PID: 
SETTING CLASSIFICATION:  Concrete deck 
 
The bench mark is a disk embedded in the NE corner of Delta Dock, located at the 
Commonwealth Port Authority (CPA) facility in Saipan Harbor (aka Tanapag 
Harbor), 18.71 m (61.4 ft) east of the NW corner Delta Dock, 0.47 m (1.5 ft) 
west of the east pier face (Delta-3) of Delta Dock, and 0.42 m (1.4 ft) south 
of the north pier face (Delta-2) of Delta Dock. 
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                         BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 UH-3B 
 
MONUMENTATION:           Bolt                                      VM#:    16320 
AGENCY:                  University of Hawaii (UH)                 PID: 
SETTING CLASSIFICATION:  Concrete deck 
 



The bench mark is a 1/4" SS square headed pin marker set in the concrete deck, 
located at the Commonwealth Port Authority (CPA) facility in Saipan Harbor (aka 
Tanapag Harbor), below the Mobile Gas sign, near the SW corner of Delta Deck, 
where the west face of Delta Dock (Delta-1) meets the north face of the parking 
lot (CPA-1) fronting the port building. 
 
                         BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 UH-4B 
 
MONUMENTATION:           Bolt                                      VM#:    16321 
AGENCY:                  University of Hawaii (UH)                 PID: 
SETTING CLASSIFICATION:  Concrete foundation for flagpole 
 
The bench mark is a 9/16" SS hex head bolt set in the flag pole base north of 
the port building, located at the Commonwealth Port Authority (CPA) facility in 
Saipan Harbor (aka Tanapag Harbor), 46.53 m (152.7 ft) west of the east pier 
face (CPA-2), 42.21 m (138.5 ft) south of the north pier face (CPA-1), and 0.67 
m (2.2 ft) north of the center flag pole. 
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                         T I D A L   B E N C H   M A R K S 
 
                         BENCH MARK STAMPING: 
                         DESIGNATION:          163 3227 UH-5B 
 
MONUMENTATION:           Bolt                                      VM#:    16322 
AGENCY:                  University of Hawaii (UH)                 PID: 
SETTING CLASSIFICATION:  Concrete deck 
 
The bench mark is a 1-1/4" SS square headed pin marker set in the concrete deck 
near the SE corner of Charlie Dock where the east face of Charlie Dock 
(Charlie-2) meets the north face of the parking lot (CPA-1) fronting the port 
building, located at the Commonwealth Port Authority (CPA) facility in Saipan 
Harbor (aka Tanapag Harbor), 20.56 m (67.5 ft) south of the SE most large 
bollard on Charlie dock, 5.35 m (17.6 ft) north of Charlie-2 and CPA-1 corner, 
and 0.19 m (0.6 ft) west of the east face (Charlie-2) of Charlie Dock. 
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    T I D A L   D A T U M S 
 
Tidal datums at TANAPAG HBR, SAIPAN, N MARIANAS ISLAND based on: 
 
     LENGTH OF SERIES:      5 MONTHS 
     TIME PERIOD:           October 2000 - February 2001 
     TIDAL EPOCH:           1960-1978 
     CONTROL TIDE STATION:  1630000 GUAM, APRA HARBOR 
 
Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in METERS: 
 
     MEAN HIGHER HIGH WATER (MHHW)                =  0.683 
     MEAN HIGH WATER (MHW)                        =  0.644 
     MEAN TIDE LEVEL (MTL)                        =  0.414 
     MEAN SEA LEVEL (MSL)                         =  0.400 
     MEAN LOW WATER (MLW)                         =  0.184 
     MEAN LOWER LOW WATER (MLLW)                  =  0.000 
 
Bench Mark Elevation Information           In METERS above: 
 
     Stamping or Designation               MLLW        MHW 
 
     163 3227 UH-2C                         2.075    1.431 
     163 3227 CPA-1                         2.373    1.729 
     163 3227 CPA-2                         2.621    1.977 
     163 3227 UH-1                          2.122    1.478 
     163 3227 UH-3B                         2.010    1.366 
     163 3227 UH-4B                         2.390    1.746 
     163 3227 UH-5B                         1.854    1.210 
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                             D E F I N I T I O N S 
 
Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal 
Datum Epoch.  It pertains to local mean sea level and should not be confused 
with the fixed datums of North American Vertical Datum of 1988 (NAVD 88). 
 
NGVD 29 is a fixed datum adopted as a national standard geodetic reference for 
heights but is now considered superseded.  NGVD 29 is sometimes referred to as 
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological 
Survey Topographic Quads.  NGVD 29 was originally derived from a general 
adjustment of the first-order leveling networks of the U.S. and Canada after 
holding mean sea level observed at 26 long term tide stations as fixed. 
Numerous local and wide-spread adjustments have been made since establishment in 
1929.  Bench mark elevations relative to NGVD 29 are available from the National 
Geodetic Survey (NGS) data base via the World Wide Web at 
National Geodetic Survey. 



