
PDHonline Course C488 (3 PDH)

FHWA Bridge Inspector's Manual
Section 11.1 and 11.2 - Waterways

2012

Instructor: Mark P. Rossow, Ph.D, PE Retired

PDH Online | PDH Center
5272 Meadow Estates Drive

Fairfax, VA 22030-6658
Phone & Fax: 703-988-0088

www.PDHonline.org
www.PDHcenter.com

An Approved Continuing Education Provider

http://www.PDHonline.org
http://www.PDHcenter.com


 11.1-i 

 
 

Table of Contents 
 
 
 
 
 
Section 11 ..................................................................................................................................................

Inspection and 
Evaluation of 
Waterways 
 

 

 
 11.1 Waterway Elements ............................................................................. 11.1.1 
 
  11.1.1 Introduction............................................................................. 11.1.1 
  
  11.1.2 Properties Affecting Waterways ............................................. 11.1.2 
  
  11.1.3 Purpose of Waterway Inspections........................................... 11.1.3 
     Identify Critical Damage .................................................. 11.1.3 
     Record Existing Channel Conditions ............................... 11.1.3 
     Monitor Channel Changes................................................ 11.1.3 
  
  11.1.4 Channel Characteristics........................................................... 11.1.3 
     Elements of a Channel...................................................... 11.1.3 

     Types of Channels ............................................................ 11.1.4 
     Meandering Rivers ........................................................... 11.1.4 

     Braided Rivers .................................................................. 11.1.5 
     Straight Rivers.................................................................. 11.1.5 
     Steep Mountain Streams................................................... 11.1.6 
 
  11.1.5 Floodplain Characteristics....................................................... 11.1.6 
 
  11.1.6 Hydraulic Opening Characteristics ......................................... 11.1.7 
      
  11.1.7 Hydraulic Control Structures Characteristics.......................... 11.1.8 



SECTION 11:  Inspection and Evaluation of Waterways 
TOPIC 11.1:  Waterway Elements 

 
 

 11.1-ii

This page intentionally left blank 



 11.1.1

 
 

Section 11 
Inspection and Evaluation of 

Waterways 
 
Topic 11.1  Waterway Elements 
 
11.1.1  

Introduction Rivers are the most dynamic geomorphic system that engineers must cope with in 
the design and maintenance of bridges.  The geomorphic features of the river can 
change dramatically with time. During major floods, significant changes can occur 
in a short period of time. While rivers are dynamic, bridges do not usually move, 
other than in keeping with planned structural deflections resulting from anticipated 
static and dynamic loading of the structure. 
 
There are several ways in which channels can change and thereby jeopardize the 
stability and safety of bridges.  The channel bed can scour (degrade) so that bed 
elevations become lower, undermining the foundation of the piers and abutments. 
Deposition of sediment on the channel bed (aggradation) can reduce conveyance 
capacity through the bridge opening. Flood waters are then forced around the 
bridge, attacking roadway approaches, channel banks, and flood plains. Another 
consequence of aggradation is that the river stage may be increased to where it 
exerts lateral thrust and lift on the deck and girders of the bridge. The other 
primary way in which bridges can be adversely affected by a waterway is through 
bank erosion or avulsion, causing the channel to shift laterally.  These phenomena 
of aggradation, degradation or scour, bank erosion, and lateral migration can be a 
result of natural or induced causes and can adversely affect the bridge (see Figure 
11.1.1).  See Topic 11.2 for detailed descriptions of waterway deficiencies.   
 
Of all the bridges in the National Bridge Inventory (NBI), approximately 86% are 
built over waterways.  Bridge inspectors need to understand the relationship 
between the bridge and waterway elements.  This understanding involves being 
able to recognize and identify the streambed, embankments, floodplain, and stream 
flow so that an accurate assessment and record of the present condition of the 
bridge and waterway can be determined. 
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 Figure 11.1.1 Pier Foundation Failure 

11.1.2  

Properties 
Affecting 
Waterways 

Safety is a major concern in the inspection of bridges over active waterways. 
Various properties can affect waterways and structures. 
 

 The physical characteristics of the bridge and waterway, including 
streambed material. 

 The geomorphic history of the waterway (history of changes in the 
location, shape, and elevation of the channel). 

 The hydraulic forces imposed on the bridge by the waterway. 
 Changes in the river channel or flow due to development projects (such as 

dams, diversions, and channel stabilization) or natural phenomena. 
 The physical interaction between the abutments, piers, and footings 

supporting the bridge and the impact of hydraulic conditions.  
 The condition of hydraulic control structures that have been utilized to 

help protect the bridge and adjacent channel. 
 Changes in the sediment balance in the stream due to nearby streambed 

stream gravel mining or landslides. 
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11.1.3  

Purpose of 
Waterway 
Inspections 
 

There are three major purposes for conducting waterway inspections. 
 

 Identify critical damage 
 Record existing channel conditions 
 Monitor channel changes 

 
Identify Critical Damage Waterway inspections are needed to identify conditions that cause structural 

collapse.  Deficient piling along with damage or deterioration to foundation 
members can only be detected during a waterway inspection.  Entering the water 
and probing around the foundations is necessary to detect loss of foundation 
support.  
 

Record Existing 
Channel Conditions 

Waterway inspections are conducted to create a record of the existing channel 
conditions adjacent to the bridge.  Conditions such as channel opening width, 
depth at substructure elements, channel cross-section elevations, water flow 
velocity, and channel constriction and skew should be noted and compared to 
previously recorded conditions.   
 
Accessing the waterway to measure and record channel conditions may be 
restricted by several factors including channel width and depth, flow velocity, or 
pollution.  These factors may require the bridge inspector to return to the site 
during a period of low flow.  Alternatively the inspector may need to consider 
using an alternate means of waterway access, such as a boat, or an alternative 
inspection technique, such as underwater diving inspection. 
 

Monitor Channel 
Changes 

Current waterway inspection data should be compared to previous inspection data 
in order to identify channel changes.  This “tracking” of channel change over time 
is an important step in ensuring the safety of the bridge.  Over time, vertical 
changes, due to either degradation or aggradation processes, or horizontal 
alignment changes, due to lateral migration of the channel, could result in 
foundation undermining, bridge overtopping, or even collapse of the structure.  If 
major changes are found, a formal scour analysis of the site, involving a multi-
disciplinary team of engineers, may be needed to estimate floodwater elevations, 
velocities, angle of attack, and potential scour depths.  Potential threats to bridge 
members caused by channel changes can thus be dealt with before damage actually 
occurs.  See Topic 11.2 for the inspection and evaluation of waterways.  
 

11.1.4  

Channel 
Characteristics  
 

The channel is the well-defined depression that contains and guides stream flow 
during normal flow conditions (see Figure 11.1.2).  
 

Elements of a Channel  Streambed - the bottom or floor of the channel.  The lowest elevation of 
the streambed is the “thalweg” elevation. 

 Embankments - the sloped sides of the channel, which extend from the 
streambed to the surrounding ground elevation (floodplain). 

 Streamflow - the water, suspended particles, chemicals, and any debris 
moving through the channel. 
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 Figure 11.1.2 Typical Waterway Cross Section Showing Well Defined Channel 

Depression 

Types of Channels Knowledge of the type and profile of a waterway or river channel is essential to 
understand the hydraulics of the channel and its potential for change. The type of 
river may dictate certain tendencies or responses that may be more adverse than 
others. To aid in this understanding, various key river classes are briefly explained. 
Rivers can be broadly classified into four categories: 
 

 Meandering rivers 
 Braided rivers 
 Straight rivers 
 Steep mountain streams 

 
Meandering Rivers Meandering rivers consist of a series of bends connected by crossings. In general, 

pools exist in the bends.  The dimensions of these pools vary with the size of the 
river, flow conditions, radius of the curvature of the bends, and type of bed and 
bank material. Such rivers are fairly predictable and experience relatively slow
velocities.  They change at a relatively slow rate and in a predictable manner, 
except during catastrophic flood events. Figure 11.1.3 illustrates the major 
characteristics of a meandering river. 
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 Figure 11.1.3 Meandering River 

Braided Rivers Braided rivers consist of multiple channels that are intertwined in braided form. At 
flood stages, the appearance of braiding is less noticeable. The bars dividing the 
multiple channels may become submerged, and the river will appear to be 
relatively straight.  Braided rivers have steeper slopes and experience higher 
stream flow velocities which may cause larger scour or undermining problems. 
 
