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Navigation projects essentially build 
roads, or channels, within a waterway 
to allow the passage of vessels during 

all or most tidal cycles. The design of naviga
tion channels incorporates several critical fac
tors . Channel widths and depths vary im
mensely depending on the size and number of 
vessels for which they are intended. For in
stance, a channel leading into a small marina 

· may only need to be 50 feet wide and 6 feet 
deep, whereas a channel into an oil terminal 
may need to be 600 feet wide and 40 feet deep. It 
is important to remember that the shallowest 
point in any part of a waterway becomes the 
controlling depth for the entire channel. 

When a channel is designed or improved, its 
configuration is also of significant importance. 
The alignment should always be as straight as 
the topography will allow. Turns, especially 
sharp turns, should be kept to a minimum. A 

mariner cannot see the channel outline since it 
is beneath the water, and generally has only a 
few navigation markers and possibly a chart 
for guidance. Since boats swing and rotate as 
they tum, it is also important to consider that 
turning points need to be wider than the chan
nel itself. Generally, "short-cutting" the inside 
comer provides sufficient turning area. 
· When considering channel width, it must be 
determined how easily boats will be able to 
pass in opposite directions. The designer must 
keep in mind that conditions - such as fast 
currents, rain, fog and heavy seas - will re
duce a mariner's ability to control a vessel in a 
confined area. The design requirements of rec
reational and commercial waterways normally 
fall within known parameters. However, when 
designing or modifying channels that handle 
heavy shipping traffic, the task is far more criti
cal. In these cases, traffic and other navigation 
conditions are often modeled using computer 
simulations that will graphically display the 
conditions a vessel might expect to encounter 
in a variety of situations. 

Design channel depth is always based on the 
low water elevation as established by the Na
tional Oceanic and Atmospheric Administra
tion (NOAA), and is determined by taking the 
sum of several factors. Some of the factors that 
are considered are: 

• The draft of the vessels for which the 
channel is intended; 
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TABLE 1. 
Typical Dredging Costs (1997) 

Dredging Method Dredged Material 

Maintenance Dredging Loose Sand or Mud 
(Bucket or Hopper) 

Bucket or Hydraulic Sand or Gravel 

Hydraulic Excavator Shale, Rock (Ripped) 

Bucket Lightly Contaminated Silt 

Bucket Lightly Contaminated Silt 

Hydraulic Excavator Rock 
(Drill & Blast) 

Bucket/Hydrau I ic Contaminated Silt 

• An allowance for clearance from the keel 
of the intended vessels to the dredged bot
tom; 

• An allowance for astronomical low tides; 
• An allowance for sea state (waves); 
• An allowance for shoaling; and, 
• An allowance for inaccuracies in the 

dredging process (overdepth) . 

Another major design and planning issue of 
any navigation project is the cost, which must 
be weighed against the economic benefits that 
will be derived from the project. Costs are re
lated to the size, type and availability of dredg
ing equipment, the character of materials to be 
dredged and the disposal requirements. For ex
ample, a deep-water channel that is accessible 
to large dredging equipment will be less expen
sive to dredge per unit cost than a site that has 
only a few feet of flotation available, thereby 
limiting it to smaller equipment. General 
equipment access issues that significantly im
pact costs are: 

• Bucket dredged channels less than 100 
feet wide; 

• Bucket or hopper dredged channels less 
than 12 feet deep; 

• Hydraulic dredging projects requiring 
pipelines over 6,000 feet in length; 

• Hydraulic dredging projects with less 
than 4 feet of draft available; 

Cost 
Channel Depth Disposal Method ($/cubic yard) 

Deep Draft Offshore 3.S0 

Moderate Draft Inshore 7.S0 

Moderate Draft Inshore 25.00 

Moderate Draft Landfill 30.00 

Moderate Draft Stabilize with Cement 50.00 

Moderate Draft Inshore 75-100 

Moderate Draft Confined or Resource 100-1,000 
Conservation Recover 
Act (RCRA) 

• Waterways with bridge restrictions under 
60 feet in height or width; and, 

• Hydraulic or bucket dredging projects ex
posed to fast currents, swells or heavy 
seas. 

