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EXECUTIVE SUMMARY 

CDOT currently uses FHWA’s HEC-18 methods to estimate bridge-pier scour values. Velocities, depths, 

and energy slopes for a bridge site are computed first in applying the FHWA methods. Applying these 

computed hydraulic parameters to pier-scour equations given in FHWA’s HEC-18 design manual, scour 

values are computed for the bridge under consideration. The laboratory and field data used in developing 

the FHWA equations was based largely on streams with uniform sediments, subcritical-flow conditions, 

and flatter gradients. These conditions are applicable to a large portion of streams in the eastern and 

southern parts of the United States. However, in western states where many bridges cross steep mountain 

channels, bridge-scour equations are applied beyond the range of conditions for which they were derived. 

Traditional equations overestimate bridge scour for hydraulic conditions that are encountered in steep 

mountain streams. For these cases, hydraulic engineers need customized equations suited for Colorado’s 

geographic conditions.  

In this research study, a new bridge pier-scour equation was developed suitable for streams flowing 

through mountainous regions of Colorado. This equation utilizes a dimensionless excess-velocity concept, 

and relates this flow parameter to pier scour. Dimensionless excess velocity, by including critical and 

scour-initiating velocities in its definition, accommodates the presence of cobbles and boulders through 

the critical-velocity term, as well as the finer sand-gravel size material through the scour-initiating velocity 

term. The development of the study’s various research tasks is presented in Chapter 2. Chapter 3 presents 

the approach, and Chapter 4 discusses previous work conducted at Colorado State University by 

Dr. Molinas during a 6-year FHWA study to examine effects of gradation. Theoretical development of the 

new scour equation and initial steps in its derivation are presented. The general form of the equation 

leads to calibration coefficients relating critical and scour-initiation velocities to representative fine 

material (D35 of parent-sediment material found on the river bed), and to average coarse material that 

exists in abundance along mountain streams. Chapter 5 presents the new scour equation and applies this 

equation to compute pier scour at 16 different sites scattered across mountainous parts of CDOT Regions 

3 and 5. Sources of the data used in the analysis are presented in Chapter 5. Extensive data from 16 

bridges, a culmination of bridge-scour studies conducted for CDOT by Hydrau-Tech, Inc. for a Plan of 

Action (POA) for Scour-Critical Bridges study, is described. Additional coarse-material data collected for 

this project is described, along with methodologies employed to determine pier-scour estimates. Finally, 

tables related to scour computations are presented, and computed scour is compared with measured 

scour. 

As shown in Figure 5.1 (page 59), measured and computed pier-scour values for the 38 piers included in 

the study show very good agreement through the entire range of observed-scour values, which vary from 

0 to 14 ft. Considering that the coarse material in the streams varied from 2 to 24 in, the computed 

velocities ranged from 2 to 15 ft/sec, and the range of parent materials varied from sand and gravel to 

boulder sizes, it can be concluded that the equation was tested through a wide range of flow and 

environment conditions, and has been shown to be an excellent predictor. 
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IMPLEMENTATION PLAN 

In this research study, a new bridge pier-scour equation suitable for streams flowing through mountainous 

regions of Colorado was developed. This equation utilizes a dimensionless excess-velocity concept, and 

relates this flow parameter to pier scour. Dimensionless excess velocity, by including critical and scour-

initiating velocities in its definition, accommodates the presence of cobbles and boulders through the 

critical-velocity term, as well as the finer sand-gravel size material through the scour-initiating velocity 

term. Since excess velocity accounts for the presence of large particles found in abundance in Colorado 

stream beds, results of pier-scour computations using the new equation are more realistic. The use of the 

newly-developed equation is recommended for applications involving high-velocity mountain streams 

with large cobbles and boulders. 

Even though the laboratory database was adequate to derive the form of the new equation, the steep-

mountain scour database used in the calibration of the coefficients was limited.  It is recommended that 

this database be expanded as new pier-scour data becomes available from mountain regions, and used in 

further refining the coefficients of the new equation.  
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1. BACKGROUND   

The CDOT presently uses FHWA’s HEC-18 methods to estimate bridge-scour values in bridge-scour 

computations. In applying these methods, first a hydraulic computation method (FHWA’s WSPRO or U.S. 

Army Corps of Engineers’ HEC-RAS) is used to compute velocities, depths, and energy slopes for a bridge 

site. Applying these computed hydraulic parameters to scour equations given in FHWA’s HEC-18 design 

manual, scour values are computed for the bridge under consideration. Depending on the strength of 

flows and the sediment-movement regime, clear-water and moveable-bed scour equations are used for 

different bed-material properties.  

FHWA’s HEC-18 design manual provides scour equations for clear-water and moveable-bed scour 

conditions. In all of these equations, hydraulic conditions are represented by the Froude number, the 

dimensionless ratio of velocity to depth and gravitational acceleration. In general terms, for most river 

flows Froude numbers are less than 0.4. For steep channels, Froude numbers are greater than 0.6, and in 

some cases, greater than 1 (supercritical). There is a need to develop specialized bridge-scour equations 

for steep mountain streams with high Froude numbers.  

Using the current HEC-RAS application for steep mountain reaches, scour calculations often result in 

unrealistic scour depths. This is due to the fact that for steep channels, the range of Froude numbers is 

far beyond the data used in developing the existing equations. For mountain streams, scour is mostly 

related to velocity rather than the Froude number. The analysis should reflect the physical conditions with 

data derived from similar conditions. 
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2. CONCEPT OF PROBLEM AND OBJECTIVES 

2.1 Problem Statement 

CDOT builds and maintains many roadway projects with bridges that cross rivers and small streams. The 

safe and economic design of these bridges requires hydraulic computation of potential pier and abutment 

scour. For existing structures, potential bridge-scour computations are needed to assess the safety of 

these structures. 

The pier- and abutment-scour equations used in the Federal Highway Administration’s guidelines are 

presented in HEC-18 design manual. These equations were developed using hydraulic conditions of flat 

channels. The laboratory and field data used in developing the FHWA equations was based largely on 

streams with subcritical conditions and flatter gradients. These conditions may be applicable to a large 

portion of streams in the eastern and southern parts of the United States. However, in midwestern states 

where many bridges cross steep mountain channels, bridge-scour equations are applied beyond the range 

of conditions for which they were derived. For hydraulic conditions that are encountered in steep 

mountain streams in Colorado, traditional equations overestimate bridge scour. For these cases, hydraulic 

engineers need customized equations suited for Colorado’s geographic conditions. 

In the proposed approach, bridge scour for steep mountains is related to a new parameter defined as the 

excess velocity, rather than the presently-used Froude number (velocity divided by square root of 

gravitational acceleration times the flow depth, F=V/��� ), or shear stress (the specific weight of water 

multiplied by the hydraulic radius and the energy slope, τ = γ RS ), currently used in HEC-18 equations. In 

the present analysis, the excess velocity, representing the strength of approach flow, is related to bridge 

scour. Excess velocity is defined as the dimensionless velocity in excess of velocity needed to initiate the 

motion of bed material and initiate bridge scour.  

  Ψ = (Va – Vi ) / (Vc – Vi ) 

where Ψ  = dimensionless excess velocity; Va = approach flow velocity; Vi = velocity needed to initiate the 

motion of bed material; Vc = critical velocity beyond which all sizes of fractions are mobilized.  

By using excess velocity, the effects of large cobbles and boulders present in steep mountain streams can 

be represented. Additionally, by not using a “lumped” Froude number, the exaggerated effects due to 

variations in depth will be eliminated.        

2.2. Objectives 

CDOT has stated the primary objective of this study is to provide a technical tool to compute bridge scour 

in steep mountain channels. The pier- and abutment-scour equations developed from the study are 

required to be applicable to the range of slopes, velocities, and depths encountered in bridges crossing 

steep Colorado streams. 
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In order to accomplish these objectives, enhancements to the current bridge-scour equations are needed. 

These enhancements can be grouped into three major categories: 

• Introduction of new parameters in scour equations to represent steep mountain hydraulics 

(shallower depths, higher velocities, coarser bed material in the form of gravels, cobbles, and 

boulders); 

• Calibration of new relationships with data specific to Colorado (this data is currently being 

collected as part of the Plan of Action for Scour Critical Bridges project); and 

• Development of scour equations for mountain streams. 
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3. APPROACH 

3.1 Research Tasks 

The scope of work developed by CDOT for this project delineated six basic tasks. Each task is further 

delineated into sub-tasks where appropriate. This study has closely followed these tasks.  

Task 1.  Perform a literature review to determine if there has been similar research that will aid 

CDOT in improving current practices.  

This task is aimed at identifying CDOT and nationwide bridge-scour and technical data for steep mountain 

streams. The study team has developed strong relationships with national highway agencies, including 

the American Association for State Highway Transportation Officials (AASHTO), the National Cooperative 

Highway Research Program (NCHRP), and the Federal Highway Administration, through long associations 

with these agencies. In conducting a literature search, these agencies were contacted and inquiries made 

about methodologies adopted by the agencies. The team has identified the following sources of 

information:   

• Within Colorado: state universities, local FHWA personnel, and consulting engineering firms 

involved in FHWA work; 

• Nationwide and internationally: other DOTs, AASHTO, FHWA, ASTM, universities and institutions; 

and  

• The Transportation Research Board: existing and in-progress research studies available from the 

Transportation Research Information Services’ database. 

The research team studied procedures of other DOTs related to pier and abutment scour and conducted 

an extensive literature review. The principal author of this report, Dr. Albert Molinas, had conducted a  

6-year laboratory research study for the Federal Highway Administration to identify effects of gradation 

and cohesion on bridge scour (1991-1996, 1998). His research resulted in the adoption of a gradation-

correction factor for pier scour (the K4 factor used in HEC-18). He also authored FHWA’s BRI-STARS analysis 

model between 1986 and 2000 for four consecutive projects. These projects utilized various bridge-scour 

equations recommended by HEC-18 in addition to stream-tube computations to overcome difficulties 

associated with large contraction-scour estimations.  

Dr. Christopher Thornton, of Colorado State University, has conducted hundreds of pressure-scour, 

debris-scour, and bridge-scour countermeasure experiments to examine ways to quantify and prevent 

adverse effects of bridge scour. As a part of this effort he conducted numerous literature reviews on 

bridge-scour topics. These reviews were closely related to the proposed research topic and were used by 

the research team. 

Task 2.  Conduct a national survey of state DOTs to determine if other states have had similar problems, 

and if so, their solutions and recommendations. 
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For this task, information from other state DOTs related to bridge scour was obtained. Review of the 

information was useful in defining governing flow parameters. In the extensive, multi-year, Colorado 

Statewide Plan of Action for Scour Critical Bridges (POA) project and the 2013 Emergency and Permanent 

Flood Recovery projects the research team collaborated with CDOT to develop needs specific to Colorado 

to address problems with current practices and methodologies.  

Task 3.  Field inspection of bridges with scour problems. 

Specific bridge sites were determined by the CDOT Staff Hydraulics Engineer, Region Hydraulics Engineers, 

representatives of Staff Bridge, and Region Maintenance personnel. Approximately 20 candidate sites 

from the mountainous parts of Colorado were selected. Under the current Plan of Action (POA) for Scour 

Critical Bridges and Bridges with Unknown Foundations projects the research team collected hydrologic, 

sediment size, channel geometry, and bridge data for some mountain-bridge sites over steep channels. 

Hydraulic computations for velocities and depth were conducted. Existing data was supplemented by field 

visits to collect additional sediment data and scour information. 

 

         

Figures 3.1 and 3.2  Field inspection of scour-critical bridges 

 

Task 4.  Prepare a workplan for field work and get approval for all traffic control and safety plans; inform 

personnel from Traffic, Maintenance, Residencies, Headquarters, and other parties involved, including  

outside agencies and organizations, prior to the field activities and site visits. 

For this task a workplan was prepared in cooperation with CDOT headquarters staff, and the appropriate 

people were notified for traffic control and safety. Personnel from Maintenance, Residencies, 

Headquarters, and other parties involved were notified prior to field visits. 

Task 5.  Analyze data collected in the above tasks and develop a scour-equation design procedure to be 

used by CDOT hydraulics engineers statewide for calculating and analyzing scour in mountainous areas of 

the state.  

In this task data collected from a search of existing literature, the Staff Bridge database, actual field 

surveys, and other unbiased, reliable sources was analyzed. For specific Colorado sites the measured scour 

from maintenance records and as-built drawings was correlated with various parameters including type 
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of structures, bed materials, and hydraulic conditions. These conditions included excess velocities, depths, 

and geometric characteristics of piers and abutments.  

Using the information collected from the previous tasks, new bridge-scour equations were developed 

which were specifically applicable to Colorado. In this study, the objective was to derive relationships 

between bridge scour and hydraulic parameters similar to those utilized in HEC-18. However, in the 

present approach, hydraulic parameters and relationships pertinent to steep mountain streams were 

developed. Using data derived from Colorado, coefficients of these relationships were calibrated to reflect 

local conditions. The form and applicability of the equations were discussed with hydraulic engineers from 

CDOT in order to customize the equations with parameters that can be reliably measured or obtained. 

Depending upon the availability of data, the bridge-scour equations were modified to reflect Colorado’s 

various geographical areas, and the types of floods and the durations specific to them.  

The most commonly accepted HEC-18 equation, the CSU pier-scour equation, was based on laboratory 

data using silt-sized sediments where the initiation of motion occurred at very low velocities. As a result, 

scour predictions based on this equation are overly conservative. In steep mountain streams the river 

beds are composed of large gravel, cobbles, and boulders. Initiation of scour does not occur until stream 

velocities reach significantly higher levels. By using the concept of excess velocity, the approach outlined 

in this report overcomes this deficiency of high scour-initiating velocities. The excess-velocity concept also 

considers the critical velocity of sediment mixtures to account for the presence of coarse fractions in river 

beds. 

Shear stress is defined as the specific weight of water multiplied by the hydraulic radius and energy slope. 

The energy slope may vary by several orders of magnitude depending on the reach length and accuracy 

of assumed downstream elevations. Velocity is easier to compute and verify in the field, and there are 

less variations which are due to limited computational accuracy.  

The Froude number is the ratio of velocity to the square root of gravitational acceleration times the flow 

depth, F=V/√(��). Steep mountain channels are characterized by shallower depths, and the range of 

depth variation is limited. As a result, scour is not related to square root of depth, but more closely to d1/6. 

Therefore equations based on Froude numbers overestimate the effects of depth. 

Excess velocity accounts for the presence of large material. Computed-scour depths using excess velocity 

equations would be zero rather than an unreasonably large value for velocities less than or slightly greater 

than the velocity needed to move the bed material.  

In the past, experiments at CSU which studied the effects of gradation on bridge scour (Molinas, 1998) 

have shown that when the correlations between measured bridge scour and flow strength were 

conducted with effective velocity instead of the traditional Froude number, the scour overestimation was 

reduced, even when using FHWA’s recommended equations.  
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By not using the “lumped” Froude number, the exaggerated effects of variations in depth will be 

eliminated. This process is commonly used in sediment-transport relationships where sediment transport 

is related to velocity rather than Froude number. 

Sediment-transport literature and FHWA publications provide various definitions of critical velocity, and 

define this term for various sediment sizes. Dr. Molinas’ research study for FHWA has provided a more-

definitive relationship for critical velocity for graded sediments which are commonly encountered in 

mountain streams, and which are the reason for channel-bed armoring. The validity of various definitions 

was tested with field data by comparing computed critical velocities corresponding to surface/subsurface 

bed material with actually-experienced velocities during known historical flooding events.  

Task 6.  Submit draft and final reports which properly address comments of the study panel.  

A draft final report for the research study was prepared, which included observations, findings, and 

recommendations. This document is the final report. 
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4. PREVIOUS CSU STUDIES ON THE EFFECTS OF GRADATION AND 

COARSE-MATERIAL FRACTION ON PIER SCOUR 

4.1. General 

Pier scour has been extensively studied in the past for uniform and graded-sediment mixtures. In general, 

pier-scour equations account for the variation in sediment properties either by including a correction 

factor for sediment gradation, or by the use of median size and a gradation coefficient in developing 

experimental regression equations. This study focused on a new governing sediment parameter which 

describes the characteristics of the coarse fraction available in mixtures. It also accounts for the wide 

variation in scour depth for mixtures with the same median size and size-gradation factor. Along with a 

dimensionless flow-intensity parameter, a pier-scour equation was developed to account for sediment 

properties in the clear-water scour range. This equation was shown to be applicable to sediment sizes 

ranging from 0.1 mm to 40 mm. In this study pier-scour experiments were conducted with non-cohesive 

materials to identify the effects of sediment properties on the resulting scour. For this purpose ten sets 

of experiments were performed, which were designed to vary sediment size, gradation, and other size-

distribution properties. Pier-scour experiments for each sediment mixture were conducted by varying 

approach-flow conditions. Since the primary goal of the study was to define effects of gradation and 

coarse-material fraction on pier scour, other flow variables such as depth, flow angle of attack, pier shape, 

etc., were kept constant. 

4.2. Experimental Setup and Measurements 

This section describes experimental flumes, sediment mixtures used as bed materials, piers, experimental 

procedures, and individual measurements employed in quantifying effects of gradation and coarse-

material fraction on pier scour.  

4.2.1. Laboratory Flumes 

Three laboratory flumes, designated as hydrodynamics flume, sedimentation flume, and river mechanics 

flume, were utilized simultaneously for conducting pier-scour experiments in non-cohesive sediment 

mixtures. The first two flumes were sediment-recirculating facilities, while the latter did not recirculate 

sediment. All flumes are housed at the Hydraulics Laboratory of the Engineering Research Center at 

Colorado State University. The water supply to these flumes is from the nearby Horsetooth Reservoir. The 

temperature of the water in the laboratory is controlled through a system of heated pipes. 

Hydrodynamics Flume 

The hydrodynamics flume is a tilting, water-and-sediment recirculating, laboratory facility. The flume is  

0.6 m wide, 0.75 m deep, and 18 m long, and is made of a steel bottom with plexiglass side walls to allow 

visual observations. The facility is rigidly supported on U-shaped steel frames spaced every 1.2 m, and is 

equipped with angled upper- and lower-flange stiffeners. The bottom flanges are supported on two  

I-beams spanning the full length of the flume, and ground supported at the far upstream, middle, and  far 
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downstream. Two carefully-leveled guide rails are mounted on the top flanges to provide an escorting 

track for the measuring carriage. The flume can be tilted around its central longitudinal axis by the 

synchronized operation of two mechanical jacks located at the upstream and downstream ends.  

Flow is supplied to the flume from a ground sump via a 0.3-m diameter steel pipe, equipped with a  

0.15-m diameter bypass for fine tuning of the flow, and a 20-HP centrifugal pump. The flow is first 

introduced to an upstream head box, equipped with a multi-layer screen containing gravel at its outlet to 

serve as a flow guide to provide uniform velocities and turbulence characteristics at the entrance of the 

flume. A wave suppressor is then introduced. The flow depth is controlled by a downstream rotating gate 

hinged across the bottom of the flume, spanning the full width, and operated by a system of pulleys. 

Because of the tail-gate control and the nature of the flume, a back water effect was sometimes noticed, 

causing the water depth to increase as the gate was approached.  

A uniform sediment layer 23 cm thick was prepared from the tested mixture and spread along the full 

length of the flume. Provisions were made for a downstream 1.8 m-long sediment trap and an upstream 

1.8 m-long transition zone. The upstream transition zone is composed of coarser sediments, with a sloping 

profile carefully designed to provide excess friction to ensure fully-developed turbulent flow, with a 

boundary layer hitting the free surface far upstream of the study reaches for all flow conditions.   

Sedimentation Flume 

The sedimentation flume is an elevated sediment-transport testing facility that provides both longitudinal 

tilting and sediment recirculation. The flume is 60 m long, 2.4 m wide, 1.2 m deep, and allows for slope 

adjustments up to 3 percent through a system of hydraulic jacks. The flume is constructed from steel 

plates at the bottom and sides, with plexiglass windows along specific locations at its side. The structure's 

skeleton is composed of U-shaped lateral steel frames supported on box-sectioned longitudinal girders. A 

walkway is cantilevered from the lateral frames on each side of the structure. The upper flanges house 

guide rails for an electrically-motorized measuring carriage that can move to any point in the flume.  

Three different pumps (125, 150, and 250 HP), with a maximum combined-flow capacity of 3 m3/s, can be 

simultaneously operated to supply water to the flume from a reservoir sump via three separate steel 

pipelines. The flow is first introduced to the upstream head box, which contains several guide vanes and 

flow straighteners followed by a honeycomb mesh. It then passes through a gravel-filled screen followed 

by a wave suppressor. Rapid development of the fully-turbulent boundary layer is achieved by an 

upstream concrete ramp and/or artificial roughening of the entrance zone. The flow depth is regulated 

through a manually-operated, downstream, adjustable tail gate.  

The sediment bed is built to a thickness of approximately 0.4 m, with provisions made for a downstream 

sediment trap that extends for 6 m. To facilitate drainage of the flume after the experiments, a perforated 

10 cm-diameter PVC pipe was embedded in the bed material and spanned the full length of the study 

reach. A motorized instrument carriage runs longitudinally on rails mounted on the side walls of the flume.  
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River Mechanics Flume 

The river mechanics flume is a fixed-slope facility. The flume is 6 m wide, 0.9 m deep, and approximately 

30 m long. The test section, however, was 24 m long, 5.1 m wide, and 0.9 m deep, equipped with two 

plexiglass viewing sections along one side of the flume, and a large upstream reservoir to create uniform 

entrance conditions. I-beam rails are mounted on the side walls to provide a track for the measuring 

carriage.  

A 75-HP axial pump with maximum capacity of approximately 0.6 m3/s supplies water to the flume 

through a 0.6 m-diameter pipeline. The upstream main ends in a similar-size diffuser located orthogonal 

to the main flow direction, to distribute the flow uniformly across the flume width. The flow then passes 

through a gravel-filled screen, followed by an artificially-coarsened concrete ramp that joins the main 

sediment bed. The setup also includes a downstream sediment trap, and a downstream sill for depth 

regulation.  

4.2.2. Piers 

For the pier-scour experiments conducted in the sedimentation flume, three identical 1.22 m-high, clear 

plexiglass, cylindrical piers with an outside diameter of 0.18 m were utilized. Circular piers were used 

because of their symmetry and the abundance of data available for comparative purposes. The three piers 

were placed at the center line of the flume for each run. In the longitudinal direction, the leading pier was 

13.7 m from the head box of the flume, the second was 24.4 m from the head of the flume, and the third 

was 36.6 m from the head of the flume. To keep side-wall effects insignificant, the maximum pier size (for 

use in the 2.48 m wide flume) was kept at 0.18 m, that is, with a flume-width-to-pier-width ratio of 13.7:1.  

Depth measurements for pier scour with time were achieved utilizing visual techniques. For this purpose, 

the piers were constructed of transparent plexiglass material, and a measuring scale was glued to the 

front, side, and back of each pier. In addition, a mirror with the handle angled at 45° was placed at the 

base of the pier. At any time the base and deepest point of the scour hole could be easily identified and 

recorded by sliding the mirror within the plexiglass pier and reading the corresponding measurement on 

the scale. In this way scour depth with elapsed time could be obtained up to an accuracy of ± 1.5 mm. A 

bright light located above the water surface was used to improve the visibility of the scour region under 

clear-water scour conditions.  

For the hydrodynamics-flume experiments, three plexiglass piers with outside diameters of 0.051 m,  

0.051 m, and 0.07 m were installed in the flume, equidistant from the walls.  

Pier-scour experiments in the river mechanics flume investigated the effects of pier width on the resulting 

scour. For this purpose six additional pier diameters, 0.019 m, 0.032 m, 0.057 m, 0.089 m,  

0.165 m, and 0.216 m, were tested.  

4.2.3. Sediment Mixtures 

Previous researchers have indicated that there is a very strong tendency for alluvial sediments to follow 

the log-normal size distribution. This size distribution can be represented by a straight line on plots using 
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logarithmic-normal probability scales. In this case the median sediment size, D50 , is also the geometric 

mean diameter, Dg , of the sediment mixture, where D50 is the sediment diameter for which 50 percent of 

the sediment material is finer by weight. The geometric standard deviation, σg , is given by: 
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where: D16 , D50 , and D84 are the sediment diameters for which 16, 50, and 84 percent of the sediment 

material is finer by weight, respectively.  

The log-normal distribution function is a two-parameter distribution and is completely defined by D50 and 

σg . However, most natural sediments show an approximate log-normal distribution only through the mid 

part of the distribution, approximately D50 ± σg , but they usually have long tails in both the coarse and 

fine fractions. Thus, equations 1-3 are for gradation coefficients that measure the spread of the 

distribution only between D84 and D16 in most natural sediments. The presence of coarse material in 

sediment mixtures is better defined by sizes of different quantities, such as D98 , D95 , D90 , etc. For the work 

here, D50 and σg were held constant and sizes of D90 , D95 , D98 , etc., were changed, since armoring in the 

scour hole involves mostly the coarser fractions of the mixture.   

There is a specific requirement that must be met in determining the gradation of the initial grain-size 

distribution for the sediment mixtures. The median-size diameter must be kept constant throughout the 

study. In the sedimentation-flume sand-scour experiments, the median diameter was chosen to be 0.75 

mm, with gradation coefficients varying between 1.3 and 4.0. In the hydrodynamics-flume sand-scour 

experiments, the median diameter was chosen to be 1.8 mm, with gradation coefficients varying between 

1.1 and 4. Additional runs using 0.75-mm uniform sand were conducted to study scaling effects. In the 

river-mechanics flume sand-scour experiments, 0.45-mm sand with a gradation coefficient of 2.3 was 

used. Finally, in the gravel-scour experiments conducted in the sedimentation flume the median diameter 

was chosen to be 18 mm, with gradation coefficients varying between 1.4 and 2.3. 

The properties of the sediment mixtures used in the pier-scour experiments are given in Table 1. 
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4.2.4. Measurements 

A series of measurements is needed to define the relationship between local pier scour and the various 

hydraulic, geometric, and sediment parameters. These measurements are presented below. 

Flow Discharge 

The water discharge in all three test flumes was measured through a system of an orifice-meter and a 

differential manometer. For the hydrodynamics flume, two orifice plates were available: one mounted on 

the 0.3 m-diameter main, and the other attached to the 0.15 m-diameter bypass line. Both orifice plates 

were connected to a dual water-mercury manometer for detecting the pressure drop across the ends of 

the plate. The flow discharge was then computed from the calibration curves for the orifices. The pressure 

tapping across the orifice plate was connected to the manometer through hard vinyl tubing, provided with 

bleeding valves for drainage and for ensuring an air-free environment. The sedimentation flume is 

equipped with three similar setups for measuring the discharge, each attached to a different pump. 

Extreme care was taken to ensure the release of air bubbles entrapped in all manometer lines. Flow 

discharges were also estimated by integrating the vertical-velocity profiles over the entire cross section 

of the flume at several locations. The error in measuring the discharge in the hydrodynamics flume is 

approximately 3 percent, in the sedimentation flume approximately 4 percent, and in the river mechanics 

flume approximately 5 percent. These estimated errors are due to the calibration errors of orifice plates, 

unsteadiness in the pump discharge, and fluctuations in manometer readings.  

Flow Velocity 

In the hydrodynamics flume, velocities were measured utilizing a two-dimensional, electromagnetic, 

Marsh McBirney Model 523 velocity meter attached to a point gauge. This was used to measure velocity 

components in two orthogonal directions in the plane parallel to the bottom of the flume. The meter 

consisted of a spherical, electromagnetic probe with cable and signal processor powered by 6-V DC, 

externally charged with 110-V AC. The probe has a diameter of 12 mm and is mounted on a 6 mm-

diameter, vertical standing rod. The analog signals corresponding to the two orthogonal velocities sensed 

by the probe were intercepted by a multi-channel data-acquisition board connected to a personal 

computer. The sampling duration was 30 s, with a frequency of 50 Hz. This setup resulted in velocity 

measurements accurate to within approximately ± 3.5 percent. 

In the river-mechanics and sedimentation flumes, velocities were measured with a one-dimensional 

Marsh McBirney Model 2000 electromagnetic flow meter with a 2.54-cm elliptic probe and a digital-

display conversion voltmeter. The error in accuracy of the flow meter is reported to be ± 2 percent by the 

manufacturer, and its operating range is from -0.015 m/s to +6.1 m/s within temperature extremes of  

0°C to 71°C. The overall error in accuracy of the velocity-measuring setup is estimated to be ± 5 percent. 

Flow Depth and Hydraulic Grade Line 

In the case of non-uniform material, bed irregularities affect the accuracy of bed-elevation measurements. 