Braided rivers can change rapidly, causing different velocity distributions, partial 
blockages of portions of the waterway beneath bridges, and larger quantities of 
debris that can be a hazard to bridges and cause accelerated scour. Figure 11.1.4 
illustrates the plan view of typical rivers, including meandering, straight, and 
braided. This figure also relates form of river to channel type based on sediment 
load and relative stability of river type. 
 

Straight Rivers Straight rivers are something of an anomaly. Most straight rivers are in a transition 
between meandering and braided types. In straight rivers, any development that 
would flatten the gradient would accelerate change from a straight system to a 
meandering system.  Conversely, if the gradient were increased, the channel may 
become braided.  Therefore, in order to maintain the straight alignment over a 
normal range of hydrologic conditions, it may become necessary to utilize channel 
hydraulic control measures. The characteristics of straight rivers are identified in 
Figure 11.1.4. 
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 Figure 11.1.4 Plan View of Rivers 

Steep Mountain 
Streams 

Steep mountain streams are controlled by geologic formations, rock falls, and 
waterfalls.  They experience very small changes in either plan form or profile 
when subjected to the normal range of discharges. The bed material of such river 
systems can consist of gravel, cobbles, boulders, or some mixture of these different 
sizes. Even though these rivers are relatively stable, they can experience 
significant velocity and flow changes during episodic flood events. 
 

11.1.5  

Floodplain 
Characteristics  

The floodplain is the overbank area outside the channel that carries flood flows in 
excess of channel capacity (see Figure 11.1.5).  It is common to find bridges built 
within the floodplain.  For many structures, the floodplain is quite large, as 
compared to the channel.  Observations made during periods of high water can 
help the inspector identify the floodplain. 
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 Figure 11.1.5 Typical Floodplain 

11.1.6  

Hydraulic 
Opening 
Characteristics  

The hydraulic opening is the entire area beneath the bridge which is available to 
pass flood flows (see Figure 11.1.6).  The bottom of the superstructure, the two 
bridge abutments, and the streambed or ground elevation binds the hydraulic, or 
waterway, opening.  For multiple spans, intermediate supports such as piers or 
bents restrict the hydraulic or bridge waterway opening.  
 
A common term, freeboard, is used to describe the distance from the bottom of the 
superstructure to the top of the water surface at a specific reference point (see 
Figure 11.1.5).  Measurements of freeboard can fluctuate due to the flow rate in 
the waterway and the elevation of the streambed and floodplain.  This 
measurement, in conjunction with average water depth, enables bridge inspectors 
to detect sudden or drastic changes in the water elevation from inspection to 
inspection by comparing freeboard measurements from past inspections.  The term 
design freeboard is the expected freeboard at design flood flow. 
 

 

Hydraulic Opening

 
 Figure 11.1.6 Hydraulic Waterway Opening 
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11.1.7  

Hydraulic Control 
Structures 
Characteristics 

Hydraulic control structures are often utilized to provide protection for bridges 
against lateral migration of the channel and against high velocity flows and scour. 
A hydraulic control structure is a man-made or man-placed device designed to 
direct stream flow and protect against lateral migration or undermining.  These 
flow control structures may be utilized either at the bridge, upstream from the 
bridge, or downstream from the bridge.  Control structures are designed by 
hydraulic and geotechnical engineers and are installed to redirect stream flow and 
flood flows within the watercourse and through the bridge waterway opening. 
Some of the more common hydraulic control structures include: 
 

 Riprap 
 Spurs 
 Guidebanks 
 Gabions 
 Slope stabilization methods 
 Channel lining 
 Footing aprons 

 
Riprap consists of properly sized and graded rock that is either natural or 
manmade, placed adjacent to abutments, piers, or along embankments (see Figure 
11.1.7).  Riprap should be protected against subsurface erosion by filters formed 
either of properly graded sand/gravel or of synthetic fabrics developed and utilized 
to replace the natural sand/gravel filter system. It must be placed on an adequately 
flat slope to be able to resist the forces of the flowing water. This generally 
requires placement of the riprap on side-slopes that range between 1.5 or 3.0 
horizontal to 1 vertical (1.5H:1V to 3H:1V), depending upon the design criteria. 
Flatter side-slopes of such as 3H:1V are preferable.  Proper design and placement 
of riprap is essential.  Inappropriate installations can aggravate or cause the 
conditions they were intended to correct or prevent. 
 
Spurs are devices designed to protect as well as redirect stream flow (see Figure 
11.1.8).  Common applications occur on meandering rivers.  The spurs are placed 
at the outside of the meandering bends to redirect the flow and minimize lateral 
stream migration.     
 
Guidebanks are constructed to redirect flood flows smoothly through the bridge 
waterway opening without endangering end substructure units from scour (see 
Figure 11.1.9).  Scour hole formation occurs at the ends of the guidebanks rather 
than at the structure. 
 
Gabions consist of rectangular rock-filled wire mesh baskets anchored together 
and generally anchored to the surface which they are designed to protect, such as 
embankments and substructure footings (see Figure 11.1.10). Gabions may be 
placed on steeper slopes than riprap or may even be stacked vertically, depending 
upon the design procedure and site conditions. 
 
Slope stabilization methods consist of the placement of geotextiles, wire mesh, or 
plantings on the existing channel embankments (see Figure 11.1.11).  It is 
anticipated the various stabilization methods will fill with sediment and help 
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sustain plant growth.  The roots from the plants contribute to stabilize the 
embankment or flood plane.  
 
Channel lining is normally a concrete or bituminous pavement on the channel 
embankment and sometimes extends across the streambed. Channel linings also 
may be revetment mats or some other form of bed armoring (see Figure 11.1.12).
A typical revetment mat is formed by interlocking precast concrete blocks placed 
on a geotextile fabric.  The interlocking matrix allows for use over varying land 
contours and grades.   
 
Footing aprons are protective layers of material surrounding the footing of a 
substructure unit.  Footing aprons usually consist of cast-in-place concrete (see 
Figure 11.1.13).  Footing aprons protect footings from undermining.  The aprons 
are not a structural element of the abutment or pier footings. 
 

 

 
 Figure 11.1.7 Crushed Stone Riprap 
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 Figure 11.1.8 Spurs Constructed on Mackinaw River (Illinois Route 121) 

 

 
 Figure 11.1.9 Guidebanks Constructed on Kickapoo Creek Near Peoria, Illinois 
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 Figure 11.1.10 Gabion Basket Serving as Slope Protection 

 

 
 Figure 11.1.11 Wire Mesh and Grass Slope Stabilization 
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 Figure 11.1.12 Concrete Revetment Mat (Photo Courtesy of CSI Geosynthetics) 

 

Excavation to competent
bedrock or to elevation
below potential scour depth

 
 Figure 11.1.13 Concrete Footing Apron to Protect a Spread Footing from 

Undermining  
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Topic 11.2  Inspection of Waterways 
 
 
11.2.1  

Introduction The bridge inspector must be able to correctly identify and assess waterway 
deficiencies when performing a bridge waterway inspection.  Accurate bridge 
waterway inspections are vital for the safety of the motoring public.  For this to 
happen, the bridge inspector should have a thorough understanding of the different 
types of waterway elements and deficiencies, as well as the various inspection 
techniques.  See Topic 11.1 for detailed descriptions of various waterway 
elements.   
 
Waterway deficiencies are properties of the waterway or substructure members 
that work to act negatively on the structural integrity of the bridge.  They are 
mostly interrelated and when a change in one of these properties occurs, others are 
also affected.     
 