The nature of the materials to be dredged 
also affects both the excavation and the dis
posal costs. For example, silt is very inexpen
sive for a dredge to excavate, and can be 
pumped much longer distances, but is far more 
costly to contain, dewater and dispose. Con
versely, hard packed sand and/ or gravel can be 
more expensive to excavate and will cause se
vere wear on parts, but has many potential re
uses (including possible resale) . 

Glacial till and ledge rock can escalate costs 
of a navigation project dramatically. Ledge 
rock normally requires drilling and blasting, 
which may be frowned on by environmental 
groups, especially if the blasting is near the 
habitats of any endangered species. If the rock 
is fractured or if boulders in glacial till are not 
too large, hydraulic excavators can sometimes 
be employed to rip and otherwise excavate 
these materials without blasting. Sand, gravel 
and rock rarely contain significant levels of 
contaminants, therefore their reuse and dis
posal options are far less restricted. Some of 
these costs can be offset by processing the ma
terials and selling them. However, the success 
of such activities requires experience in mining 
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and quarrying operations, 
and the availability of space 
for processing . Table 1 
shows typical dredging 
costs in 1997. 

The overdepth and side 
slopes of a dredged channel 
are also important design 
considerations (see Figure 
1) . Overdepth is an in
creased depth allowance 
that compensates for natural 
inaccuracies inherent in the 
dredging process. The over
depth is usually predicated 
on the size of the dredge to 
be employed and the "sea
sta te" conditions under 
which it must operate. With 
very little exception, any 
dredging process leaves 
"ridges" in the finished bot
tom. Depending on the 
equipment, the height of 
these ridges can range from 
6 inches to 2 feet. 

The finished channel 
depth - and, thus, the con
trolling depth - is based on 
the tallest peak of the ridges 
(see Figures 1 and 2). The 
valleys between these ridges 
then become excess dredg
ing. This additional dredg
ing is not wasted, however, 
because these pockets act as 
a limited storage area for fu
ture shoaling. In fact, in ar
eas of highly concentrated 
shoaling accumulation 
larger pockets ( or basins) are 
sometimes excavated to pro
vide additional storage. 

The steepness of a side 
slope is a function of: 

• The stability of the na
tive soils; and, 

• The rate of sediment ac
cumulation at the toe of 
the slope. 
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(6) Sea State 1 .0 ft 
(5) Boat Draft 4.0 ft 
(4) Extreme Low Tides 0.5 ft 
(3) Overdepth 1 .0 ft 
(2) Shoaling 0.5 ft 
(1) Controlling Depth 7.0 ft 

FIGURE 1. Determining channel depth. 
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FIGURE 2. Typical fathometer chart readout showing ridges. 
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Initial Box Cut 

3 :1 Side Slope 

cantly between sections. 
taken as close as 10 feet 
apart. The density of the 
soundings are a governing 
factor in determining the ac-

Made by Dredge\ 

(Design Depth) /- __ - curacy of the finished work 
product (i.e., a tight grid of 5 
feet by 5 feet will yield a 
more accurate picture of the 
slope than a grid of 25 feet by 
10 feet). Furthermore, in or
der to accurately define 
steep slopes, the surveyor 

3 :1 Side Slope 
(Design Overdepth) 

I 
I, 

I 

must be sure to employ a 
narrow transducer beam. 
The cost effectiveness of us-

Ultimate Side Slope 
Determined by Angle 
of Repose 

ing the beam is closely tied 
to the height of the side 
slope above the channel bot
tom and the unit cost of the 

FIGURE 3. Side slope determination. 