Theoretically, during experiments the bed surface is not known and the bed elevation measurement at 
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any section depends on the position of the tip of the point gauge relative to the larger grains on the bed. 

To reduce such errors, during the sedimentation-flume experiments three different point-gauge readings 

utilizing a flat tip were taken across each of the test sections. The bed elevation was assumed as the 

average of these three values. Using a point-gauge tip, the corresponding water-surface elevations were 

also measured. At specified test sections the depth of flow was then calculated as the average difference 

between the water-surface and the bed-surface elevations. For all experimental runs a uniform flow depth 

over the entire flume length was maintained at 0.3 m ± 0.03 m by regulating the tail gate at the flume 

exit. However, the local flow depth varied along the flume length during run numbers MA-12, MA-19, and 

MA-27 in response to the presence of bed features.     

Slope in laboratory flumes is one of the most difficult quantities to measure. Care was taken to reduce the 

error in slope measurements as much as possible. For this reason bed levels were measured using the 

point gauge, then corrected through conversion factors obtained from a careful leveling of the carriage 

along the entire flume using a surveyor's level and rod. The bed slope was then computed as the slope of 

the line of best fit based on least-square criteria. The slope of the water surface was calculated in a similar 

manner. 

In the hydrodynamics flume the water-surface elevations were measured using point gauges with a 

resolution of ± 0.3 mm. Water-surface elevation measurements were conducted at a minimum of three 

approach cross sections per pier, and at a minimum of four locations across the flume width at each cross 

section. At every location in the cross section, the water level was considered to be the average of 

detected values to account for any residual fluctuations in the supply discharge, and any surface waves 

induced by the setup. This tedious procedure assumed an accuracy of ± 2 percent in the computed water 

depth. The hydraulic grade line is identified through regressing the measured water-surface values after 

being adjusted with the level-correction factors. The regression resulted in high correlation coefficients  

(R2 = 0.95). The velocity head was then added to the hydraulic grade line to define the total energy line. 

Free-Stream-Bed and Scour-Hole Topographies  

The bed topographies for the scour holes and the free-stream approaches were measured using point gauges. In 

all flumes, the standard procedure for measuring topography started with leveling the instrumentation carriages 

at each measurement location along and across the flume to account for the potential unevenness of tracks. 

Choosing an arbitrary fixed level, every location in the flume, as identified by its Cartesian coordinates, was 

assigned a correction factor reflecting its elevation relative to the fixed level. In the hydrodynamics flume, point 

gauges with flat, pointed tips were utilized for measuring purposes, depending on the location and accuracy 

desired. The bed topographies at four different approach sections were measured for each pier model to define 

the upstream bed elevation. At each cross section the bed level was considered to be the average of ten 

measurements evenly distributed across the flume's width. To define bed topography in the vicinity of local scour 

requires more intensive measurements. An intensive measuring grid was adopted to describe the scour-hole 

region for each pier. A similar procedure was followed for the other two flumes, with provisions made for 

measuring the initial as well as the final levels.  
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The raw measurements were adjusted with leveling correction factors for each location and then regressed 

together to yield the value of the bed slope. Approximately 300 topography measurements were performed for 

each pier model per experiment. Due to the large sampling size, the error in bed measurements is considered to 

be equal to ± 1/4 of the D90  grain size. The maximum scour-depth value for each run was calculated as the 

difference between the mean initial bed elevation and the lowest measured point of scour around each pier. 

Scour Versus Time Measurements  

The measurement of the scour-hole development for piers utilized visual techniques. As mentioned above, piers 

were made from transparent plexiglass. Measuring-grid tapes were affixed to the interior wall at the front, side, 

and back of each pier. Using a simple periscope with an inclined mirror, the development of scour with time was 

recorded without interfering with the flow. A series of lights was used to facilitate the observation of the scour-

hole development. The depth of scour was recorded at regular intervals as the scour hole formed. The frequency 

of scour-depth measurements decreased as the rate of scouring decreased. The experiments were stopped when 

no change occurred to the maximum depth of the scour hole over a period of 4 hours.  

Sampling of the Armor Layer 

At the end of each experiment, the particle-size distribution of the armor layers formed around each pier 

in the scour hole, approach bed to each pier and downstream of the pier, were measured from samples 

obtained by the “flour-paste technique” described by Ahmed (1989). Sieve analysis was then performed 

on the samples using U.S. standard sieves and the available shaker in the Sediment Laboratory of the 

Engineering Research Center, at Colorado State University. 

To determine the grain-size distribution of the armor layer, it was necessary to collect all grains from only 

the top layer. The most common method used by previous researchers for this purpose is the “wax 

method.” Gessler (1967) used molten resin at 200°C, Little and Mayer (1972) used purified beeswax at 

65°C to 68°C, Davies (1974) used molten petroleum wax at 76°C to 78°C, and Proffitt (1980) used paraffin 

wax at 55°C to 57°C. In previous work, the measured grain-size distribution of the armor layers was found 

to be highly affected by the temperature of the wax poured onto the bed. If the temperature is outside 

the narrow ranges specified above, the wax either permeates down before solidifying, or solidifies before 

all grains in the top layer adhere to it.  

Day (1976) used the “paint method” to identify grains in the top layer, but still used the wax method to 

lift it up. This method predicted a coarser grain-size distribution of the armor layer than the wax method. 

Day explained this to be caused by the penetration of the wax below the armor layer.  

In the present study, the flour-paste technique was used. The procedure proved to be much easier than 

the wax method in terms of preparation, use, elapsed time, and separation of the grains adhering to the 

paste. The paste was sticky enough for all grain sizes to easily adhere in a thick layer so that the paste did 

not penetrate further than the surface layer. 

After the bed was allowed to dry, the paste was placed on the surface of the bed. A gentle uniform 

pressure was applied downward on the paste to pick up all the grain sizes on the surface layer. The paste 
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was then lifted up, bringing with it the grains that had been the surface layer. The process of separating 

the grains from the paste was achieved simply by washing the surface of the paste with warm water, and 

gently brushing by hand. A visual observation of the resulting surface of the paste clearly indicated that 

all grains, even the finest, were separated from the paste. The material was then dried, weighed, sieved, 

and the grain-size distribution of the armor layer at a specific area for a given flow condition was obtained.  

Grain-Size Distribution 

Mechanical (or sieve) analysis was used to determine the particle sizes and their relative distribution for 

particles greater than 0.074 mm (0.0029 in.). The smallest sieve size used in this analyses was the U.S.  

No. 200. The sieve number corresponds to the number of openings per linear inch. For example, the U.S. 

Bureau of Standards No. 8 sieve has eight openings per inch.  

To accomplish the mechanical analysis, sieves were stacked one on top of the other in a nest of sieves, in 

which the largest screen opening (smallest sieve number) was on top, progressing to the sieve with the 

smallest screen openings (largest sieve number) on the bottom of the nest. A lid was placed on top of the 

nest and a pan was placed below the bottom sieve to catch any sediment that passed through the smallest 

opening. A 10-min shaking period was used in this procedure. A larger sample would require a longer 

shaking period. Similarly, a sample composed primarily of fine-grained material would require a longer 

shaking period than a coarser-grained sample of equal weight.  

4.2.5. Experimental Procedure 

Preparation for the scour test was initiated by leveling the bed. Prior to each run, the sediment bed was 

leveled with the aid of a flat plate of the same width as the flume, which was connected vertically to the 

instrument carriage by clamps. By employing a point gauge mounted on the carriage, initial-bed elevations 

were taken to check the leveling of the flume and calculate the average initial-bed elevation around each 

pier.  

The gate was kept closed until the flume was filled with water. Then the gate was adjusted to get the 

desired depth, and the valves of the pump were adjusted to get the desired discharge, which was 

determined with an orifice inserted in the recirculating pipeline. Flow depth in the sedimentation flume 

experiments was maintained at approximately 0.3 m, and water-surface and bed slopes were almost 

parallel. For the hydrodynamics flume experiments, flow depth was kept at approximately 0.08 m. 

Once the desired flow conditions were verified, the carriage and point gauge were moved along the flume 

in such a way that any point in the study area could be reached with the measuring devices. The water-

surface profile was measured along the length of the flume to calculate its slope. Vertical-velocity profiles 

and development of scour with time were recorded during each experiment. In the sedimentation-flume 

experiments, a 16-hour duration was selected to allow maximum scour to be reached and the final scour-

hole geometry to be established. This period was long enough to maintain a constant maximum-scour 

depth for at least 3 to 4 h. The hydrodynamics-flume experiments used longer test durations. Test runs 

up to 56 h showed that, for the ranges of sediment sizes and gradation used in the experiments, the longer 
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experiment durations did not alter maximum scour. For a given discharge, once the surface-armor layer 

was formed, bed profiles remained virtually constant. At the end of each run, the tail gate was slowly 

closed and the pump stopped to drain the flume without any disturbance. Then the flume was slowly 

drained with the aid of an efficient drainage system on the floor of the flume, with its end open toward 

the tail gate.  

The bed was then allowed to dry over a 24-h period, photos of scour holes around each pier were taken, 

and measurements of the final bed elevations were recorded to determine the maximum-scour depth 

around each pier and the final bed slope. The bed was allowed to dry another 24 h, and then the armored 

layers around each pier and different areas in the approach and downstream of the piers were sampled 

using the flour-paste technique. Sieve analysis was then performed on the samples using U.S. standard 

sieves. The sieving of the sediment samples was completed by using a series of sieves sized at intervals of 

√2 times the sieve diameters.  

This procedure was repeated for each run. In the sedimentation-flume experiments, the area around each 

pier within 6.1 m had to be refilled with the proper mixtures, leveled and saturated with water. Flow 

conditions were verified, and velocity was measured at the approach of each pier, in addition to the water-

surface profile measurements and scour depth with time. After the scour depth became constant with 

time for at least 3 to 4 h the flow was stopped to let the bed dry, and final bed elevations were taken. 

Finally, the surface layers around each pier as well as the approach and downstream of each pier were 

sampled to determine the size distribution of the armored layers. 

4.3 Experimental Results 

A comprehensive experimental program was designed to investigate the different aspects of gradation 

and coarse-material-fraction effects on local pier scour. These experiments were categorized into ten sets 

of runs, labeled 1-10. The experimental program was carried out concurrently in three different laboratory 

facilities. Sets 1-3, 9, and 10 were conducted in the sedimentation flume; sets 4-7 were performed in the 

hydrodynamics flume; and set 8 experiments were carried out in the mechanics flume. Thirteen different 

sediment mixtures, and 10 different pier models were subjected to a range of flow conditions, resulting 

in a total of 188 different pier-scour case studies.  

Set 1 experiments were conducted by subjecting three identical piers to specified flow conditions. The 

purpose was to check the repeatability of results for scour depth at the three piers which were subjected 

to the same flow conditions. The first set (runs MA-1 through MA-12) was performed using a graded-sand 

mixture with a geometric standard deviation, σg , of 2.43, and D50 of 0.75 mm.  

Set 2 experiments (runs MA-13 through MA-19) were conducted using the same sand with σg of 2.43 and 

D50 of 0.75 mm as the bed material around pier 1. Around piers 2 and 3 the size of coarse-material fraction 

in the original sediment mixtures, 10 percent around pier 2, and 5 percent around pier 3, was increased. 

The gradation coefficient, σg , and D50 were kept constant at 2.43 and 0.75 mm, respectively. The purpose 

of this second set of experiments was to examine the behavior of the scour depth with the increase in 
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sizes of sediments for the fraction above D90 and D95 in the original sediment mixture, without changing 

the gradation coefficient.  

Set 3 experiments (runs MA-20 through MA-27) used a sediment mixture with σg of 3.4 and D50 of  

0.75 mm as the bed material around pier 2, and increased the coarse fraction above D90 in the same 

sediment mixture as the bed material around pier 1. For pier 3, a uniform sand with σg of 1.38 and D50 of 

0.75 mm were used. The purpose of set 2 and 3 experiments was to investigate the effect of increasing 

the coarse-material fraction and gradation of bed materials on local pier-scour depth. 

Sets 4-7 were conducted in a smaller flume with scaled down (1:4) flume width, flow depth, and pier 

width. In sets 4-6, a coarse sand mixture with the same median diameter, D50, of 1.8 mm, but different 

gradation coefficients, was subjected to a range of approach-flow conditions. In set 4, a uniform mixture 

with σg of 1.15 was used. In sets 5 and 6, σg were 2.43 and 3.4, respectively. Finally, in set 7 the same 

sediment used in set 1 (with D50 of 0.75 mm and σg of 2.43) was used to study scaling effects. 

Set 8 experiments were conducted in the 5.18 m-wide river mechanics flume to examine and verify effects 

of pier sizes. For this purpose, a series of circular piers with various diameters was subjected to the same 

oncoming flow. The sediment used for these experiments was medium sand with a median diameter of 

0.55 mm and gradation coefficient of 2.43. The results of these experiments were used to establish scaling 

parameters for pier widths. In general, it was found that pier scour is a function of b2/3.  

Sets 9 and 10 were conducted in the sedimentation flume, and examined the effects of coarse fraction on 

gravel scour. The two sediment mixtures used in these experiments both had a median diameter of  

18 mm and gradation coefficient of 1.45. However, the gravel mixture used in set 9 experiments contained 

larger coarse fractions. The D90 for the mixtures used in sets 9 and 10 was 40 mm and 22 mm, respectively. 

The purpose of these experiments was to investigate the range of applicability of the theory developed 

from the study. 

A summary of the sediment characteristics associated with the different mixtures utilized in the study is 

given in Table 1. Tables 2-7 present the cases. In the pier-scour experiments presented in this section, the 

effects of the following parameters were investigated: 

• Effect of mean sediment size, D50 (all sets); 

• Effect of sediment gradation, σg (all sets); 

• Effect of the coarsest 10th percentile of the sediment-size gradation (sets 1-3 and 9-10); 

• Effect of flow depth, Y (all sets); and 

• Effect of pier diameter, b (set 8). 

The following sections present results of experiments. References to related summary tables are given 

whenever applicable. 
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Table 1.  Properties of Sediment Mixtures Used in Pier-Scour Experiments 

Mixture Mixture σg Dm D16 D35 D50 D65 D84.6 D85 D90 D95 D99 Dcfm Dcfm /D50 

No. ID  (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 

1 MA-1A 2.43 0.75 0.31 0.50 0.75 1.11 1.83 1.83 2.10 2.36 4.80 2.59 3.46 

2 MA-1B 2.43 0.75 0.31 0.50 0.75 1.11 1.83 1.83 2.80 5.00 8.00 4.24 5.65 

3 MA-1C 2.43 0.75 0.31 0.50 0.75 1.11 1.83 1.83 2.00 2.36 8.00 3.09 4.12 

4 MA-2E 3.40 0.75 0.23 0.45 0.75 1.31 2.65 2.65 4.76 6.40 8.00 5.50 7.33 

5 MA-2D 3.40 0.75 0.23 0.45 0.75 1.31 2.65 2.65 3.20 4.20 8.00 4.24 5.66 

6 MA-3 1.38 0.75 0.55 0.65 0.75 0.87 1.05 1.05 1.18 1.22 1.30 1.19 1.59 

7 HN-1 3.70 1.87 0.40 1.02 1.87 3.00 5.47 5.47 6.30 8.04 10.00 7.36 3.93 

8 HN-2 1.15 1.87 1.56 1.74 1.87 2.01 2.21 2.21 2.26 2.32 2.38 2.29 1.23 

9 HN-3 2.17 1.80 1.10 1.29 1.80 2.53 3.89 3.89 4.39 4.93 5.60 4.69 2.61 

10 HN-4 1.28 0.76 0.63 0.66 0.76 0.87 1.03 1.03 1.08 1.14 1.19 1.11 1.46 

11 MH-1 2.24 0.55 0.22 0.40 0.55 0.75 1.10 1.10 1.30 1.60 2.30 1.53 3.40 

12 MH-2 1.28 16.90 11.50 16.10 16.90 17.84 19.10 38.10 40.00 42.40 45.00 41.30 2.44 

13 MH-3 1.30 16.70 13.00 15.20 16.70 18.16 20.20 20.20 20.90 21.70 22.40 21.30 1.28 
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Table 2.  Summary of Sand-Scour Experiments in Sedimentation Flume for Set 1 (runs 1-12) 

 

Run 

ID 

 

Mixture 
ID 

Median Gradation Flow Approach Approach Energy Froude Scour Flow 

Diameter Coefficient Discharge Depth Velocity Slope Number Depth Duration 

D50 σσσσg Q Y V Se Fr Ds t 

(mm)  (l/s) (m) (m/s)   (m) (h) 

MA-1-1 MA-1 0.75 2.43 206.43 0.384 0.213 0.00020 0.11 0.037 8 

MA-1-2 MA-1 0.75 2.43 206.43 0.396 0.204 0.00020 0.10 0.037 8 

MA-1-3 MA-1 0.75 2.43 206.43 0.399 0.201 0.00020 0.10 0.034 8 

MA-2-1 MA-1 0.75 2.43 246.07 0.287 0.347 0.00040 0.21 0.076 8 

MA-2-2 MA-1 0.75 2.43 246.07 0.293 0.341 0.00040 0.20 0.067 8 

MA-2-3 MA-1 0.75 2.43 246.07 0.293 0.338 0.00040 0.20 0.067 8 

MA-3-1 MA-1 0.75 2.43 300.16 0.287 0.421 0.00060 0.25 0.168 19 

MA-3-2 MA-1 0.75 2.43 300.16 0.290 0.405 0.00060 0.24 0.143 19 

MA-3-3 MA-1 0.75 2.43 300.16 0.293 0.405 0.00060 0.24 0.143 19 

MA-4-1 MA-1 0.75 2.43 300.16 0.381 0.302 0.00040 0.16 0.049 12 

MA-4-2 MA-1 0.75 2.43 300.16 0.375 0.302 0.00040 0.16 0.049 12 

MA-4-3 MA-1 0.75 2.43 300.16 0.378 0.290 0.00040 0.15 0.046 12 

MA-5-1 MA-1 0.75 2.43 263.63 0.354 0.296 0.00042 0.16 0.046 8 

MA-5-2 MA-1 0.75 2.43 263.63 0.344 0.293 0.00042 0.16 0.046 8 

MA-5-3 MA-1 0.75 2.43 263.63 0.341 0.296 0.00042 0.16 0.040 8 

MA-6-1 MA-1 0.75 2.43 280.34 0.335 0.332 0.00045 0.18 0.088 12 

MA-6-2 MA-1 0.75 2.43 280.34 0.335 0.332 0.00045 0.18 0.082 12 

MA-6-3 MA-1 0.75 2.43 280.34 0.335 0.329 0.00045 0.18 0.079 12 

MA-7-1 MA-1 0.75 2.43 323.10 0.323 0.396 0.00060 0.22 0.146 16 

MA-7-2 MA-1 0.75 2.43 323.10 0.326 0.390 0.00060 0.22 0.134 16 

MA-7-3 MA-1 0.75 2.43 323.10 0.326 0.387 0.00060 0.22 0.134 16 

MA-8-1 MA-1 0.75 2.43 360.76 0.320 0.442 0.00065 0.25 0.186 12 

MA-8-2 MA-1 0.75 2.43 360.76 0.326 0.411 0.00065 0.23 0.183 12 

MA-8-3 MA-1 0.75 2.43 360.76 0.323 0.421 0.00065 0.24 0.183 12 

MA-9-1 MA-1 0.75 2.43 267.03 0.320 0.335 0.00043 0.19 0.091 16 

MA-9-2 MA-1 0.75 2.43 267.03 0.311 0.335 0.00043 0.19 0.079 16 

MA-9-3 MA-1 0.75 2.43 267.03 0.305 0.341 0.00043 0.20 0.079 16 

MA-10-1 MA-1 0.75 2.43 390.49 0.332 0.469 0.00070 0.26 0.195 10 

MA-10-2 MA-1 0.75 2.43 390.49 0.326 0.457 0.00070 0.26 0.186 10 

MA-10-3 MA-1 0.75 2.43 390.49 0.317 0.460 0.00070 0.26 0.183 10 

MA-11-1 MA-1 0.75 2.43 429.00 0.335 0.491 0.00073 0.27 0.207 14 

MA-11-2 MA-1 0.75 2.43 429.00 0.329 0.479 0.00073 0.27 0.198 14 

MA-11-3 MA-1 0.75 2.43 429.00 0.320 0.494 0.00073 0.28 0.207 14 

MA-12-1 MA-1 0.75 2.43 473.74 0.363 0.503 0.00085 0.27 0.198 16 

MA-12-2 MA-1 0.75 2.43 473.74 0.363 0.524 0.00085 0.28 0.195 16 

MA-12-3 MA-1 0.75 2.43 473.74 0.384 0.482 0.00085 0.25 0.201 16 
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Table 3.  Summary of Sand-Scour Experiments in Sedimentation Flume for Set 2 (runs 13-19) 

 

Run 

ID 

 

Mixture 
ID 

Median Gradation Flow Approach Approach Energy Froude Scour Flow 

Diameter Coefficient Discharge Depth Velocity Slope Number Depth Duration 

D50 σσσσg Q Y V Se Fr Ds t 

(mm)  (l/s) (m) (m/s)   (m) (h) 

MA- 13-1 MA-1A 0.75 2.43 314.32 0.323 0.390 0.00055 0.22 0.155 16 

MA- 13-2 MA-1B 0.75 2.43 314.32 0.323 0.366 0.00055 0.19 0.049 16 

MA- 13-3 MA-1C 0.75 2.43 314.32 0.323 0.372 0.00055 0.21 0.067 16 

MA- 14-1 MA-1A 0.75 2.43 206.43 0.311 0.256 0.00029 0.15 0.049 16 

MA- 14-2 MA-1B 0.75 2.43 206.43 0.314 0.250 0.00029 0.14 0.012 16 

MA- 14-3 MA-1C 0.75 2.43 206.43 0.314 0.250 0.00029 0.14 0.027 16 

MA- 15-1 MA-1A 0.75 2.43 146.11 0.305 0.250 0.00022 0.11 0.009 16 

MA- 15-2 MA-1B 0.75 2.43 146.11 0.308 0.183 0.00022 0.11 0.003 16 

MA- 15-3 MA-1C 0.75 2.43 146.11 0.305 0.186 0.00022 0.11 0.006 16 

MA- 16-1 MA-1A 0.75 2.43 236.73 0.329 0.280 0.00045 0.16 0.082 16 

MA- 16-2 MA-1B 0.75 2.43 236.73 0.335 0.265 0.00045 0.15 0.027 16 

MA- 16-3 MA-1C 0.75 2.43 236.73 0.338 0.259 0.00045 0.14 0.046 16 

MA- 17-1 MA-1A 0.75 2.43 259.38 0.329 0.302 0.00050 0.17 0.091 16 

MA- 17-2 MA-1B 0.75 2.43 259.38 0.332 0.293 0.00050 0.16 0.030 16 

MA- 17-3 MA-1C 0.75 2.43 259.38 0.332 0.290 0.00050 0.16 0.049 16 

MA- 18-1 MA-1A 0.75 2.43 380.30 0.329 0.451 0.00062 0.25 0.213 16 

MA- 18-2 MA-1B 0.75 2.43 380.30 0.329 0.427 0.00062 0.24 0.085 16 

MA- 18-3 MA-1C 0.75 2.43 380.30 0.335 0.433 0.00062 0.24 0.128 16 

MA- 19-1 MA-1A 0.75 2.43 477.14 0.335 0.549 0.00098 0.30 0.226 16 

MA- 19-2 MA-1B 0.75 2.43 477.14 0.335 0.558 0.00098 0.31 0.180 16 

MA- 19-3 MA-1C 0.75 2.43 477.14 0.305 0.646 0.00098 0.37 0.201 16 
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Table 4.  Summary of Sand-Scour Experiments in Sedimentation Flume for Set 3 (runs 20-27) 

 

Run 

ID 

 

Mixture 
ID 

Median Gradation Flow Approach Approach Energy Froude Scour Flow 

Diameter Coefficient Discharge Depth Velocity Slope Number Depth Duration 

D50 σg Q Y V Se Fr Ds t 

(mm)  (l/s) (m) (m/s)   (m) (h) 

MA-20-1 MA-2E 0.75 3.40 147.25 0.305 0.195 0.00047 0.11 0.003 16 

MA-20-2 MA-2D 0.75 3.40 147.25 0.308 0.189 0.00047 0.11 0.003 16 

MA-20-3 MA-3 0.75 1.38 147.25 0.308 0.186 0.00047 0.11 0.009 16 

MA-21-1 MA-2E 0.75 3.40 184.06 0.341 0.207 0.00050 0.11 0.009 16 

MA-21-2 MA-2D 0.75 3.40 184.06 0.338 0.210 0.00050 0.12 0.012 16 

MA-21-3 MA-3 0.75 1.38 184.06 0.338 0.213 0.00050 0.12 0.040 16 

MA-22-1 MA-2E 0.75 3.40 206.71 0.323 0.250 0.00054 0.14 0.012 16 

MA-22-2 MA-2D 0.75 3.40 206.71 0.329 0.241 0.00054 0.13 0.015 16 

MA-22-3 MA-3 0.75 1.38 206.71 0.332 0.238 0.00054 0.13 0.064 16 

MA-23-1 MA-2E 0.75 3.40 259.38 0.335 0.305 0.00062 0.17 0.018 16 

MA-23-2 MA-2D 0.75 3.40 259.38 0.335 0.299 0.00062 0.16 0.021 16 

MA-23-3 MA-3 0.75 1.38 259.38 0.338 0.293 0.00062 0.16 0.128 16 

MA-24-1 MA-2E 0.75 3.40 314.32 0.326 0.387 0.00070 0.22 0.030 16 

MA-24-2 MA-2D 0.75 3.40 314.32 0.329 0.378 0.00070 0.21 0.052 16 

MA-24-3 MA-3 0.75 1.38 314.32 0.326 0.381 0.00070 0.21 0.213 16 

MA-25-1 MA-2E 0.75 3.40 379.45 0.332 0.451 0.00090 0.25 0.070 16 

MA-25-2 MA-2D 0.75 3.40 379.45 0.332 0.436 0.00090 0.24 0.085 16 

MA-25-3 MA-3 0.75 1.38 379.45 0.335 0.430 0.00090 0.24 0.250 16 

MA-26-1 MA-2E 0.75 3.40 478.55 0.317 0.591 0.00150 0.34 0.189 16 

MA-26-2 MA-2D 0.75 3.40 478.55 0.317 0.582 0.00150 0.33 0.189 16 

MA-27-1 MA-2E 0.75 3.40 518.20 0.299 0.674 0.00200 0.39 0.219 16 

MA-27-2 MA-2D 0.75 3.40 518.20 0.299 0.652 0.00200 0.38 0.201 16 
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Table 5.  Summary of Sand-Scour Experiments in Hydrodynamics Flume for Sets 4-7 

Run 

ID 
Mixture 

ID 

Median Gradation Pier Flow Approach Approach Froude Bed Scour Flow 

Diameter Coefficient Diameter Discharge Depth Velocity Number Slope Depth Duration 

D50 σg     b Q Y V Fr So Ds t 

(mm)  (m) (l/s) (m) (m/s)   (m) (h) 