11.2.2  

Waterway 
Performance 
Factors 
 

 

Waterway Alignment In general, bridges are designed so that the flow passes through the waterway 
parallel to the axes of the abutments and the piers. If the path of flow shifts in 
direction as a result of continued lateral movement so that it approaches the 
abutments and the piers at a significant skew angle, the capacity of the waterway 
can be reduced.  More significantly, local scour will be increased and may lead to 
the failure of the structure.  This depends upon the original design conditions and 
the degree of change resulting in misalignment in the flow with the critical 
elements supporting the structure.  Any change in direction of the approach of the 
flow to the bridge and any change in the angle at which the flow hits or impinges 
on the abutments and piers should be carefully noted.  Observations of local 
change in flow directions and surveys of changes in bed and bank elevations must 
also be made.  Evaluation of aerial photographs over time is extremely useful in 
assessing changes in waterway alignment.  All of this information may be utilized 
to rate the severity of increasing misalignment in the flow on bridge safety.  
 
Example of channel misalignment: If the approaching flow impinges on 
rectangular piers at an angle of 45 degrees versus flowing parallel to the axis of the 
piers, the depth of scour may be increased by a factor of two or more. The actual 
factor of increase depends upon the characteristics of the bed material, the pier 
type, and the duration of the flood. 
 
For bridges spanning over wide floodplains, the approach angle of the low flow 
channel may not be significant.  In these cases it is the alignment of the floodplain 
flow during the larger floods that will determine the magnitude of local scour. 
 

Streamflow Velocity Streamflow velocity is a major factor in the rate and depth of scour.  During flood 
events, the streamflow velocity is increased, which produces accelerated scour 
rates and depths.  At high streamflow velocities, bridge foundations have the 
greatest chance to become undermined (see Figure 11.2.1). 
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 Figure 11.2.1 Flood Flow Around a Pier Showing Streamflow Velocity 

 The streamflow velocity depends on many variables.  One of these variables is the 
stream grade.  A steep stream grade will produce high streamflow velocities, while 
a flat stream grade produces low streamflow velocities.  Other variables that affect 
the streamflow velocity include the waterway alignment, the hydraulic opening, 
any natural or man-made changes to the stream, flooding, etc. 
 

Hydraulic Opening It is necessary to consider the adequacy of the hydraulic opening (the cross-
sectional area under the bridge) to convey anticipated flows, including the design 
flood, without damage to the bridge. It is essential to maintain a bridge inspection 
file comparing original conditions in the waterway at the time the bridge was 
constructed to changes in the cross-sectional area of the channel under the bridge 
over time. 
 
The primary method of assessing loss of cross-sectional area of the hydraulic 
opening is to determine channel bed elevation changes. This can be determined by 
a periodic survey of the channel bed or by taking soundings from the bridge. 
Typically, a number of survey or sounding points spaced across the bridge opening 
are established to determine changes in cross-sectional area. The lateral location of 
these surveyed points should be noted so that as subsequent inspections are 
conducted, the survey points can be repeated to maintain consistency. 
Photographs from key locations can be used to document debris and vegetation 
that can block the bridge opening. 
 
Stream gages in the vicinity of the bridge may be useful in evaluating the 
adequacy of the waterway in relationship to changing hydraulic conditions.  For 
example, stage-discharge curves based on discharge measurements by the United 
States Geological Survey (USGS) or other agencies and shifts in rating curves may 
indicate changes in channel bed elevation and cross section. 
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Streambed Material The size, gradation, cohesion, and configuration of the streambed material can 

affect scour rates.  The size of the streambed material has little effect on the depth 
of scour, but can affect the amount of time needed for this depth to be attained. 
Cohesive streambed materials that are fine usually have the same ultimate depth of 
scour as sand streambeds.  The difference is that the cohesive streambeds take a 
longer period to reach this ultimate scour depth.  For these reasons, the streambed 
type is important and should be correctly evaluated by the bridge inspector. 
Streambed rates of scour for different types of material are described later in this 
topic. 
 

Substructure Shape Substructure members on old bridges were not necessarily designed to withstand 
the effects of scour.  Wide piers and piers skewed to the flow of the stream can 
contribute to an increase the depth of scour.  Due to increased awareness of bridge 
waterway scour, recent substructure members have been designed to allow the 
stream to pass through with as little resistance as possible.  Many newer piers have 
rounded or pointed noses, which can decrease the scour depth by up to 20%. 
 

Foundation Type Footings that are undermined, but founded on piles are not as critical as spread 
footings that are undermined.  The inspector should determine the substructure 
foundation type, in order to properly evaluate the substructure and the waterway. 
The foundation type may often be determined from design and/or construction 
drawings.  In some older bridges, the foundation type is not known.  In this case, 
advanced inspection techniques by a trained professional may be required to verify 
the foundation type. 
 

11.2.3  

Waterway 
Deficiencies 
 

 

Scour The most common bridge waterway deficiency is scour, which may adversely 
impact bridge piers and abutments.  Scour is the removal of material from the 
streambed or embankment as a result of the erosive action of streamflow. 
 
Degradation and aggradation are long-term streambed elevation changes. 
Degradation is the gradual and even lowering of the streambed elevation due to a 
deficiency in sediment load available for transport via the stream (see Figure 
11.2.2).  Aggradation is the gradual and even rise in streambed elevation from 
deposition or buildup of streambed material, due to an overabundance of sediment 
load available for transport via the stream. (see Figure 11.2.3). 
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 Figure 11.2.2 Streambed Degradation  

 

 
 Figure 11.2.3 Streambed Aggradation 

 The rate of scour will vary for different streambed materials, and for different 
streamflow rates.  For a given streamflow rate, a streambed material will scour to a 
maximum depth in a given time.  The following are examples for different types of 
streambeds and their corresponding scour rate: 
 

 Dense granite:  centuries 
 Limestone:  years 
 Glacial tills, sandstone and shale:  months 
 Cohesive soils (clay):  days 
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 Sand and gravel:  hours 
 
There are four forms of scour that must be considered in evaluating the safety of 
bridges: 
 

 General scour  
 Contraction scour 
 Local scour 
 Lateral stream migration 

 
 General Scour 

 
General scour can occur in a short time with the right conditions.  General scour or 
degradation scour would occur whether or not there was a bridge crossing or 
constriction in the stream. General scour degrades the bed along some 
considerable length of the river (see Figure 11.2.4). 
 

 

 
 Figure 11.2.4 General Scour  

 General scour may be a result of the natural erosion and downcutting process that 
rivers experience through the years. This scour type may be accelerated by natural 
cutoffs in a meandering river, which steepens the channel gradient, increasing both 
the velocity of flow and hence scour. General scour may also be accelerated by 
various types of development or river modification, such as: 
 

 Upstream dam construction 
 Dredging 
 Straightening or narrowing of the river channel 

 
Changes in downstream elevation, such as at the confluence with another river 
which is undergoing scour of its own, can cause general scour in the upstream 
river. Since general scour involves degradation of the channel bed along some 
considerable distance of channel, major facilities are sometimes used to control 
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scour. These facilities can include a series of drop structures (small dam-like 
structures) or other scour protection of the riverbed.  Presence of such structures 
may be indicative that the channel is experiencing scour. 
 
Factors that may cause changes in general scour include: 
 

 Water resources development, such as upstream diversions and upstream 
dams 

 Changes in channel alignment or dimensions 
 Urbanization of the watershed (conversion of a more natural or 

agricultural area to a city) 
 Other land use changes 

 
These changing conditions may cause aggradation, loss of waterway cross section, 
or general scour.  This may reduce the degree of safety experienced by the 
abutments and the piers, because of the changed hydraulic conditions and the 
changed channel geometry. In this case, it is essential to refer to the bridge 
inspection file and study historical changes that have occurred in the bed elevation 
through the waterway.  If possible, these changes should be related to specific 
causes to assess the present safety of the bridge.  These changes also provide 
insight as to future conditions that may be imposed by changed flow conditions, 
watershed development, or other conditions affecting the safety of the bridge. 
 