 
NAVD 88 is a fixed datum derived from a simultaneous, least squares, minimum 
constraint adjustment of Canadian/Mexican/United States leveling observations. 
Local mean sea level observed at Father Point/Rimouski, Canada was held fixed as 
the single initial constraint.  NAVD 88 replaces NGVD 29 as the national 
standard geodetic reference for heights.  Bench mark elevations relative to 
NAVD 88 are available from NGS through the World Wide Web at 
National Geodetic Survey. 
 
NGVD 29 and NAVD 88 are fixed geodetic datums whose elevation relationships to 
local MSL and other tidal datums may not be consistent from one location to 
another. 
 
The Vertical Mark Number (VM#) and PID# shown on the bench mark sheet are unique 
identifiers for bench marks in the tidal and geodetic databases, respectively. 
Each bench mark in either database has a single, unique VM# and/or PID# 
assigned. 
Where both VM# and PID# are indicated, both tidal and geodetic elevations are 
available for the bench mark listed. 
 
The NAVD 88 elevation is shown on the Elevations of Tidal Datums Table Referred 
to MLLW only when two or more of the bench marks listed have NAVD 88 elevations. 
The NAVD 88 elevation relationship shown in the table is derived from an average 
of several bench mark elevations relative to tide station datum.  As a result of 
this averaging, NAVD 88 bench mark elevations computed indirectly from the tidal 
datums elevation table may differ slightly from NAVD 88 elevations listed for 
each bench mark in the NGS database. 
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     APPENDIX E 
 
       SAIPAN NAVAIDS 
 
 
 
POLICE DOCK   15 13  2.002 N,  145 43 26.255 E 62.37 
GREEN 7   15 13 40.500 N,  145 43  3.117 E 61.64 
RED 6    15 13 44.815 N,  145 43  2.673 E 56.34 
RED 4    15 13 44.543 N,  145 42 36.623 E 60.61 
GREEN 3   15 13 39.650 N,  145 42 14.221 E 64.89 
RED 2A   15 13 43.659 N,  145 42  8.782 E 61.41 
RED 2    15 13 31.316 N,  145 41 43.236 E 61.14 
MANAGAHA DK NW  15 14 26.553 N,  145 42 38.271 E 61.35 
MANAGAHA DK SW  15 14 26.240 N,  145 42 38.262 E 61.36 
MANAGAHA FXAID  15 14 25.572 N,  145 42 44.534 E 61.41 
LIGHT HOUSE   15 11 50.374 N,  145 42 31.080 E 60.80 
LITTLE GREEN 3  15 11 58.523 N,  145 42 38.829 E 60.43 
LITTLE GREEN 5  15 12  1.124 N,  145 42 42.038 E 60.41 
LITTLE GREEN 9  15 12  7.321 N,  145 42 47.822 E 60.40 
LITTLE RED 10  15 12  8.204 N,  145 42 47.129 E 60.40 
LITTLE DOCK NW  15 12  9.069 N,  145 42 53.680 E 60.92 
LITTLE DOCK SW  15 12  8.512 N,  145 42 53.682 E 60.93 
BASESP   15 12 29.466 N,  145 44 59.267 E 316.66 
POLICE DK DAY 2  15 13  1.985 N,  145 43 26.121 E 61.53 
10RED    15 13 44.869 N,  145 44 10.889 E 60.40 
1 OR MOORING BUOY  15 13 58.591 N,  145 43 30.346 E 59.96 
8 RED    15 14  5.507 N,  145 43 26.499 E 59.67 
2 WH MOORING BUOY  15 13 52.026 N,  145 43 28.903 E 60.82 
7 GREEN   15 13 40.536 N,  145 43  3.108 E 60.74 
5 GREEN   15 13 38.061 N,  145 42 19.489 E 368.12 
1 GREEN   15 12 43.266 N,  145 41 44.949 E 60.23 
RED LAND LIGHT  15 13 20.312 N,  145 43 24.246 E 62.66 
POLICE END DAY2  15 13  1.982 N,  145 43 26.133 E 62.11 
DOCK1    15 13 48.798 N,  145 44 20.140 E 61.07 
DOCK1SOUTH   15 13 47.530 N,  145 44 20.188 E 61.07 
RANGEMARK1   15 13 45.553 N,  145 44 25.683 E 63.39 



APPENDIX F 
 

ANALYSIS OF USNS SUMNER ERRORS 
  
 

 
 
USNS SUMNER utilized the Fugro StarFix Wide Area Differential GPS (WADGPS).  Position accurary modelling by 

Fugro for the CNMI area indicated positioning errors of up to 12 meters.   All data collected around Guam, Saipan, Tinian and 
FDM is down graded to IHO order 2 for positioning accuracy. 