HN-01-1 HN-1 1.87 3.70 0.051 6.91 0.040 0.207 0.33 0.00418 0.010 8 

HN-01-2 HN-1 1.87 3.70 0.051 6.91 0.050 0.165 0.23 0.00418 0.003 8 

HN-01-3 HN-1 1.87 3.70 0.070 6.91 0.056 0.143 0.19 0.00418 0.004 8 

HN-02-1 HN-1 1.87 3.70 0.051 13.79 0.065 0.436 0.54 0.00418 0.025 8 

HN-02-2 HN-1 1.87 3.70 0.051 13.79 0.073 0.351 0.41 0.00418 0.009 8 

HN-02-3 HN-1 1.87 3.70 0.070 13.79 0.080 0.314 0.35 0.00418 0.013 8 

HN-03-1 HN-1 1.87 3.70 0.051 10.90 0.061 0.354 0.46 0.00363 0.015 8 

HN-03-2 HN-1 1.87 3.70 0.051 10.90 0.071 0.271 0.32 0.00363 0.008 8 

HN-03-3 HN-1 1.87 3.70 0.070 10.90 0.074 0.235 0.28 0.00363 0.008 8 

HN-04-1 HN-1 1.87 3.70 0.051 17.58 0.075 0.488 0.57 0.00336 0.028 10 

HN-04-2 HN-1 1.87 3.70 0.051 17.58 0.079 0.399 0.45 0.00336 0.012 10 

HN-04-3 HN-1 1.87 3.70 0.070 17.58 0.081 0.354 0.40 0.00336 0.014 10 

HN-05-1 HN-1 1.87 3.70 0.051 20.67 0.075 0.521 0.61 0.00368 0.032 10 

HN-05-2 HN-1 1.87 3.70 0.051 20.67 0.078 0.451 0.52 0.00368 0.027 10 

HN-05-3 HN-1 1.87 3.70 0.070 20.67 0.078 0.421 0.48 0.00368 0.036 10 

HN-10-1 HN-2 1.87 1.15 0.051 6.91 0.075 0.162 0.19 0.00375 0.002 11 

HN-10-2 HN-2 1.87 1.15 0.051 6.91 0.088 0.128 0.14 0.00375 0.000 11 

HN-10-3 HN-2 1.87 1.15 0.070 6.91 0.101 0.110 0.11 0.00375 0.000 11 

HN-11-1 HN-2 1.87 1.15 0.051 9.00 0.077 0.216 0.25 0.00375 0.007 9 

HN-11-2 HN-2 1.87 1.15 0.051 9.00 0.087 0.158 0.17 0.00375 0.000 9 

HN-11-3 HN-2 1.87 1.15 0.070 9.00 0.101 0.140 0.14 0.00375 0.000 9 

HN-12-1 HN-2 1.87 1.15 0.051 10.90 0.075 0.256 0.30 0.00391 0.048 14 

HN-12-2 HN-2 1.87 1.15 0.051 10.90 0.085 0.189 0.21 0.00391 0.009 14 

HN-12-3 HN-2 1.87 1.15 0.070 10.90 0.098 0.158 0.16 0.00391 0.014 14 

HN-13-1 HN-2 1.87 1.15 0.051 12.35 0.078 0.274 0.31 0.00418 0.058 21 

HN-13-2 HN-2 1.87 1.15 0.051 12.35 0.088 0.204 0.22 0.00418 0.012 21 

HN-13-3 HN-2 1.87 1.15 0.070 12.35 0.101 0.180 0.18 0.00418 0.017 21 

HN-14-1 HN-2 1.87 1.15 0.051 13.79 0.077 0.387 0.44 0.00417 0.077 19 

HN-14-2 HN-2 1.87 1.15 0.051 13.79 0.088 0.296 0.32 0.00417 0.042 19 

HN-14-3 HN-2 1.87 1.15 0.070 13.79 0.100 0.247 0.25 0.00417 0.018 19 

HN-20-1 HN-2 1.87 1.15 0.051 16.88 0.073 0.445 0.53 0.00417 0.078 30 

HN-20-2 HN-2 1.87 1.15 0.051 16.88 0.089 0.344 0.37 0.00417 0.066 30 

HN-20-3 HN-2 1.87 1.15 0.070 16.88 0.097 0.290 0.30 0.00417 0.061 30 

HN-21-1 HN-3 1.8 2.17 0.051 10.90 0.085 0.212 0.23 0.00341 0.012 17 

HN-21-2 HN-3 1.8 2.17 0.051 10.90 0.091 0.189 0.20 0.00341 0.003 17 

HN-21-3 HN-3 1.8 2.17 0.070 10.90 0.097 0.149 0.15 0.00341 0.007 17 

HN-22-1 HN-3 1.8 2.17 0.051 13.79 0.087 0.273 0.30 0.00341 0.014 22 

HN-22-2 HN-3 1.8 2.17 0.051 13.79 0.094 0.244 0.25 0.00341 0.012 22 

HN-22-3 HN-3 1.8 2.17 0.070 13.79 0.097 0.213 0.22 0.00341 0.012 22 

HN-23-1 HN-3 1.8 2.17 0.051 16.88 0.088 0.342 0.37 0.00341 0.031 25 
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Table 5.  Summary of Sand-Scour Experiments in Hydrodynamics Flume (continued) 

 

Run 

ID 

 

Mixture 
ID 

Median Gradation Pier Flow Approach Approach Froude Bed Scour Flow 

Diameter Coefficient Diameter Discharge Depth Velocity Number Slope Depth Duration 

D50 σσσσg b Q Y V Fr So Ds t 

(mm)  (m) (l/s) (m) (m/s)   (m) (h) 

HN-23-3 HN-3 1.8 2.17 0.070 16.88 0.095 0.258 0.27 0.00341 0.020 25 

HN-24-1 HN-3 1.8 2.17 0.051 20.70 0.088 0.410 0.44 0.00323 0.048 24 

HN-24-2 HN-3 1.8 2.17 0.051 20.70 0.087 0.377 0.41 0.00323 0.042 24 

HN-29-3 HN-4 0.76 1.28 0.070 7.56 0.098 0.122 0.12 0.00000 0.002 8 

HN-30-1 HN-4 0.76 1.28 0.051 9.74 0.076 0.232 0.27 0.00000 0.062 20 

HN-30-2 HN-4 0.76 1.28 0.051 9.74 0.086 0.170 0.19 0.00000 0.024 20 

HN-30-3 HN-4 0.76 1.28 0.070 9.74 0.096 0.152 0.16 0.00000 0.017 20 

HN-31-1 HN-4 0.76 1.28 0.051 11.95 0.079 0.261 0.30 0.00000 0.081 21 

HN-31-2 HN-4 0.76 1.28 0.051 11.95 0.091 0.191 0.20 0.00000 0.058 21 

HN-31-3 HN-4 0.76 1.28 0.070 11.95 0.101 0.174 0.18 0.00000 0.047 21 

HN-32-1 HN-4 0.76 1.28 0.051 13.79 0.079 0.298 0.34 0.00000 0.085 23 

HN-32-2 HN-4 0.76 1.28 0.051 13.79 0.091 0.255 0.27 0.00000 0.066 23 

HN-32-3 HN-4 0.76 1.28 0.070 13.79 0.101 0.205 0.21 0.00000 0.083 23 
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Table 6.  Summary of River-Mechanics Flume Experiments to Study Pier-Width Effects for Set 8 

Run 
ID 

Mixture 

ID 

Median Gradation Pier Approach Approach Bed Froude Scour Flow 

Diameter Coeficient Diameter Depth Velocity Slope Number Depth Duration 

D50 σg b Y V So Fr Ds t 

(mm)  (m) (m) (m/s) (m/m)  (m) (h) 

MH 11-1 MH-1 0.55 2.24 0.216 0.238 0.244 0.001 0.160 0.045 16 

MH 10-1 MH-1 0.55 2.24 0.216 0.157 0.448 0.001 0.361 0.196 16 

MH 9-1 MH-1 0.55 2.24 0.216 0.198 0.371 0.001 0.266 0.153 16 

MH 8-1 MH-1 0.55 2.24 0.216 0.212 0.255 0.001 0.177 0.060 16 

MH 7-1 MH-1 0.55 2.24 0.216 0.255 0.272 0.001 0.172 0.079 16 

MH 6-1 MH-1 0.55 2.24 0.216 0.239 0.257 0.001 0.168 0.072 16 

MH 5-1 MH-1 0.55 2.24 0.216 0.246 0.290 0.001 0.187 0.120 16 

MH 12-1 MH-1 0.55 2.24 0.152 0.237 0.280 0.001 0.184 0.088 16 

MH 13-1 MH-1 0.55 2.24 0.152 0.210 0.253 0.001 0.176 0.069 16 

MH 14-1 MH-1 0.55 2.24 0.152 0.224 0.274 0.001 0.185 0.089 16 

MH 15-1 MH-1 0.55 2.24 0.152 0.244 0.316 0.001 0.205 0.116 16 

MH 16-1 MH-1 0.55 2.24 0.152 0.214 0.282 0.001 0.195 0.081 16 

MH 17-1 MH-1 0.55 2.24 0.152 0.290 0.517 0.001 0.307 0.248 16 

MH 18-1 MH-1 0.55 2.24 0.152 0.247 0.361 0.001 0.232 0.191 16 

MH 19-1 MH-1 0.55 2.24 0.152 0.224 0.307 0.001 0.207 0.111 16 

MH 11-3 MH-1 0.55 2.24 0.165 0.219 0.246 0.001 0.168 0.049 16 

MH 10-3 MH-1 0.55 2.24 0.165 0.138 0.465 0.001 0.400 0.143 16 

MH 9-3 MH-1 0.55 2.24 0.165 0.182 0.408 0.001 0.305 0.158 16 

MH 8-3 MH-1 0.55 2.24 0.165 0.194 0.265 0.001 0.192 0.065 16 

MH 7-3 MH-1 0.55 2.24 0.165 0.237 0.307 0.001 0.201 0.088 16 

MH 11-2 MH-1 0.55 2.24 0.089 0.238 0.240 0.001 0.157 0.037 16 

MH 10-2 MH-1 0.55 2.24 0.089 0.157 0.479 0.001 0.385 0.117 16 

MH 9-2 MH-1 0.55 2.24 0.089 0.198 0.349 0.001 0.250 0.111 16 

MH 8-2 MH-1 0.55 2.24 0.089 0.212 0.238 0.001 0.165 0.066 16 

MH 7-2 MH-1 0.55 2.24 0.089 0.255 0.270 0.001 0.171 0.077 16 

MH 6-2 MH-1 0.55 2.24 0.089 0.239 0.276 0.001 0.180 0.073 16 

MH 11-4 MH-1 0.55 2.24 0.057 0.219 0.235 0.001 0.160 0.035 16 

MH 10-4 MH-1 0.55 2.24 0.057 0.138 0.436 0.001 0.374 0.057 16 

MH 9-4 MH-1 0.55 2.24 0.057 0.182 0.378 0.001 0.283 0.068 16 

MH 8-4 MH-1 0.55 2.24 0.057 0.194 0.250 0.001 0.181 0.036 16 

MH 7-4 MH-1 0.55 2.24 0.057 0.237 0.276 0.001 0.181 0.032 16 

MH 10-5 MH-1 0.55 2.24 0.032 0.138 0.463 0.001 0.398 0.029 16 

MH 9-5 MH-1 0.55 2.24 0.032 0.182 0.413 0.001 0.309 0.037 16 

MH 8-5 MH-1 0.55 2.24 0.032 0.194 0.266 0.001 0.193 0.022 16 

MH 7-5 MH-1 0.55 2.24 0.032 0.237 0.305 0.001 0.200 0.038 16 

MH 10-6 MH-1 0.55 2.24 0.019 0.157 0.437 0.001 0.352 0.014 16 

MH 9-6 MH-1 0.55 2.24 0.019 0.198 0.339 0.001 0.243 0.034 16 

MH 8-6 MH-1 0.55 2.24 0.019 0.212 0.219 0.001 0.152 0.018 16 
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Table 7.  Summary of Gravel-Scour Experiments in Sedimentation Flume for Sets 9 and 10 

Run 
ID 

Mixture 
ID 

Median Gradation Pier Approach Approach Bed Froude Scour Flow 

Diameter Coefficient Diameter Depth Velocity Slope Number Depth Duration 

D50 σσσσg b Y V So Fr Ds t 

(mm)  (m) (m) (m/s) (m/m)  (m) (h) 

MH G1-1 MH-2 16.90 1.28 0.178 0.296 0.850 0.0007 0.499 0.049 16 

MH G2-1 MH-2 16.90 1.28 0.178 0.320 1.073 0.0007 0.605 0.073 16 

MH G3-1 MH-2 16.90 1.28 0.178 0.338 1.192 0.0007 0.654 0.110 16 

MH G4-1 MH-2 16.90 1.28 0.178 0.354 1.228 0.0007 0.659 0.113 16 

MH G5-1 MH-2 16.90 1.28 0.178 0.372 1.384 0.0007 0.724 0.113 16 

MH G6-1 MH-2 16.90 1.28 0.178 0.290 1.859 0.0007 1.103 0.110 16 

MH G7-1 MH-2 16.90 1.28 0.178 0.238 2.286 0.0007 1.497 0.271 16 

MH G1-2 MH-3 16.70 1.30 0.178 0.335 0.771 0.0007 0.425 0.073 16 

MH G2-2 MH-3 16.70 1.30 0.178 0.357 0.969 0.0007 0.518 0.085 16 

MH G3-2 MH-3 16.70 1.30 0.178 0.381 1.079 0.0007 0.558 0.119 16 

MH G4-2 MH-3 16.70 1.30 0.178 0.357 1.186 0.0007 0.634 0.152 16 

MH G5-2 MH-3 16.70 1.30 0.178 0.375 1.320 0.0007 0.688 0.183 16 

MH G6-2 MH-3 16.70 1.30 0.178 0.250 2.018 0.0007 1.288 0.235 16 

MH G7-2 MH-3 16.70 1.30 0.178 0.219 2.478 0.0007 1.688 0.305 16 

 



_________________________________________________________Bridge Scour for Colorado Streams 

________________________________________________________________Colorado State University 

34

4.4 Theoretical Analysis 

This section presents the parameters affecting pier scour in non-uniform mixtures, and derives 

relationships to quantify their effects on the resulting scour depths. The equations derived from this 

analysis are were tested with the data from the experimental study and with data from earlier studies. 

4.4.1. Governing Parameters 

Experiments conducted for sets 1-3 varied the size gradation and coarse-material fraction of six sand 

mixtures while keeping their median diameter constant. In these experiments, the flow depth was kept 

relatively constant and the pier diameter remained 0.18 m while the discharge into the flume was 

incremented. Since the channel width and flow depth remained constant, this discharge variation in the 

experiments corresponded to varying velocity while keeping all other flow parameters constant. Figure 

4.1 shows the variation of dimensionless scour depth in experiments in sets 1-3 with approach velocity. 

By keeping all other variables constant, these experiments isolated the effects of gradation and coarse 

material fraction on pier scour.  

As shown in Figure 4.1, the initiation of pier scour takes place independent of the size of coarse-material 

fractions for approach velocities of approximately 0.18 m/s. This velocity is termed the scour initiation 

velocity, Vi , and marks the threshold condition for clear-water scour. For approach velocities greater than 

Vi , the largest scour depth in Figure 4.1 takes place in uniform-sediment mixtures (gradation coefficient  

σg = 1.38). As the size-gradation coefficient increases from 1.38 to 2.43, then to 3.4, the depth of scour 

decreases. This finding is in agreement with previous research. However, the reduction of scour is not a 

constant factor as suggested by earlier studies, but is a function of flow intensity. While the largest scour 

reduction takes place for an intermediate velocity value, for velocities slightly greater than 0.18 m/s and 

for velocities greater than 0.6 m/s, the scour reduction remains small.  

Figure 4.1 also shows two mixtures with the same median-sediment sizes and gradation coefficients, but 

with enlarged coarse fractions. In mixtures identified as 2.38A and 2.38B, while D50 and σg were kept at 

0.75 mm and 2.43 respectively, the coarsest 5-percent and 10-percent fractions were enlarged by 

replacing these size groups with coarser sediments. As a result, as shown in Figure 4.1, the scour depths 

corresponding to these mixtures are smaller. In fact, the scour observed for the mixture with an enlarged 

coarsest 10-percent fraction (mixture 2.43A) is the same as the scour observed in mixture 3.4A with a 

gradation coefficient of 3.4. Similarly, introducing larger coarse fractions to mixture 3.4A resulted in 

further reduction in scour depth.  
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Figure 4.1.  Variation of scour depth with velocity for sand mixtures used in sets 1-3 

 

Figure 4.2.  Comparison of FHWA’s CSU equation with the measured scour from sets 1-3 
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Figure 4.3.  Velocity versus discrepancy ratio for sets 1-3 experiments 

 

Figure 4.4.  Flow velocity versus dimensionless scour for sets 4-7 experiments 



_________________________________________________________Bridge Scour for Colorado Streams 

________________________________________________________________Colorado State University 

37

Figure 4.2 compares the results of sets 1-3 experiments with the computed-scour values from the 

Colorado State University (CSU) equation given in FHWA’s HEC-18. Several observations can be made in 

Figure 4.2:  

• As the intensity of flow increases (indicated by larger scour depth) the computed-scour depths 

approach the measured values; 

• For larger gradation factors and for mixtures with larger coarse fractions, the convergence of 

computed and measured values takes place at higher flow intensities; and  

• At low-flow intensities the computed values are in the order of 8 to 10 times the measured values.  

In Figure 4.3 the ratio of measured-to-computed scour depth is plotted against the flow velocity for the 

experiments in sets 1-3. For this data the ratio approaches 1 (perfect agreement) as the flow velocity (or 

intensity) increases. For a given flow velocity the ratio is closer to 1 for uniform mixtures (illustrated in the 

figure by the 1.38 gradation coefficient above the plotted points) than for mixtures with large size 

variations (illustrated by the 3.40 gradation coefficient above the plotted points). A general conclusion 

from Figures 4.2 and 4.3 is that the discrepancy between measured- and computed-scour depths using 

the current CSU equation increases as the gradation coefficient increases, and as the velocity (or flow 

intensity) decreases.  

Figure 4.4 shows results from experiments in sets 4-7 conducted using coarser sediment mixtures, and 

compares these results with the finer uniform-sand mixture used in sets 1-3. In these experiments smaller 

depths and pier diameters were used. Without applying proper modeling-scale ratios for flow depth and 

pier diameter the results cannot be superimposed on the previous results. However, the pattern of scour-

depth variation with flow intensity remains identical. In both Figures 4.1 and 4.4 the relationship between 

velocity and Ds / b shows, that for uniform material, the variation of scour with velocity is almost linear. 

For graded material and material with larger coarse fractions this relationship assumes the characteristics 

of a 2nd or 3rd degree polynomial (concave). At high flow velocities both figures show that scour values 

tend to converge to an “ultimate” value. The velocity at which maximum clear-water scour takes place is 

a function of the size of coarsest-size fractions present in mixtures. This velocity is identified as the critical 

velocity, Vc , at which the entire bed is mobilized (live-bed conditions).  

It is possible to define a dimensionless excess velocity, Ρ, which is a relative velocity with respect to the 

critical velocity that fully mobilizes the bed, given by: 

 

10;
ic

i ≤≤
−

−
= ψψ

VV

VV

 (4) 

The value of ψ varies between 0 and 1, with 0 corresponding to initiation of scour and 1 corresponding 

to the condition of fully-mobilized bed. The values of Vi and Vc can be determined by relating these  
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Figure 4.5.  Dimensionless excess velocity factor, ψ, versus depth of scour for sets 1-3 

 

Figure 4.6.  Variation of dimensionless scour with excess-velocity factor for various mixtures 
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Figure 4.8.  Variation of dimensionless scour with excess-velocity factor, ψ, for different coarse- 

fraction sizes used in sets 8 and 9 

 

Figure 4.7.  Variation of dimensionless scour with excess-velocity factor, ψ, for 

different coarse-fraction sizes used in sets 4-7 experiments 
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velocities to critical-flow conditions corresponding to initiation of motion. Using Shields’ relationship for 

critical shear   

 r
'
 sc DKγτ =  (5) 

or, 

 r
'
sDKSR γγ =  (6) 

Where τc = critical shear; K = experimental constant (0.047); γs
’ = submerged specific weight of sediment 

(1.65); R = hydraulic radius; S = slope of the energy grade line; and Dr = characteristic sediment size.  

For critical conditions, using the Manning-Strickler equation to express the slope of the energy line in 

terms of approach velocity (S = Vc
2 n2 / R2/3, where Vc  and R are in metric units), and using a relationship 

expressing the roughness coefficient,  n, in terms of the characteristic sediment size (n = Dr
1/6 /26.1, where 

Dr is in meters) it is possible to obtain: 

 r
'
s312

31
r

2
c 047.0
1.26

D
R

DV
γγ =  (7) 

or,  

 6131
r*

6131

r

'
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c

047.0
1.26 RDKRDV ==

γ

γ
 (8) 

where Vc , R, and  Dr are in SI units. Replacing 
'
sγ /γ  with 1.65 and after simplifications, equation 8 reduces 

to  

Vc (m/s) = 7.27 Dr (m)1/3 Y(m)1/6 

In English units, the critical velocity expression becomes  

Vc  (ft/sec) = 13.2 Dr (ft)1/3 Y (ft)1/6 

For the purposes of this study, however, the constant *K in equation 8 is an experimentally-determined 

value. Using results of pier-scour experiments, *K  was found to be 6.625 for SI units (with Dr in meters) 

and 12 for English units (with Dr in feet). In order to reflect the characteristics of the coarse-material 

fractions, the representative sediment size, Dr, is defined by the median size of the coarse-material 

fraction, Dcfm, given by: 

 
6

22 99959085
cfm

DDDD
D

+++
=  (9) 

The parameter Dcfm is a representative size (in meters for SI units, and feet for English units) for the coarse 

fractions present in sediment mixtures. Experimental evidence in Figures 4.1 and 4.4 indicates that a fully- 
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Figure 4.10.  Variation of measured coarse-fraction reduction factor, K4, with excess-velocity factor, ψ, 

for sets 1-3 experiments 

 

Figure 4.9.  Variation of scour depth with excess-velocity factor, ψ, for different 

coarse-fraction size ratios used in sets 4-7 experiments 
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Figure 4.11.  Variation of scour depth with pier size for the set 8 experiments 

 

Figure 4.12.  Relationship describing variation of pier scour with diameter 
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mobilized bed cannot be achieved without mobilizing coarser sizes. In the absence of extensive size 

information, or in cases where there are no discontinuities in the size-gradation curves, it is possible to 

utilize D90 to represent coarse fractions. 

Velocities in the vicinity of piers are amplified. From potential-flow theory, this amplification is 

approximately 1.7 times the approach velocity. Scour initiation takes place when the accelerated flows 

past the pier are capable of removing the bed material from the pier region. Experimental evidence 

indicates that these velocities are dependent on the finer-size fractions that are significantly available in 

the bed.  

For this study, the representative size for initiation of motion was determined to be D35. This size was used 

in the sedimentation literature by Einstein, Ackers, and White to account for the gradation effects in the 

transport of bed material. The expression for the initiation of pier scour can be derived from the critical-

velocity relationship, and can be expressed as: 

 
6131

35i YDKV ′′=  (10) 

Where K” is an experimental coefficient. From the pier-scour experiments, the value of K” was found to 

be 2.65 for SI units using D35 in meters, and 4.8 for English units using D35 in feet. 

Using the dimensionless velocity factor ψ the data presented earlier in Figure 4.1 is expressed in  

Figure 4.5. This figure shows that while maximum-scour depth is reached at ψ = 0.6 for the uniform 

mixture, for graded sediments higher flow intensities may be needed. This figure also shows that for 

mixtures with coarse fractions, low relative-flow intensities produce significantly smaller scour depths. 

For these mixtures, ultimate scour is produced sharply beyond a threshold intensity. Figure 4.5 indicates 

that even though the ultimate scour might be the same, for intermediate flows different mixtures exhibit 

different scour patterns. The information in Figure 4.5 is reproduced in Figure 4.6 in non-dimensional 

form.  

Figures 4.7 and 4.8 present dimensionless velocity versus depth of scour for sets 4-9. In these figures the 

parameter Dcfm is used to differentiate between mixtures with the same median size and gradation 

coefficient. As shown, the representative coarse fraction size, Dcfm, can reliably identify mixtures and, 

therefore, can be used in relationships to quantify the associated scour depths. In general, for the same 

dimensionless velocity factor, smaller Dcfm values are associated with larger scour depths. However, a 

more reliable factor in differentiating sediment properties of mixtures is the ratio, Dcfm / D50 , used in 

Figure 4.9. This dimensionless parameter can be used to normalize different sediment sizes for their 

expected scour potential. In Figure 4.9, Dcfm /D50 values of 1.23 and 1.46 represent two uniform mixtures 

with median sizes of 1.80 mm and 0.75 mm, respectively. For a given dimensionless velocity factor, the 

mixture with the larger sediment size but with smaller Dcfm /D50 ratio produces larger scour holes. This 

experimental observation can be used to formulate an expression by relating scour to flow intensity (as 

represented by dimensionless flow velocity factor,ψ ) and the relative coarse-fraction size Dcfm /D50.  
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Figure 4.13.  Computed and measured scour depths for the set 8 experiments 

 

Figure 4.14.  Variation of scour depth with excess-velocity factor, ψ, for uniform sand and gravel 
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Figure 4.15.  Measured and computed depth of scour for uniform sands and gravel using equation 12 

 

Figure 4.16.  Measured and computed scour for uniform sediment using FHWA’s CSU equation 
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To achieve this goal, it is necessary first to evaluate scour taking place in uniform material. Then, ratios of 

scour values observed in mixtures with varying amounts of coarse material compared with scour in 

uniform material must be evaluated. This ratio, which is termed the coarse-fraction reduction factor and 

denoted by K4, must then be related to flow intensity and Dcfm /D50. Figure 4.10 shows the results of this 

procedure for experiments in sets 1-3. Several conclusions can be drawn from Figure 4.10:  

• Scour reduction due to presence of coarse material cannot be expressed with a single value.  

• Scour reduction is a function of the coarse-sediment-fraction ratio Dcfm /D50. The higher the ratio, 

the lower the minimum value of K4.  

• For low flow intensities, and therefore ψ values near zero, the K4 value must be unity, since at low 

flow intensities there could be no effects due to coarse fractions or gradation.  

• For high flow intensities, and therefore ψ values near or greater than unity, the K4 value must also 

approach unity. At high flow intensities with a fully-mobilized bed, effects due to the presence of 

coarse fractions must be minimal.  

• There exists a certain flow intensity ψ at which scour reduction is minimum for a given sediment 

mixture. The location and magnitude of the minimum depend on the distribution and modality of 

sediment mixtures. 

4.4.2. Derivation of the K4 Relationship 

Two steps are needed in order to derive a functional relationship for K4 — express pier scour in uniform 

mixtures, and separate the effects due to the presence of coarse fractions. 

Set 8 experiments (Table 6) were used to define the variation of local scour with pier diameter. Figures 

4.11 and 4.12 show the variation of dimensionless scour depth with approach velocity for the six pier 

diameters used in the study. Since the flow depth was kept relatively constant for these experiments and 

the investigation of these effects was beyond the scope of the experimental study, the commonly 

accepted depth dependency of Y 1/6 was assumed for this study in normalizing the results. The best-fit line 

for describing the variation of scour with pier width in the pier-width-effect experiments utilizing  

0.55-mm graded sand and the corresponding correlation coefficient are given by: 

 

900970 2720

170660
.R;.

Yb

D .

..

s == ψ
 (11) 

where Ds , b, and Y are in meters and R2 is the correlation coefficient. This relationship demonstrates that 

scour is related to pier diameter according to: 

Ds ∝ b0.66 

The goodness of fit of this relationship is shown in Figure 4.13. 
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Figure 4.17.  Computed scour for sets 1-3 experiments using equation 12 with K4 from equation 14

 

Figure 4.18.  Measured and computed scour for nonuniform-sand experiments in sets 1-3 
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Figure 4.20.  Computed and measured scour for all data using equation 12 with K4 correction from equation 14 

 

Figure 4.19.  Computed and measured scour for all data using equation 12 (uniform-mixture equation) 
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Next, utilizing Ds /(b0.66 Y0.17) and ψ as variables, an expression for pier scour in uniform mixtures was 

developed. For this purpose, experiments with median-sediment sizes ranging from 0.75 mm to 1.80 mm, 

and to 17 mm were utilized. The resulting expression in SI units is: 

 1 0;99.0 55.0

17.066.0
≤≤= ψψ

Yb

Ds
 (12) 

in which Ds , b, and Y are in meters. For English units the expression becomes: 

 1 0;21.1 55.0

17.066.0
≤≤= ψψ

Yb

Ds
 (13) 

In using these equations a limiting value of 1 must be imposed on to reflect maximum clear-water 

scour conditions. Figures 4.14 and 4.15 show the goodness of fit of the data to this equation. In Figure 

4.15 additional data (126 points) from Chabert and Engeldinger (1956) and Shen, Schneider, Karaki (1966) 

which were used in the development of FHWA’s CSU equation are included. This demonstrates the 

agreement of the new equation with other data sources. For comparison purposes, Figure 4.16 presents 

the same uniform-material data with the CSU equation. As expected, for coarse material and gravel the 

CSU equation does not perform well.  

The last step in the development was the derivation of an expression to separate the effects due to coarse 

material fractions. This expression was derived through an extensive search for a function that could 

describe the physical phenomenon explained earlier in Figure 4.10. Those conditions are:  

• At low flow intensities ( < 0), effects due to coarse fraction are negligible, since at these flows 

only finer fractions are scoured; 

• At high flow intensities ( > 0), effects due to coarse fraction are also negligible, since at these 

flows the entire mixture is mobilized; 

• At intermediate flow intensities scour reduction is a function of both ψ and Dcfm /D50 ; and 

• Maximum scour reduction takes place for ψ  = 0.1 to 0.3. 

The resulting expression is: 

 1 01, 0);5.0ln(325.1 4
60.0

50

4 ≤≤≤≤++= ψψψ K
D

D
K

cfm  (14) 

where ψ  is the dimensionless excess velocity from equation 4. 

