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APPENDIX O 

COMPARISON OF BATHYMETRIC SURVEYS 

O.1 INTRODUCTION 

The bathymetry of the Upper Hudson River Phase 1 dredge areas was surveyed from June 13 
through July 16, 2005, from November 29 through December 19, 2006, and from May 12 
through June 25, 2009.  The same equipment was used to perform all surveys.  The 2005 and 
2006 surveys were used to design the dredge prisms whereas the 2009 survey was conducted 
to set the pre-dredging river bottom elevations for Phase 1 dredging.  Figure O-1a to r shows 
the 2005 bathymetry on the left panel and the 2009 pre-dredge bathymetry on the right.  
Comparing the two surveys, there are subtle differences.  For example, in CU01 the area in 
the southern boundary of the CU appears to have become slightly shallower during the 
approximately four years between surveys.  More insight can be gained by subtracting the 
2009 elevations from the 2005 elevations and analyzing the patterns (Figure O-2a to r).  
Overall, the differences yield a net deepening in water depth over the Phase 1 CUs (1 to 18) 
from 2005 to 2009 of 5 cm (2 inches; see Table O-1). 
 
However, many factors can impact a bathymetric survey and when comparing two surveys 
these factors need to be considered before drawing conclusions about “real” changes versus 
apparent changes due to noise and uncertainty.  This appendix examines the differences 
between the bathymetric surveys to separate noise from real differences and to explore 
possible reasons for differences large enough to be judged real.  Sections O.2 and O.3 present 
the bathymetry differences in more detail, and Section O.4 discusses the results. 
 

O.2 INTERPRETATION OF BATHYMETRIC CHANGES 

O.2.1 Limitations due to Survey Inaccuracy 

The United States Army Corps of Engineers (USACE) have produced two Coastal and 
Hydraulics Engineering Technical Notes (CHETN) that describe procedures for quantifying 
uncertainty in bathymetric analyses (Byrnes et al. 2002; Johnston 2003).  Both CHETNs 
discuss errors associated with estimating volume changes between surveys.  Errors arise 
because of horizontal positioning uncertainty, vertical measurement uncertainty, survey 
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resolution (data density) and bias due to equipment offsets or datum error.  Horizontal 
positioning error and survey resolution can have significant impacts on survey accuracy over 
irregular terrain (HQUSACE 2002).   
 
As a result of the inherent uncertainties, minimum performance standards for hydrographic 
surveys are provided in the USACE engineering manual.  For navigation and dredging 
support in soft bottom conditions, such as the Hudson River, and in water depths less than 15 
feet the minimum standard is ± 0.5 feet (HQUSACE 2002).  This means that depth changes of 
0.5 feet or less cannot be distinguished from measurement noise.  Taking this into 
consideration, differences between the 2005 and 2009 surveys of ± 0.5 feet or less  are shaded 
light gray on Figure O-2a to r and are excluded from Table O-2.  
 
The 2005 bathymetric surface includes depths that were set by interpolation from 

neighboring depths.1

 

  Because of the obvious uncertainty introduced by this procedure, 

depth changes between 2005 and 2009 in areas where the 2005 bathymetry was interpolated 
(dark gray area on Figure O-2a to r) were excluded from analyses of depth changes. 

O.2.2 Limitations due to Processing of Survey Data 

The objective of the 2009 survey was to set the pre-dredging elevations for dredging.  
Anticipating that the river bottom would be altered by the removal of debris that had been 
identified in the 2005 survey, surface mounds identified as debris targets were filtered out of 
the 2009 data.  In other words, comparisons of the 2005 and 2009 bathymetry at the location 
of debris targets will show a depth change that is the result of data filtering and not real 
changes in the river bottom.  In nearly all of the CUs, there are small areas of erosion that are 
coincident with a targeted debris removal location.  These areas highlighted by the black 
symbols in Figures O-2a to r are locations where debris was most likely removed as noise 
during the 2009 bathymetric survey post-processing. 
 

                                                 
1 The survey contractor processed the 2005 bathymetry to a 1x1 grid.  For some grid cells, no bathymetry data were 
available.  Consequently, in those cells the bathymetry was interpolated in order to have a continuous surface for use 
in developing Phase 1 dredge prisms. 
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O.2.3 Limitations to Bottom Disturbance by Debris Removal 

In a number of areas, debris removal to clear the river bottom and make way for the 
clamshell buckets occurred prior to the 2009 bathymetry survey.  Table O-3 lists the start 
dates for the major activities in each CU (also shown in Figure 3.2-1 of the main report).  In 
many areas, changes in elevation are coincident with locations where debris was removed.  
This fact is evident in Figures O-2a to r, which shows the depth differences between surveys 
and the locations targeted for debris removal.  The symbols on these maps indicate whether 
debris was removed (X versus square symbol) and whether the debris removal action 
occurred prior or during and after the 2009 survey.  The orange squares represent locations 
where debris was physically removed before the pre-dredging bathymetric survey was 
completed.  Disturbances to the river bottom as a result of these activities shown in orange 
were reflected in the 2009 surveys.  Debris was also found outside the target debris removal 
areas (see Appendix K) and its removal most likely altered the elevations in the 2009 survey. 
 