 Contraction Scour 
 
Contraction scour results from the acceleration of flow due to a natural 
contraction, a bridge contraction, or both (see Figures 11.2.5 and 11.2.6). A bridge 
length may be shortened to reduce the initial cost of the superstructure.  However, 
this shortened bridge results in a smaller hydraulic opening which can lead to 
contraction scour (see Figure 11.2.7). 
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 Figure 11.2.5  Severe Contraction Scour 
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 Figure 11.2.6 Severe Contraction Scour at a Multiple-Span Bridge Site  

 

 
 Figure 11.2.7 Large number of Piers Combine to Reduce the Hydraulic Opening 

 Some common causes that can lead to contraction scour include: 
 

 A natural stream constriction such as hard rock on embankment slopes. 
 Excessive number of piers in the waterway (see Figure 11.2.7) 
 Heavy vegetation in the waterway or floodplain (see Figure 11.2.8). 
 Bridge roadway approach embankments built in the floodplain 

constricting the waterway opening.  The overbank area of the floodplain is 
restricted by the bridge approach embankments extending partially across 
the floodplain (see Figure 11.2.5). 
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 Formation of sediment deposits within the waterway along the inside 
radius of curved waterways (sandbars), and along embankments that 
constrict or reduce the available waterway opening (see Figure 11.2.9). 

 Ice formation or ice jams that temporarily reduce the waterway opening 
and produce contraction (see Figure 11.2.10). 

 Debris buildup, which often reduces the waterway opening (see Figure 
11.2.11). 

 
The effects of contraction scour can be very severe. 
 

 

 
 Figure 11.2.8 Vegetation Constricting the Waterway  

 

 
 Figure 11.2.9 Sediment Deposits Within the Waterway Opening  
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 Figure 11.2.10 Ice in Stream Resulting in Possible Contraction Scour  

 

 Figure 11.2.11 Debris Build-up in the Waterway 
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 Local Scour 
 
Local scour occurs around an obstruction that has been placed within a stream, 
such as a pier or an abutment and can either be clear-water scour or live-bed scour.
 
Clear-water scour occurs when there is no bed material transport upstream of the 
bridge.  It occurs in streams where the bed material is coarse, the stream grade is 
flat, or the streambed is covered with vegetation except in the location of 
substructure members. 
 
Live-bed scour occurs when local scour at the substructure is accompanied by bed 
material transport in the upstream waterway. 
 
The cause of local scour is the acceleration of streamflow resulting from vortices 
induced by obstructions (see Figure 11.2.12).  Some common obstructions are:  
 

 Abutments – floodplain overbank flow is collected along and forced 
around abutments at high velocities (see Figure 11.2.13). 

 Wide Piers - scour depth is proportional to width (see Figure 11.2.14). 
 Long Piers - can produce multiple vortices and greater scour depth if the 

pier is at an angle to the flow direction (see Figure 11.2.15). 
  Unusually Shaped Piers - can increase vortex magnitude.  A square-nosed 

pier will have maximum scour depth, about 20 percent deeper than a 
sharp-nosed pier and 10 percent deeper than a cylinder or round-nosed 
pier. 

 Bridge Piers Skewed to the Direction of Streamflow - can increase both 
contraction scour and local scour because of increased (projected) pier 
width effects.  This skew can be dramatically different during low flow 
versus high flows. 

 Depth of Streamflow - increases vortex effect on the streambed.  An 
increase in flow depth can increase scour depth by a factor of 2 or more 
(see Figure 11.2.16). 

 Streamflow Velocity - as streamflow velocity increases vortex action can 
be magnified considerably. 

 Unstable Streambed Material - can contribute to the occurrence of local 
scour. 

 Irregular Waterway Cross Section - can result in local scour at 
substructure units in the waterway. 

 Debris Accumulation - and ice cakes piled up against piers can produce 
the same effect as a wider pier, increasing both contraction and local scour 
effects.  Debris should be removed as a safety precaution to prevent pier 
failure 
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 Figure 11.2.12 Local Scour at a Pier  

 

 
 Figure 11.2.13 Local Scour at an Abutment 
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 Figure 11.2.14 Wide Pier 

 

 
 Figure 11.2.15 Long Pier 
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 Figure 11.2.16 Local Scour Due to Streamflow Behavior in Deep Water 

 Scour depths resulting from local scour are larger than those from general scour, 
often by a factor of ten. However, if there are major changes in hydrologic 
conditions resulting from such factors as construction of large dams and water 
resources development, the general scour can be the larger element in the total 
scour. 
 
Bridges in tidal situations are particularly vulnerable to local scour.  A strong tidal 
current whose direction reverses periodically causes a complex local scour 
phenomenon around a bridge substructure.  This local scour is caused by an 
imbalance between the input and output sediment transport rates around the pier, 
and it has a negative influence on the stability of the bridge. 
 
To properly evaluate local scour and impacts of changes in hydrologic and 
hydraulic conditions on local scour, it is essential to develop and refer to that 
component of the bridge inspection file which deals with local scour. With each 
inspection, critical supporting elements of the bridge should be subjected to careful 
survey to determine the degree of local scour that has developed over time. By 
referring to this history of change in local scour, it can be determined whether or 
not the maximum local scour has occurred and the relationship of this maximum 
local scour to bridge safety. 
 
If the survey of the magnitude of local scour indicates increased local scour with 
time and furthermore verifies that the local scour exceeds the anticipated 
maximum local scour when the bridge was designed, remedial measures must be 
taken to protect the bridge. Surveys of local scour along the abutments and around 
the piers are most often done during periods of low flow when detailed 
measurements can be made, either by wading and probing, by probing from a boat, 
by the use of divers, or by sonic methods. The pattern of survey should be 
established and remain the same during the life of the bridge, following either a 
fixed radial or a rectangular grid.  Changes in magnitude of local scour can then be 
compared at specific points over time. 
 
The greatest problem associated with determining the magnitude of local scour 
relates to maximum local scour occurring at flows near flood peak followed by a 
period of deposition of sediments in the scour hole after the flood peak has passed 
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and during low-flow periods. Consequently, a bridge rating should be based upon 
maximum scour that occurred during floods but not based upon examination of 
bed levels around abutments and piers during low-flow periods.  Hence, it is 
necessary to use a variety of techniques to differentiate between maximum scour 
that may have occurred during flood periods and apparent scour after periods of 
low flow. 
 
The inspector should consider utilizing straight steel or aluminum probing rods to 
probe loose sediments deposited along abutments and around footings; if sediment 
is finer than average bed material sizes or if the sediment is easily penetrated by 
the rod, it is indicative that the present sediment has accumulated in the scour hole 
and local scour is more severe than indicated by present accumulations of 
sediments.  Core samples may also be used to differentiate between backfill in the 
scour hole and the bottom of the scour hole. It may be possible to use geotechnical 
means as another alternative to differentiate between materials that have deposited 
in the scour hole and the bottom of the scour hole. It may also be necessary to use 
underwater surveys using divers, or perhaps to even divert water away from 
critical elements to allow removal of loose backfill material.  The inspector can 
then determine the true level of maximum scour in relationship to the bridge’s 
supporting structural elements. 
 
The problem of accurately determining maximum local scour and rate of change of 
local scour over time is one of the most difficult aspects of bridge inspection and is 
one of the most important aspects of evaluating bridge safety.  Additional research 
is being conducted to provide better guidelines for investigating local scour in 
relationship to bridge safety.  
 

 Lateral Stream Migration 
 
Lateral stream migration or horizontal change in the waterway alignment is 
another type of scour that can also threaten the stability of bridge crossings. 
Embankment instability typically results from lateral stream movement at a bridge 
opening and has often been the primary cause in a number of bridge collapses 
around the country.  Bridge abutments are often threatened by this type of scour
(see Figure 11.2.17).   
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 Figure 11.2.17 Lateral Stream Migration Endangering a Full Height Abutment  

 Lateral stream migration is very common and can result from a variety of causes. 
Channel changes contributing to lateral stream migration include: 
 

 Stream meander changes (see Figure 11.2.18) 
 Channel widening or degradation (see Figure 11.2.19) 
 Manmade channel changes 

 
 

 
 Figure 11.2.18 Stream Meander Changes  
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 Figure 11.2.19 Channel Widening 

11.2.4  

Effects of Waterway 
Deficiencies 
 

 

Material Defects 
 
 
 
 
 
 
 
 
 
 
 

Material defects that can be caused by waterway deficiencies include the 
deterioration and damage (i.e. abrasion, corrosion, scaling, cracking, spalling, and 
decay) to channel protection devices and substructure members.   
 