Figure 4.17 shows the data from set 1-3 experiments along with predictions from FHWA’s CSU equation 

and the new K4 relationship. The goodness of fit is illustrated in Figure 4.18. As shown in the figures, at 

low flow intensities and in the presence of coarse material the correlation of the CSU equation was poor.  

  

ψ

ψ

ψ



_________________________________________________________Bridge Scour for Colorado Streams 

________________________________________________________________Colorado State University 

50

Figure 4.22.  Computed scour using FHWA’s CSU equation with and without K4 correction from HEC 18, and by using 

the newly-developed equation 12 with K4 correction from equation 14 

 

Figure 4.21.  Computed scour using FHWA’s CSU equation for uniform and nonuniform mixtures 
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Figure 4.23.  Comparison of FHWA’s CSU equation with K4 correction (according to HEC 18) and the initiation of 

motion correction, Ki (according to equation 15) 

 

 

 

Figure 4.24.  FHWA’s CSU equation adjusted with Ki and K4, and with the HEC 18 correction for K4 
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However, at high flow intensities the CSU predictions converged with the new method and 

measurements.  

Figures 4.19 and 4.20 show the new equations with all data available from this study, and with the data 

from earlier studies that was used in the development of the earlier CSU equation (a total of 310 data 

values). The performance of the CSU equation with the same data set is illustrated in Figure 4.21.   

4.5 Adjustments to FHWA’s CSU Pier-Scour Equation 

Figure 4.22 compares the present HEC-18 correction for coarse-material size with the new approach. As 

shown, modifications proposed in HEC-18 cannot fully accommodate size corrections since this factor 

does not involve any sizes, and provides maximum correction at ψ = 0 (the no-scour condition).  

 

 

Figure 4.25.  Comparison between computed and measured scour using Ki and 

K4 corrections to FHWA’s CSU equation (equation 16), and by using equation 12 

with the K4 correction from equation 14 
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From the analysis of all data, it is concluded that two adjustments to FHWA’s CSU equation are needed:  

• Implementation of initiation of scour for uniform mixtures with larger sediment diameters than 

those used in the derivation of the model; and  

• Implementation of gradation and coarse-fraction size correction for non-uniform sediment 

mixtures. 

Since the equation was originally developed for fine sands, initiation of motion took place at very low 

velocities, and the need for this correction was not obvious. For coarser sediments at low flow intensities, 

the present analysis amplifies this deficiency. The initiation of scour may be implemented in the CSU 

equation by the inclusion of a scour initiation factor, Ki. This factor was found to be: 

 i
i

i VV
V

V
K >








−= ;1

45.0

 (15) 

For values of V ≤ Vi , the value of the initiation of scour factor, Ki , is 0. 

Figure 4.23 compares the adjusted scour computations with the presently-used K4 adjustment. The results 

are almost identical. The reason for this is due to the fact that the current K4 is merely a correction for the 

initiation of motion, since the expression used for K4 in HEC-18 is independent of relative sizes.  

The second adjustment to the CSU equation to implement gradation and coarse-fraction size correction 

for non-uniform sediment mixtures may be accomplished through the K4 factor defined earlier: 
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The final form of the CSU equation is: 
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where the definition of terms K1 , K2 , and K3 are as defined in HEC-18. Figures 4.24 and 4.25 show the 

results of pier-scour-depth computations using both Ki and K4 , and compare the results with the results 

from this study. As seen, a major improvement takes place in the predictions. The final results are 

comparable to those obtained from the study with slight overestimations.  

4.6 Summary and Conclusions of Theoretical Development 

A new pier-scour equation describing effects of gradation and coarse-material fraction on pier scour, Ds , 

was developed for Colorado streams. This equation is given as: 

 1 0;55.0
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Yb

D
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s
 (18) 
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where KU = 2.0 for preferred English units, in which Ds , b (pier width), and Y (approach-flow depth) are in 

feet (1.64 for SI units, in which case Ds , b, and Y are in meters); K1 , K2 , and K3 are as defined in HEC-18; 

and ψ equals the dimensionless excess-velocity factor given by: 

 

10 ≤≤
−

−
= ψψ ;

VV

VV

ic

i

 (19) 

The definitions of the critical and scour-initiating velocities, Vc and Vi , respectively, are: 

 

6131 YDKV cfmcc =
 (20) 

 

6131

35 YDKV ii =
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where Kc = 12.0 for preferred English units (6.625 for SI units); K i = 4.8 for preferred English units (2.65 for 

SI units); and Dcfm is the median size of the coarse-material fractions (in feet for English units, and meters 

for SI units) computed from: 
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The coarse-fraction reduction factor K4 is given by: 
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By definition, both K4 and ψ  cannot be greater than 1. The new equation has the following characteristics: 

• For uniform mixtures, it accommodates the initiation of motion at low flow intensities; for 

velocities smaller than the scour initiating velocities, no scour is computed. 

• The computed results are bounded by the imposition of a limiting condition for ψ of 1 (live-bed 

conditions). 

• It is physically based with no scour reduction at initiation of motion, or at high flow intensities. 

• Scour reduction is expressed as a function of relative coarse-fraction size and the intensity of flow. 

• It was verified with past experimental data (170 points), including data used in the development 

of FHWA’s CSU equation. It also showed excellent agreement with Jain and Fisher’s data for 

supercritical flows. 

• It was shown to be applicable to size ranges from 0.24-mm fine sand to 17-mm gravel mixtures. 

• It was tested successfully with 370 data sets with close agreement. 
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The work on the existing FHWA CSU equation also provided very promising results. The adjustments 

needed for the FHWA equation are:  

• Implementation of initiation of scour for uniform mixtures with larger sediment diameters than 

those used in the derivation of the model; and  

• Implementation of gradation and coarse-fraction size correction for non-uniform sediment 

mixtures. 

The initiation of scour is implemented in the CSU equation by the inclusion of the Ki factor. This factor was 

found to be: 
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For values of V <  Vi   , the value of the initiation of scour factor, Ki , is 0. 

Gradation and coarse-fraction size correction for non-uniform sediment mixtures is implemented in the 

CSU equation through the K4 factor defined earlier as: 
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The final form of the CSU equation is: 
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where the terms K1 , K2 , and K3 are as defined in HEC-18. 
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5. DEVELOPMENT OF PIER-SCOUR EQUATION FOR COLORADO 

STREAMS 

5.1 General 

This chapter discusses testing the new scour equation given by Eq. 17 using data from Colorado streams. 

The proposed scour equation in English units was given in Chapter 4 and is: 
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The Colorado streams used in the study are given Table 8. As shown in the table, 16 bridge sites were 

visited and data needed for the 40 pier-scour cases was obtained. 

In general terms, the data needed for the analysis was: 

1. General Site Information 

a. Photos of various bridge elements and piers 

2. Bridge Properties (from as-built drawings) 

a. Pier size 

b. Bridge geometry and elevations 

c. Alignment of piers 

3. Hydrology 

a. 100-year and 500-year return frequency discharges  

4. Hydraulics 

a. Topography 

b. Roughness 

c. Losses 

d. Ineffective flow areas 

5. Sediment Properties 

a. Bed-material size-gradation analyses 

b. Coarse-fraction data 
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6. Scour-Calculation Data 

a. Computed flow velocity 

b. Computed flow depth 

c. Initiation of bed-motion velocity 

d. Critical velocity for mobilizing the channel bed 

e. Excess velocity 

7. Comparative Analysis 

a. Past CDOT scour-measurement records 

b. As-built plans 

c. Existing-ground elevations 

 

Table 8.  Colorado Streams Used in the Study 

River Colorado Highway Structure ID 
 

Number of Piers 

Yampa River SH 131 C-09-AR  2 

Upper Colorado River SH 131 E-10-A  3 

Colorado River I 70 AR F-06-M  2 

Colorado River SH 340 EBND H-02-S  8 

Big Creek SH 330 H-04-G  1 

Plateau Creek SH 330 H-04-S  1 

Plateau Creek SH 65 H-04-Z  1 

East Muddy Creek SH 133 H-07-H  2 

Arkansas River SH 300 H-11-AA  5 

Lake Fork Creek SH 300 H-11-U  2 

North Fork Gunnison 

River 
SH 187 I-06-C 

 
2 

Dolores River SH 141 J-01-C  3 

John Brown Creek SH 141 J-01-D  1 

Gunnison River US 50 J-09-AB  2 

Cebolla Creek SH 149 K-08-D  2 

Lake Fork Gunnison River SH 149 L-07-A  2 

Totals 16 16  39 
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For the current study, streams listed in Table 5 were visited to obtain coarse-material samples and 

additional site and bed-material information. Data, including bridge properties (pier size, bridge geometry 

and elevations), hydrology, hydraulic computations (approach velocities and depths at each pier), bed-

material properties (size-gradation information for bed material), and data for comparative analysis 

(CDOT scour measurements, as-built ground elevations, present ground elevations), was available to the 

research team through CDOT’s on-going multi-year Plan of Action (POA) for Scour Critical Bridges study. 

This data was extracted and compiled from various Hydrau-Tech, Inc., reports and archives, and is 

provided in the Appendix. 

In addition to the sediment size-distribution data at each site collected earlier during the POA study, the 

Appendix also provides results of numerous new sediment size-gradation analyses conducted to 

determine the coarse fractions in different streams. Coarse-material size (Dcfm) information was collected 

by: 

• Individually collecting larger particles along river reaches (approximately 40-50 large particles 

along a 100-foot section) immediately upstream from bridges and at approach sections to bridges, 

and conducting a size analysis to determine an average coarse-material size at each site; 

• Taking photographs of river beds at the approach sections with marked targets, and conducting 

photogrammetric size analysis using FHWA’s size-analysis software; and 

• In cases where coarse fractions could not be readily identified or measured, using the size-

gradation analysis from the earlier POA study. 

For the comparative analysis, several methods were used to determine scour at each pier: 

• If available, CDOT measurements through the life of the bridge were used to determine changes 

at each pier. In following this procedure, it was noted that general scour taking place along the 

river is included in the overall-scour measurement. 

• Comparing as-built drawings showing the ground elevation with Hydrau-Tech’s recent ground-

elevation measurements immediately upstream from the piers to determine pier scour; and 

• Using maintenance records and bridge-detail drawings to determine ground elevations, and 

comparing maintenance records with Hydrau-Tech’s ground measurements. 

Depending on the quality and frequency of maintenance-record data, results from different 

methodologies were analyzed and the most-accurate representation was chosen. 

Tables 9-12 present the hydraulic, sediment, and pier-scour data used in the computations, as well as 

results of pier-scour calculations. Table 12 summarizes the computation results and provides measured-

scour values derived from CDOT archives, CDOT maintenance, and Hydrau-Tech’s field hydraulic surveys 

and corresponding computed pier-scour values. Figure 5.1 displays computed values against measured 

scour. 
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Table 9.  Summary of Hydraulic Parameters 

    

 

 

  

Structure 

ID 
Pier 

Hydraulics (100 yr) 

SE (ft/ft) VA (ft/s) YA (ft) 

C-09-AR 2 0.0041 5.7 6.8 

  3 0.0041 3.6 2.0 

E-10-A 2 0.0009 9.4 17.3 

  3 0.0009 8.6 7.4 

  4 0.0009 6.1 5.6 

F-06-M 2 0.0054 14.7 14.200 

  3 0.0054 14.6 11.600 

H-02-S 2 0.0011 1.9 3.3 

  3 0.0011 2.6 6.9 

  4 0.0011 2.1 5.2 

  5 0.0011 2.7 8.2 

  6 0.0011 3.6 10.1 

  7 0.0011 13.2 21.8 

  8 0.0011 13.1 22.1 

  9 0.0011 13.2 19.9 

H-04-G 2 0.0300 2.4 2.5 

H-04-S 2 0.0055 8.8 6.1 

H-04-Z 2 0.0023 10.0 8.3 

H-07-H 2 0.0035 3.8 2.5 

  3 0.0035 3.3 2.0 

H-11-AA 2 0.0030 3.6 2.9 

  3 0.0030 3.9 2.1 

  4 0.0030 5.9 3.6 

  5 0.0030 6.1 2.8 

  6 0.0030 1.3 0.5 

H-11-U 2 0.0016 3.6 2.5 

  3 0.0016 7.3 5.4 

I-06-C 2 0.0029 12.2 11.3 

  3 0.0029 9.8 6.6 

J-01-C 2 0.0022 12.7 9.3 

  3 0.0022 12.7 9.6 

  4 0.0022 3.1 3.3 

J-01-D 2 0.0064 6.7 7.1 

J-09-AB 2 0.0054 10.5 6.5 

  3 0.0054 11.8 9.5 

K-08-D 2 0.0007 6.3 5.2 

  3 0.0007 6.7 5.3 

L-07-A 2 0.0039 10.2 6.5 

  3 0.0039 8.6 4.7 
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Table 10.  Summary of Sediment-Size Properties 

 

Bed Material (ft) Coarse-Fraction Properties (ft) 

D35 D50 D65 D16 D35 D50 D65 D90 D95 D99 Dcfm Dcfm 

0.004 0.006 0.018 0.142 0.176 0.198 0.364 0.389 0.426 0.480 0.198 0.198 

0.004 0.006 0.018 0.142 0.176 0.198 0.364 0.389 0.426 0.480 0.198 0.198 

0.030 0.059 0.082 0.196 0.360 0.475 0.600 0.747 0.810 0.882 0.475 0.475 

0.013 0.023 0.049 0.196 0.360 0.475 0.600 0.747 0.810 0.882 0.475 0.475 

0.013 0.023 0.049 0.196 0.360 0.475 0.600 0.747 0.810 0.882 0.475 0.475 

0.005 0.021 0.056 0.288 0.414 0.500 0.800 0.900 1.000 1.800 0.500 0.500 

0.005 0.021 0.056 0.288 0.414 0.500 0.800 0.900 1.000 1.800 0.500 0.500 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.002 0.059 0.075 0.205 0.235 0.259 0.336 0.350 0.500 0.630 0.259 0.259 

0.580 0.767 1.100 0.319 0.580 0.767 1.380 1.470 1.900 2.380 0.767 0.767 

0.003 0.008 0.015 0.364 0.500 0.575 1.000 1.230 1.470 1.570 0.575 0.575 

0.026 0.059 0.082 0.215 0.365 0.487 1.440 1.750 2.080 2.500 0.487 0.487 

0.001 0.001 0.015 0.404 0.600 0.670 1.110 1.240 1.370 1.470 0.670 0.670 

0.001 0.001 0.015 0.404 0.600 0.670 1.110 1.240 1.370 1.470 0.670 0.670 

0.018 0.043 0.082 0.145 0.216 0.313 0.559 0.591 0.657 0.854 0.313 0.313 

0.018 0.043 0.082 0.145 0.216 0.313 0.559 0.591 0.657 0.854 0.313 0.313 

0.018 0.043 0.082 0.145 0.216 0.313 0.559 0.591 0.657 0.854 0.313 0.313 

0.018 0.043 0.082 0.145 0.216 0.313 0.559 0.591 0.657 0.854 0.313 0.313 

0.018 0.043 0.082 0.145 0.216 0.313 0.559 0.591 0.657 0.854 0.313 0.313 

0.013 0.039 0.072 0.322 0.400 0.458 0.627 0.640 0.720 0.861 0.458 0.458 

0.013 0.039 0.072 0.322 0.400 0.458 0.627 0.640 0.720 0.861 0.458 0.458 

0.167 0.250 0.333 0.401 0.446 0.482 0.800 1.040 1.170 1.270 0.482 0.482 

0.167 0.250 0.333 0.401 0.446 0.482 0.800 1.040 1.170 1.270 0.482 0.482 

0.015 0.049 0.082 0.313 0.365 0.410 0.582 0.615 0.680 0.873 0.410 0.410 

0.015 0.049 0.082 0.313 0.365 0.410 0.582 0.615 0.680 0.873 0.410 0.410 

0.015 0.049 0.082 0.313 0.365 0.410 0.582 0.615 0.680 0.873 0.410 0.410 

0.009 0.020 0.043 0.144 0.217 0.308 0.635 0.663 0.845 1.312 0.308 0.308 

0.002 0.006 0.012 0.257 0.325 0.379 0.605 0.675 0.775 0.875 0.379 0.379 

0.002 0.006 0.012 0.257 0.325 0.379 0.605 0.675 0.775 0.875 0.379 0.379 

0.023 0.039 0.049 0.127 0.210 0.300 0.465 0.485 0.560 0.592 0.300 0.300 

0.023 0.039 0.049 0.127 0.210 0.300 0.465 0.485 0.560 0.592 0.300 0.300 

0.001 0.002 0.003 0.142 0.313 0.367 0.773 0.840 0.920 0.984 0.367 0.367 

0.001 0.002 0.003 0.142 0.313 0.367 0.773 0.840 0.920 0.984 0.367 0.367 
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Table11.  Summary of Computed Pier-Scour Parameters 

Structure Vi (ft/s) Vc (ft/s) ψ Ki K4 b (ft) 

C-09-AR 1.07 9.63 0.54 0.91 1.00 1.50 

C-09-AR 0.87 7.85 0.39 0.88 1.00 1.50 

E-10-A 2.39 15.06 0.55 0.88 1.00 2.50 

E-10-A 1.58 13.07 0.61 0.91 1.00 2.50 

E-10-A 1.51 12.48 0.42 0.88 1.00 2.50 

F-06-M 1.24 14.821 0.991 0.961 1.000 3.500 

F-06-M 1.20 14.330 1.000 0.962 1.000 3.500 

H-02-S 0.69 9.35 0.14 0.82 0.89 2.30 

H-02-S 0.78 10.56 0.19 0.85 0.89 2.20 

H-02-S 0.75 10.08 0.14 0.82 0.89 2.20 

H-02-S 0.80 10.86 0.19 0.85 0.89 2.30 

H-02-S 0.83 11.25 0.27 0.89 0.93 2.50 

H-02-S 0.95 12.78 1.00 0.97 1.00 2.80 

H-02-S 0.95 12.81 1.00 0.97 1.00 2.80 

H-02-S 0.93 12.60 1.00 0.97 1.00 2.80 

H-04-G 4.67 12.81 0.00 0.00 1.00 1.00 

H-04-S 0.89 13.49 0.63 0.95 1.00 3.00 

H-04-Z 2.03 13.43 0.70 0.90 1.00 1.50 

H-07-H 0.49 12.23 0.28 0.94 0.98 4.00 

H-07-H 0.47 11.79 0.25 0.93 0.96 4.00 

H-11-AA 1.50 9.73 0.25 0.78 0.97 1.00 

H-11-AA 1.43 9.25 0.32 0.81 1.00 1.00 

H-11-AA 1.56 10.09 0.51 0.87 1.00 1.00 

H-11-AA 1.49 9.67 0.56 0.88 1.00 1.00 

H-11-AA 1.12 7.26 0.03 0.41 1.00 1.00 

H-11-U 1.32 10.78 0.24 0.81 0.92 1.00 

H-11-U 1.50 12.25 0.54 0.90 1.00 1.00 

I-06-C 3.96 14.09 0.81 0.84 1.00 7.00 

I-06-C 3.62 12.90 0.67 0.81 1.00 7.00 

J-01-C 1.71 12.93 0.98 0.94 1.00 2.00 

J-01-C 1.72 13.00 0.97 0.94 1.00 2.00 

J-01-C 1.44 10.88 0.18 0.76 0.90 2.00 

J-01-D 1.38 11.22 0.54 0.90 1.00 1.30 

J-09-AB 0.84 11.86 0.88 0.96 1.00 2.00 

J-09-AB 0.90 12.64 0.93 0.96 1.00 2.00 

K-08-D 1.80 10.57 0.51 0.86 1.00 2.00 

K-08-D 1.80 10.61 0.56 0.87 1.00 2.00 

L-07-A 0.73 11.74 0.86 0.97 1.00 2.00 

L-07-A 0.69 11.12 0.76 0.96 1.00 2.00 
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 Table 12. Summary of Computed Pier-Scour and Measured Scour 

Pier ID 
Measured Scour 

Ysm (ft) 

Computed Scour 

Ysc (ft) 

C-09-AR2 0.00 2.58 

C-09-AR3 2.00 1.75 

E-10-A2 5.41 4.29 

E-10-A3 5.41 3.92 

E-10-A4 1.60 3.04 

F-06-M2 5.79 7.14 

F-06-M3 5.14 6.94 

H-02-S2 1.07 1.46 

H-02-S3 1.14 1.88 

H-02-S4 2.09 1.52 

H-02-S5 5.08 1.97 

H-02-S6 6.53 2.62 

H-02-S7 7.20 6.66 

H-02-S8 6.20 6.68 

H-02-S9 4.50 6.56 

H-04-G2 2.90 0.00 

H-04-S2 5.50 4.35 

H-04-Z2 3.20 3.08 

H-07-H2 0.80 2.91 

H-07-H3 0.00 2.62 

H-11-AA2 3.70 1.13 

H-11-AA3 2.90 1.21 

H-11-AA4 2.80 1.72 

H-11-AA5 3.50 1.73 

H-11-AA6 3.40 0.25 

H-11-U2 0.00 1.07 

H-11-U3 0.00 1.90 

I-06-C2 13.90 9.74 

I-06-C3 10.55 7.97 

J-01-C2 4.50 4.57 

J-01-C3 0.00 4.57 

J-01-C4 1.70 1.49 

J-01-D2 0.84 2.36 

J-09-AB2 2.60 4.04 

J-09-AB3 0.90 4.45 

K-08-D2 1.56 2.90 

K-08-D3 0.90 3.04 

L-07-A2 3.07 4.00 

L-07-A3 2.73 3.53 
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Figure 5.1  Computed Versus Observed Pier Scour at Colorado Streams Using the Newly-Developed Colorado Pier-Scour Equation
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6.   SUMMARY AND CONCLUSIONS 

In this research study, a new bridge pier-scour equation suitable for streams flowing through mountainous 

regions of Colorado was developed. This equation utilizes the dimensionless excess-velocity concept, and 

relates this flow parameter to pier scour. Dimensionless excess velocity, by including critical and scour-

initiating velocities in its definition, accommodates the presence of cobbles and boulders (through the 

critical-velocity term), as well as the finer sand-gravel size material (through the scour-initiating velocity 

term).  

The development of the study’s various research tasks is presented in Chapter 2. Chapter 3 presents the 

approach, and Chapter 4 discusses previous work conducted at Colorado State University by Dr. Molinas 

through a 6-year FHWA study to examine effects of gradation. Theoretical development of the new scour 

equation and initial steps in its derivation are presented. The general form of the equation leads to 

calibration coefficients relating critical and scour-initiation velocities to representative fine material (D35 

of parent-sediment material found on the river bed), and to average coarse material that exists in 

abundance along mountain streams. Chapter 5 present the new scour equation and applies this equation 

to compute pier scour at 16 different sites scattered across mountainous parts of CDOT Regions 3  

and 5.  

Sources of the data used in the analysis are presented in Chapter 5. Extensive data from 16 bridges, a 

culmination of bridge-scour studies conducted for CDOT by Hydrau-Tech, Inc. for a Plan of Action (POA) 

for Scour Critical Bridges study is described. Additional coarse-material data collected for this project is 

described, along with methodologies employed to determine pier-scour estimates. Finally, tables related 

to scour computations are presented, and computed scour is compared with measured scour. 

As shown in Figure 5.1, measured and computed pier-scour values for the 38 piers included in the study 

show very good agreement through the entire range of observed scour values, which vary from 0 to 14 ft. 

Considering that the coarse material in the streams varied from 2 in to 24 in, computed velocities ranged 

from 2 to 15 ft/sec, and the range of parent materials varied from sand and gravel to boulder sizes, it can 

be concluded that the equation was tested through a wide range of flow and environment conditions and 

has been shown to be an excellent predictor. 
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Figure A.1.1. (E-10-A) 
Looking toward the structure entrance 

 
 

Figure A.1.2. 
Looking toward the structure outlet 
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Figure A.1.3. 
Looking at the Colorado River upstream from the structure 

 
 

Figure A.1.4. 
Looking at the Colorado River downstream from the structure 
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Figure A.1.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.1.6. 
Roadway looking toward decreasing roadway station 
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Prepared by Hydrau-Tech, Inc.         A-5 

 
Figure A.1.7. 

Looking toward the left abutment 

 
 

Figure A.1.8 
Looking toward the right abutment 
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Figure A.2.1. (F-06-M) 

Looking toward the structure entrance 

 
 

Figure A.2.2. 
Looking toward the structure outlet 
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Figure A.2.3. 
Looking at the Colorado River upstream from the structure 

 
 

Figure A.2.4. 
Looking at the Colorado River downstream from the structure 
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Figure A.2.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.2.6. 
Roadway looking toward decreasing roadway station 
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Figure A.2.7. 
Looking toward the left abutment 

 
 

Figure A.2.8. 
Looking toward the right abutment 

 
 

 

  

Left Abut. 

Abut. 1 

Right Abut. 

Abut. 4 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         A-10 

Figure A.3.1. (H-02-S) 

Looking toward the structures entrance 

 
 

 Figure A.3.2. 
Looking toward the structures outlet 
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Figure A.3.3. 
Looking at the Colorado River upstream from the structures 

 
 

Figure A.3.4. 
Looking at the Colorado River downstream from the structures 
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Figure A.3.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.3.6. 
Roadway looking toward decreasing roadway station 
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Figure A.3.7. 
Looking toward the left abutment 

 
 
 

Figure A.3.8. 
Looking toward the right abutments 
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Figure A.4.1. (H-04-Z) 

Looking toward the structure entrance 

 
 

Figure A.4.2. 
Looking toward the structure outlet 
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Figure A.4.3. 
Looking at Plateau Creek upstream from the structure 

 
 
 

Figure A.4.4. 
Looking at Plateau Creek downstream from the structure 
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Figure A.4.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.4.6. 
Roadway looking toward decreasing roadway station 
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Figure A.4.7. 
Looking toward the left abutment 

 
 

Figure A.4.8. 
Looking toward the right abutment 
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Figure A.5.1. (H-07-H) 
Looking toward the structure entrance 

 

 

Figure A.5.2. 
Looking toward the structure outlet 
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Figure A.5.3. 
Looking toward East Muddy Creek upstream from the structure 

  
 

 
Figure A.5.4. 

Looking toward East Muddy Creek downstream from the structure 
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Figure A.5.5. 
Roadway looking toward increasing roadway station 

 
 
 

Figure A.5.6. 
Roadway looking toward decreasing roadway station 
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Figure A.5.7.  

Looking toward left abutment 

  
 

Figure A.5.8. 
Looking toward right abutment    
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Figure A.6.1. (H-11-AA) 
Looking toward the structure entrance 

 
 

Figure A.6.2. 
Looking toward the structure outlet 
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Figure A.6.3. 
Looking at the Arkansas River upstream from the structure 

 
 

Figure A.6.4. 
Roadway looking toward increasing roadway station 
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Figure A.6.5. 
Roadway looking toward decreasing roadway station 

 
 

Figure A.6.6. 
Looking toward the left abutment 

 
 

Abut. 8 
Left Abut 
 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         A-25 

Figure A.6.7. 
Looking toward the right abutment 
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Figure A.7.1. (H-11-U) 
Looking toward the structure entrance 

 
 

Figure A.7.2. 
Looking toward the structure outlet 
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Figure A.7.3. 
Looking at the Lake Fork Creek upstream from the structure 

  
 

Figure A.7.4. 
Looking at the Lake Fork Creek downstream from the structure 
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Figure A.7.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.7.6. 
Roadway looking toward decreasing roadway station 
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Figure A.7.7.  
Looking toward the left abutment 

 
 

Figure A.7.8. 
Looking toward the right abutment 
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Figure A.8.1. (I-06-C) 
Looking toward the structure entrance 

 
 

Figure A.8.2. 
Looking toward the structure outlet 
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Figure A.8.3. 
Looking at the North Fork Gunnison River upstream from of the structure 

 
 

Figure A.8.4. 
Looking at the North Fork Gunnison River downstream from the structure 
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Figure A.8.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.8.6. 
Roadway looking toward decreasing roadway station 

 
  



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         A-33 

Figure A.8.7.  
Looking toward the left abutment 

 
 

Figure A.8.8. 
Looking toward the right abutment 
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Figure A.9.1. (J-01-C) 
Looking toward the structure entrance 

 
 

Figure A.9.2. 
Looking toward the structure outlet 
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Figure A.9.3. 
Looking at Dolores River upstream from the structure 

 
 

Figure A.9.4.  
Looking at Dolores River downstream from the structure 
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Figure A.9.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.9.6.  
Roadway looking toward decreasing roadway station 
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Figure A.9.7. 
 Looking toward left abutment  

 
 

Figure A.9.8. 
Looking toward right abutment 
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Figure A.10.1. (J-01-D) 
 Looking toward the structure entrance  

 
 

Figure A.10.2. 
Looking toward the structure outlet 
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Figure A.10.3. 
Looking at John Brown Creek upstream from the structure 

 
 

Figure A.10.4. 
Looking at John Brown Creek downstream from the structure 
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Figure A.10.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.10.6. 
Roadway looking toward decreasing roadway station 
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Figure A.10.7. 
Looking toward left abutment 

 
 
 Figure A.10.8.  