Most federal regulations for channels spec
ify a minimum of a three (horizontal) to one 
(vertical) side slope (3:1) to transition from the 
channel limit (or toe) up to the pre-existing 
grade. It is a common misconception, however, 
as to how these slopes are actually formed. In 
reality, dredges are not designed to cut 
trimmed side slopes such as those on an em
bankment. 

Instead, slopes are compensated for by over
digging into half of the side slope area at the 
full dredge depth - a process also known as 
"box-cutting" (see Figure 3). The remaining 
bank then collapses at its normal angle of re
pose and forms the slope. Slopes flatter than 3:1 
are used where there are fast currents, very soft 
sediments or where additional storage space is 
needed due to high shoaling or littoral trans
port occurring at the toe of slope. Because the 
formation of dredged side slopes is a function 
of the random stability of the soils at any given 
location, the final sloped face is generally ex
tremely irregular. 

This irregularity presents a problem when 
surveying and/ or calculating quantities of 
dredging, because a surveyed cross-sectional 
view of the slope can normally differ signifi-
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associated dredging. For ex
ample, a hopper dredging 
project with a short haul dis
tance might have a unit cost 

of $3.00 per cubic yard. If the dredge cut for this 
project is in the range of 4 feet, then the total 
discrepancy might be 1,500 cubic yards per 
mile of channel. The cost to survey and analyze 
this area would outweigh any potential sav
ings. Conversely, on a project such as the Ar-

. thur Kill River in New York (where the side 
slopes are 25 feet high and dredging costs 
$40.00 per yard) considerable effort in accu
rately defining these quantities is certainly 
warranted. 

The importance of following proper design 
methods increases exponentially with the size 
and number of vessels using the waterway. The 
designer must have enough data and experi
ence to visualize the channel both while in use 
as well as the consequences if the design is in
adequate and a mishap occurs. As with high
ways, a poorly designed channel could cause 
accidents such as a grounding (possibly injur
ing a mariner) or a spill that may damage the 
environment. Obviously, the size and number 
of vessels using a channel is a major factor in 
putting these potential accidents into perspec
tive. If a small recreational boat were to go 
aground because a channel is poorly designed 
or maintained, it may require no more than the 



assistance of another passing boat and possibly 
repairs to its propeller. Conversely, the ground
ing of a larger vessel, such as a fishing boat or 
barge, may have other serious consequences 
such as loss of life, injury, oil spillage or serious 
structural damage. 

Disposal Options 
Disposal of dredged materials from navigation 
projects is an increasingly important issue. Dis
posal options are typically related to the char
acter of the soils being dredged. Up until re
cently, most dredge materials, regardless of 
their composition, were disposed of in off shore 
dumping grounds, or in upland diked contain
ment areas, and non-navigation projects such 
as beach nourishment were "mined" from 
nearby designated underwater borrow pits. In 
recent years, environmental regulations have 
changed these processes and their associated 
costs drastically. All offshore disposal sites are 
now closely baseline monitored against poten
tial environmental impacts for everything from 
contaminants to sediment excursion. Before 
any dredged materials are authorized for dis
posal by this method they are closely screened 
for potential contaminant content (by chemical 
analysis) and potential hazard to marine or
ganisms (using bio-assays). 

Upland confined disposal sites suitable for 
dredged soils have come into extreme short 
supply for a number of reasons, including envi
ronmental mitigation and coastal develop
ment. Environmental regulations often require 
that materials be stored temporarily, dried, 
possibly treated then retransported to other 
permanent locations. Upland/inland confined 
sites have their own set of problems. Recent 
concerns regarding possible contamination of 
aquifers with everything from salt to trace 
chemicals may require a disposal site to be 
sealed with an impervious liner. 

These issues have caused the development 
of alternative disposal concepts that are more 
environmentally acceptable. If soils to be 
dredged are sandy and/ or "clean," they can be 
reused for beach nourishment, fill or for the re
construction of wetlands. Silty soils are far 
more plentiful, costly and difficult to dispose. 
These soils can be considered for landfill cover, 
stabilization with cement for structural fill, 

supplementing and manufactured into top
soils, and the like. Currently, the cost of these 
"reuses" raises disposal costs by $10 to $50 per 
cubic yard. 