As an integral part of the waterway inspection, careful consideration should be 
given to the identification of material defects. A loss of quality and quantity of 
materials required to provide bridge safety may occur in a variety of ways. A
careful record of changes in characteristics of materials should be recorded in the 
bridge inspection file.  Changes over time can be compared and any decision 
concerning maintenance requirements or replacement becomes more 
straightforward with historic information available. 
 

Bridge Damage Waterway deficiencies that are severe have the capability to cause damage to 
bridges.  Effects of waterway deficiencies on bridge members include 
undermining, settlement, and failure. 
 
Undermining 
 
Undermining is the scouring away of streambed and supporting foundation 
material from beneath the substructure (see Figure 11.2.20).  Excessive scour often 
produces undermining of both piers and abutments.  Such undermining is a serious 
condition, which requires immediate correction to assure the stability of the 
substructure unit.   
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 Figure 11.2.20 Scour and Undermining  

 The undermining of structural elements is basically an advanced form of scour. It 
is essential to determine whether or not undermining has a potential to develop, as 
well as whether it has already occurred.  Undermining can pose an immediate 
threat to safety and must be addressed immediately. 
 
With small bridges, L-shaped rods can be used to probe at the base of footings to 
determine possible undermining. On the other hand, undermining may be very 
difficult to identify due to the redeposition of sediments during periods of low flow 
after undermining has occurred. However, in those channels where the bed is 
formed of coarse rock and the sediment supply to the bridge crossing is small, it is 
possible to inspect the footings because the backfill with fine sediments during 
periods of low flow generally does not occur.  
 
For areas not accessible to effective probing from above water, it is essential to 
employ underwater inspection techniques utilizing divers.  Whenever possible, the 
inspector should take detailed measurements, showing the height, width, and 
penetration depth of the undermined cavities.   Refer to Topic 11.3 for a more 
detailed description of underwater inspections. 
 
Settlement 
 
Local scour and undermining is typically most severe at the upstream end of the 
substructure and, if not corrected, may result in differential settlement (see Figure 
11.2.21). 
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 Figure 11.2.21 Pier Settlement due to Undermining  

 Failure 
 
When undermining and settlement go undetected for some length of time, the 
bridge may become unstable, and be subject to failure or collapse.  Failure may 
occur over a period of time, or it may be a very rapid process occurring during a 
flood event. 
 

11.2.5  

Inspection 
Preparation 

It is necessary to identify and assemble the documentation and equipment required 
to conduct the waterway inspection. The required equipment will depend upon the 
characteristics of the river, the characteristics of the bridge, and the accessibility of 
the site. 
 

Information Required Necessary information is required for a comprehensive, well-organized inspection
of waterways. 
 
Examine any previous hydraulic engineering scour evaluation studies on the 
bridge.  These studies provide theoretical ultimate scour depths for the bridge 
substructure elements.  Review original drawings and previous inspection report 
data taken from successive inspections to determine the foundation type and 
streambed material.  Establish whether the waterway is stable, degrading or 
aggrading. 
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Become familiar with site conditions and channel protection installations.  Verify 
if there is a change in the hydraulic opening by reviewing previous channel cross 
sections and profiles.  Examine the photographs to determine any changes in the 
channel alignment. 
 
Considering the complexity of the inspection and the equipment and materials 
needed to execute the inspection, the inspector should develop a detailed plan of 
investigation, as well as forms for recording observations. A systematic procedure 
should be used each time the bridge is surveyed to provide a means of accurately 
identifying changes that have occurred at the bridge site, which may affect the 
safety of the bridge. 
 

Inspection Requirements Prior to beginning the inspection, the bridge inspector should understand the type 
and extent of the inspection required.  Waterway inspections are typically 
accomplished by either surface inspection or underwater diving inspection. 
 
Surface or “wading” inspection is conducted on shallow depth foundations. 
Submerged substructure, streambed and embankments are often accessible by 
inspectors using hip boots or chest waders and probing rods (see Figure 11.2.22). 
Additionally, boats are often used as a surface platform from which to gather 
waterway data, including channel cross-sections, pier soundings, etc.  
 
Underwater diving inspection is required when the foundations are deep into 
water.  Site conditions often require waterway and submerged substructure units to 
be evaluated using divers, in order to obtain complete, accurate data.  This is 
especially true when water depths are too great for wading inspection, and/or 
undermining of substructure elements is suspected.   
 

Equipment Equipment required to inspect bridges is listed and described in Topic 3.4. 
Additional equipment may be required for the inspection of waterways.  The type 
of equipment needed for a waterway inspection is dependent on the type of 
inspection.  The following is a list that represents the most common waterway 
inspection equipment. 
 

 Probing rods and waders (see Figure 11.2.22) 
 Sounding line (lead line to measure depths of scour) 
 Fathometer to determine water depth  
 Diving equipment (see Figure 11.2.23 and Topic 11.3) 
 Boat, oars, motor, and anchor 
 Surveying equipment (level or transit) 
 Survey tapes and chains 
 Level rod 
 Compass 
 Underwater camera and video recorder  
 Underwater to surface communication equipment 
 Past climatic and hydrologic records 
 Stopwatch to time stream velocity and record diver durations under water 
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 Figure 11.2.22 Probing Rod and Waders 

 

 
 Figure 11.2.23 Surface Supplied Air Diving Equipment  
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Special Considerations Special considerations should be given to the site conditions and the navigational 
controls that may adversely affect the safety of the bridge inspector and others.   
 
Site conditions such as rapid stream flow velocity, pollution levels, safety 
concerns, and conditions requiring special attention need to be accounted for 
during a waterway inspection (see Figure 11.2.24). 
 
Navigational control is necessary when inspecting large waterways.  The Coast 
Guard should be notified in advance of inspections where navigational controls are 
needed.  Other navigational controls include boat traffic, operational status and 
condition of dolphins and fenders, dam releases (see Figure 11.2.25). 
 

 

 
 Figure 11.2.24 Rapid Flow Velocity  

 

 
 Figure 11.2.25 Navigable Waterway  
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11.2.6  

Inspection 
Procedures and 
Locations 
 

 

 Inspection procedures include: 
 

 Visual 
 Probing 
 Measure/Document 

 
Visual The primary method used to inspect waterways is visual.  The inspector must look 

at the site in the vicinity of the bridge.  The inspector also needs to look at the 
flood plain.  This observation may have to be done during periods of high water 
flow. 
 

Probing After the inspector gets the general condition by visually inspecting the bridge site, 
the next step is to probe for any scour or undermining.  Care should be taken to 
adequately press the probing rod into the soil in the streambed.  Sometimes scour 
holes are loosely filled with silt.  This silt may be washed away quickly during the 
next period of high stream flow velocity, permitting additional scour.  
 

Measure/Document Measurements to obtain the cross section and profile must be taken.  These 
measurements are used to analyze the area of the hydraulic opening and help 
determine need for and design of mitigation measures.  The cross section under the 
bridge can be measured with a surveyor’s tape or rod.  The stream profile can be
measured with a hand level, survey tape and surveying rod (see Figures 11.2.26 
and 11.2.27).  The streambed profile and hydraulic opening should be compared to 
previous inspections. 
 

 

 Figure 11.2.26 Streambed Cross-Section  
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Rod Height - U.S. Rod Height - D.S.
Eye Level

CL Bridge

10 ft Intervals* for 
50 ft min.

10 ft Intervals* for 
50 ft min.

* Suggested  
 Figure 11.2.27 Streambed Profile  

 When inspecting the bridge waterway, three main areas are of concern.  These 
areas include the channel under the bridge, the upstream channel, and the 
downstream channel. 
 