Looking toward right abutment 

 
 

 

 

  

Abut. 1 
Left Abut 
 

Abut. 3 
Right Abut 
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Figure A.11.1. (J-09-AB) 
Looking toward the downstream face of the structure 

 
 

Figure A.11.2. 
Looking at the Gunnison River upstream from the structure 
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Figure A.11.3. 
Looking upstream towards the left pier and embankment of J-09-AB 

 
 

Figure A.11.4. 
Looking towards the right abutment 

 

 

Right abutment 
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Figure A.11.5. 
Looking toward the downstream face of the structure 

 

 

Figure A.11.6. 
Looking toward the downstream face of the structure 
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Figure A.11.7. 
Looking at the Gunnison River downstream from the structure 
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Figure A.12.1. (K-08-D) 
Looking toward the structure entrance 

 

 

Figure A.12.2. 
Looking toward the structure outlet 
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Figure A.12.3. 
Looking toward Cebolla Creek upstream from the structure 

 
 

 
Figure A.12.4. 

Looking toward Cebolla Creek downstream from the structure 
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Figure A.12.5. 
Roadway looking toward increasing roadway station 

 
 
 

Figure A.12.6. 
Roadway looking toward decreasing roadway station 
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Figure A.12.7.  

Looking toward left abutment 

 
 

Figure A.12.8. 
Looking toward right abutment 

  

 

 

Abut. 1 
Left Abut 

Abut. 4 
Right Abut 
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Figure A.12.9. 
Looking at drop structure downstream of bridge 

 

 

Figure A.12.10. 
Looking at drop structure downstream of bridge 
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Figure A.13.1. (L-07-A) 
Looking toward the structure entrance 

  
  

 

Figure A.13.2. 
Looking toward the structure outlet 
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Figure A.13.3. 
Looking toward Lake Fork Gunnison River upstream from the structure 

 
   

Figure A.13.4. 
Looking toward Lake Fork Gunnison River downstream from the structure  
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Figure A.13.5. 
Roadway looking toward increasing roadway station 

 
 

Figure A.13.6. 
Roadway looking toward decreasing roadway station 
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Figure A.13.7.  
Looking toward left abutment   

 
 

Figure A.13.8. 
Looking toward right abutment    
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Left Abut 

Abut. 4 
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Figure A.13.9.  
Looking at drop structure downstream of bridge 

 

Figure A.13.10.  
Looking at drop structure downstream of bridge 
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Figure A.13.11.  
Looking at multiple dikes upstream of bridge 

 

Figure A.13.12.  
Looking at drop structure and dikes upstream of bridge 
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APPENDIX B – HYDROLOGIC ANALYSIS 
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Figure B.1.1. (E-10-A)  
Drainage Basin at E-10-A (USGS StreamStats) 

 
 
 
 

Table B.1.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.07 

Mean basin slope computed from 10 m DEM, in percent 22.9 

Area that drains to a point on a stream in square miles 2660 

Mean Basin Elevation in feet 7770 

Mean annual precipitation, in inches 23.91 

Percentage of basin above 7500 ft elevation 79.1 

 
 
 
 
 
 
 
 

E-10-A 
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StreamStats Ungaged Site Report 

 

Date: Wed Aug 31 2011 10:46:39 Mountain Daylight Time 
NAD27 Latitude: 39.8567 (39 51 24) 

NAD27 Longitude: -106.6499 (-106 38 60) 
NAD83 Latitude: 39.8567 (39 51 24) 

NAD83 Longitude: -106.6505 (-106 39 02) 

Warning from delineation: STREAMFLOW REGULATED--EQUATIONS DO NOT APPLY  

Error: ComputeFlows: No intersecting region found for PeakFlows.  

Log Pearson III Gage Analysis 

A log Pearson III analysis of the stream gage #9058000 was made.   The gage is located near 

Kremmling and has 62 years of record from 1905 to 2010.   The gage drainage area is 2,379 square 

miles.  The regional skew is -0.3 from the Bulletin 17B regional skewness map.  The number of years 

of record is greater than 50, indicating that the record length is adequate.   The adopted skewness 

of 0.05 was applied to adjust the flood frequency curve.  

 Application of the 1999 and 2009 USGS Regression equations for Colorado produces much lower 

estimates than the gage analysis.  The Colorado Stream Stats program does not compute the flood 

frequency due to the large drainage area that would result in extrapolation of the equations.  The 

computation of the flood frequency using the equation typically produces larger estimates than the 

gage estimates because the large drainage area typically has reservoirs that tend to decrease the 

flood frequency estimates.   

Table B.1.2 lists the log Pearson III flood frequency estimates and the 1999 and 2009 USGS regional 

regression equation estimates.   

 

State Highway 131   Structure  E-10-A 

The Colorado River highway 131 crossing has a drainage area of 2,660 square miles.   That drainage 

area is only 11% larger than the drainage area of the stream gage indicating no area adjustment is 

required.  The area adjustment exponent from the Colorado 2009 equation is 0.78 to 0.74.   Area 

adjustment increases the discharge estimates approximately 8%.  Area adjustment was applied 

using the 2009 USGS regression equation area exponents for the mountain hydrologic region.  

Table B.1.2 lists the area adjusted discharge estimates.  The area adjusted estimates may be used 

for hydraulic and scour analysis at this site.   
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Table B.1.2. 
Flood Frequency 

       Adjusted     Area 
   log log USGS USGS Adjusted 
 

Return Pearson  Pearson  EQ EQ 
Highway 

131 
 Period III  WRC 2009 1999   
 yr cfs cfs cfs cfs cfs 

 2 4014 4080 5130 3890 4373 
 5 7983 8028 7210 6080 8596 
 10 11613 11505 8860 7700 12319 
 25 17520 16954 9700 9870 18122 
 50 22950 21786 11700 11500 23287 
 100 29280 27250 13300 13200 29127 
 200 36541 33337 14700 14900 35634 
 500 47560 42274 16400 17100 45146 
       

    Equation show much less discharge than gage 
  Equations are extrapolated  

    Adjusted using regional skew -0.3   
   Colorado River near Kremmling 
   Stream Gage #9058000 

    Area adjusted based on 2009 equations area exponents for mountain region 

        
Figure B.1.2.  

Flood Frequency Curves 
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Figure B.2.1. (F-06-M) 
Drainage Basin at F-06-M (USGS StreamStats) 

 
 
 
 

Table B.2.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.13 

Mean basin slope computed from 10 m DEM, in percent 31.3 

Area that drains to a point on a stream in square miles 6120 

Mean Basin Elevation in feet 9400 

Mean annual precipitation, in inches 25.43 

Percentage of basin above 7500 ft elevation 90.2 

 
 
 
 
 
 
 

F-06-M 
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Streamstats Ungaged Site Report 

Date: Wed Aug 31 2011 11:59:18 Mountain Daylight Time 

NAD27 Latitude: 39.5647 (39 33 53) 
NAD27 Longitude: -107.5165 (-107 30 60) 

NAD83 Latitude: 39.5646 (39 33 53) 
NAD83 Longitude: -107.5172 (-107 31 02) 

Warning from delineation: STREAMFLOW REGULATED--EQUATIONS DO NOT APPLY  

Error: ComputeFlows: No intersecting region found for PeakFlows. 

Colorado River near Glenwood     

Hydrology 

Colorado River at Glenwood Springs has a drainage area of 1800 sq miles. The peak runoff is 

primarily due to snowmelt. The gage (9163500) near the Utah Border and the Kremling gage 

(9058000) were used to interpolate the estimate for Glenwood Canyon.  The Kremling gage has a 

drainage area of 2379 square miles.  The Utah gage has a much larger area of 16900 sq miles.   

This site drainage area is 4560 sq miles near Glenwood Springs. 

Conclusion  

The log Pearson III gage study results were used for this site.  The 100-year flood peak of 35298 cfs 

and 500-year peak discharge of 52931 cfs from the log Pearson III analysis of records.  

Table B.2.2. 

Flood Frequency 

     
Computed 

Kremling 9058000   
Near 
Utah 9163500 Glenwood 

Area 2379 sq mi   16900 sq mi 
4560 sq 
mi 

    WRC   WRC   

  cfs cfs cfs cfs cfs 

2 4014 4038 24465 24358 7070 

2.3 4630 4657 26876 26768 7955 

5 7983 8000 37232 37222 12375 

10 11613 11575 45339 45527 16707 

25 17520 17313 55011 55583 23237 

50 22950 22519 61729 62668 28915 

100 29280 28522 67990 69348 35298 

200 36541 35333 73812 75629 42412 

500 47560 45546 80857 83321 52931 
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Figure B.2.2. 

Stage-Discharge Curve 
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Figure B.3.1. (H-02-S) 
Drainage Basin at H-02-S (USGS StreamStats) 

 
 
 
 

Table B.3.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.11 

Mean basin slope computed from 10 m DEM, in percent 28.3 

Area that drains to a point on a stream in square miles 16900 

Mean Basin Elevation in feet 8750 

Mean annual precipitation, in inches 22.31 

Percentage of basin above 7500 ft elevation 76 

 
 
 
 
 

H-02-GC/H-02-S 
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Streamstats Ungaged Site Report 

Date: Wed Aug 31 2011 14:30:27 Mountain Daylight Time 

NAD27 Latitude: 39.0670 (39 04 01) 
NAD27 Longitude: -108.5826 (-108 34 57) 

NAD83 Latitude: 39.0670 (39 04 01) 
NAD83 Longitude: -108.5832 (-108 34 60) 

Warning from delineation: STREAMFLOW REGULATED--EQUATIONS DO NOT APPLY  

Error: ComputeFlows: No intersecting region found for PeakFlows.  

Log Pearson III Gage Analysis 

A log Pearson III analysis of the stream gage # 9153000 was made.   The gage is located near the 

Utah Border with 61 years of record from 1951 to 2010.   The gage drainage area is 17,843 square 

miles.  The regional skew is -0.3 from the Bulletin 17B regional skewness map.  Both the unadjusted 

and adjusted estimates are listed in Table B.3.2.  Application of the 1999 and 2009 USGS Regression 

equations for Colorado produces lower estimates than the gage.  The Colorado Stream stats 

program does not compute the flood frequency due to the large drainage area that would result in 

extrapolation of the equations outside of recommended ranges.  Application of the equations 

however provides some insight as to how well they may extrapolate and if there may be some 

reservoir storage affect in the gage analysis.   Table B.3.2. lists the log Pearson III flood frequency 

estimates and the 1999 and 2009 USGS regional regression equation estimates.   

 

State Highway 340 Structure H-02-S and H02-GC  

The Colorado River highway 340 crossing has a drainage area of 16900 square miles.  The site 

drainage area is only 5% smaller than the drainage area of the stream gage indicating that area 

adjustment is minor.   Table B.3.2. lists the area adjusted discharge estimates that are 

recommended to be used for hydraulic and scour analysis at this site.   

 

Colorado Stream stats  

The Colorado Stream Stats program indicates this site is outside the range of the regression 

equations due to regulation of stream flows and the large drainage area.   The 2009 equations were 

applied outside of the Colorado Stream Stats environment since it provides results useful in 

comparison to stream gage analysis.  The equations expectedly produced larger peak flood 

estimates than the stream gage analysis.  
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Colorado Stream Stats Basin Characteristics 

H-02-S   State Highway 340   

Basin Characteristics Report  

H-02-S    H-02-GC   

Colorado River  

Basin Characteristics Report 

Date: Sun Oct 16 2011 20:39:27 Mountain Daylight Time 

NAD27 Latitude: 39.0669 (39 04 01) 

NAD27 Longitude: -108.5819 (-108 34 55) 

NAD83 Latitude: 39.0669 (39 04 01) 

NAD83 Longitude: -108.5825 (-108 34 57) 

Parameter Value  

6-hour, 100-year precipitation, in inches 2.11  

Mean basin slope computed from 10 m DEM, in percent 28.3  

Area that drains to a point on a stream in square miles 16900  

Mean Basin Elevation in feet 8750  

Mean annual precipitation, in inches 22.32  

Percentage of basin above 7500 ft elevation 76.1 
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Table B.3.2. 
USGS StreamStats Flood Frequency and Confidence Limits 

Z09163500                       USGS                                             

 

     H09163500       3907581090135000808077SW1401000517849  17843  4325               

 

     N09163500       COLORADO RIVER NEAR COLORADO-UTAH STATE LINE                     

 

                                  UNADJUSTED            WRC  ADJUSTED 

 

  PERCENT    RECURRENCE       K                      K 

  CHANCE      INTERVAL                  FLOW                   FLOW 

               YEARS                    CFS                      CFS 

  99.0            1.0     -2.68670      5418.    -2.65149       5523. 

  98.0            1.0     -2.31459      6635.    -2.28995       6724. 

  96.0            1.0     -1.91245      8259.    -1.89783       8325. 

  90.0            1.1     -1.32121     11395.    -1.31841      11412. 

  80.0            1.3      -.80505     15091.     -.80936      15056. 

  66.6            1.5      -.35417     19290.     -.36187      19209. 

  50.0            2.0       .08238     24465.      .07427      24358. 

  42.9            2.3       .25498     26876.      .24759      26768. 

  20.0            5.0       .85369     37232.      .85321      37222. 

  10.0           10.0      1.21555     45339.     1.22315      45527. 

   4.0           25.0      1.57074     55011.     1.58975      55583. 

   2.0           50.0      1.78238     61729.     1.81012      62668. 

   1.0          100.0      1.95983     67990.     1.99615      69348. 

    .5          200.0      2.11077     73812.     2.15542      75629. 

    .2          500.0      2.27820     80857.     2.33334      83321. 

   

 

Confidence limits upper and lower at two Standard Errors 

95 % chance estimate is between limits 

97.5 % chance below upper limit 

Confidence limits upper and lower at one Standard Errors 

68 % chance estimate is between limits 

84 % chance below upper limit 

   

   

  Probability  Recurrence   95% Lower   68%Lower   WRC   68% Upper   95% Upper 

                    yr        Limit     Limit               Limit     Limit 

   

   

  99.0            1.0         3884.1    4673.7    5523.0    6361.8    7126.4 

  98.0            1.0         4915.3    5793.4    6724.4    7634.6    8458.9 

  96.0            1.0         6335.9    7307.1    8324.6    9311.8   10202.7 

  90.0            1.1         9177.6   10272.8   11411.9   12517.1   13520.9 

  80.0            1.3        12611.1   13802.5   15056.1   16295.9   17449.9 

  66.6            1.5        16510.3   17804.5   19209.5   20653.2   22055.5 

  50.0            2.0        21198.9   22675.1   24357.6   26183.7   28063.1 

  42.9            2.3        23323.1   24914.1   26767.7   28828.0   31001.0 

  20.0            5.0        32068.0   34357.9   37222.2   40658.3   44576.8 

  10.0           10.0        38610.6   41624.8   45526.9   50385.4   56142.5 

   4.0           25.0        46215.1   50233.6   55583.3   62452.3   70860.0 

   2.0           50.0        51415.9   56202.5   62668.1   71107.5   81620.3 

   1.0          100.0        56224.0   61770.1   69347.5   79367.0   92024.5 

    .5          200.0        60673.3   66960.2   75629.0   87213.4  102017.8 

    .2          500.0        66038.3   73262.1   83320.9   96916.2  114509.2 

   

   

   HIGH OUTLIER LIMIT 109606.40 cfs  T    2.83700 

   LOW OUTLIER LIMIT   4992.42 cfs  T    2.83700 
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Figure B.4.1. (H-04-Z) 
Drainage Basin at H-04-Z (USGS StreamStats) 

 
 

Table B.4.1. 
Basin Characteristics Report (USGS StreamStats) 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

Parameter Value 

Mean basin slope computed from 10 m DEM, in percent 21.9 

Area that drains to a point on a stream in square miles 546 

Mean Basin Elevation in feet 8390 

H-04-Z 
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Table B.4.2. 
USGS StreamStats Peak-Flows Streamflow Statistics 

 
 
 
 

 
 

 
 

  

Peak-Flows Streamflow Statistics Area-Averaged 

Statistic Flow (ft
3
/s) Prediction Error (percent) 

Equivalent 

years of 

record 

 PK2  1870  68   

 PK5  2760  57   

 PK10  3380  52   

 PK25  3980  50   

 PK50  4720  50   

 PK100  5420  48   

 PK200  5930  48   

 PK500  6790  47   
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Figure B.5.1. (H-07-H) 
Drainage Basin at H-07-H (USGS StreamStats) 

 
 
 

Table B.5.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter  Value 

 6-hour, 100-year precipitation, in inches  2.27 

 Mean basin slope computed from 10 m DEM, in percent  27.3 

 Area that drains to a point on a stream in square miles  113 

 Mean Basin Elevation in feet  8720 

 Mean annual precipitation, in inches  28.85 

 Percentage of basin above 7500 ft elevation  89.9 

 
 
 
 
 
 

H-07-H 
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Table B.5.2. 
USGS StreamStats Basin Characteristics 

Peak-Flows Basin Characteristics 

89% Mountain Region Peak Flow (81.4 mi2)  

 Parameter 
 Value  Regression Equation Valid Range 

 Min  Max 

 Drainage Area  91     

 Mean Basin Slope from 10m DEM       

 Mean Annual Precipitation  28.46     

11% Northwest Region Peak Flow (9.58 mi2)  

 Parameter 
 Value  Regression Equation Valid Range 

 Min  Max 

 Drainage Area  91     

 Percent above 7500 ft       

 Mean Annual Precipitation  28.46     

 
Table B.5.3. 

USGS StreamStats Peak-Flows Streamflow Statistics Area-Averaged 

Peak-Flows Streamflow Statistics Area-Averaged 

Statistic Flow (ft3/s) Prediction Error (percent) 
Equivalent 

years of 
record 

 PK2  708  56   

 PK5  990  49   

 PK10  1180  45   

 PK25  1360  44   

 PK50  1610  43   

 PK100  1800  40   

 PK200  1950  40   

 PK500  2210  38   
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Figure B.6.1. (H-11-AA) 
Drainage Basin at H-11-AA (USGS StreamStats) 

 
 
 
 

Table B.6.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.18 

Mean basin slope computed from 10 m DEM, in percent 27.4 

Area that drains to a point on a stream in square miles 102 

Mean Basin Elevation in feet 11100 

Mean annual precipitation, in inches 23.36 

Percentage of basin above 7500 ft elevation 100 

 
 
 
 
 
 
 
 
 

H-11-AA 
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Table B.6.2. 
USGS StreamStats Peak-Flows Streamflow Statistics 

Peak-Flows Streamflow Statistics 

Statistic 
Flow 

(ft
3
/s) 

Prediction Error 

(percent) 

Equivalent 

years of 

record 

90-Percent Prediction 

Interval 

Minimum Maximum 

 PK2  431  49       

 PK5  628  44       

 PK10  772  41       

 PK25  906  40       

 PK50  1100  39       

 PK100  1240  36       

 PK200  1370  36       

 PK500  1590  33       
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Figure B.7.1. (H-11-U) 
Drainage Basin at H-11-U (USGS StreamStats) 

 
 
 
 

Table B.7.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.33 

Mean basin slope computed from 10 m DEM, in percent 27.9 

Area that drains to a point on a stream in square miles 34.4 

Mean Basin Elevation in feet 10800 

Mean annual precipitation, in inches 27.50 

Percentage of basin above 7500 ft elevation 100 

 
 
 
 

 
 

H-11-U 
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Table B.7.2. 
USGS StreamStats Peak-Flows Streamflow Statistics 

Peak-Flows Streamflow Statistics  

Statistic Flow (ft
3
/s) Prediction Error (percent) 

Equivalent 

years of 

record 

90-Percent Prediction Interval 

Minimum Maximum 

 PK2  261  49       

 PK5  369  44       

 PK10  443  41       

 PK25  518  40       

 PK50  618  39       

 PK100  688  36       

 PK200  748  36       

 PK500  860  33       
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Figure B.8.1. (I-06-C) 
Drainage Basin at I-06-C (USGS StreamStats) 

 
 
 
 

Table B.8.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.26 

Mean basin slope computed from 10 m DEM, in percent 32 

Area that drains to a point on a stream in square miles 721 

Mean Basin Elevation in feet 8680 

Mean annual precipitation, in inches 27.12 

Percentage of basin above 7500 ft elevation 82.6 

 
 
 
 
 
 
 

I-06-C 
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Table B.8.2. 
USGS StreamStats Basin Characteristics 

Peak-Flows Basin Characteristics 

82% Mountain Region Peak Flow (592 mi2)  

 Parameter 

 Value  Regression Equation Valid 

Range 

 Min  Max 

 Drainage Area (square miles)  721  1  1060 

 Mean Basin Slope from 10m DEM 

(percent) 

 32  7.6  60.2 

 Mean Annual Precipitation (inches)  27.12  18  47 

18% Northwest Region Peak Flow (129 mi2)  

 Parameter 

 Value  Regression Equation Valid 

Range 

 Min  Max 

 Drainage Area (square miles)  721  1  5250 

 Percent above 7500 ft (percent)  82.6  0  99 

 Mean Annual Precipitation (inches)  27.12  8  49 

 
Table B.8.3. 

USGS StreamStats Peak-Flows Streamflow Statistics Area-Averaged 

Peak-Flows Streamflow Statistics Area-Averaged 

Statistic Flow (ft
3
/s) Prediction Error (percent) 

Equivalent years 

of record 

 PK2  2630  60   

 PK5  3720  52   

 PK10  4480  48   

 PK25  5110  46   

 PK50  6050  45   

 PK100  6810  43   

 PK200  7400  43   

 PK500  8380  41   
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Figure B.9.1. (J-01-C) 
Drainage Basin at J-01-C (USGS StreamStats) 

 
 
 
 

Table B.9.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.20 

Mean basin slope computed from 10 m DEM, in percent 23.1 

Area that drains to a point on a stream in square miles 4360 

Mean Basin Elevation in feet 7750 

Mean annual precipitation, in inches 21.33 

Percentage of basin above 7500 ft elevation 52.4 

 
 
 

 

 

J-01-C 
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StreamStats Ungaged Site Report 

Date: Fri Sep 9 2011 10:50:54 Mountain Daylight Time 

NAD27 Latitude: 38.6806 (38 40 50) 
NAD27 Longitude: -108.9793 (-108 58 45) 

NAD83 Latitude: 38.6806 (38 40 50) 
NAD83 Longitude: -108.9799 (-108 58 48) 

Warning from delineation: STREAMFLOW REGULATED--EQUATIONS DO NOT APPLY  

Error: ComputeFlows: No intersecting region found for PeakFlows.  

 

Hydrology: 

The Delores River crossing of highway 141 has a drainage area of 4360 square miles.  Stream gage 

9169500 has a drainage area of 2025 square miles.  The watershed is located in the Southwest 

hydrologic region portions of which are mountainous.    

 

Colorado Stream stats  

 The Colorado Stream Stats program indicates this site is outside the range of the regression 

equations due to regulation of stream flows and the large drainage area.   The 2009 equations were 

applied outside of the Colorado Stream Stats environment since it provides results useful in 

comparison to stream gage analysis.  The equations expectedly produced larger peak flood 

estimates than the stream gage analysis.  

 

Stream Gage  

The Delores River stream gage 9-169500 has a drainage area of 2025 square miles.  The gage has 

records from 1918 to 2010.  Some years of record however are missing.  A total of 44 years were 

used in the analysis.   A log Pearson III analysis was performed on this gage data.  The regional skew 

of -0.1 was used.  The station skew was computed to be -.51 and the weighted skew of -0.44 was 

used to produce the skew adjusted estimates.     Area adjustment of the log Pearson III gage 

analysis was made based on the gage and site drainage areas.  The gage area is approximated one 

half the site area indication substantial extrapolation.  The area adjustment exponents for the 

mountain region were used.  The area adjusted gage estimates are similar to the 2009 mountain 

equations.    The 2009 equations however are larger than may be attributed to regulation or the 

watershed.   A comparison with the Colorado River was also made since the Delores is a tributary.   

The Delores flood frequency peak is less that the Colorado River flood frequency curves as related 

to drainage area; the unit discharge per square miles is less for Delores than for the Colorado River.   

The peak runoff is primarily due to snowmelt.    The gage (9163500) near the Utah Border and the 

Kremmling gage (9058000) were used to interpolate the estimate for Glenwood Canyon.  The 

Kremmling  gage has a drainage area of 2379 square miles.  The Utah gage has a much larger area 
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of 16900 square miles.  The Delores results were plotted to see how they line up with the Colorado 

River gage analysis. That  

  

Conclusion  

The area adjusted log Pearson III gage study results are recommended for this site.  The 100-year 

flood peak of 20080cfs and 500-year peak discharge of 25936cfs are recommended for scour 

analysis.  

 
Table B.9.2. 

Flood Frequency 

    Adjusted Mountain Mountain Area   

  log log USGS USGS Adjusted USGS 

Return Pearson  Pearson  EQ EQ gage Southwest 

Period III  WRC 2009 1999 WRC 2009 

yr cfs cfs cfs cfs cfs cfs 

2 3097 3051 6480 5850 5549 6720 

5 5397 5391 9320 9200 8595 11500 

10 6998 7096 11600 11700 11313 15300 

25 9027 9347 12800 15100 14723 21400 

50 10501 11053 15700 17600 17410 25200 

100 11920 12748 18000 20300 20080 30900 

200 13274 14419 20000 22900 22712 34000 

500 14954 16566 22500 26500 25936 44700 

       Colorado Stream Stats indicates no application 
  Equations are extrapolated 

    Adjusted using regional skew -0.3 
   Delores site area 4360 square miles 
   Stream Gage #9169500 gage area 2025 square miles 

 Area adjusted based on 2009 equations area exponents for mountain region 
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Figure B.9.2. 
Flood Frequency Curves 
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Figure B.10.1. (J-01-D) 
Drainage Basin at J-01-D (USGS StreamStats) 

 
 
 
 

Table B.10.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter Value 

6-hour, 100-year precipitation, in inches 2.10 

Mean basin slope computed from 10 m DEM, in percent 21.2 

Area that drains to a point on a stream in square miles 26.8 

Mean Basin Elevation in feet 7550 

Mean annual precipitation, in inches 22.50 

Percentage of basin above 7500 ft elevation 68.9 

 
 
 

J-01-D 
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Table B.10.2. 
USGS StreamStats Basin Characteristics 

Peak-Flows Basin Characteristics 

100% Southwest Region Peak Flow (26.8 mi2)  

 Parameter 
 Value  Regression Equation Valid Range 

 Min  Max 

 Drainage Area (square miles)  26.8  1  4390 

 Percent above 7500 ft (percent)  68.9  0  99 

 
Table B.10.3. 

USGS StreamStats Peak-Flows Streamflow Statistics 

Peak-Flows Streamflow Statistics 

Statistic 
Flow 

(ft
3
/s) 

Prediction Error 

(percent) 

Equivalent 

years of 

record 

90-Percent Prediction 

Interval 

Minimum Maximum 

 PK2  251  90       

 PK5  462  71       

 PK10  641  67       

 PK25  931  66       

 PK50  1150  67       

 PK100  1390  69       

 PK200  1600  71       

 PK500  2080  75       
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Figure B.11.1. (J-09-AB) 
Gunnison River Basin above Bridge J-09-AB 

 

 
The Gunnison River is located in the Mountainous hydrologic region where the peak runoff is 

primarily due to snowmelt.  In general, in Colorado rainfall events at higher elevations (above 

7,500ft) have much less intensity than the events occurring at lower elevations.   Rainfall on snow is 

a potential that may produce large peak runoffs.   In previous FEMA hydrologic studies for the 

Gunnison River, stream gage analysis was used.   Table B.11.1 summarizes the flood frequency 

estimates from the USGS regression equations, the current log-Pearson Type III analysis using 

Water Resources Council Bulletin 17B methodology with the most current gage data (1911 up to 

2009), and the results of the 1989 FEMA National Flood Insurance Study. 

 

 

 

 

 

 

 

J-09-AB 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         B-39 

Table B.11.1. 

Summary of Gunnison River discharges near Gunnison, Colorado. 