Shoreline Restoration 
Not all dredging projects evolve from naviga
tion needs or other requirements for creating 
deeper water. Shoreline restoration projects in
volve the replenishment of soils that have been 
eroded from coastal shorelines. While it is cost
effective to link the two types of projects, the 
needs for the restoration or protection of up
land coastal resources may be coupled with a 
location too remote for economical access to a 
complementary borrow area. The distance of 
the required transport affects costs directly. The 
maximum distance will vary considerably in 
conjunction with the perceived value of the 
benefit. Common examples of restoration in
clude the nourishment of beaches, bluffs and, 
to a lesser extent, exposed marshes or other 
wetlands. 

Beaches. Beaches and upland shorelines ex
posed to severe waves generally require peri
odic replenishment with clean granular soils 
(see Figures 4 and 5). Contrary to some envi
ronmental policies, unless the eroded area is to 
be protected by a physical structure (such as a 
seawall or revetment), it is important that the 
nourishment material be of sufficient grain size 
to withstand normal erosive forces. The resid
ual soils on a beach often bear little resem
blance to the original soils. 

To properly assess the material require
ments (i.e., the grain size) of a nourishment 
project, the following criteria must be evalu
ated: 

• What soils previously existed at the site; 
• What the intended use of the finished 

project is; 
• What soils are available for nourishment, 

and where they are located; 
• Where the new soils will migrate, and 

what secondary effect they will have; and, 
• What minimum grain size will withstand 

routine erosive forces . 

Typical tests that are run on soils to deter
mine their suitability for this use are size 
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FIGURE 4. Beach nourishment at Cole River, Swansea, Mass. 

FIGURE 5. Completed beach nourishment at Cole River, Swansea, Mass. 
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fraction gradation and chemical contamina
tion. Because of the direct disposal of effluent 
water from the hydraulic filling process into 
the adjoining waterway, allowable contami
nant levels closely follow those for offshore dis
posal. 

It is generally not cost-effective or environ
mentally desirable to have a shoreline nourish
ment project erode away after a few storms or 
one season. If nourishment fill is to remain un
protected (i.e ., without a protecting physical 
structure such as rip-rap), the slope of the new 
fill approaching the water becomes very im
portant. Flat slopes (20:1 or flatter) are far more 
effective at dissipating erosive wave energy 
than steep slopes.1 

The designer must also consider the effects 
of short-term erosion on the particular site 
during the nourishment process (see Figure 
4). Most beach nourishment projects are per
formed using hydraulic dredges. This type of 
equipment requires the use of large volumes 
of water to transport the sand from the area 
where it is "mined" to the area where it is to 
be placed. The water used in the transport 
process normally erodes the area immediate
ly ahead of the fill. Caution and experience 
are required to determine the nourishment 
methodology when hydraulic fill is placed in 
the vicinity of unprotected structures (such 
as roads or houses) since undermining may 
occur. 

The cost effectiveness of a beach nourish
ment project is directly proportional to the 
proximity and exposure of the source of com
patible, granular soils. If hydraulic placement 
is used, the designer must consider the avail
ability of dredging equipment that can effec
tively operate in the borrow area, as well as the 
distance the material must be pumped. 

Costs dramatically increase if the pump 
transport distance exceeds 5,000 feet, or if the 
potential for wave action in the borrow area ex
ceeds 2 to 3 feet. For example, if the dredge area 
is exposed to heavy seas, the dredge must be 
sized to work under those conditions, thereby 
limiting the number of dredge companies able 
to compete for the work to one or two. Other
wise, the dredge would have to be moved to 
safe harbor whenever weather conditions dete
riorated, resulting in a significant amount of 

non-productive time. Both scenarios translate 
to higher costs. 