Channel Under the 
Bridge 

Substructure 
 

 Inspect substructure units below water level for defects, damage and 
foundation condition (see Figure 11.2.28). 

 Measure heights and lengths of foundation element exposures, and 
dimensions of foundation undermining (opening height, width, and 
penetration depth), as applicable.  Document with sketches and photos. 

 Note location of high water mark on abutments and piers. 
 Plumb face of abutments and piers for local settlement (see Figure 

11.2.29). 
 Check abutments and piers for accumulations of debris (drift). 
 In case of damage to scour countermeasures, check condition and function 

of channel protection devices adjacent to substructure units. 
 In case of changes in streambed elevations generate streambed profile. 
 In case of changes in streambed cross section generate streambed cross-

sections for typical upstream, downstream, and under structure waterway 
configurations. 

 Locate and contour large scour holes at the substructure. 
 Establish a grid system for depth soundings at substructure elements, 

which can be repeated in subsequent inspections. 
 Take photographs to document conditions of abutments, piers, and channel 

features. 
 Check bridge seats and bearings for transverse movement. 
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 Figure 11.2.28 Pile Bent Deterioration Normally Hidden Underwater  

 

 Figure 11.2.29 Out of Plumb Pier Column 
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 Superstructure 
 
During a waterway inspection, the superstructure can be a good indicator of 
existing waterway deficiencies.   
 
The following items should be reviewed:  
 

 Check to see if the superstructure is tied to the substructure to prevent 
washout. 

 Sight along the superstructure to reveal irregularity in grade or horizontal 
alignment caused by settlement (see Figure 11.2.30). 

 Check to see if debris is lodged in superstructure elements or tree limbs 
above the superstructure (see Figure 11.2.31). 

 Check for high watermarks or ice scars on trees. 
 Talk to local residents about high water during previous flood events. 
 Check any hydraulic engineering scour evaluation studies for overtopping 

flow elevation and frequency. 
 Check to see if the superstructure is in the floodplain. 
 Check to see if the superstructure presents a large surface of resistance 

during floods. 
 Note if the superstructure is vulnerable to collapse in the event of 

excessive foundation movement (i.e., simple span and non-redundant vs. 
continuous) (see Figure 11.2.32). 

 
 

 
 Figure 11.2.30 Superstructure Misalignment  
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 Figure 11.2.31 Drift Lodged in a Superstructure  

 

 
 Figure 11.2.32 Typical Simple Multi-Span Bridge 

 Channel Protection and Scour Countermeasures 
 

 Examine any river training and bank protection devices to determine their 
stability and condition. 

 Check for any gaps or spreading that have occurred in the protective 
devices. 

 Check for separation of slope pavement joints. 
 Check for exposure of underlying erodible material. 
 Inspect for steepening of the protective material and the surface upon 
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which these materials are placed. 
 Check for evidence of slippage of protective works. 
 Check the condition and function of riprap as well as changes in size of 

riprap. 
 Check for evidence of failed riprap in the stream (see Figure 11.2.33). 
 Check for the proper placement, condition, and function of guidebanks, or 

spurs. 
 Check the streambed in the vicinity of the channel protection for evidence 

of scour under the device. 
 Check to see if the streamflow is impinging behind the protective devices.

 
 

 
 Figure 11.2.33 Failed Riprap 

 It is essential to identify any change that is observable, including changes in the 
gradation of riprap. It is also essential to carefully inspect the integrity of the wire 
basket where gabions have been used. 
 
Disturbance or loss of embankment and embankment protection material is usually 
obvious from close scrutiny of the embankment.  Unevenness of the surface 
protection is often an indicator of the loss of embankment material from beneath 
the protective works.  However, loss of embankment material may not be obvious 
in the early stages of failure.  The inspector should also look for irregularities in 
the embankment slope.    
 
It is even more difficult to determine conditions of the protective works beneath 
the water surface.  In shallow water, evidence of failure or partial failure of 
protective works can usually be observed.  However, with deeper flows and 
sediment-laden flows, it will be necessary for the inspector to probe or sound for 
physical evidence to identify whether failure or partial failure exists. 
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Waterway Area 
 

 Check the hydraulic opening with respect to the floodplain. 
 Determine the streambed material. 
 Check for degradation (see Figure 11.2.34). 
 Check for local scour around piers and abutments and record data. 
 Inspect during drought conditions when applicable. 
 Check for contraction scour due to abutment placement, sediment build-

up, and vegetation. 
 Check for debris underwater, which may constrict flow or create local 

scour conditions. 
 Check to see if the approach roadways are in the floodplain (see Figure 

11.2.35). 
 Examine approaches for signs of overtopping. 
 Determine if the hydraulic opening is causing or has the potential to cause 

scour under the bridge. 
 

 

 
 Figure 11.2.34 Severe Streambed Degradation Evident at Low Water 
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 Figure 11.2.35 Approach Roadway Built in the Floodplain 

Upstream and 
Downstream Channel 

Banks 
 

 Stable - gradually sloped, grass covered with small trees.  Banks are still 
basically in their original locations.  Slope stabilization measures are in 
place and intact (see Figure 11.2.36). 

 Unstable - bank is sloughing due to scour, evidence of lateral movement or 
erosion, damage to slope stabilization measures (see Figure 11.2.37). 

 
 

 
 Figure 11.2.36 Stable Banks 
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 Figure 11.2.37 Unstable, Sloughing Banks 

 Main Channel 
 

 Record the flow conditions (e.g. low or high). 
 Estimate velocities using floats. 
 Check for sediment buildup and debris, which may alter the direction of 

stream flow (see Figure 11.2.38 and 11.2.42). 
 Check for cattle guards and fences, which may collect debris.  The results 

may be sediment buildup, channel redirection, or an increase in velocity 
and contraction scour (see Figure 11.2.39). 

 Determine the streambed material type. 
 Check for aggradation or degradation.  Check several hundred feet 

upstream and downstream of the bridge. 
 Check the basic alignment of the waterway with respect to the structure 

and compare it to its original alignment (lateral stream migration) (see 
Figure 11.2.40). 

 Record the direction and distribution of flow between piers and abutments.
 Make sketches and take pictures as necessary to document stream 

alignment, conditions of bank protection works, and anything that appears 
unusual at each inspection. 
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 Figure 11.2.38 Sediment Accumulation Redirecting Streamflow  

 

 
 Figure 11.2.39 Fence in Stream at Bridge  
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 Figure 11.2.40 Waterway Alignment 1990 - 2006 

 Floodplain 
 

 Check for evidence of embankment sloughing, undermining, and lateral 
embankment movement resulting from significant stream flow. 

 Check for amounts and locations of debris, sediment accumulations, tree 
scaring, and amounts of vegetation growth, all of which may indicate the 
frequency of stream flow on the floodplain. 

 Check for accumulations of sediments, debris, or significant vegetation 
growth in the waterway that may impact sufficient waterway adequacy 
and adversely affect streamflow under the main channel span (see Figure 
11.2.41). 

 Check for damage to the approach pavement, shoulders, and embankments 
to determine if the stream flow overtops the approach roadway during 
flood flows or returns to the main channel to flow under the structure. 

 Check the extent of structures, trees, and other obstructions that could 
impact stream flow and adversely affect the bridge site (see Figure 
11.2.42). 
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 Figure 11.2.41 Approach Spans in the Floodplain  

 Other Features 
 

 Check for streamflow impact of any other features such as tributaries, 
confluence of another waterway, dams, and substructure units from other 
bridges (see Figure 11.2.43).  This may create conditions for high stream 
flow velocity through the bridge. 

 Report any recent construction activity (e.g. causeways, fishing piers, and 
stranded vessels) which may affect stream flow under the bridge.  

 
 

 
 Figure 11.2.42 Debris and Sediment in the Downstream Channel 
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 Figure 11.2.43 Upstream Dam  

 
11.2.7 

 

Evaluation 
 

 

Scour Potential 
Assessment 

Bridges over streams and rivers are subject to scour and should be evaluated to 
determine their vulnerability to floods and to determine whether they are scour 
critical. 
 