Return 
Period 

Years 

USGS 
Regression 
Discharge 

cfs 

Log-Pearson 
Type III 

WRC 
Adjusted 

Dischargecfs 

FEMA 

(1989) 

Discharge 

cfs 

2 2670 3627 

 5 3960 5348 

 10 4880 6443 5762 

25 6080 7759 

 50 6950 8682 7967 

100 7890 9554 8930 

200 8760 10369 

 500 9940 11371 11256 

    Basin Slope = 0.298 ft/ft 

Basin Drainage area= 1,012 square miles 

 

StreamStats USGS Regression 

The Colorado Stream Stats program was used to estimate the watershed characteristics.  The 

drainage area was estimated to be 1,012 square miles (Figure B.11.1). The mean basin slope is 

reported to be 0.298, mean elevation is given as 10,200ft, and the mean annual precipitation is 

reported to be 25.6 inches.  The 6-hr, 100-year precipitation is given as 2.19 inches.   The Colorado 

StreamStats program did not provide flood frequency estimates using the regression equations.  

The StreamStats program indicated that the regression equations were not valid because the  

Gunnison River is regulated at Bridge J-09-AB.   The USGS regression equations were developed to 

produce the flood frequency for unregulated watershed conditions.   The valid range of these 

regression equations is 1 to 1,060 square miles.   The USGS strictly indicates that the regression 

equations do not apply if the watershed is regulated.   However, it is useful to use these equations 

to estimate the flood frequency for unregulated conditions.  For the Gunnison River case, the 

regression equations estimated lower discharge values than the log-Pearson Type III method.  
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These lower estimates are not attributed to the regulation effects.  Rather, the error of estimates 

using the regression equations may be the reason for the lower estimates than the log- Pearson 

Type III discharges.  All of the regression equation estimates are lower than the 68% lower log-

Pearson Type III confidence interval.  The upper band of confidence interval for the regression 

equations, however, is within 68% lower band of the log-Pearson Type III discharges. The log-

Pearson Type III analysis also has error of estimate as shown in Table B.11.2 and in the graph of the 

flood frequency estimates.   

The StreamStats restrictive implementation of the regression equations is likely to prevent the 

novice user from getting estimates that may be questionable without further study.  The Blue Mesa 

Reservoir is located downstream and does not affect the flood frequency at the highway 50 

crossing.  The regulatory conditions above the highway 50 crossing would be irrigation diversions. 

Figure B.11.2. 

Comparison of USGS Regression Equation with Log-Pearson Type III Results 

 

 

Log-Pearson Type III Analysis 

The Water Resource Council (WRC) Bulletin 17B methodology was used in order to compute the 

log-Pearson Type III flood-frequency distribution.  For this purpose, the FORTRAN computer 

program given in WRC Bulletin 17B was used in the analysis.  The regional skew of 0.0 was used in 
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the adjusted flood frequency curve.   The regional skew is weighted with the computed station 

skew based on the number of years of record.  

The log-Pearson Type III analysis was conducted using USGS stream gage record at Gunnison from 

1911 through 2009 for the gage 09114500.   In this period of record, the largest peak of 11,400cfs 

occurred in 1918. This discharge is computed to be approximately a 500-year event. 

The high outlier for the log-Pearson Type III distribution is 15,119cfs.  The largest peak in 1918 did 

not exceed the high outlier.   The low outlier is 813cfs.  The 1977 discharge of 708cfs is lower than 

the low outlier threshold.  The low outlier was not adjusted since it is not significantly below the 

low outlier estimate.     

 

Figure B.11.3. 

Log-Pearson Type III Analysis Results for the Gunnison River 
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Table B.11.2. 

WRC Bulletin 17B log-Pearson Type III Analysis Results 

 

 

Probability 

 

 

Recurrence 
Interval 

Years 

 

95% 

Lower 

Limit 

Discharge 

cfs 

68% 

Lower 

Limit 

Discharge 

cfs 

WRC 

Adjusted 

Discharge 

cfs 

68% 

Limit 

Limit 

Discharge 

cfs 

95% 

Upper 

Limit 

Discharge 

cfs 

99 1 737 843.9 957.2 1067.9 1168.1 

98 1 902.7 1018.5 1140 1258 1364.2 

96 1 1124.3 1249 1378.9 1504.3 1617 

90 1.1 1551.7 1687.4 1828.3 1964.7 2088 

80 1.3 2050.5 2194.4 2345.6 2494.5 2632 

66.6 1.5 2603.5 2757.1 2923.2 3092.1 3253.6 

50 2 3258.5 3431.6 3626.7 3834.6 4043 

42.9 2.3 3553.3 3739.1 3952.5 4184.5 4422 

20 5 4760.8 5025.3 5348 5722 6130.4 

10 10 5661.4 6007.7 6442.6 6962.6 7548.7 

4 25 6707.7 7167.5 7758.7 8483.8 9322.8 

2 50 7424.1 7970.8 8682.4 9567.1 10605.2 

1 100 8087.6 8720.4 9551.9 10596.8 11836.9 

0.5 200 8703.1 9420 10369.4 11572.8 13014.3 

0.2 500 9447.5 10271.2 11371 12778.2 14480.6 

       High Outlier  15,119cfs 

Low outlier 813.4cfs 

Station Skew -.41 

Computed Skew -.51 
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Regional skew 0.0 

 

The log-Pearson Type III analysis was considered to be the best suited method of flood frequency 

estimation for this study.   The USGS regression equations appear to underestimate the flood 

frequency when compared with the log-Pearson Type III analysis.  In this report, the effects of 

irrigation diversions on the log-Pearson Type III analysis was not studied.  The gage data on which 

the log Pearson III analysis is based on would include the effects of the irrigation diversions and 

return flows to the gage.    Base flow was not subtracted from the gage discharges to estimate log-

Pearson.  However, for flooding events effects of irrigation diversions are minimal. 
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Figure B.12.1. (K-08-D) 
Drainage Basin at K-08-D (USGS StreamStats) 

 
 
 

Table B.12.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter  Value 

 6-hour, 100-year precipitation, in inches  2.25 

 Mean basin slope computed from 10 m DEM, in percent  26.4 

 Area that drains to a point on a stream in square miles  340 

 Mean Basin Elevation in feet  10400 

 Mean annual precipitation, in inches  21.08 

 Percentage of basin above 7500 ft elevation  100 

 
 
 
 
 
 
 
 
 

K-08-D 
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Table B.12.2. 
USGS StreamStats Basin Characteristics 

Peak-Flows Basin Characteristics 

100% Mountain Region Peak Flow (340 mi2)  

 Parameter 
 Value  Regression Equation Valid Range 

 Min  Max 

 Drainage Area (square miles)  340  1  1060 

 Mean Basin Slope from 10m DEM (percent)  26.4  7.6  60.2 

 Mean Annual Precipitation (inches)  21.09  18  47 

 
Table B.12.3. 

USGS StreamStats Peak-Flows Streamflow Statistics Area-Averaged 

Peak-Flows Streamflow Statistics 

Statistic Flow (ft3/s) Prediction Error (percent) 
Equivalent 

years of 
record 

90-Percent Prediction Interval 

Minimum Maximum 

 PK2  885  49       

 PK5  1310  44       

 PK10  1630  41       

 PK25  1900  40       

 PK50  2320  39       

 PK100  2660  36       

 PK200  2960  36       

 PK500  3440  33       
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Figure B.13.1. (L-07-A) 
Drainage Basin at L-07-A (USGS StreamStats) 

 
 
 

Table B.13.1. 
Basin Characteristics Report (USGS StreamStats) 

Parameter  Value 

 6-hour, 100-year precipitation, in inches  2.42 

 Mean basin slope computed from 10 m DEM, in percent  43.9 

 Area that drains to a point on a stream in square miles  305 

 Mean Basin Elevation in feet  11100 

 Mean annual precipitation, in inches  29.57 

 Percentage of basin above 7500 ft elevation  100 

 
 
 
 

L-07-A 
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Table B.13.2. 
USGS StreamStats Basin Characteristics 

Peak-Flows Basin Characteristics 

100% Mountain Region Peak Flow (305 mi2)  

 Parameter 
 Value  Regression Equation Valid Range 

 Min  Max 

 Drainage Area (square miles)  305  1  1060 

 Mean Basin Slope from 10m DEM (percent)  43.9  7.6  60.2 

 Mean Annual Precipitation (inches)  29.56  18  47 

 
Table B.13.3. 

USGS StreamStats Peak-Flows Streamflow Statistics Area-Averaged 

Peak-Flows Streamflow Statistics 

Statistic 
Flow 

(ft3/s) 
Prediction Error 

(percent) 

Equivalent 
years of 
record 

90-Percent Prediction 
Interval 

Minimum Maximum 

 PK2  1800  49       

 PK5  2440  44       

 PK10  2870  41       

 PK25  3200  40       

 PK50  3790  39       

 PK100  4160  36       

 PK200  4470  36       

 PK500  5030  33       
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Appendix C – CDOT Inspection Information 
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Figure C.1.1. (E-10-A) 
CDOT Scour Inspection Charts 
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Figure C.1.2. 
CDOT Scour Inspection Measurements 

 

 

 

 

 

 

 

 

Bridge Number E-10-A Scour 5

Highway 131 Drainage area 1000 Square Miles

Span/type WGK Stream Colorado River

Abut1 Pier2 Channel Pier3 Pier4 Pier5 Abut6

1966 FOOTER BOTTOM -52 -52 -52 -52 -52 -52 -52

500 YR SCOUR -49.16 -49.2 -49.2 -49.2 -49.2 -49.2 -49.16

2006 -3 -45.41 -44.41 -40.41 -33.41 -27.41 -3

2004 0 -43 -43 -41.5 0 0 0

2002 0 0 0 0 0 0 0

2000 -2.5 -43 -43 -42.8 0 0 -3.5

1998 0 0 0 0 0 0 0

1996 0 0 0 0 0 0 0

1994 0 0 0 0 0 0 0

1992 0 0 0 0 0 0 0

1990 0 *40.0 -39 *39.00 0 0 0

1988 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1981 0 0 0 0 0 0 0

1977 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         C-4 

Figure C.2.1. (F-06-M) 
CDOT Scour Inspection Charts 
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Figure C.2.2. 
CDOT Scour Inspection Measurements 

BRIDGE NUMBER F-06-M   Scour 3         

                  

HIGHWAY 70   DRAINAGE AREA 10,000 Square miles         

STR. TYPE WGC   STREAM COLORADO RIVER         

                  

  ABUT1 CHANNEL PIER 2 CHANNEL PIER 3 CHANNEL ABUT 4   

1971 FOOTER BOTTOM -52.25 -52.3 -52.3 -52.3 -52.25 -52.25 -52.25   

500 YR SCOUR -48.5 -48.5 -48.5 -48.5 -48.5 -48.5 -48.5   

2008 -3.0   -35.5 -38.5 -37.0   -3.0   

2006             0   

2004             0   

2002 -3 -33.5 -40.5 -40.5 -36.5 -37.33 -4.75   

2000 -4 -38.5 -38.5 -38.5 -38.5   -5   

1996 0 0 0 0     0 *Too Swift 

1994 -2.5 -30.4 -38.4 -38.4 -39.7 -38.0 0.0   

1991 -2.7 -30.25 -38.41 -38.41 -39.16 -37.75 -2.5   

1989 -2.6 -30.3 -38.3 -38.0 -38.8 -37.7 -2.5   

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Adequate 

1977 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
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Figure C.3.1. (H-02-S) 
CDOT Scour Inspection Charts 

 
  

ABUT
1

PIER
2

PIER
3

PIER
4

PIER
5

PIER
6

PIER
7

CHAN
NEL

PIER
8

PIER
9

AUBT
10

1950 FOOTER
BOTTOM

-33.60 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -33.60

500 YR SCOUR -22.70 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -22.70

2008 -4.60 -12.25 -12.33 -13.17 -13.67 -15.67 -23.42 -26.00 -29.42 -25.42 -4.67

2007 -12.00 -12.41 -13.00 -13.75 -14.41 -21.75 -26.65 -31.33 -25.66

2004 -3.00 -13.00 -12.50 -13.00 -12.50 -14.00 -20.00 -26.20 -28.00 -24.20 -8.00

2002 -3.00 -12.75 -12.66 -13.16 -12.58 -13.33 -21.25 -27.33 -28.66 -25.33 -5.08

1998 -17.60 -13.30 -21.40 -17.50 -16.00 -23.30 -23.30 -23.30 -24.10

-40.00

-35.00

-30.00

-25.00

-20.00

-15.00

-10.00

-5.00

0.00
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Figure C.3.2.  
CDOT Scour Inspection Measurements 

 
  

BRIDGE NUMBER H-02-S Scour Item 113 8  5  *3

HIGHWAY 34 DRAINAGE AREA16750 Square Miles

STR. TYPE SDGC STREAM COLORADO RIVER

ABUT 1 PIER 2 PIER 3 PIER 4 PIER 5 PIER 6 PIER 7 CHANNEL PIER 8 PIER 9 AUBT10

1950 FOOTER BOTTOM -33.60 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -38.00 -33.60

500 YR SCOUR -22.70 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -33.20 -22.70

2008 -4.60 -12.25 -12.33 -13.17 -13.67 -15.67 -23.42 -26.00 -29.42 -25.42 -4.67

2007 -12.00 -12.41 -13.00 -13.75 -14.41 -21.75 -26.65 -31.33 -25.66

2004 -3.00 -13.00 -12.50 -13.00 -12.50 -14.00 -20.00 -26.20 -28.00 -24.20 -8.00

2002 -3.00 -12.75 -12.66 -13.16 -12.58 -13.33 -21.25 -27.33 -28.66 -25.33 -5.08

1998 -17.60 -13.30 -21.40 -17.50 -16.00 -23.30 -23.30 -23.30 -24.10

1996 -6.90 -15.50 -15.30 -14.70 -15.30 -15.50 -22.80 -25.30 -27.10 -25.50 -5.00

1991 -6.90 -15.50 -15.30 -14.70 -15.30 -15.30 -23.90 -23.00 -25.50 -22.90

1989 -15.10 -17.60 -22.00 -19.60 -15.70 -17.70 -23.00 -15.50 -12.60

1987 -3.00 -15.20 -16.50 -21.90 -19.80 -15.80 -17.80 -17.80 -15.00 -12.50 -5.00

1983 -3.00 -15.20 -17.30 -21.90 -19.60 -15.80 -17.80 -17.80 -15.00 -12.50 -5.00

1981 -3.00 -15.20 -17.20 -21.90 -19.80 -15.20 -17.80 -17.80 -15.00 -12.50 -5.00

1971 -4.80 -14.40 -18.10 -19.90 -21.80 -25.90 -28.90 -28.90 -24.30 -18.20 -4.50
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Figure C.4.1. (H-04-Z) 
CDOT Scour Inspection Charts 

 
  

ABUT1 CHANNEL PIER2 ABUT3

1973 FOOTER BOTTOM -36.50 -36.50 -36.50 -36.50

500 YR SCOUR -28.50 -28.50 -28.50 -28.50

2006 -3.00 -22.00 -22.00 -3.41

2004 0.00 0.00 0.00 0.00

2002 -2.00 -19.00 -21.00 -3.50

1998 -2.00 -17.70 -17.70 -3.50

1996 -2.50 -19.50 -21.00 -4.00
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Figure C.4.2.  
CDOT Scour Inspection Measurements 

BRIDGE NUMBER H-04-Z  Scour 3 
           

HIGHWAY 133 DRAINAGE AREA 561 Square Miles   

STR. TYPE CSGC STREAM Plateau Creek   

          

  ABUT1 CHANNEL PIER2 ABUT3 

1973 FOOTER BOTTOM -36.50 -36.50 -36.50 -36.50 

500 YR SCOUR -28.50 -28.50 -28.50 -28.50 

2006 -3.00 -22.00 -22.00 -3.41 

2004 0.00 0.00 0.00 0.00 

2002 -2.00 -19.00 -21.00 -3.50 

1998 -2.00 -17.70 -17.70 -3.50 

1996 -2.50 -19.50 -21.00 -4.00 

1994 -3.00 -17.50 -19.00 -3.00 

1991 -3.00 -17.50 -19.00 -3.00 

1989 -3.00 -17.00 -20.40 -2.80 

1987 -3.00 -17.10 -20.30 -2.10 

1985 -3.60 -17.10 -20.40 -3.40 

1973 -2.70 -14.00 -14.00 -3.00 
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Figure C.5.1. (H-07-H) 
CDOT Scour Inspection Charts 

 
  

ABUT 1
CHANN

EL
PIER 2

CHANN
EL

PIER 3
CHANN

EL
ABUT 4

1978 GUESS FOOTING -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 -15.00

500 YR SCOUR -13.00 -13.00 -13.00 -13.00 -13.00 -13.00 -13.00

2008 -4.00 -8.50 -9.50 -11.20 -8.80 -7.00 -3.00

2000 -4.00 -9.41 -9.41 -9.41 -9.00 -9.00 -3.41

1998 -3.41 -8.41 -8.41 -10.41 -7.00 -7.00 -3.00

1996 -3.41 -8.58 -8.58 -10.41 -8.00 -7.25 -3.50

1994 -3.66 -9.00 -8.41 -10.41 -8.75 -7.75 -4.00

-16.00

-14.00

-12.00

-10.00

-8.00

-6.00

-4.00

-2.00

0.00
H-07-H 
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Figure C.5.2.  
CDOT Scour Inspection Measurements 

STRUCTURE NUMBER H-07-H ITEM 113 = 3-UNK         

                

HIGHWAY 133 DRAINAGE AREA UNK         

STR. TYPE CSGC STREAM EAST MUDDY CREEK         

                

  ABUT 1 CHANNEL PIER 2 CHANNEL PIER 3 CHANNEL ABUT 4 

1978 GUESS FOOTING -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 

500 YR SCOUR -13.00 -13.00 -13.00 -13.00 -13.00 -13.00 -13.00 

2008 -4.00 -8.50 -9.50 -11.20 -8.80 -7.00 -3.00 

2000 -4.00 -9.41 -9.41 -9.41 -9.00 -9.00 -3.41 

1998 -3.41 -8.41 -8.41 -10.41 -7.00 -7.00 -3.00 

1996 -3.41 -8.58 -8.58 -10.41 -8.00 -7.25 -3.50 

1994 -3.66 -9.00 -8.41 -10.41 -8.75 -7.75 -4.00 

1992 -3.41 -8.41 -8.41 -10.41 -7.00 -7.00 -3.00 

1989 -3.41 -8.41 -8.41 -10.41 -7.00 -7.00 -3.00 

1987 -3.16 -11.00 -11.00 -11.41 -11.41 -9.00 -3.00 

1985 -3.41 -7.50 -7.50 -9.41 -9.41 -7.16 -3.10 

1979 -4.00 -8.00 -8.00 -9.00 -9.00 -8.00 -4.00 
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Figure C.6.1. (H-11-AA) 
CDOT Scour Inspection Charts 

 
  

ABUT1 PIER2 PIER3 PIER4
CHANN

EL
PIER 5

CHANN
EL

PIER 6
CHANN

EL

1939 FOOTER BOTTOM -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0

500 YR SCOUR -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8

2005  Up Stream -9.0 -10.5 -13.0 -12.0 -12.0 -11.0 -10.5 -8.0 -8.0

2002 -3.8 -10.8 -11.9 -10.0 -9.5 -10.5 -9.4 -8.0 -8.0

2001 0.0 0.0 -9.4 0.0 0.0 0.0 -8.1 -8.1 -6.5

1998 -3.6 -12.5 -11.0 -11.5 -11.5 -10.6 -10.6 -7.8 -7.8

1996 -2.2 -6.3 -9.0 -8.6 -9.7 -9.7 -7.6 -7.6 -7.0

-40.0

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

-5.0

0.0

H-11-AA  
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Figure C.6.2. 
CDOT Scour Inspection Measurements 

 
  

BRIDGE NUMBER H-11-AA

HIGHWAY 300 DRAINAGE AREA 104

STR. TYPE TTS STREAM ARKANSAS

ABUT1 PIER2 PIER3 PIER4 CHANNEL PIER 5 CHANNEL PIER 6 CHANNEL PIER 7 CHANNEL ABUT 8

1939 FOOTER BOTTOM -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0 -35.0

500 YR SCOUR -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8 -15.8

2007 -7.1 -10.8 -11.0 -11.0 -11.0 -9.7 -7.5 -7.5 -7.3 -7.0 -6.4 -6.5

2006 -5.0 -6.4 -9.0 -9.0 -9.4 -10.0 -13.0 -13.0 -13.0 -9 -6.0 -6

2005  Down Stream -5.4 -6.0 -6.4 -10.0 -10.0 -10.0 -8.0 -10.4 -7.4 -6.4 -6.4 -6.4

2005  Up Stream -9.0 -10.5 -13.0 -12.0 -12.0 -11.0 -10.5 -8.0 -8.0 -6.4 -6.4 -6.4

2004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2002 -3.8 -10.8 -11.9 -10.0 -9.5 -10.5 -9.4 -8.0 -8.0 -6.5 -6.4 -3.2

2001 0.0 0.0 -9.4 0.0 0.0 0.0 -8.1 -8.1 -6.5 -6.5 -6.5 -3.2

2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1998 -3.6 -12.5 -11.0 -11.5 -11.5 -10.6 -10.6 -7.8 -7.8 -6.4 -6.4 -3.0

1996 -2.2 -6.3 -9.0 -8.6 -9.7 -9.7 -7.6 -7.6 -7.0 -7.0 -7.0 -3.2

1994 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1993 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1992 -2.3 -6.2 -8.9 -8.6 -9.6 -9.6 -7.5 -7.5 -6.8 -6.8 -6.8 -3.5

1991 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1990 0.0 -6.2 -6.4 -9.0 -10.0 -7.2 -7.2 -8.0 -8.0 -6.5 -6.5 0.0

1989 -6.5 -7.0 -7.1 -10.3 -10.3 -9.7 -9.7 -7.0 -7.0 -7.1 -7.1 -6.2

1988 -6.4 -7.0 -7.0 -10.5 -10.5 -7.0 -7.0 -7.0 -7.0 -6.4 -6.4 -4.0

1986 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -4.7 -6.9 -8.3 -10.8 -10.1 -7.1 -7.1 -6.8 -6.8 -6.1 -6.1 -4.4

1983 -1.4 -5.8 -9.7 -11.8 -10.0 -7.8 -7.8 -7.8 -6.2 -6.2 -6.2 -3.4

1981 -1.4 -5.7 -9.6 -11.6 -9.8 -7.6 -7.6 -7.8 -6.3 -6.3 -4.8 0.0

1979 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1975 -3.0 -6.7 -7.6 -7.3 -11.1 -12.3 -10.4 -10.4 -7.3 -7.3 -6.6 -3.2

1973 -3.3 -6.6 -8.1 -7.5 -7.5 -10.0 -10.2 -10.2 -6.6 -6.6 -5.8

1971 -6.3 -6.7 -7.6 -7.8 -11.3 -12.1 -9.9 -9.9 -7.3 -7.3 -4.4 -3.3

1967 -6.6 -6.6 -8.0 -7.0 -7.0 -10.7 -10.2 -10.2 -7.4 -7.4 -6.7
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Figure C.7.1. (H-11-U) 
CDOT Scour Inspection Charts 

 
  

ABUT 1 CHANNEL PIER 2 CHANNEL PIER 3 CHANNEL ABUT 4

19?? FOOTING BOTTOM

500 YR SCOUR

2008 -2.00 -9.00 -11.30 -7.50 -3.00

2002 -2.00 -8.90 -9.20 -7.50 -3.50

1998 -2.00 -8.50 -9.00 -3.30

1996 -1.90 -8.70 -9.00 -3.30

1994 -1.90 -8.70 -9.10 -3.30

1988 -2.00 -7.00 -9.00 -7.30 -2.00

1983 -2.80 -5.40 -7.90 -8.60 -7.50 -6.00 -2.70

-12

-10

-8

-6

-4

-2

0

H-11-U 
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Figure C.7.2. 
CDOT Scour Inspection Measurements 

STRUCTURE H-11-U Scour 3         

                

HIGHWAY 300 DRAINAGE AREA 34.4         

STR. TYPE TTS STREAM LAKE FORK CK         

                

  ABUT 1 CHANNEL PIER 2 CHANNEL PIER 3 CHANNEL ABUT 4 

19?? FOOTING BOTTOM               

500 YR SCOUR               

2008 -2.00   -9.00 -11.30 -7.50   -3.00 

2002 -2.00   -8.90 -9.20 -7.50   -3.50 

1998 -2.00   -8.50   -9.00   -3.30 

1996 -1.90   -8.70   -9.00   -3.30 

1994 -1.90   -8.70   -9.10   -3.30 

1988 -2.00   -7.00 -9.00 -7.30   -2.00 

1983 -2.80 -5.40 -7.90 -8.60 -7.50 -6.00 -2.70 
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Figure C.8.1. (I-06-C) 
CDOT Scour Inspection Charts 

 
  

ABUT 1
CHANN

EL
PIER 2

CHANN
EL

PIER 3
CHANN

EL
PIER 4 ABUT 5

1984 PILE TIP ELEVATION -46.50 -46.50 -46.50 -46.50 -46.50 -46.50 -46.50

500 YR SCOUR -29.40 -29.40 -29.40 -29.40 -29.40 -29.40 -29.40

2006 -4.16 -9.25 -14.33 -21.41 -21.16 -21.75 -15.00 -2.75

2004 -3.25 -14.00 -14.83 -20.58 -21.16 -24.00 -14.00 -2.75

2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2000 -4.00 -9.54 -15.08 -21.58 -25.25 -23.00 -17.00 -5.0

1998 0.00 -17.00 -22.00 -21.25 -21.25 -15.08 0.00 0.0

-50.00

-45.00

-40.00

-35.00

-30.00

-25.00

-20.00

-15.00

-10.00

-5.00

0.00

I-06-C 
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Figure C.8.2. 
CDOT Scour Inspection Measurements 

 
  

BRIDGE NUMBER I-06-C Scour Critical 3

HIGHWAY 187 DRAINAGE AREA 600 Square Miles

STR. TYPE CIC STREAM N. FK. GUNNISON RIVER

ABUT 1 CHANNEL PIER 2 CHANNEL PIER 3   CHANNEL PIER 4 ABUT 5

1984 PILE TIP ELEVATION -46.50 -46.50 -46.50 -46.50 -46.50 -46.50 -46.50

500 YR SCOUR -29.40 -29.40 -29.40 -29.40 -29.40 -29.40 -29.40

2006 -4.16 -9.25 -14.33 -21.41 -21.16 -21.75 -15.00 -2.75

2004 -3.25 -14.00 -14.83 -20.58 -21.16 -24.00 -14.00 -2.75

2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2000 -4.00 -9.54 -15.08 -21.58 -25.25 -23.00 -17.00 -5.0

1998 0.00 -17.00 -22.00 -21.25 -21.25 -15.08 0.00 0.0

1996 -4.00 -9.70 -15.41 *-26.0 -22.00 -15.00 -15.00 -5.0 2 FEET SCOUR

1994 -3.00 -9.33 *-15.66 -18.00 *-21.58 -12.37 -12.37 -3.2 2 FEET SCOUR

1992 -2.58 -12.50 -15.16 -17.25 -18.00 -21.41 -11.50 -2.6 CONCRETE BLOCK

1989 -3.00 -15.41 -15.41 -17.00 -17.00 -21.41 -18.41 -3.0

1985 -3.3 -15.0 -15.7 -17.4 -23.3 -23.3 -19.16 -1.3

1973 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.0

1971 -3.3 -12.7 -16.3 -14.4 -12.5 -13.0 -13.25 -5.3

1967 -5.2 -10.0 -15.0 -14.8 -14.7 -15.5 -16.00 -5.3
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Figure C.9.1. (J-01-C) 
CDOT Scour Inspection Charts 

 

 

Abut1 Pier2 Pier3 Channel Pier 4 Channel Abut 5

1957 FOOTINGS
BOTTOM

-27.4 -27.4 -27.4 -27.4 -27.4 -27.4 -27.4

500 YR SCOUR -21 -21 -21 -21 -21 -21 -21

2004 -5.4 -11.11 -11.11 -13.9 -12.9 -7.6 -4

2000 -4.5 -12.2 -14.5 -14.5 -9.5 -9.5 -3

1998 -4.7 -16 -16.9 -16.9 -9 -9 -3.3

1996 -4.7 -14.2 -14.6 -14.8 -10.5 -10.5 -2

1994 -2 -19.5 -14 -14 -10 -10 -2

-30

-25

-20

-15

-10

-5

0

J-01-C 
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Figure C.9.2. 
CDOT Scour Inspection Measurements 

Bridge Number J-01-C    Scour 3      

        
 

      

Highway 141   Drainage area 1,321 Sq. Miles       

Span/type 4  CIC   Stream Dolores River       

                

  Abut1 Pier2 Pier3 Channel Pier 4 Channel Abut 5 

1957 FOOTINGS BOTTOM -27.4 -27.4 -27.4 -27.4 -27.4 -27.4 -27.4 

500 YR SCOUR -21 -21 -21 -21 -21 -21 -21 

2006 0 0 0 0 0 0 0 

2004 -5.4 -11.11 -11.11 -13.9 -12.9 -7.6 -4 

2000 -4.5 -12.2 -14.5 -14.5 -9.5 -9.5 -3 

1998 -4.7 -16 -16.9 -16.9 -9 -9 -3.3 

1996 -4.7 -14.2 -14.6 -14.8 -10.5 -10.5 -2 

1994 -2 -19.5 -14 -14 -10 -10 -2 

1992 -2 -19.2 -14 -14 -10 -10 -2 

1991 -2 -16.9 -13.3 -15 -10.6 -8 -2 

1988 -4.3 -17 -13 -15 -9.6 -8.2 -1.8 

1987 -4.3 -17 -13 -15 -9.6 -8.1 -1.7 

1985 -2.1 -17.1 -12.9 -11.3 -11.2 -9.3 -1.9 

1981 -1 -11.3 -11.8 -11.8 -17.7 -12.6 -1.4 

1971 -1.4 -15.8 -13.2 -13.2 -13 -13 -3.4 

1967 -1.6 -13.2 -12.8 -12.8 -14 -10.8 -2.3 
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Figure C.10.1. (J-01-D) 
CDOT Scour Inspection Charts 

 
 

Figure C.10.2. 