Wetlands Restoration. Man-made wetlands 
are rapidly becoming an attractive alternative 
for the disposal of dredged materials. These 
projects are commonly limited to the replace
ment of marshes that have been recently lost to 
erosion. Projects that create new wetlands to re
place historic habitats, however, are not un
common. Soil gradation requirements for these 
projects are usually far more forgiving than 
beach nourishment projects. Wetlands have 
been restored using everything from the finest 
of silts to coarse gravel, but it is advisable to 
consult with an expert in the field of wetland 
grass planting when planning a specific proj
ect. 

If fine sediments (such as organic silts and 
clays) are to be used for the fill, diking of some 
form is required to retain the soils. These con
finement structures must be sufficient to pro
tect the fill from erosive forces for the antici
pated life of the project. Fine sediments retain 
excess water far longer than sandy soils 
(months versus hours), thus there must be ade
quate area for the decanting of the effluent wa
ter. Sediments will naturally dewater them
selves over time and consolidate if they can be 
"surcharged" above the low tide zone by their 
own weight. Final elevations should be as high 
as the planned wetland vegetation will tolerate 
to facilitate the surcharging effect. Building the 
initial grade above the final grade is generally 
desirable since the fill will settle considerably 
over time, allowing more complete inundation. 
Building a wetland fill that must be completely 
inundated at all times is considerably more dif
ficult, since the submerged weight of the sur
charge is dramatically reduced. In this case, 
grain size must be considerably coarser and the 
percentage of silts must be lower. Unless some 
form of temporary surcharge can be placed, the 
fill will take several years to attain a consis
tency no better than pudding. 

Pond/Lake Restoration 
Dredging projects in ponds, lakes and reser
voirs are generally designed to increase storage 
capacity that was lost due to the accumulation 
of sediments. Environmental enhancement can 
also be achieved, since oxygen depletion from 
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FIGURE 6. A confined upland disposal site. 

organic deposits can also be reduced. These 
sediments are often contaminated and must be 
dealt with accordingly. A follow-up to any 
planned dredging of an inland resource should 
include a study of methods to mitigate future 
sediment intrusion processes. 

Small ponds with perimeter access can be 
dredged by dragline or clamshell cranes from 
the shore. On larger ponds where perimeter ac
cess is limited, hydraulic dredging is the next 
most cost-effective method, since larger bodies 
of inland water will rarely accommodate float
ing clamshell dredges and the support vessels. 
Hydraulic dredging can be cost-effective if 
there is sufficient space available to build a 
diked disposal area. If the soils to be dredged 
are fine sediments, a large storage area is re
quired to permit the natural decanting of water 
and, ultimately, drying. Costs rise dramatically 
if storage capacity is limited and flocculates or 
mechanical dewatering devices must be em
ployed. 

If dredging must take place in a reservoir or 
public water supply, turbidity becomes a seri
ous concern, especially if the sediments to be 

.. 
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dredged are contaminated. Turbidity during a 
dredging project can come from sources other 
than the dredge itself. For example, if the exist
ing depths of the body of water are extremely 
shallow, other sources of turbidity must be 
evaluated. For instance, if the smallest tender 
boat for a dredging plant requires at least 2 feet 
of flotation to operate, under such conditions 
these boats can create more turbidity than the 
dredge itself if they do not have sufficient wa
ter depth in which to navigate. 

Contaminated Sediment Clean-Up 
Most contaminants tend to attach themselves 
to the fine sediments, consequently complicat
ing underwater remediation projects. When 
dealing with serious contaminants, all of the 
considerations previously discussed apply at 
least ten-fold, since costs generally multiply 
themselves by at least that much. An enforcing 
agency will often dictate the method of dredg
ing, which is predicated on the protection of 
the environment, even though the method 
may not be efficient. The volume of water that 
the dredge generates during the process be-



comes extremely important since decanting ar
eas normally need to be sealed or lined to pre
vent the leaching of contaminants into clean 
soil. 