Purpose and Objective 
 
In a scour evaluation, structural, hydraulic and geotechnical engineers have to 
make decisions on: 
 

 Priorities for making bridge scour evaluations. 
 The scope of the scour evaluations to be performed in the office and in the 

field. 
 Whether a bridge is a scour critical bridge. 
 A plan of action should be developed for each scour critical bridge. 
 Which scour countermeasures may reduce the bridge’s vulnerability to 

scour. 
 Which scour countermeasures are most suitable and cost-effective for a 

given bridge site. 
 Priorities for installing scour countermeasures. 
 Monitoring and inspecting scour critical bridges. 

 
A responsibility of the bridge inspector is to gather on-site for a scour potential 
assessment that: 
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 Accurately records the present condition of the bridge and the stream (see 
Figure 11.2.44). 

 Identifies conditions that are indicative of potential problems with scour 
and stream stability. 

 
To accomplish these objectives, the inspector needs to recognize and understand 
the potential for scour and its relationship with the bridge and stream.  When an 
actual or potential scour problem is identified by a bridge inspector, the bridge 
should be further evaluated by an interdisciplinary team made up of structural, 
geotechnical, and hydraulic engineers. 
 

 

 
 Figure 11.2.44 Scour at a Pile Abutment  

 Recognition of Scour Potential 
 
The inspector must identify and record waterway conditions at the bridge, 
upstream of the bridge, and downstream of the bridge.  Indications that could 
establish a scour potential include waterway, substructure and superstructure.  
 
Waterway 
 

 Stream flow velocity is a major factor in the rate of scour.  High velocities 
produce accelerated scour rates (see Figures 11.2.45 and 11.2.46). 

 Streambed materials such as loose cohesive soils, sand or gravel material, 
are highly susceptible to accelerated scour rates (see Figure 11.2.46). 

 Orientation of waterway opening such as misaligned or skewed structure 
foundation elements, which can frequently generate adverse streamflow 
conditions, can lead to scouring of the streambed especially during flood 
flows (see Figure 11.2.47). 

 Large floodplains constricted to a narrow hydraulic opening under a 
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structure can result in accelerated scour during flood flow, due to high 
velocities and changes in local flow direction (see Figure 11.2.48). 

 Banks that are sloughing, undermined, or moving laterally are signs of 
potential scour at a bridge (see Figure 11.2.49). 

 
 

 
 Figure 11.2.45 Fast Flowing Stream 
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 Figure 11.2.46 Scour Rates vs. Velocity for Common Streambed Materials 
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 Figure 11.2.47 Typical Misaligned Waterway 

 

 
 Figure 11.2.48 Typical Large Floodplain 
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 Figure 11.2.49 Lateral Stream Migration  

 Substructure 
 
The following condition of bridge foundations and substructure units should be 
considered in the inspector’s scour potential assessment: 
 

 Piers and abutments that are not parallel with the stream flow especially 
during flood flow conditions, can lead to local scour of foundations (see 
Figure 11.2.50). 

 Rotational, horizontal, or vertical movement of piers and abutments are 
evidence of undermining (see Figure 11.2.51). 

 Spread footing foundation levels above maximum calculated scour depth 
determined for a particular streambed material are subject to undermining 
and failure.  Exposed piling can be damaged or deteriorated and can lead 
to failure.  Loss of supporting surrounding soil can also diminish pile 
capacity (see Figure 11.2.52). 

 Restriction of the general waterway opening beneath the structure due to 
numerous large piers or simply an inadequate span length between 
abutments can increase streamflow velocities and lead to contraction scour 
(see Figure 11.2.53). 
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 Figure 11.2.50 Stream Alignment Not Parallel with Abutments  

 

 
 Figure 11.2.51 Rotational Movement and Failure Due to Undermining 
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 Figure 11.2.52 Exposed Piling Due to Scour  

 

 
 Figure 11.2.53 Accelerated Flow Due to Restricted Waterway  

 Superstructure 
 
The following conditions associated with the superstructure should be considered 
in recognizing scour potential: 
 

 Evidence of overtopping indicates insufficient hydraulic opening and 
excessive flow velocities. 

 Insufficient freeboard can trap debris, increasing the potential for a 
washout. 

 Simple span designs are most susceptible to collapse in the event of 
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foundation movement or increased flows during a flood event. 
 

NBI Rating Guidelines Scour Evaluation 
 
The factors to be considered in a scour evaluation require a broader scope of study 
and effort than those considered in a bridge inspection.  The scour evaluation is an 
engineering assessment of existing and potential problems and making a sound 
judgement on what steps can be taken to eliminate or minimize future damage. 
 
In assessing the adequacy of the bridge to resist scour, the inspector and engineer 
need to understand and recognize the interrelationships between several items. 
The inspector can expedite the engineers’ evaluation by considering the following:
  

 Substructure Condition Rating (Item 60) 
 Channel and Channel Protection Condition Rating (Item 61) 
 Waterway Adequacy Appraisal Rating (Item 71) 
 Scour Critical Bridges (Item 113) 

 
See Topic 4.2 for a detailed description of NBI Rating Guidelines.  
 
Substructure (Item 60) 
 
Substructure rating is a key item for rating the bridge foundations for vulnerability 
to scour damage.  When a bridge inspector finds that a scour problem has already 
occurred, it should be considered in the condition rating of the substructure.  If the 
bridge is determined to be scour critical, the condition rating for Item 60 should be 
further evaluated to ensure that any existing problems have been properly 
considered.  The rating factor given to Item 60 should be consistent with the one 
given to Item 113 whenever a rating factor of 2 or below is determined for Item 
113.  
 
Channel and Channel Protection (Item 61) 
 
This item permits rating the physical channel condition affecting streamflow 
through the bridge waterway.  The condition of the channel, adjacent rip-rap, bank 
protection, guidebanks, and evidence of erosion, channel movement or scour 
should all be considered in establishing the rating for Item 61. 
 
Waterway Adequacy (Item 71) 
 
This is an appraisal item, rather than a condition item, and permits assessment of 
the adequacy of the bridge waterway opening to pass flood flows. 
 
Scour Critical Bridges (Item 113) 
 
This item permits a rating of current bridge conditions regarding its vulnerability 
to flood damage.  A scour-critical bridge is one with abutment or pier foundations 
that are considered unstable due to: 
 

 Observed scour at the bridge site, or 
 Having scour potential as determined by a scour evaluation 
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When an actual or potential scour problem is identified by a bridge inspector, the 
bridge should be further evaluated by an interdisciplinary team comprised of 
structural, hydraulic and geotechnical engineers. 
 
In this process, the effects of a 100-year flood (a flood which has a one percent 
chance of occurring in any year) would be considered, but the effects of a 
"superflood" or 500-year flood would also be assessed and assigned to one of three 
conditions. 
 

 Safe condition - if calculations indicate that the likely scour depth of the 
superflood would be above the top of the footing, the bridge would be 
considered safe or stable (see Figure 11.2.54). 

 Evaluate condition - if calculations indicate a scour depth within the limits 
of a spread footing or piles, further structural or foundation evaluation 
may be needed to establish the likely stability of the foundation (see 
Figure 11.2.55). 

 Fix condition - where there are indications that scour depth will lie below 
the bottom of the spread footing or piles, then the bridge would be 
considered clearly scour critical and would be at risk to damage or 
collapse (see Figure 11.2.56). 
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 Figure 11.2.54 Scour Assessment - Safe  
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 Figure 11.2.55 Scour Assessment - Evaluate 
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 Figure 11.2.56 Scour Assessment - Fix  

 For scour critical bridges, the NBIS requires that a Plan of Action must be
developed for monitoring and correcting the scour problem.  Bridges which are 
scour critical must then be monitored in accordance with the plan.  Such a plan 
would address the type and frequency of future inspections to be made and would 
include a schedule of timely design and construction actions for appropriate
countermeasures to protect the bridge.  The countermeasures might include the 
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possibility of riprap, bed armoring, or flow-control structures or embankments.     
 