WALL 1 CHANNEL WALL 2 WALL 3 CHANNEL WALL 4

1955 GUESS
FOOTING

-12.16 -12.16 -12.16 -12.16 -12.16 -12.16

500 YR SCOUR -10.00 -10.00 -10.00 -10.00 -10.00 -10.00

2008 -8.00 -9.33 -7.00 -6.00 -5.50 -5.00

2004 -4.66 -5.00 -7.00 -8.25 -8.25 -8.00

2000 -5.00 -5.00 -6.50 -7.75 -7.75 -8.00

1998 -5.33 -5.83 -5.83 -8.83 -8.83 -9.00

1996 -8.25 -8.25 -8.25 -8.00 -8.00 -7.66

-14.00

-12.00

-10.00

-8.00

-6.00

-4.00

-2.00

0.00

J-01-D 
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CDOT Scour Inspection Measurements 

STRUCTURE NUMBER J-01-D ITEM 113 = UNK       

      
 

      

HIGHWAY 141 DRAINAGE AREA 10 Square Miles       

STR. TYPE SSM STREAM JOHN BROWN CREEK       

              

  WALL 1 CHANNEL WALL 2 WALL 3 CHANNEL WALL 4 

1955 GUESS FOOTING -12.16 -12.16 -12.16 -12.16 -12.16 -12.16 

500 YR SCOUR -10.00 -10.00 -10.00 -10.00 -10.00 -10.00 

2008 -8.00 -9.33 -7.00 -6.00 -5.50 -5.00 

2004 -4.66 -5.00 -7.00 -8.25 -8.25 -8.00 

2000 -5.00 -5.00 -6.50 -7.75 -7.75 -8.00 

1998 -5.33 -5.83 -5.83 -8.83 -8.83 -9.00 

1996 -8.25 -8.25 -8.25 -8.00 -8.00 -7.66 

1994 -7.08 -9.08 -9.08 -7.58 -9.41 -8.00 

1992 -7.00 -8.83 -7.58 -8.16 -9.25 -7.91 

1990 -7.58 -8.66 -8.00 -8.00 9.08 -8.08 

1988 -8.25 -8.25 -6.70 -6.66 -6.66 -7.08 

1987 -6.50 -6.50 -6.66 -7.75 -7.75 -8.00 

1985 -8.16 -8.16 -7.00 -6.33 -7.16 -6.66 

1981 -7.58 -7.58 -8.25 -7.66 -7.66 -8.41 

1975 -8.66 -8.66 -8.75 -8.75 -9.00 -9.00 

1973 -6.58 -9.58 -9.00 -9.00 -6.58 -6.58 

1971 -6.25 -6.25 -7.33 -7.33 -6.66 -6.66 

1967 -8.16 -8.16 -8.16 -8.16 -8.16 -8.16 
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Figure C.11.1. (J-09-AB) 
CDOT Scour Inspection Charts 
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Figure C.11.2. 
CDOT Scour Inspection Measurements 

 

 
  

J-09-AB Scour Critical 3

50 Drainage area 1023 Sq. Miles

3 CIC Stream GUNNISON RIVER

Abut1 Channel Pier2 Channel Pier3 Channel Abut4

-17.6 -17.6 -17.6 -17.6 -17.6 -17.6 -17.6

-25 -25 -25 -25 -25 -25 -25

0 -10.58 -11 -12 -12 -9.66 -3

-3 0 0 0 0 0 -4

0 0 0 0 0 0 0

0 -11 -11 -11 -11 -11 0

0 -11 -11 -11 -11 -11 0

-2.41 -8.66 -10.41 -11.08 -11 8.66 -3.41

-2.5 -8.8 -10.5 -11.1 -11 -8.8 -3.5

-2.9 -9.1 -10.7 -11.5 -11.5 -9 -4.3

-3 -13.7 -13.7 -15 -9 -9 -3

-2 -9.6 -11 -11 -11 -9 -2

-2.3 -10.5 -10.5 -10.5 -10.5 -10.5 -1.5

-2.2 -9.4 -10.4 -10.6 -9.8 -9 -2

-2.2 -9.4 -11.2 -10.6 -10.4 -9 -2
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Figure C.12.1. (K-08-D) 
CDOT Scour Inspection Charts 
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Figure C.13.1. (L-07-A) 
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APPENDIX D – MEASURED PIER SCOUR METHODOLOGY 
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Figure D.1. 
Measured Pier Scour Method 1 

 

 
Method 1 

Deck Elevation – Largest Scour Depth (from CDOT Scour Chart) = Elevation of Scour Hole Bottom 
Ground Elevation – Elevation of Scour Hole = Scour Depth 
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Figure D.2. 
Measured Pier Scour Method 2 

 

 

Method 2 

[Ground Elevation (from As Built) – Footer Bottom Elevation (from As Built)] – [Ground Elevation (from Existing CAD) – Footer Bottom Elevation 

(from Existing CAD)] = Scour Depth 
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APPENDIX E – EXISTING BRIDGE PLANS & SUBSURFACE INFORMATION 
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APPENDIX G – SEDIMENT SIZE ANALYSIS 
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Two sediment samples were collected from the channel bed near Bridge C-09-AR.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.1.1.  

 Photo of sediment sample from the C-09-AR site 

 
 

Table G.1.1. 
Sediment sieve analysis 

Sample ID: C-09-AR Yampa River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 8-15-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

16 84% 

8 70% 

4 61% 

2 52% 

1 30% 

0.5 10% 

0.25 3% 
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Figure G.1.2.  

 Grain size gradation curve for the sediment sample collected from Yampa River in the vicinity of C-09-AR 
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Table G.1.2.  

 Grain size gradation computations for the sediment sample collected from Yampa River in the vicinity of C-09-AR 

Structure 
# C-09-AR  

Waterbody - Yampa 
River 

Sample # 1 of 2 
Performed by: JE 

Date: 8/15/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

16 536.47 799.23 262.76 16% 16% 84% 

8 550.36 772.03 221.67 14% 30% 70% 

4 507.95 644.52 136.57 8% 39% 61% 

2 474 633.06 159.06 10% 48% 52% 

1 430.41 776.83 346.42 21% 70% 30% 

0.5 413.58 736.96 323.38 20% 90% 10% 

0.25 392.83 511.28 118.45 7% 97% 3% 

Pan 377.86 421.18 43.32 3% 100% 0% 

    Total Weight of Sample 1611.63       
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Figure G.1.3.  

 Photo of sediment sample from the C-09-AR site 

 
 

Table G.1.3. 
Sediment sieve analysis 

Sample ID: C-09-AR Yampa River 
Sample Description: 2 of 2 

Performed by: JE 
Date: 8-15-2012 

Sieve Size 

(mm) 
% Finer 

44.45 100% 

8 63% 

4 53% 

2 43% 

1 28% 

0.5 8% 

0.25 1% 

0.125 0% 
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Figure G.1.4.  

 Grain size gradation curve for the sediment sample collected from Yampa River in the vicinity of C-09-AR 
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Table G.1.4.  

 Grain size gradation computations for the sediment sample collected from Yampa River in the vicinity of C-09-AR 

Structure #  
C-09-AR 

Waterbody - Yampa 
River 

Sample # 2 of 2 
Performed by: JE 

Date: 8/15/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

8 550.36 1280.1 729.74 37% 37% 63% 

4 507.95 726.28 218.33 11% 47% 53% 

2 474 670.62 196.62 10% 57% 43% 

1 430.41 724.28 293.87 15% 72% 28% 

0.5 413.58 811.17 397.59 20% 92% 8% 

0.25 392.83 530.53 137.7 7% 99% 1% 

0.125 376.43 389.62 13.19 1% 100% 0% 

Pan 373.86 383.3 9.44 0% 100% 0% 

    Total Weight of Sample 1996.48       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA

3 C-09-AR Routt SH 131 ML 64.5 2013 Yampa River 1.9 3.4

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.38 0.36 0.03 0.081 0.36 0.257 0.002

2 0.18 0.1 0.05 0.373 0.1 0.110 0.000

3 0.5 0.27 0.04 0.109 0.27 0.270 0.003

4 0.06 0.04 0.02 0.408 0.04 0.040 0.000

5 0.67 0.38 0.26 0.515 0.38 0.437 0.035

6 0.3 0.16 0.09 0.411 0.16 0.183 0.002

7 0.27 0.12 0.03 0.167 0.12 0.140 0.001

8 0.38 0.18 0.12 0.459 0.18 0.227 0.004

9 0.19 0.18 0.11 0.595 0.18 0.160 0.002

10 0.28 0.17 0.08 0.367 0.17 0.177 0.002

11 0.28 0.21 0.18 0.742 0.21 0.223 0.006

12 0.24 0.2 0.04 0.183 0.2 0.160 0.001

13 0.36 0.26 0.09 0.294 0.26 0.237 0.004

14 0.45 0.44 0.17 0.382 0.44 0.353 0.018

15 0.43 0.39 0.13 0.317 0.39 0.317 0.011

16 0.39 0.24 0.2 0.654 0.24 0.277 0.010

17 0.69 0.44 0.37 0.672 0.44 0.500 0.059

18 0.23 0.15 0.08 0.431 0.15 0.153 0.001

19 0.55 0.45 0.18 0.362 0.45 0.393 0.023

20 0.23 0.16 0.07 0.365 0.16 0.153 0.001

21 0.38 0.19 0.12 0.447 0.19 0.230 0.005

22 0.29 0.17 0.1 0.450 0.17 0.187 0.003

23 0.34 0.24 0.04 0.140 0.24 0.207 0.002

24 0.15 0.11 0.06 0.467 0.11 0.107 0.001

25 0.22 0.17 0.06 0.310 0.17 0.150 0.001

26 0.54 0.36 0.22 0.499 0.36 0.373 0.022

27 0.23 0.2 0.09 0.420 0.2 0.173 0.002

28 0.25 0.24 0.05 0.204 0.24 0.180 0.002

29 0.2 0.09 0.04 0.298 0.09 0.110 0.000

30 0.23 0.2 0.17 0.793 0.2 0.200 0.004

31 0.3 0.18 0.09 0.387 0.18 0.190 0.003

32 0.22 0.13 0.09 0.532 0.13 0.147 0.001

33 0.34 0.24 0.16 0.560 0.24 0.247 0.007

34 0.26 0.21 0.14 0.599 0.21 0.203 0.004

35 0.37 0.22 0.21 0.736 0.22 0.267 0.009

36 0.27 0.18 0.05 0.227 0.18 0.167 0.001

37 0.15 0.09 0.04 0.344 0.09 0.093 0.000

38 0.2 0.14 0.1 0.598 0.14 0.147 0.001

39 0.21 0.18 0.15 0.772 0.18 0.180 0.003

40 0.27 0.15 0.13 0.646 0.15 0.183 0.003
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Structure #         
C-09-AR 

Yampa River at SH 131 

Sieve Size (ft) Samples 
Retained 

% Retained 
Cumulative % 

Ret. 
% Finer 

0.5 0 0% 0% 100% 

0.45 1 3% 3% 97% 

0.4 2 5% 8% 92% 

0.35 4 10% 18% 82% 

0.3 0 0% 18% 82% 

0.25 2 5% 23% 77% 

0.2 10 26% 49% 51% 

0.15 13 33% 82% 18% 

0.1 5 13% 95% 5% 

0.01 2 5% 100% 0% 

Total Samples 39       
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Hydraulic Analysis Report 

Project Data 

   Project Title:  C-09-AR   

   Designer:     

   Project Date:  Friday, September 13, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Gradation Analysis 

Notes:  

 

Image Gradation Input Parameters 

Name: DSCF0409 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0409.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 211 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.051469 0 0 0.000000 

 0.072788 0 0 0.000000 

 0.102938 0 0 0.000000 

 0.145576 0 0 0.000000 

 0.205876 3 3 0.178042 

 0.291152 5 8 0.474777 

 0.411751 15 23 1.364985 

 0.582304 34 57 3.382789 

 0.823502 89 146 8.664688 

 1.164608 189 335 19.881306 

 1.647004 277 612 36.320475 

 2.329216 448 1060 62.908012 

 3.294009 291 1351 80.178042 

 4.658432 151 1502 89.139466 

 6.588018 72 1574 93.412463 

 9.316864 111 1685 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6562 in 

D15: 1.0162 in 

D50: 1.9980 in 

D85: 4.0282 in 

D100: 9.3169 in 

 

Image Gradation Input Parameters 

Name: DSCF0410 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0410.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 202 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.062258 0 0 0.000000 

 0.088046 0 0 0.000000 

 0.124516 0 0 0.000000 

 0.176092 1 1 0.058411 

 0.249032 4 5 0.292056 

 0.352184 9 14 0.817757 

 0.498063 26 40 2.336449 

 0.704368 61 101 5.899533 

 0.996127 128 229 13.376168 

 1.408736 279 508 29.672897 

 1.992254 378 886 51.752336 

 2.817472 536 1422 83.060748 

 3.984507 226 1648 96.261682 

 5.634944 64 1712 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6523 in 

D15: 1.0372 in 

D50: 1.9459 in 

D85: 2.9889 in 

D100: 5.6349 in 

 

Image Gradation Input Parameters 

Name: DSCF0411 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0411.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 208 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.051029 0 0 0.000000 

 0.072166 0 0 0.000000 

 0.102058 0 0 0.000000 

 0.144332 0 0 0.000000 

 0.204116 2 2 0.112613 

 0.288664 6 8 0.450450 

 0.408233 16 24 1.351351 

 0.577328 38 62 3.490991 

 0.816465 90 152 8.558559 

 1.154656 184 336 18.918919 

 1.632930 320 656 36.936937 

 2.309312 427 1083 60.979730 

 3.265860 502 1585 89.245495 

 4.618624 146 1731 97.466216 

 6.531721 45 1776 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6485 in 

D15: 1.0267 in 

D50: 2.0004 in 

D85: 3.1222 in 

D100: 6.5317 in 

 

Image Gradation Input Parameters 

Name: DSCF0412 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0412.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 208 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.053685 0 0 0.000000 

 0.075922 0 0 0.000000 

 0.107370 0 0 0.000000 

 0.151844 0 0 0.000000 

 0.214740 2 2 0.114155 

 0.303688 5 7 0.399543 

 0.429480 13 20 1.141553 

 0.607376 35 55 3.139269 

 0.858959 79 134 7.648402 

 1.214752 177 311 17.751142 

 1.717919 325 636 36.301370 

 2.429504 502 1138 64.954338 

 3.435838 386 1524 86.986301 

 4.859008 228 1752 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7112 in 

D15: 1.1179 in 

D50: 2.0581 in 

D85: 3.3451 in 

D100: 4.8590 in 

 

Image Gradation Input Parameters 

Name: DSCF0413 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0413.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 212 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.054003 0 0 0.000000 

 0.076372 0 0 0.000000 

 0.108006 0 0 0.000000 

 0.152744 1 1 0.050403 

 0.216013 3 4 0.201613 

 0.305488 8 12 0.604839 

 0.432025 22 34 1.713710 

 0.610976 55 89 4.485887 

 0.864051 128 217 10.937500 

 1.221952 262 479 24.143145 

 1.728101 401 880 44.354839 

 2.443904 520 1400 70.564516 

 3.456202 439 1839 92.691532 

 4.887808 145 1984 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6311 in 

D15: 0.9742 in 

D50: 1.8823 in 

D85: 3.1043 in 

D100: 4.8878 in 

 

Image Gradation Input Parameters 

Name: DSCF0414 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0414.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 203 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.069212 0 0 0.000000 

 0.097880 0 0 0.000000 

 0.138423 0 0 0.000000 

 0.195760 1 1 0.058789 

 0.276846 4 5 0.293945 

 0.391520 11 16 0.940623 

 0.553693 23 39 2.292769 

 0.783040 52 91 5.349794 

 1.107386 140 231 13.580247 

 1.566080 244 475 27.924750 

 2.214772 355 830 48.794827 

 3.132160 406 1236 72.663139 

 4.429543 389 1625 95.532040 

 6.264320 0 1625 95.532040 

 8.859086 76 1701 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7568 in 

D15: 1.1528 in 

D50: 2.2611 in 

D85: 3.8320 in 

D100: 8.8591 in 

 

Image Gradation Input Parameters 

Name: DSCF0415 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0415.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 208 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-24 

Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.045690 0 0 0.000000 

 0.064616 0 0 0.000000 

 0.091381 0 0 0.000000 

 0.129232 0 0 0.000000 

 0.182762 1 1 0.058140 

 0.258464 3 4 0.232558 

 0.365523 10 14 0.813953 

 0.516928 25 39 2.267442 

 0.731047 71 110 6.395349 

 1.033856 119 229 13.313953 

 1.462093 242 471 27.383721 

 2.067712 368 839 48.779070 

 2.924186 347 1186 68.953488 

 4.135424 275 1461 84.941860 

 5.848373 186 1647 95.755814 

 8.270848 73 1720 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6587 in 

D15: 1.0852 in 

D50: 2.1195 in 

D85: 4.1446 in 

D100: 8.2708 in 

 

Image Gradation Input Parameters 

Name: DSCF0416 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0416.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 205 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.070923 0 0 0.000000 

 0.100300 0 0 0.000000 

 0.141846 0 0 0.000000 

 0.200600 2 2 0.110865 

 0.283691 6 8 0.443459 

 0.401200 14 22 1.219512 

 0.567382 34 56 3.104213 

 0.802400 83 139 7.705100 

 1.134765 165 304 16.851441 

 1.604800 344 648 35.920177 

 2.269530 438 1086 60.199557 

 3.209600 387 1473 81.651885 

 4.539060 290 1763 97.727273 

 6.419200 41 1804 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6642 in 

D15: 1.0675 in 

D50: 1.9903 in 

D85: 3.4865 in 

D100: 6.4192 in 

 

Image Gradation Input Parameters 

Name: DSCF0417 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0417.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 204 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.055775 0 0 0.000000 

 0.078878 0 0 0.000000 

 0.111550 0 0 0.000000 

 0.157756 0 0 0.000000 

 0.223101 3 3 0.184162 

 0.315512 5 8 0.491099 

 0.446201 15 23 1.411909 

 0.631024 39 62 3.806016 

 0.892403 78 140 8.594230 

 1.262048 168 308 18.907305 

 1.784805 362 670 41.129527 

 2.524096 535 1205 73.971762 

 3.569611 302 1507 92.510743 

 5.048192 122 1629 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6962 in 

D15: 1.1220 in 

D50: 1.9845 in 

D85: 3.1460 in 

D100: 5.0482 in 

 

Image Gradation Input Parameters 

Name: DSCF0418 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Bridge Pier Scour Scour GSDs_Images\DSCF0418.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.050496 0 0 0.000000 

 0.071412 0 0 0.000000 

 0.100992 0 0 0.000000 

 0.142824 1 1 0.054259 

 0.201984 2 3 0.162778 

 0.285648 7 10 0.542594 

 0.403967 18 28 1.519262 

 0.571296 42 70 3.798155 

 0.807935 96 166 9.007054 

 1.142592 224 390 21.161150 

 1.615869 365 755 40.965817 

 2.285184 441 1196 64.894194 

 3.231738 399 1595 86.543679 

 4.570368 197 1792 97.232773 

 6.463476 51 1843 100.000000 
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Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-32 

Two sediment samples were collected from the channel bed near Bridge E-10-A.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.2.1.  

 Photo of sediment sample from the E-10-A site 
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Table G.2.1. 
Sediment sieve analysis 

Sample ID: E-10-A Up RR, Colorado River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

25.4 87% 

19.1 78% 

4 34% 

2 28% 

1 23% 

0.5 22% 

0.25 13% 
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Figure G.2.2.  

 Grain size gradation curve for the sediment sample collected from the Colorado River in the vicinity of E-10-A 
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Table G.2.2.  

 Grain size gradation computations for the sediment sample collected from the Colorado River in the vicinity of E-10-A 

Structure 
#  E-10-A 

Waterbody - Upper 
Colorado River 

Sample # 1 of 2 
Performed by: JE 

Date: 9/20/2011 

Sieve Size 
(mm) Weight of Sieve (g) Weight of Sieve + Soil     

(g) 
Weight of Soil   

(g) 
% Retained Cumulative % Ret. % Finer 

60 0 0 0 0% 0% 100% 

45 0 0 0 0% 0% 100% 

25.4 692.82 1029.1 336.28 13% 13% 87% 

19.1 610.29 854.01 243.72 9% 22% 78% 

4 507.9 1692.4 1184.5 44% 66% 34% 

2 476.34 646.98 170.64 6% 72% 28% 

1 452.76 574.39 121.63 5% 77% 23% 

0.5 456.43 496.53 40.1 1% 78% 22% 

0.25 395.56 644.93 249.37 9% 87% 13% 

Pan 368.74 710.86 342.12 13% 100% 0% 

  Total Weight of Sample 2688.36   
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Figure G.2.3.  

 Photo of sediment sample from the E-10-A site 

 
 

Table G.2.3. 

Sediment sieve analysis 
Sample ID: E-10-A Up RR, Colorado River 

Sample Description: 2 of 2 
Performed by: JE 
Date: 9-20-2011 

 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

32 76% 

16 46% 

4 20% 

2 15% 

1 13% 

0.5 11% 

0.25 5% 
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Figure G.2.4.  

 Grain size gradation curve for the sediment sample collected from the Colorado River in the vicinity of E-10-A 
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Table G.2.4.  

 Grain size gradation computations for the sediment sample collected from the Colorado River in the vicinity of E-10-A 

Structure #  
E-10-A 

Waterbody - Upper 
Colorado River 

Sample # 2 of 2 
Performed by: JE 

Date: 9/20/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

32 549.32 1281.9 732.58 24% 24% 76% 

16 558.8 1503.6 944.8 31% 54% 46% 

4 507.92 1287.9 779.98 25% 80% 20% 

2 476.34 633.57 157.23 5% 85% 15% 

1 452.76 532.96 80.2 3% 87% 13% 

0.5 456.43 510.86 54.43 2% 89% 11% 

0.25 402.38 588.49 186.11 6% 95% 5% 

Pan 368.73 519.61 150.88 5% 100% 0% 

    Total Weight of Sample 3086.21       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA

3 E-10-A Eagle SH 131 ML 13.6 2012 Colorado River 7 17

Sample # A (ft) B (ft) C (ft) Shape Factor Ds  (ft) Davg (ft) Volume  (ft³)

1 0.93 0.58 0.32 0.436 0.58 0.610 0.090

2 0.56 0.48 0.2 0.386 0.48 0.413 0.028

3 1.34 0.78 0.46 0.450 0.78 0.860 0.252

4 0.74 0.57 0.23 0.354 0.57 0.513 0.051

5 0.82 0.46 0.31 0.505 0.46 0.530 0.061

6 0.97 0.72 0.26 0.311 0.72 0.650 0.095

7 1.02 0.57 0.44 0.577 0.57 0.677 0.134

8 0.79 0.53 0.37 0.572 0.53 0.563 0.081

9 0.31 0.18 0.06 0.254 0.18 0.183 0.002

10 0.32 0.19 0.08 0.324 0.19 0.197 0.003

11 0.15 0.11 0.07 0.545 0.11 0.110 0.001

12 0.54 0.15 0.07 0.246 0.15 0.253 0.003

13 0.57 0.16 0.07 0.232 0.16 0.267 0.003

14 0.81 0.28 0.08 0.168 0.28 0.390 0.010

15 0.85 0.47 0.06 0.095 0.47 0.460 0.013

16 0.33 0.31 0.06 0.188 0.31 0.233 0.003

17 0.52 0.29 0.17 0.438 0.29 0.327 0.013

18 1.62 0.83 0.16 0.138 0.83 0.870 0.113

19 0.78 0.57 0.38 0.570 0.57 0.577 0.088

20 0.63 0.51 0.06 0.106 0.51 0.400 0.010

21 0.64 0.53 0.24 0.412 0.53 0.470 0.043

22 0.53 0.31 0.22 0.543 0.31 0.353 0.019

23 1.22 0.84 0.48 0.474 0.84 0.847 0.258

24 1.1 0.54 0.32 0.415 0.54 0.653 0.100

25 0.53 0.33 0.19 0.454 0.33 0.350 0.017

26 0.47 0.39 0.19 0.444 0.39 0.350 0.018

27 1.25 0.58 0.27 0.317 0.58 0.700 0.102

28 0.79 0.59 0.12 0.176 0.59 0.500 0.029

29 0.47 0.33 0.22 0.559 0.33 0.340 0.018

30 1.13 0.58 0.29 0.358 0.58 0.667 0.100

31 0.62 0.37 0.26 0.543 0.37 0.417 0.031

32 0.48 0.19 0.16 0.530 0.19 0.277 0.008

33 0.66 0.51 0.09 0.155 0.51 0.420 0.016

34 0.76 0.47 0.08 0.134 0.47 0.437 0.015

35 0.36 0.27 0.08 0.257 0.27 0.237 0.004

36 1.24 0.78 0.56 0.569 0.78 0.860 0.284
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0.9 0 0% 0% 100%

0.8 2 6% 6% 94%

0.7 3 8% 14% 86%

0.6 0 0% 14% 86%

0.5 12 33% 47% 53%

0.4 4 11% 58% 42%

0.3 6 17% 75% 25%

0.2 3 8% 83% 17%

0.1 6 17% 100% 0%

Total Samples 36

Structure #         
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Hydraulic Analysis Report 

Project Data 

   Project Title:  E-10-A   

   Designer:     

   Project Date:  Friday, September 13, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Gradation Analysis 

Notes:  
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Image Gradation Input Parameters 

Name: DSCF0401 

Gradation Type: Image Gradation 
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Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0401.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 184 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.048457 0 0 0.000000 

 0.068529 0 0 0.000000 

 0.096914 0 0 0.000000 

 0.137057 0 0 0.000000 

 0.193828 4 4 0.277971 

 0.274115 7 11 0.764420 

 0.387657 15 26 1.806810 

 0.548229 29 55 3.822099 

 0.775313 50 105 7.296734 

 1.096459 71 176 12.230716 

 1.550627 96 272 18.902015 

 2.192917 164 436 30.298819 

 3.101253 138 574 39.888812 

 4.385835 179 753 52.328006 

 6.202507 356 1109 77.067408 

 8.771669 330 1439 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6252 in 

D15: 1.2850 in 

D50: 4.1454 in 

D85: 7.0912 in 

D100: 8.7717 in 

 

Image Gradation Input Parameters 

Name: DCSF0402 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0402.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 187 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.062417 0 0 0.000000 

 0.088271 0 0 0.000000 

 0.124834 0 0 0.000000 

 0.176542 0 0 0.000000 

 0.249667 1 1 0.107296 

 0.353083 3 4 0.429185 

 0.499335 6 10 1.072961 

 0.706166 11 21 2.253219 

 0.998670 17 38 4.077253 

 1.412332 30 68 7.296137 

 1.997340 58 126 13.519313 

 2.824665 101 227 24.356223 

 3.994679 55 282 30.257511 

 5.649330 174 456 48.927039 

 7.989359 156 612 65.665236 

 11.298660 320 932 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1173 in 

D15: 2.1104 in 

D50: 5.7993 in 

D85: 9.8529 in 

D100: 11.2987 in 

 