Furthermore, effluent water may require 
flocculation or extensive treatment to prevent 
recontamination of the waterway. If the materi
als must be transported to a remote site (such as 
a licensed disposal facility), mechanical dewa
tering is commonly required (see Figure 6). 
Turbidity is such a critical concern on some 
projects that it has prompted the development 
of new low-turbidity dredging systems. 

Site Analysis 
As in forecasting weather, the design of a 
dredging project is still more of an art than an 
exact science. On complex dredging projects 
the designer must have a" feel" for the idiosyn
crasies of each soil condition and stratification 
present, and how each will act when its unique 
balance is upset. Management of critical issues 
(such as disposal and turbidity management) 
are still in the development stages and, there
fore, are far more difficult to assess. Unfortu
nately, there are few reference libraries that can 
accurately predict every possibility of combi
nations. Therefore, the individual experience 
factor is of primary importance on dredging 
projects. 

Determining Existing Conditions: 
Hydrographic Surveys 
In order to properly plan and prepare the de
sign of a dredging project, it is first necessary to 
obtain basic preliminary data. These data in
clude: 

• Background information (such as prop
erty plans, navigational charts, current 
studies); and, 

• Information on user requirements (i .e., 
type and draft of anticipated traffic) . 

In addition, site-specific data must also be 
gathered, including: 

• Sediment grain size distribution; 
• The existence of contamination; 
• Critical topography; 
• Geology; 

• Environmental information; and, 
• Hydrographic data. 

The most important data for a successful 
project are the bottom geology and topogra
phy. The planning and design of any dredging 
project must begin with recent, high-quality 
hydrographic and bottom coring data. On diffi
cult projects, these data may need to be supple
mented with geophysical information such as 
sub-bottom profiling, and multi-beam or side 
scan, or magnetometer surveys. In general, the 
more information the designer obtains during 
the planning process, the fewer unpleasant sur
prises turn up when the actual work com
mences. 

The hydrographic survey (sometimes called 
bathymetry) is a detailed mapping of the "bot
tom" ofa body of water (see Figure 7). There are 
two formal standards that have been set for ba
thymetry by the NOAA and the U.S. Army 
Corps of Engineers (COE). Of these two, the 
COE Manual EM 1110-2-1003, Hydrographic 
Surveying, is the standard for conducting and 
processing surveys for navigation and dredg
ing projects.2 The COE is, by far, the largest con-

• tractor of navigation surveys and dredging 
projects in the United States and, possibly, in 
the world. As a result, their standards have 
been built from the ground up, and have with
stood considerable scrutiny over the years. 

On any federally funded project, the COE 
also requires adherence to fairly stringent 
qualification and experience requirements for 
the field crews, reduction methods and the su
pervision of surveys. Field crews must be able 
to demonstrate several years of experience 
with automated hydrographic systems, and 
work must be conducted, or supervised, by a li
censed engineer or surveyor, as well as a hy
drographer certified by the American Con
gress of Surveying and Mapping (ACSM). If 
the largest contractor of dredging related work 
has established and adheres to such standards, 
it must be cost-effective. 

The COE's EM 1110-2-1003 manual further 
establishes standards of quality for automated 
and non-automated surveys.2 Automated sur
veys, however, have been proven to be far more 
reliable. Therefore, almost all COE districts no 
longer use non-automated survey methods. 
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FIGURE 7. Hydrographic survey of Davisville Pier, North Kingston, Rhode Island. 

There are several types of automated surveys 
that can be conducted: 

• Reconnaissance surveys (Class 3); 
• Condition surveys (Class 2); and, 
• Quantity surveys (Class 1). 

Of these methods, quantity surveys are the 
most accurate and are used for planning, as 
well as for final dredging. 