 



 
 
 

USNS SUMNER heave corrections were applied twice; once in the POS/MV and again in the SIMRAD EM-1002 multi 
beam sonar system.   The first application of the heave correction removed the heave artifact from the data.  The second 
application of the heave correction, effectively, put the heave back in the data.  Therefore, the data collected around FDM is 
uncorrected for the 4 meter swell experienced by the vessel.  USNS SUMNER hull response to this sea state is believed to 
be approximately 66% of the swell height.  This results in a total reduced depth (corrected depth) with an error of 3.7 
meters.  Depth accuracy is downgraded to order 2 for the area around FDM. 
 



 

 
 

 USNS SUMNER heave corrections were applied twice, once in the POS/MV and again in the SIMRAD EM-1002 
multi beam sonar system.   The first application of the heave correction removed the heave artifact from the data.  The 
second application of the heave correction, effectively, put the heave back in the data.  Therefore, the data collected around 
Saipan and Tinian is uncorrected for the approximate 2 meter swell experienced by the vessel.  USNS SUMNER hull 
response to this sea state is believed to be approximately 50% of the swell height.  This results in a total reduced depth 
(corrected depth) with an error of 1.4 meters.  Depth accuracy is downgraded to order 2 for the areas around Saipan and 
Tinian. 

 
 



 
 

 
USNS SUMNER heave corrections were applied twice, once in the POS/MV and again in the SIMRAD EM-1002 multi 
beam sonar system.   The first application of the heave correction removed the heave artifact from the data.  The second 
application of the heave correction, effectively, put the heave back in the data.  Therefore, the data collected around Guam is 
uncorrected for the approximate 1meter swell experienced by the vessel.  USNS SUMNER hull response to this sea state is 
believed to be approximately 5% of the swell height.  This results in a total reduced depth (corrected depth) with an error of 
0.33 to 0.43 meters across the swath.  Depth accuracy meets order 1 for the area off of Apra Harbor Guam. 

 



APPENDIX G 
 

REPORT ON LEAD-LINE AND LIDAR DATA COMPARISON 
 
 
As a sanity check between LIDAR standard processed data utilizing DGPS positioning and 
LIDAR data processed using OTF methods, a lead-line survey of portions of Apra Harbor and 
Dadi Beach was conducted.  
 
The time frame for lead-line observations spanned 10 March through 14 March, 2001.  A total of 
225 lead-line observations were made.  Thirty observations were discarded for various reasons 
and 195 observations were retained, compiled and compared, point-by-point with LIDAR data 
and, in one area, USNS SUMNER EM-1002 multibeam sonar data. 
 
Several environmental conditions affect the accuracy of the lead-line readings.  These were: 
 

Waves due to continuous 20 kt. winds with gusts to 25 kts.  Winds resulted in waves of 
0.4 – 0.6 meters with the survey vessel moving adound quite a bit at anchor.  This made 
reading the tape somewhat subjective at times. 
 
Bottom roughness and variability affecting consistency of readings. 
 
Positioning inaccuracies.   LIDAR data was positioned using DGPS while 
Lead-line data was positioned with a hand held GPS receiver, un-keyed Plugger. 
 

 
The most precise and accurate observations were at the Dadi Beach location on the south coast of 
Orote Peninsula on Agat Bay.  The bottom is relatively flat in some areas and water conditions 
were very calm, sheltered from wind.  Wave height was on the order of 4 – 8 cm. 
 
The least accurate and noisiest observations were those collected over Middle Ground shoal in 
Apra Harbor during the first day, 10 March.   
 
Bottom roughness, particularly numerous scattered rocks and coral resulted in noise in the 
LIDAR depth values, shots hitting the rack rather than the surrounding flat sandy areas. 
 
In some areas the LIDAR data was somewhat sparse.  This required comparing data points that 
may not be optimally positioned close to each other. 
 
 
 
 
 
 
 
 



  DATA SUMMARY 
 
Dadi Beach          Middle Ground                          Apra North    
   DGPS      DGPS          OTF               DGPS            OTF     
 
 
-.06    -.39  -.70   -.16  -.69    
-.058    -.17  -.62   -.10  -.56   
 .2    -.35  -.62   -.17  -.43   
-.06    -.10  -.47     .07  -.54  
-.04    -.28  -.62     .03  -.79 
 .66    -.41  -.83   -.10  -.81 
-.08    -.29  -.73   -.23  -.81 
-.025    -.14  -.45   -.29  -.74 
-.153    -.27  -.41   -.21 
-.278    -.26  -.45   ________________ 
-.318    _________________ 
 .368              MEAN .151  .67 
-.048           MEAN .266  .59 
 .202 
-.056 
-.048 
______ 
 
.166        MEAN 
 
 
 
          Inner Channel 
   DGPS  OTF         EM-1002 
 
   -.28  -1.04  .265  
   -.52  -1.29  -.09 
   -.49  -1.26  .125 
   -.33  -1.15  .243 
   ____________________________ 
 
         MEAN  .41  1.185  .181 
 
 
All values are in meters and are relative to the mean lead-line observation. 
The mean is the magnitude (absolute value) of the error. 
Negative values are deeper than the lead-line observation 
































