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system biases. Additional discussion on calibration tests can be found in the OPR-E349-KR-09 
DAPR*.  Concur.  *Included with survey deliverables. 
B4. Data Processing (Data Representation) 

B4.a Multibeam  
CUBE surface resolutions and depth ranges were set in accordance with the NOS Hydrographic 
Surveys Specifications and Deliverables (April 200 9) and t he D raft N OS S kunk S tripe 
Specifications. Concur. 
 
In order to keep CUBE surfaces at a m anageable size, the main survey area was broken up into 
six (6) Field Sheets (H12040_1of6, etc.). When combined the Fields Sheets encompass the entire 
area of acquired multibeam bathymetry. CUBE surfaces using complete coverage specifications 
were created over each multibeam investigation of a significant contact. The name of each Field 
Sheet c orresponds t o t he pr imary side s can s onar contact n ame. A B AG was cr eated f or e ach 
finalized CUBE s urface a nd bot h t he C UBE a nd B AG s urfaces ha ve b een i ncluded w ith t he 
digital d ata. All i nvestigation C UBE s urfaces w ere c ombined into a  s ingle grid prior t o B AG 
creation.  Concur. 
 

C. HORIZONTAL AND VERTICAL CONTROL 
Traditional z oning from w ater l evel s tations w as us ed f or OPR-E349-KR-09 w ith zoning and 
verified w ater le vel f iles provided b y Center f or O perational O ceanographic P roducts a nd 
Services (CO-OPS).  Concur. 
 
Prior t o s urvey acquisition, t wo global p ositioning s ystem ( GPS) base stations w ith a  d ual 
frequency ( L1/L2) r eceiver w ere established to e nable pos t-processing o f s urvey vessel 
navigation and attitude data. These sites are were located in Sunnybank, VA (SUN) and south of 
Sunnybank, V A ne ar t he Dameron M arsh s pit (SMITH). The ba se s tations l ogged r aw dua l 
frequency (L1/L2) GPS observables at  one second epochs. The SUN base station was used for 
post-processing f or s urvey H12040 up t o a nd i ncluding D N228, t hereafter t he S MITH ba se 
station was used. Base station positions relative to the North American Datum of 1983 (NAD83) 
(CORS96) (E poch 2002) w ere de rived f rom t he National G eodetic S urvey (NGS) On-line 
Positioning User Service (OPUS) and were based on a 24-hour data file, with one second-epoch 
logging prior to commencement of survey operations.  Concur. 
 
DGPS navigation was logged during acquisition but ultimately overwritten with a post-processed 
Inertially-Aided Kinematic Ambiguity Resolution (IAKAR) navigation solution. The HIPS Load 
Attitude a nd N avigation t ool w as us ed t o l oad pos ition, he ading and attitude d ata f rom a 
smoothed best estimate t rajectory (SBET) f ile c reated from Applanix POSPac 5 .2 MMS. Post-
processed uncertainty estimates for position, attitude and heading were applied using the HIPS 
Load Error Tool and used during the calculation of TPE.  Concur. 
 
A complete description of horizontal and vertical control for survey H12040 can be found in the 
OPR-E349-KR-09 Horizontal and Vertical Control Report*, submitted under separate cover. A 
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summary of horizontal and vertical control for this survey follows.  Concur.  *Not included with 
survey deliverables. 
 
C1. Vertical Control 
The vertical datum for this project is Mean Lower-Low Water (MLLW). The operating National 
Water Level Observation N etwork (NWLON) p rimary w ater l evel s tations at W indmill P oint, 
Virginia ( 863-6580) and L ewisetta, V irginia (863-5750) served as c ontrol f or d atum 
determination and provided water level correctors for the project.  Concur. 
 
 
C2. Discussion of Tide Zoning 
Tide z oning w as i ncluded w ithin t he T ide a nd Water Levels Instructions f or OPR-E349-KR-
2009. A modified version of the HIPS Zone Definition File (ZDF) E349KR2009_RevisedCORP 
provided by CO-OPS was used to apply zoned t ides to the multibeam data. The modified f ile, 
named E349KR2009_RevisedCORP_1s, used a HIPS Interval value of 1 second rather than the 
default value of 360 seconds which was used in the file received by CO-OPS. The interval value 
controls t he f requency of t ide z oning i nterpolation. T he de fault va lue of 360 s econds i s t oo 
infrequent to properly correct for the assigned zoning boundaries where it would be possible for 
the survey vessel to pass through a zone without a zoned tide corrector being applied if the vessel 
was not within the zone boundary for longer than 359 s econds. No modifications were made to 
zone boundaries or time and range correctors.  Concur. 
 