Equipment for Class 1 automated surveys 
consists of: 

• A positioning system capable of produc
ing accurate X-Y coordinates within 1 me
ter of true position at 1 second intervals. 

• A sounder or fathometer capable of re
cording and digitizing depths with an ac
curacy of 0.1 feet or less. 

• A computer with software capable of pro-
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ducing navigation guidance, as well as fil
tering and logging data. 

• Some systems also utilize electronic com
pass headings, and in off-shore areas 
where swells or large waves prevail, 
heave-pitch-roll sensors are required. 

X-Y Positioning. Positioning systems have 
made significant advances over the past 
twenty years. Today, the primary systems in 
use are global positioning systems (GPS), and 
range azimuth systems. GPS is the most popu
lar where it is practical for use. A high-accuracy 
GPS, properly set up, can reliably produce po
sitions well under the COE 1-meter standard, 
and newer systems can reduce potential error 
to a few inches. In addition, since GPS data can 
be easily converted to state plane grid systems, 
it reduces reliance on local control, which is 
commonly lost. This ability also aids greatly in 



FIGURE 8. Graphical display during a survey. 

making any conversions to increasingly popu
lar geographic information system (GIS) net
works. 

GPS does, however, have serious limita
tions. For instance, it will not work in enclosed 
areas such as tunnels or under piers. Some 
GPS equipment is very susceptible to multi
path error from bridges, cranes, passing ships 
and the like. The biggest problem with any 
system is the inability to perform final posi
tion closure. Therefore, the experience of the 
field crew becomes critical since they have to 
be alert for situations that will produce errone
ous data. 

Depth Measurement. Reliable depth measure
ment can only be attained through the use of a 
survey-quality echo sounder. These sounders 
are rugged, precise instruments, capable of 
calibration to compensate for variations in wa
ter temperature and salinity, and able to meas
ure depths accurately. Costs start at about 
$15,000 for single frequency and $28,000 for 
dual frequency echo sounders. 

Computers & Software. The onboard com
puter and software system must pt"ecisely 
unite the positioning and depth data (see Fig
ure 8). Due to the harshness of the working en
vironment, computers need to be ruggedly 
packaged to protect them from extreme tem
peratures and moisture. Quality software is 
very important since it must precisely match 
position and depth data to within a small frac
tion of a second. This precision is critical be
cause positioning and depth recording equip
ment normally run at different speeds. When 
sounding at the rate of 10 feet per second, a 
time tagging error of 0.3 seconds will produce 
a position error of 3 feet. Clear, understand
able navigation graphics are also very impor
tant. These graphics allow the boat operator to 
properly cover the survey area without leav
ing unwanted gaps, and also provide for the 
proper monitoring of system performance 
during the survey. 

Tidal Correction. The standard procedure for 
logging tidal data during a survey can be man-
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FIGURE 9. Transducer beam pattern. 

FIGURE 10. A sweep survey. 
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ual or electronic. For precise 
surveys, an electronic tide 
gauge is far more accurate. 
These gauges function 
through the use of a pres
sure transducer placed 
within a " stilling" tube . 
When properly installed, 
this process eliminates all 
errors induced by wave ac
tion and even swells. Fur
ther, it creates a date/time 
versus tide paper chart rec
ord of the day's activities 
that can be referred to at any 
time. Whether the tide is cor
rected in real time, or in post 
processing, is a matter of 
preference, but it should be 
done by only one method 
uniformly within each office 
to reduce the chances of er
ror. 

The newest real-time 
kinematic on-the-fly (RTK
OTF) GPS equipment also 
produce elevation outputs 
accurate to within a few cen-• timeters at rates of five read-
ings per second. This accu
racy has proven suitable for 
providing not only tidal cor
rections, but also corrections 
for ground swell heave and 
vessel squat, which require 
correlating conversions 
from ellipsoid height to lo
cal datum and networking 
these data into the hydrog
raphic software. When us
ing this method, however, 
the tides should still be 
checked regularly by con
ventional means since 
anomalies of up to 2 feet can 
occur as individual satellites 
move in and out of range. 