Washouts of scour critical bridges, which appeared to be stable in the past, have 
still occurred, however, and probably will occur again in the future. 
 

11.2.8  

Culvert Waterway The following excerpt is from a reproduction of the out-of-print Culvert Inspection 
Manual (Supplement to Manual 70), July 1986 – Chapter 5, Section 3: 
 
Section 3. WATERWAYS 
 
5-3.0 General. 
 
The primary function of most culverts is to carry surface water or traffic from one 
side of a roadway embankment to the other side. The hydraulic design of culverts 
usually involves the determination of the most economical size and shape of 
culvert necessary to carry the design discharge without exceeding the headwater 
depth allowable. It is essential that the culvert be able to handle the design 
discharge. If the culvert is blocked with debris or the stream changes course near 
the ends of the culvert, the culvert may be inadequate to handle design flows. This 
may result in excessive ponding, flooding of nearby properties, and washouts of 
the roadway and embankment. In addition changes in upstream land use such as 
clearing, deforestation, and real estate development may change the peak flow 
rates and stream stability. It is therefore important to inspect the condition of the 
stream channel, SI&A item 61, and evaluate the ability of the culvert to handle 
peak flows, SI&A item 71. 
 
5-3.1 Stream Channel--What to Look for During Inspection. 
 
The stream channel should be inspected to determine whether conditions exist that 
would cause damage to the culvert or surrounding properties. Factors to be 
checked include culvert location (horizontal and vertical alignment), scour, and 
accumulation of sediment and debris. These factors are closely related to each 
other. Poor culvert location can result in reduced hydraulic efficiency, increased 
erosion and sedimentation of the stream channel, and increased damage to the 
embankment and surrounding properties. A brief discussion of each of these 
factors is provided.  

 
a. Horizontal Alignment - The inspector should check the condition 

of the stream banks and any bank protection at both ends of the 
culvert. He should also check for erosion and indications of 
changes in the direction of the stream channel. Sketches and 
photographs should be used to document the condition and 
alignment at the time of inspection. Abrupt stream alignment 
changes retard flow and may require a larger culvert; they cause 
increased erosion along the outside of the curve, damage to the 
culvert, and increased sedimentation along the inside of the curve. 
Where sharp channel curves exist at either the entrance or exit of a 
culvert, the inspector should check for sedimentation and erosion. 

 
b. Vertical Alignment - Vertical alignment problems are usually 

indicated by scour or accumulation of sediment. Culverts on 
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grades that differ significantly from the natural gradient may 
present problems. Culverts on flat grades may have problems with 
sediment build up at the entrance or within the barrel. Culverts on 
moderate and steep grades generally have higher flow velocities 
than the natural stream and may have problems with outlet scour. 
Scour and sediment problems may also occur if the culvert barrel 
is higher or lower than the streambed. 

 
c. Scour - Erosion generally refers to loss of bank material and a 

lateral movement of the channel. Scour is more related to a 
lowering of the streambed due to the removal and transporting of 
stream bed material by flowing water. Scour may be classified 
into two types: local scour and general scour. 

 
(1) Local scour is located at and usually caused by a specific 

flow obstruction or object, which causes a constriction of 
the flow. Local scour occurs primarily at the culvert 
outlet. 

 
(2) General scour extends farther along the stream and is not 

localized around a particular obstruction. General scour 
can involve a gradual, fairly uniform degradation or 
lowering of the stream channel. It can also result in abrupt 
drops in the channel that move upstream during peak 
flows. This type of scour is referred to as head cutting. 
Head cutting may be a serious problem if it is occurring in 
the channel downstream from the culvert, since it may 
threaten the culvert as it moves upstream. Head cutting 
may also occur in the stream channel immediately 
upstream from depressed inlets. Where upstream head 
cutting is usually not as serious a problem for the culvert, 
it can affect upstream structures and properties. 

 
The upstream channel should be checked for scour that may undermine the culvert 
or erode the embankment.  Scour that is undermining trees or producing sediment 
that could block or reduce the culvert opening should also be noted. The stream 
channel below the culvert should be checked for local scour caused by the culvert's 
discharge and for general scour that could eventually threaten the culvert. 
 

d. Accumulation of Sediment and Debris - Deposits of debris or 
sediment that could block the culvert or cause local scour in the 
stream channel should be noted. Accumulations of debris or 
sediment in the stream may cause scour of the streambanks and 
roadway embankment, or could cause changes in the channel 
alignment. Debris and sediment accumulations at the culvert inlets 
or within the culvert barrel reduce the culvert's capacity and may 
result in excessive ponding. It also increases the chances for 
damage due to buoyant forces. Downstream obstructions, which 
cause water to pond at the culvert’s outlet, may also reduce the 
culvert's capacity. Debris collectors are used in some culverts so 
that the opening is not blocked by floating materials. 
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5-3.2 Waterway Adequacy - What to Look for During Inspection. 
 
The preceding paragraphs dealt with evaluating the condition of the stream 
channel and identifying conditions that could cause damage to the culvert or 
reduce the hydraulic efficiency of the culvert. A closely related condition that must 
be evaluated is the waterway adequacy or ability of the culvert to handle peak 
flows, changes in the watershed, and changes in the stream channel which might 
affect the hydraulic performance. Guidelines for rating SI&A item 71, Waterway 
Adequacy, are presented in the Coding Guide. 
 

a. High Water Marks - The high water elevation will vary with each 
flood but should still be checked to evaluate waterway adequacy. 
Ideally, culverts should be checked during or immediately after 
peak flows to determine whether water is being ponded to 
excessive depths, flooding adjoining properties, or overflowing 
the roadway, as shown in Exhibit 63. High water marks are 
needed to define the upstream pond elevation and the downstream 
tailwater elevation. Several high water marks should be obtained, 
if possible, to insure consistency. High water marks in the culvert 
barrel, in the drain down area near the inlet, or near turbulent areas 
at the outlet are generally misleading. An inspection can also 
determine high water levels for peak flows by looking for debris 
caught on fences, lodged in trees, or deposited on the 
embankment. Information may also be obtained by interviewing 
area residents. Indications of excessive ponding, flooding, or 
overtopping of the roadway should be investigated to determine 
the cause. If the cause is apparent, such as a blocked inlet, it 
should be reported for scheduling of appropriate maintenance. If 
the cause is not apparent, the culvert should be reported for 
evaluation by a hydraulic specialist. 

 
b. Drainage Area - The inspector should be aware that changes in the 

drainage might have an effect on the discharge that culverts must 
handle. Replacement of an upstream culvert with a larger structure 
may eliminate upstream ponding, causing more water to reach the 
culvert sooner. Land clearing, construction, channel 
improvements, or removal of upstream dams or sediment basins 
may also affect discharge rates. Similarly, changes in land use 
may increase or decrease the amount of rainfall that infiltrates the 
ground and the amount that runs off. The inspector should note in 
the inspection report any apparent changes that are observed and 
be aware that changes a considerable distance upstream may affect 
the performance of downstream structures. Obstructions 
downstream from a culvert that back water up to the culvert may 
also affect the performance of the culvert. 

 
c. Scour - As previously discussed, scour that changes the stream 

alignment at the ends of the culvert can reduce the hydraulic 
efficiency. 
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d. Sedimentation and Debris - Accumulation of debris and sediment at 
the inlet or within the culvert barrel reduces both the size of the 
opening and the culvert's capability to handle peak flows. Severe 
drift and sediment accumulations are illustrated in Exhibits 64 and 
65. However, culverts are occasionally designed with fill in the 
bottom to create a more natural streambed for fish. 

 
 

 
 Figure 11.2.57 (Exhibit 63) Culvert Failure Due to Overtopping  

 

 

 
 Figure 11.2.58 (Exhibit 64) Culvert Almost Completely Blocked by Sediment 

Accumulation 
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 Figure 11.2.59 (Exhibit 65)   Drift and Debris Inside Timber Box Culvert  

 