Table 4 includes the zoning information for each zone used for the survey. 
 

Table 4. Tide Zones 
Zone Reference Station Corrector (min.) Ratio 

SCB107 8636580 48 0.99 
SCB108 8636580 48 1.12 
SCB116 8635750 -84 1.05 
SCB117 8635750 66 0.99 
SCB121 8635750 -72 0.93 
SCB122 8635750 -72 1.05 
SCB133 8635750 -60 1.05 
SCB134 8635750 -60 0.93 
SCB135 8635750 -48 0.93 
SCB136 8635750 -48 1.05 

 
 
It is difficult to associate a precise vertical error due to tides. However, this survey included the 
logging of GPS water levels and follow-on deliverables will include soundings reduced to chart 
datum f rom G PS obs ervations. Errors obs erved are a c omposite from v arious s ources s uch as 
measurement error, t ides, heave, refraction, t ransducer draft, and settlement and squat. Though 
vertical errors are still visible in the data they are small and are generally 10 cm or less as this 
survey is  r elatively c lose to  th e L ewisetta N WLON s tation. In s ome ex treme cas es errors 



OPR-E349-KR-09 Southern Chesapeake Bay, Virginia December 2009 
Survey: H12040 Descriptive Report  Field Unit: David Evans and Associates, Inc. 
 
  

12 

approach 25 c m, however this is well within the 20 cm to 45 cm maximum allowable error for 
tides and water levels. The largest contributing factor to water level errors in the Chesapeake Bay 
is m eteorological i nfluences w hich c annot be  accounted for b y z oning. The h ydrographer 
strongly recommends the application of GPS tides to improve vertical accuracy when applying 
this survey to the nautical chart.  Concur. 
  
C3. Horizontal Control 
The hor izontal da tum f or t his pr oject i s NAD83. D ifferential G PS ( DGPS) c orrections w ere 
received from the U.S. Coast Guard (USCG) beacon at Driver, Virginia (301 kHz) or from the 
secondary beacon at Annapolis, MD (289 kHz). Some DGPS outages from the primary beacon 
occurred dur ing s urvey ope rations. T he s ystem w as s et up t o a utomatically s witch t o t he 
secondary b eacon w hen t he p rimary s ignal w as l ost. All of  t he pr imary na vigation da ta w ere 
collected i n DGPS m ode. Additionally, during acquisition GPS base s tations were constructed 
and l ogged d ata s imultaneously w ith a cquisition t o pr ovide pos t-processed IAKAR navigation 
solutions.  Concur. 
 
Navigation and attitude data were post-processed using Applanix POSPac MMS software, which 
produced a n IAKAR n avigation s olution r elative t o N AD83. T he r eal-time na vigation a nd 
attitude l ogged dur ing acquisition w as ove rwritten w ith pos t-processed da ta dur ing H IPS 
processing. Post-processed navigation, a ttitude and GPS heights were applied to a ll HIPS data 
though only the navigation and attitude were used in the creation of the survey deliverables. As 
discussed in the DAPR*, post-processed GPS heights were used to compute a GPS tide using an 
ellipsoid to MLLW separation file created using VDatum. Though present for each survey l ine 
GPS Tides were not applied to the survey data during the merge process (the Apply GPS Tides 
box was not checked during merge in Caris HIPS) and are for reference only. Further discussion 
on the computation of  GPS t ides and the creation of  the separation model can be found in the 
pending OPR-E349-KR-09 Ellipsoid Referenced Survey Deliverables**.  Concur.  *Included with 
survey deliverables.  **Not included with survey deliverables. 
 

D. RESULTS AND RECOMMENDATIONS 
D1. Chart Comparison 

D1.a Survey Agreement with Chart 
During the course of data acquisition and processing H12040 was compared to the largest scale 
raster and el ectronic n avigation ch arts ( ENC). T he r esults o f t hese comparisons ar e d escribed 
below, as well as in Sections D1.b through D1.f of this report.  Concur. 
 
Contours and soundings used during the chart comparison were generated from combined HIPS 
product surfaces. Soundings and contours were generated from a 50-meter HIPS product surface 
(1:10,000) of the entire survey area, which was compiled from all finalized CUBE surfaces for 
the s urvey. T he pr oduct s urfaces, c ontours, a nd s oundings w ere cr eated s olely f or t he ch art 
comparison and have not been submitted as a final deliverable.  Concur. 
 