O.2.4 Limitations Due to Bottom Disturbance by Project Vessels 

Because the 2009 bathymetric survey was conducted after in-river activities had begun in 
many of the CUs, increased vessel traffic also impacts the 2009 results. 
The chronology of in-River activities (Table O-3) shows that: 

• Project vessels were working in both the east side (CUs 01 to 04) and west side (CUs  
05 to 11) of Roger’s Island the week of May 3, prior to the 2009 bathymetry surveys.2

• Project vessels were working in CUs 12 through 16 prior to the 2009 bathymetric 
survey in these areas.   

   

• The west side of Rogers Island experienced unusually high-flows during the 2009 
high-flow event starting on May 16 and peaking at 10,300 cfs on May 18 because the 
east channel was blocked, forcing all of the flow down the west channel. 

 
Project vessels moved up and down the western and eastern channels of Rogers Island to 
perform tree removal, debris removal and/or inventory dredging before and during the 
bathymetric surveys.  This activity is in stark contrast to the normal traffic patterns in this 
area of the Hudson River. 

                                                 
2 The bathymetric survey of CU 01 was performed prior to other project work in this area, but this CU is generally 
unlike the other CUs. 
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Along with the increase in vessel traffic, on May 16, shortly after the project officially began, 
a high flow event occurred that affected the dredging operations.  This was most apparent on 
the western side of Rogers Island while the eastern side was protected by rock dike 
constructed north of CU01.  Dredging had to be stopped and the river elevation increased so 
rapidly that a regular hopper barge was grounded on the western shore of CU10 and a 
number of tugs were required to move the barge to deeper water.  (This event was detailed in 
the Resuspension Performance Standard Engineering Evaluation Report submitted to EPA on 
May 21, 2009).  The operational procedures for dredging were subsequently adjusted so that 
this type of issue did not occur again.  However, in this instance, five tugs were needed to 
free the grounded barge.  In CU10 the 2009 bathymetric survey was completed on May 19, 
after the activities to remove the barge (see Figure 3.2-1 in the main body of this report).  
The 2009 bathymetric survey shows obvious differences in the river bottom in these areas.  
When the bathymetric differences are mapped for this area, there are erosional features 
which are most likely attributable to the action of the barge becoming grounded in the 
nearshore area and ultimately pulled free (see Figure O-3).  There are several areas of erosion 
that are orientated perpendicular to the flow of the river from where the tugs likely scoured 
the river bottom while pulling the barge free.   
 
It can also be noticed that similar scour patterns can be seen in the western side of CU07.  
These may indicate similar vessel related scour during the May debris removal activities. 
 

O.3 ELEVATION CHANGES IN AREAS WITH MINIMAL BOTTOM DISTURBANCE. 

In contrast to all of the activity surrounding Rogers Island described in the section above, the 
east side of Griffin Island (CUs 17 and 18) is the only region where bathymetric surveys were 
performed prior to the start of project activities, including tree trimming3

 

 and debris removal 
(see Table O-3). 

Figures O-2q to r show that most of CUs 17 and 18 experienced no measurable change in 
depth.  Changes were mostly just above the nominal noise level of ± 0.5 feet (i.e., less than 
0.75 feet) and could still be noise.  The net change in depth over the entire area of these two 

                                                 
3 Tree-trimming in CU17 began one day prior to the start of the bathymetric survey. 
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CUs excluding differences within the noise is 0.2 inches (Table O-2) highlighting that in 
these areas there was minimal change between the 2005 and 2009 bathymetric surveys.   
 