Common Problems & 
Misconceptions 
Most inaccuracies that occur 



sur,.-eys emanate from two 
sources: 

• The use of inadequate, antiquated or im
proper equipment; and, 

• Inexperience of the personnel utilizing 
the equipment. 

Some surveyors still attempt to prepare hy
drographic surveys using antiquated means 
(such as the use of lead lines, sounding poles or 
even fish finders to obtain depth data), while 
using two transit or transit/ electronic distance 
measurement (EDM) methods for positioning. 
Lead lines and sounding poles leave no paper 
trail, and give no visual picture of what condi
tions exist between soundings. Fish finders and 
depth recorders designed for recreational use 
are routinely too inaccurate to meet survey 
standards. 

Transit cut-in, range positioning and EDM 
positioning may give reasonable positions on a 
stationary boat, but a boat can rarely be held 
stationary while soundings are taken. Two 
pieces of data - the position as shot and then 
the sounding - must be recorded. Collecting 
these data takes at least a few seconds. In that 
time, a boat can drift several feet. Furthermore, 
the depth might be recorded with the wrong 
position, or the depth could be misread or mis
recorded. Also, during this measurement pro
cess, the boat operator has nothing by which to 
navigate, thus the resulting surveys always 
have redundant data in some areas and no data 
in others. Surveys conducted in this manner 
have been the source of some of the largest con
tract disputes. 

A common source of error in any hydrog
raphic survey (automated included) is tidal re
duction, which accounts for at least 50 percent 
of all non-method related survey errors. Crews 
should always check tidal benchmarks and 
completed tide curves against predicted and 
observed tidal elevations. Although wind and 
weather can affect tidal cycles, if the weather is 
fit for surveying, the tidal cycle will rarely dif
fer more than a few tenths of a foot from the 
predicted curves. 

Another common problem in hydrographic 
surveys relates to attaining the proper density 
of soundings. The footprint of a survey trans-

ducer beam equates to shining a flashlight on 
the floor (see Figure 9). At shallow depths, a 
transducer footprint is less than 1 foot in di
ameter. In 40 feet of water it will be 5 to 8 feet 
wide. Although most fathometers record data 
continuously on a sounding line, unless a 
sweep system is employed, no data are col
lected between the lines. For instance, if sound
ing lines are run at 50-foot offsets, there is a 
space between these lines of about 45 feet 
where no data are gathered. For some mainte
nance dredging projects, this void may not 
cause much of a problem since shoaling materi
als are commonly soft. Conversely, on projects 
involving improvement dredging, obstruc
tions (such as rocks or pilings) can be missed 
and, if left undetected, become hazards to navi
gation. Under these conditions, sweep surveys 
employing sounders with multiple transduc
ers and overlapping coverage are required (see 
Figure lCJ) . 

Low-density material, commonly called 
fluff (found especially in freshwater ponds af
ter dredging) can give false readings, and is of
ten the subject of disputes. Employing lower 
frequency transducers (which are available 
down to 28 kHz) can be used to offset this prob
lem. The low-frequency equipment can see 
through fluff. However, there is loss of defini
tion since they employ a wider beam angle. 
Normally, the depths obtained by a low
frequency system need to be compared with 
high-frequency soundings and lead lines or 
corings. 

Summary 
Electronic hydrographic surveying has 
greatly improved the accuracy and reliability 
of data over archaic manual surveying meth
ods. It has also created an abundance of new 
types of data for use in the design of dredging 
projects. Hydrographic surveying technolo
gies are advancing and improving almost 
monthly. Capitalizing on these advances re
quires constant training and a continuing edu
cation process. These advances have ushered 
in a field of highly specialized firms that stay 
at the forefront of the industry, and have 
brought a whole new level of service to a field 
where there is an ever increasing need for 
high-quality data. 
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