Besides the 2005 and 2009 surveys, a bathymetric survey was conducted from November 29 
through December 19, 2006 for use in designing the Phase 2 dredge prisms.  Figures O-4a to 
b show bathymetric differences in areas where the 2006 and 2005 surveys overlapped.  Much 
of the bathymetric differences are within the noise (+/- 0.5 feet), and many of the larger 
differences are near the edges of one of the surveys where the data density would be low and 
the resultant elevations less certain.  Figure 3.1-6 shows that there was a high flow event that 
peaked at 31,100 cfs on June 29, 2006 at Fort Edward.  This event was the highest flow 
recorded between the 2005 and 2009 surveys and significantly higher than any high flow 
event that occurred during the Phase 1 dredging.  Despite this flow event, the differences 
between the 2005 and 2006 survey were minimal, and most were within the uncertainty of 
the survey measurements.  In fact, there are hardly any areas showing significant erosion 
over the 1.5 miles where the two surveys can be compared.  
 

O.4 DISCUSSION  

There are several factors that contribute to apparent depth changes between bathymetric 
surveys of a given area.  Of the three primary sources of error listed by the USACE, terrain 
irregularity and data density would have the greatest influence on the surveys performed on 
the Hudson River in 2005 and 2009.  As mentioned in Section O.1 of this appendix, the same 
multibeam survey equipment was used to collect data in 2005 and 2009.  While this 
eliminates any error that could have been associated with technology employed, the 
treatment of debris identified when processing the data could still lead to different results as 
described in Section O.2.2 and O.2.3. 
 
The accuracy of the bathymetric data is also impacted by the data collection techniques.  A 
standard multibeam system was deployed for each survey.  This system is mounted either to 
the front or side of the survey vessel, and data is collected as the vessel makes repeated 
parallel passes through a section of the river.  The multibeam system provides a large data 
density for areas (e.g., center of the channel) where the survey vessel can both pass over 
directly and also image from the sides.  While surveying the Hudson River, there are many 
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areas where the survey vessel is unable to obtain overlapping datasets and additional areas 
where the vessels may not be able to obtain any data.  These areas are confined to the 
shallow edges of the river, where  a reduced data density can result when compared to 
deeper areas.  As noted in the USACE guidance, a reduced data density could lead to survey 
inaccuracies.  Examples of areas where this may have caused survey differences would be 
shallow areas in CUs 01, 02, 03, 07, 09, 10, 12, 14, 17 and 18. 
 
The activities taking place within the various CUs as part of dredging operations also make it 
difficult to compare the 2005 and 2009 bathymetric surveys.  In many CUs where dual 
coverage is available, the 2009 bathymetric surveys were not completed until after pre-
dredging activities had begun.  While the debris identified in the 2005 survey was 
electronically removed from the 2009 survey (when present) the disturbances of the river 
bottom from those activities completed prior to surveying were not.  The footprint left when 
debris was removed creates a change in the river bottom, in the vicinity of the debris 
removal activities (see figures O-2a to r).  In addition to debris removal and 
navigational/access dredging, where the river bottom was intentionally disturbed, the 
increased vessel traffic from all of the project related activities resulted in additional 
disturbance of the river bottom.  This was largely due to the larger draft debris removal, tree-
trimming and inventory dredging vessels and barges moving around the CUs in areas 
unaccustomed to these activities.  In particular, areas along west Rogers Island where there is 
no maintained navigation channel would have been particularly susceptible to the impact 
from increased traffic from larger draft vessels.  The combination of the timing of the 2009 
surveys and the activities which occurred prior to collecting the data make it difficult to 
draw any conclusion as to what areas show natural erosion or deposition and which areas 
show the influence of more recent Phase 1 dredging activities. 
 
This is highlighted by comparing the areas surrounding Rogers Island, which were heavily 
trafficked prior to conducting the 2009 survey, and the areas surrounding CUs 17 and 18.  As 
highlighted in Section O.3, this area east of Griffin Island was undisturbed by project vessels 
and dredging activities prior to collecting the 2009 bathymetric survey.  Figures O-2q to r 
and O-4a to b show that between the 2005 and 2009 surveys and the 2005 and 2006 surveys 
there was minimal disturbance of the river bottom in these areas.  In addition, the 
comparison of the 2005 and 2006 bathymetric survey data, which occurred after the largest 
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high flow event recorded between 2005 and 2009, shows that the area with dual survey 
coverage (CUs 19 to 30 and 48 to 49) is a stable river bottom.  From the discussion above it 
can be concluded that when comparing bathymetric surveys the associated uncertainties 
must be fully understood before any conclusion can be drawn regarding any apparent 
difference.  When comparing the 2005 survey to the 2009 survey there are many sources of 
uncertainty to be considered.  This makes simple comparisons of the two data sets 
impracticable.  
 
The one fact that can be drawn from the bathymetric survey comparisons is that outside of 
areas where changes in depth occurred because of project activities or data processing, there 
is little evidence of sediment movement in the river.  Even a rare high flow event in 2006 
showed little impact on the river bottom. 
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