Image Gradation Input Parameters 

Name: DCSF0403 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0403.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 180 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.051568 0 0 0.000000 

 0.072928 0 0 0.000000 

 0.103135 0 0 0.000000 

 0.145856 0 0 0.000000 

 0.206271 1 1 0.096339 

 0.291711 2 3 0.289017 

 0.412542 6 9 0.867052 

 0.583422 9 18 1.734104 

 0.825084 21 39 3.757225 

 1.166845 37 76 7.321773 

 1.650168 62 138 13.294798 

 2.333690 91 229 22.061657 

 3.300335 123 352 33.911368 

 4.667379 276 628 60.500963 

 6.600671 231 859 82.755299 

 9.334758 179 1038 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.9442 in 

D15: 1.7831 in 

D50: 4.1275 in 

D85: 6.9566 in 

D100: 9.3348 in 

 

Image Gradation Input Parameters 

Name: DCSF0404 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0404.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 184 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.064191 0 0 0.000000 

 0.090779 0 0 0.000000 

 0.128381 0 0 0.000000 

 0.181559 0 0 0.000000 

 0.256763 2 2 0.171527 

 0.363118 4 6 0.514580 

 0.513526 6 12 1.029160 

 0.726235 16 28 2.401372 

 1.027052 28 56 4.802744 

 1.452471 37 93 7.975986 

 2.054104 79 172 14.751286 

 2.904941 130 302 25.900515 

 4.108207 207 509 43.653516 

 5.809883 202 711 60.977702 

 8.216415 372 1083 92.881647 

 11.619765 83 1166 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0535 in 

D15: 2.0731 in 

D50: 4.7316 in 

D85: 7.6219 in 

D100: 11.6198 in 

 

Image Gradation Input Parameters 

Name: DCSF0405 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0405.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 183 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.053776 0 0 0.000000 

 0.076051 0 0 0.000000 

 0.107553 0 0 0.000000 

 0.152102 0 0 0.000000 

 0.215105 1 1 0.092166 

 0.304205 3 4 0.368664 

 0.430210 5 9 0.829493 

 0.608409 10 19 1.751152 

 0.860421 18 37 3.410138 

 1.216818 32 69 6.359447 

 1.720841 45 114 10.506912 

 2.433637 71 185 17.050691 

 3.441682 143 328 30.230415 

 4.867274 124 452 41.658986 

 6.883365 147 599 55.207373 

 9.734547 350 949 87.465438 

 13.766729 136 1085 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0525 in 

D15: 2.2103 in 

D50: 6.1085 in 

D85: 9.5166 in 

D100: 13.7667 in 

 

Image Gradation Input Parameters 

Name: DCSF0406 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0406.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 186 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.066003 0 0 0.000000 

 0.093342 0 0 0.000000 

 0.132006 0 0 0.000000 

 0.186685 0 0 0.000000 

 0.264012 0 0 0.000000 

 0.373370 1 1 0.167504 

 0.528024 2 3 0.502513 

 0.746739 5 8 1.340034 

 1.056049 8 16 2.680067 

 1.493479 8 24 4.020101 

 2.112098 9 33 5.527638 

 2.986957 23 56 9.380235 

 4.224195 66 122 20.435511 

 5.973914 66 188 31.490787 

 8.448390 62 250 41.876047 

 11.947828 74 324 54.271357 

 16.896781 0 324 54.271357 

 23.895657 273 597 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.8956 in 

D15: 3.6159 in 

D50: 10.7419 in 

D85: 21.5999 in 

D100: 23.8957 in 

 

Image Gradation Input Parameters 

Name: DCSF0407 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0407.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 156 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.085835 0 0 0.000000 

 0.121389 0 0 0.000000 

 0.171670 0 0 0.000000 

 0.242778 1 1 0.091324 

 0.343340 2 3 0.273973 

 0.485556 5 8 0.730594 

 0.686680 12 20 1.826484 

 0.971112 23 43 3.926941 

 1.373359 35 78 7.123288 

 1.942224 65 143 13.059361 

 2.746719 73 216 19.726027 

 3.884447 127 343 31.324201 

 5.493438 207 550 50.228311 

 7.768894 226 776 70.867580 

 10.986875 180 956 87.305936 

 15.537788 139 1095 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-58 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1062 in 

D15: 2.1764 in 

D50: 5.4740 in 

D85: 10.5355 in 

D100: 15.5378 in 

 

Image Gradation Input Parameters 

Name: DCSF0408 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox Work_Images\DSCF0408.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 166 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.062859 0 0 0.000000 

 0.088896 0 0 0.000000 

 0.125718 0 0 0.000000 

 0.177792 0 0 0.000000 

 0.251436 2 2 0.166945 

 0.355584 3 5 0.417362 

 0.502872 9 14 1.168614 

 0.711168 15 29 2.420701 

 1.005744 36 65 5.425710 

 1.422337 49 114 9.515860 

 2.011488 75 189 15.776294 

 2.844673 98 287 23.956594 

 4.022975 148 435 36.310518 

 5.689346 286 721 60.183639 

 8.045950 315 1036 86.477462 

 11.378692 162 1198 100.000000 
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 Two sediment samples were collected from the channel bed near Bridge F-06-M.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.3.1.  

 Photo of sediment sample from the F-06-M site 

 
 

Table G.3.1. 
Sediment sieve analysis 

Sample ID: F-06-M Colorado River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 10-10-2011 

 
 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

16 64% 

4 43% 

2 38% 

1.4 34% 

1 29% 

0.5 18% 

0.25 3% 
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Figure G.3.2.  

 Grain size gradation curve for the sediment sample collected from the Colorado River in the vicinity of F-06-M 
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Table G.3.2.  

 Grain size gradation computations for the sediment sample collected from the Colorado River in the vicinity of F-06-M 

Structure #     
F-06-M 

Waterbody - 
Colorado River 

Sample # 1 of 2 
Performed by: JE 

Date: 10/10/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

16 542.97 1930.8 1387.83 36% 36% 64% 

4 519.95 1322.5 802.55 21% 57% 43% 

2 468.4 647.45 179.05 5% 62% 38% 

1.4 454.95 620.14 165.19 4% 66% 34% 

1 502.38 689.81 187.43 5% 71% 29% 

0.5 440.34 841.43 401.09 10% 82% 18% 

0.25 398.61 999.02 600.41 16% 97% 3% 

Pan 356.25 462.72 106.47 3% 100% 0% 

    Total Weight of Sample 3830.02       
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Figure G.3.3.  

 Photo of sediment sample from the F-06-M site 

 
 

Table G.3.3. 

Sediment sieve analysis 
Sample ID: F-06-M Colorado River 

Sample Description: 2 of 2 
Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

16 35% 

4 27% 

2 24% 

1.4 22% 

1 20% 

0.5 14% 

0.25 7% 
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Figure G.3.4.  

 Grain size gradation curve for the sediment sample collected from the Colorado River in the vicinity of F-06-M 
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Table G.3.4.  

 Grain size gradation computations for the sediment sample collected from the Colorado River in the vicinity of F-06-M 

Structure #    
F-06-M 

Waterbody - 
Colorado River 

Sample # 2 of 2 
Performed by: JE 

Date: 10/10/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

16 542.97 2612 2069.03 65% 65% 35% 

4 510.34 765.56 255.22 8% 73% 27% 

2 468.4 556.81 88.41 3% 76% 24% 

1.4 442.21 513.91 71.7 2% 78% 22% 

1 500.21 564.97 64.76 2% 80% 20% 

0.5 440.34 620.23 179.89 6% 86% 14% 

0.25 397.44 635.56 238.12 7% 93% 7% 

Pan 355.2 564.5 209.3 7% 100% 0% 

    Total Weight of Sample 3176.43       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA Date

3 F-06-M Garfield I 70 Access Road 105.3 2012 Colorado River 6.5 20 8/9/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.59 0.42 0.29 0.583 0.42 0.433 0.038

2 0.51 0.26 0.1 0.275 0.26 0.290 0.007

3 0.83 0.55 0.18 0.266 0.55 0.520 0.043

4 1.3 1.05 0.37 0.317 1.05 0.907 0.264

5 0.36 0.28 0.22 0.693 0.28 0.287 0.012

6 0.51 0.32 0.26 0.644 0.32 0.363 0.022

7 1.02 0.73 0.19 0.220 0.73 0.647 0.074

8 0.35 0.35 0.22 0.629 0.35 0.307 0.014

9 0.96 0.8 0.54 0.616 0.8 0.767 0.217

10 0.72 0.59 0.43 0.660 0.59 0.580 0.096

11 0.26 0.19 0.14 0.630 0.19 0.197 0.004

12 0.54 0.47 0.28 0.556 0.47 0.430 0.037

13 0.46 0.31 0.18 0.477 0.31 0.317 0.013

14 0.87 0.42 0.3 0.496 0.42 0.530 0.057

15 0.59 0.57 0.35 0.604 0.57 0.503 0.062

16 0.48 0.36 0.14 0.337 0.36 0.327 0.013

17 0.86 0.64 0.32 0.431 0.64 0.607 0.092

18 0.56 0.45 0.19 0.378 0.45 0.400 0.025

19 0.84 0.49 0.4 0.623 0.49 0.577 0.086

20 0.89 0.65 0.45 0.592 0.65 0.663 0.136

21 0.47 0.35 0.27 0.666 0.35 0.363 0.023

22 0.93 0.74 0.3 0.362 0.74 0.657 0.108

23 0.89 0.7 0.3 0.380 0.7 0.630 0.098

24 0.31 0.26 0.2 0.704 0.26 0.257 0.008

25 2.42 1.91 1.56 0.726 1.91 1.963 3.775

26 0.83 0.72 0.36 0.466 0.72 0.637 0.113

27 0.41 0.3 0.18 0.513 0.3 0.297 0.012

28 0.62 0.49 0.27 0.490 0.49 0.460 0.043

29 0.83 0.62 0.47 0.655 0.62 0.640 0.127

30 0.92 0.68 0.29 0.367 0.68 0.630 0.095

31 1.1 0.92 0.67 0.666 0.92 0.897 0.355

32 0.96 0.64 0.45 0.574 0.64 0.683 0.145

33 0.26 0.22 0.05 0.209 0.22 0.177 0.001

34 1.05 0.87 0.3 0.314 0.87 0.740 0.143

35 0.17 0.13 0.09 0.605 0.13 0.130 0.001

36 1.43 0.75 0.7 0.676 0.75 0.960 0.393

37 0.42 0.41 0.36 0.868 0.41 0.397 0.032

38 0.73 0.66 0.22 0.317 0.66 0.537 0.055

39 0.36 0.23 0.1 0.348 0.23 0.230 0.004

40 1.4 0.96 0.43 0.371 0.96 0.930 0.303
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Hydraulic Analysis Report 

Project Data 

2 0 0% 0% 100%

1 2 5% 5% 95%

0.9 2 5% 10% 90%

0.8 2 5% 15% 85%

0.7 5 13% 28% 73%

0.6 6 15% 43% 58%

0.5 3 8% 50% 50%

0.4 7 18% 68% 33%

0.3 6 15% 83% 18%

0.2 5 13% 95% 5%

0.1 2 5% 100% 0%

Total Samples 40

Structure #         

F-06-M
Colorado River at I 70 Access Road

Sieve Size (ft)
Samples 

Retained
% Retained

Cumulative % 

Ret.
% Finer

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.1 1 10

P
e
rc

e
n
t 

F
in

e
r 

Grain Size (in) 

Grain Size Distribution 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-68 

   Project Title:  F-06-M   

   Designer:     

   Project Date:  Wednesday, September 18, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Rock/Sediment Gradation Analysis 

Notes:  
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Image Gradation Input Parameters 

Name: DSCF0360 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0360.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 170 

  Morphologic Iterations: 1 

  Resolution: 34 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.056605 0 0 0.000000 

 0.080052 0 0 0.000000 

 0.113211 0 0 0.000000 

 0.160104 0 0 0.000000 

 0.226421 0 0 0.000000 

 0.320208 0 0 0.000000 

 0.452842 0 0 0.000000 

 0.640416 1 1 0.366300 

 0.905685 2 3 1.098901 

 1.280832 5 8 2.930403 

 1.811370 6 14 5.128205 

 2.561664 11 25 9.157509 

 3.622740 24 49 17.948718 

 5.123328 43 92 33.699634 

 7.245480 50 142 52.014652 

 10.246656 131 273 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.7804 in 

D15: 3.2668 in 

D50: 7.0120 in 

D85: 9.3085 in 

D100: 10.2467 in 

 

Image Gradation Input Parameters 

Name: DSCF0374 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0374.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 173 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.033602 0 0 0.000000 

 0.047520 0 0 0.000000 

 0.067203 0 0 0.000000 

 0.095040 0 0 0.000000 

 0.134407 0 0 0.000000 

 0.190080 0 0 0.000000 

 0.268814 1 1 0.196850 

 0.380160 1 2 0.393701 

 0.537627 2 4 0.787402 

 0.760320 4 8 1.574803 

 1.075255 3 11 2.165354 

 1.520640 12 23 4.527559 

 2.150510 20 43 8.464567 

 3.041280 35 78 15.354331 

 4.301019 66 144 28.346457 

 6.082560 157 301 59.251969 

 8.602039 207 508 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.5962 in 

D15: 2.9955 in 

D50: 5.5492 in 

D85: 7.6746 in 

D100: 8.6020 in 

 

Image Gradation Input Parameters 

Name: DSCF0379 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0379.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 184 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.056933 0 0 0.000000 

 0.080516 0 0 0.000000 

 0.113867 0 0 0.000000 

 0.161032 0 0 0.000000 

 0.227734 0 0 0.000000 

 0.322064 0 0 0.000000 

 0.455467 0 0 0.000000 

 0.644128 0 0 0.000000 

 0.910935 1 1 0.487805 

 1.288256 2 3 1.463415 

 1.821869 6 9 4.390244 

 2.576512 12 21 10.243902 

 3.643738 34 55 26.829268 

 5.153024 24 79 38.536585 

 7.287476 58 137 66.829268 

 10.306048 68 205 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.9005 in 

D15: 2.8826 in 

D50: 6.0178 in 

D85: 8.9410 in 

D100: 10.3060 in 

 

Image Gradation Input Parameters 

Name: DSCF0381 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0381.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 163 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.060500 0 0 0.000000 

 0.085560 0 0 0.000000 

 0.121000 0 0 0.000000 

 0.171120 0 0 0.000000 

 0.242000 0 0 0.000000 

 0.342240 0 0 0.000000 

 0.484000 0 0 0.000000 

 0.684480 1 1 0.418410 

 0.968001 1 2 0.836820 

 1.368960 2 4 1.673640 

 1.936002 6 10 4.184100 

 2.737920 5 15 6.276151 

 3.872004 28 43 17.991632 

 5.475840 66 109 45.606695 

 7.744007 39 148 61.924686 

 10.951680 91 239 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.2487 in 

D15: 3.5824 in 

D50: 6.0865 in 

D85: 9.6880 in 

D100: 10.9517 in 

 

Image Gradation Input Parameters 

Name: DSCF0386 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0386.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 172 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.042732 0 0 0.000000 

 0.060432 0 0 0.000000 

 0.085464 0 0 0.000000 

 0.120864 0 0 0.000000 

 0.170928 0 0 0.000000 

 0.241728 0 0 0.000000 

 0.341855 0 0 0.000000 

 0.483456 1 1 0.221239 

 0.683710 3 4 0.884956 

 0.966912 7 11 2.433628 

 1.367420 16 27 5.973451 

 1.933824 37 64 14.159292 

 2.734840 56 120 26.548673 

 3.867648 92 212 46.902655 

 5.469680 195 407 90.044248 

 7.735296 0 407 90.044248 

 10.939361 45 452 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.2573 in 

D15: 1.9882 in 

D50: 3.9827 in 

D85: 5.2824 in 

D100: 10.9394 in 

 

Image Gradation Input Parameters 

Name: DSCF0388 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0388.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 167 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.065907 0 0 0.000000 

 0.093206 0 0 0.000000 

 0.131813 0 0 0.000000 

 0.186412 1 1 0.098912 

 0.263626 2 3 0.296736 

 0.372824 5 8 0.791296 

 0.527253 10 18 1.780415 

 0.745648 19 37 3.659743 

 1.054506 35 72 7.121662 

 1.491296 64 136 13.452028 

 2.109011 116 252 24.925816 

 2.982592 197 449 44.411474 

 4.218022 281 730 72.205737 

 5.965184 223 953 94.263106 

 8.436044 58 1011 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8652 in 

D15: 1.5746 in 

D50: 3.2310 in 

D85: 5.2315 in 

D100: 8.4360 in 

 

Image Gradation Input Parameters 

Name: DSCF0392 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0392.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 172 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.079332 0 0 0.000000 

 0.112192 0 0 0.000000 

 0.158663 0 0 0.000000 

 0.224384 0 0 0.000000 

 0.317327 2 2 0.238379 

 0.448768 3 5 0.595948 

 0.634654 6 11 1.311085 

 0.897536 12 23 2.741359 

 1.269308 22 45 5.363528 

 1.795072 40 85 10.131108 

 2.538615 78 163 19.427890 

 3.590144 137 300 35.756853 

 5.077230 177 477 56.853397 

 7.180288 269 746 88.915375 

 10.154461 93 839 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.2178 in 

D15: 2.1845 in 

D50: 4.5941 in 

D85: 6.9235 in 

D100: 10.1545 in 

 

Image Gradation Input Parameters 

Name: DSCF0395 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0395.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 167 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.065417 0 0 0.000000 

 0.092514 0 0 0.000000 

 0.130835 0 0 0.000000 

 0.185028 0 0 0.000000 

 0.261669 1 1 0.149477 

 0.370056 1 2 0.298954 

 0.523338 3 5 0.747384 

 0.740112 6 11 1.644245 

 1.046676 13 24 3.587444 

 1.480224 19 43 6.427504 

 2.093353 40 83 12.406577 

 2.960448 63 146 21.823617 

 4.186706 165 311 46.487294 

 5.920896 142 453 67.713004 

 8.373411 85 538 80.418535 

 11.841792 131 669 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.2623 in 

D15: 2.3321 in 

D50: 4.4737 in 

D85: 9.1849 in 

D100: 11.8418 in 

 

Image Gradation Input Parameters 

Name: DSCF0397 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0397.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 168 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.043555 0 0 0.000000 

 0.061596 0 0 0.000000 

 0.087110 0 0 0.000000 

 0.123192 0 0 0.000000 

 0.174220 0 0 0.000000 

 0.246384 0 0 0.000000 

 0.348440 1 1 0.162602 

 0.492768 2 3 0.487805 

 0.696879 5 8 1.300813 

 0.985536 9 17 2.764228 

 1.393758 18 35 5.691057 

 1.971072 39 74 12.032520 

 2.787517 49 123 20.000000 

 3.942144 130 253 41.138211 

 5.575034 126 379 61.626016 

 7.884288 133 512 83.252033 

 11.150067 103 615 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.2974 in 

D15: 2.2752 in 

D50: 4.6484 in 

D85: 8.2251 in 

D100: 11.1501 in 

 

Image Gradation Input Parameters 

Name: DSCF0398 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0398.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 174 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.062503 0 0 0.000000 

 0.088392 0 0 0.000000 

 0.125005 0 0 0.000000 

 0.176784 0 0 0.000000 

 0.250010 0 0 0.000000 

 0.353568 1 1 0.155763 

 0.500021 3 4 0.623053 

 0.707136 6 10 1.557632 

 1.000041 12 22 3.426791 

 1.414272 23 45 7.009346 

 2.000083 52 97 15.109034 

 2.828544 52 149 23.208723 

 4.000165 111 260 40.498442 

 5.657088 262 522 81.308411 

 8.000331 120 642 100.000000 
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One sediment sample was collected from the channel bed near Bridge H-02-S.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.4.1.  

 Photo of sediment sample from the H-02-S site 

 
 

Table G.4.1. 
Sediment sieve analysis 

Sample ID: H-02-S Colorado River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

16 47% 

8 44% 

4 40% 

2 38% 

1 38% 

0.5 37% 

0.125 19% 
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Figure G.4.2.  

 Grain size gradation curve for the sediment sample collected from the Colorado River in the vicinity of H-02-S 
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Table G.4.2.  

 Grain size gradation computations for the sediment sample collected from the Colorado River in the vicinity of H-02-S 

Structure #    
H-02-S 

Waterbody - 
Colorado River 

Sample # 1 
Performed by:  JE 

Date: 10/11/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

16 535.16 1970.8 1435.64 53% 53% 47% 

8 547 623.17 76.17 3% 56% 44% 

4 507.62 620.66 113.04 4% 60% 40% 

2 487.41 527.47 40.06 1% 62% 38% 

1 457.11 459.84 2.73 0% 62% 38% 

0.5 445.21 489.66 44.45 2% 63% 37% 

0.125 379.11 863.95 484.84 18% 81% 19% 

Pan 370.23 870.81 500.58 19% 100% 0% 

    Total Weight of Sample 2697.51       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 max from POA Date

3 H-02-S Mesa SH 340 ML EBND 12.6 2012 Colorado River 16 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.36 0.28 0.06 0.189 0.28 0.233 0.003

2 0.25 0.16 0.14 0.700 0.16 0.183 0.003

3 0.34 0.23 0.12 0.429 0.23 0.230 0.005

4 0.43 0.34 0.16 0.418 0.34 0.310 0.012

5 0.39 0.24 0.13 0.425 0.24 0.253 0.006

6 0.49 0.37 0.09 0.211 0.37 0.317 0.009

7 0.3 0.21 0.07 0.279 0.21 0.193 0.002

8 0.51 0.25 0.15 0.420 0.25 0.303 0.010

9 0.31 0.24 0.1 0.367 0.24 0.217 0.004

10 0.91 0.62 0.38 0.506 0.62 0.637 0.112

11 0.33 0.28 0.14 0.461 0.28 0.250 0.007

12 0.33 0.22 0.08 0.297 0.22 0.210 0.003

13 0.27 0.19 0.04 0.177 0.19 0.167 0.001

14 0.27 0.22 0.09 0.369 0.22 0.193 0.003

15 0.61 0.51 0.33 0.592 0.51 0.483 0.054

16 0.32 0.24 0.15 0.541 0.24 0.237 0.006

17 0.33 0.28 0.12 0.395 0.28 0.243 0.006

18 0.37 0.3 0.05 0.150 0.3 0.240 0.003

19 0.36 0.29 0.19 0.588 0.29 0.280 0.010

20 0.38 0.34 0.12 0.334 0.34 0.280 0.008

21 0.53 0.33 0.24 0.574 0.33 0.367 0.022

22 0.54 0.34 0.17 0.397 0.34 0.350 0.016

23 0.35 0.31 0.14 0.425 0.31 0.267 0.008

24 0.23 0.18 0.04 0.197 0.18 0.150 0.001

25 0.41 0.29 0.08 0.232 0.29 0.260 0.005

26 0.39 0.2 0.11 0.394 0.2 0.233 0.004

27 0.41 0.29 0.09 0.261 0.29 0.263 0.006

28 0.3 0.2 0.04 0.163 0.2 0.180 0.001

29 0.33 0.22 0.07 0.260 0.22 0.207 0.003

30 0.56 0.45 0.23 0.458 0.45 0.413 0.030

31 0.49 0.25 0.11 0.314 0.25 0.283 0.007

32 0.28 0.24 0.09 0.347 0.24 0.203 0.003

33 0.4 0.24 0.12 0.387 0.24 0.253 0.006

34 0.31 0.21 0.09 0.353 0.21 0.203 0.003

35 0.29 0.19 0.08 0.341 0.19 0.187 0.002

36 0.36 0.29 0.05 0.155 0.29 0.233 0.003

37 0.28 0.25 0.08 0.302 0.25 0.203 0.003

38 0.44 0.34 0.13 0.336 0.34 0.303 0.010

39 0.3 0.25 0.07 0.256 0.25 0.207 0.003

40 0.25 0.13 0.06 0.333 0.13 0.147 0.001
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Hydraulic Analysis Report 

Project Data 

0.65 0 0% 0% 100%

0.6 1 3% 3% 98%

0.55 0 0% 3% 98%

0.5 1 3% 5% 95%

0.45 1 3% 8% 93%

0.4 0 0% 8% 93%

0.35 1 3% 10% 90%

0.3 7 18% 28% 73%

0.25 11 28% 55% 45%

0.2 13 33% 88% 13%

0.15 4 10% 98% 3%

0.1 1 3% 100% 0%

Total Samples 40

Structure #         

H-02-S
Colorado River at SH 340 EBND
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   Project Title:  H-02-GC & S   

   Designer:     

   Project Date:  Thursday, September 19, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Name: DSCF0119 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0119.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 175 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.025726 0 0 0.000000 

 0.036381 0 0 0.000000 

 0.051451 0 0 0.000000 

 0.072763 0 0 0.000000 

 0.102902 0 0 0.000000 

 0.145526 1 1 0.134048 

 0.205804 1 2 0.268097 

 0.291051 3 5 0.670241 

 0.411609 7 12 1.608579 

 0.582103 15 27 3.619303 

 0.823218 36 63 8.445040 

 1.164205 101 164 21.983914 

 1.646435 202 366 49.061662 

 2.328411 207 573 76.809651 

 3.292870 173 746 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6511 in 

D15: 0.9883 in 

D50: 1.6695 in 

D85: 2.6690 in 

D100: 3.2929 in 

 

Image Gradation Input Parameters 

Name: DSCF0121 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0121.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 189 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.029101 0 0 0.000000 

 0.041155 0 0 0.000000 

 0.058202 0 0 0.000000 

 0.082310 0 0 0.000000 

 0.116404 0 0 0.000000 

 0.164620 1 1 0.111982 

 0.232808 2 3 0.335946 

 0.329240 5 8 0.895857 

 0.465615 8 16 1.791713 

 0.658479 24 40 4.479283 

 0.931230 55 95 10.638298 

 1.316959 131 226 25.307951 

 1.862461 221 447 50.055991 

 2.633917 217 664 74.356103 

 3.724922 129 793 88.801792 

 5.267835 100 893 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6815 in 

D15: 1.0459 in 

D50: 1.8612 in 

D85: 3.4378 in 

D100: 5.2678 in 

 

Image Gradation Input Parameters 

Name: DSCF0123 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0123.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 200 

  Morphologic Iterations: 1 

  Resolution: 34 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.025299 0 0 0.000000 

 0.035778 0 0 0.000000 

 0.050598 0 0 0.000000 

 0.071557 0 0 0.000000 

 0.101196 0 0 0.000000 

 0.143113 0 0 0.000000 

 0.202393 1 1 0.147059 

 0.286227 2 3 0.441176 

 0.404786 6 9 1.323529 

 0.572454 18 27 3.970588 

 0.809572 43 70 10.294118 

 1.144908 87 157 23.088235 

 1.619144 186 343 50.441176 

 2.289815 213 556 81.764706 

 3.238288 70 626 92.058824 

 4.579630 54 680 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6111 in 

D15: 0.9329 in 

D50: 1.6115 in 

D85: 2.5879 in 

D100: 4.5796 in 

 

Image Gradation Input Parameters 

Name: DSCF0124 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0124.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 156 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0124.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0124.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.024689 0 0 0.000000 

 0.034916 0 0 0.000000 

 0.049378 0 0 0.000000 

 0.069831 0 0 0.000000 

 0.098756 0 0 0.000000 

 0.139663 0 0 0.000000 

 0.197513 0 0 0.000000 

 0.279325 1 1 0.197628 

 0.395026 2 3 0.592885 

 0.558651 5 8 1.581028 

 0.790051 11 19 3.754941 

 1.117301 24 43 8.498024 

 1.580103 53 96 18.972332 

 2.234603 120 216 42.687747 

 3.160206 88 304 60.079051 

 4.469206 175 479 94.664032 

 6.320411 27 506 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8760 in 

D15: 1.4046 in 

D50: 2.6238 in 

D85: 4.1034 in 

D100: 6.3204 in 

 

Image Gradation Input Parameters 

Name: DSCF0126 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0126.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 183 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0126.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0126.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.035718 0 0 0.000000 

 0.050513 0 0 0.000000 

 0.071436 0 0 0.000000 

 0.101025 0 0 0.000000 

 0.142872 0 0 0.000000 

 0.202051 1 1 0.169492 

 0.285743 1 2 0.338983 

 0.404102 3 5 0.847458 

 0.571486 6 11 1.864407 

 0.808203 15 26 4.406780 

 1.142972 32 58 9.830508 

 1.616407 49 107 18.135593 

 2.285944 103 210 35.593220 

 3.232813 49 259 43.898305 

 4.571888 71 330 55.932203 

 6.465627 55 385 65.254237 

 9.143777 0 385 65.254237 

 12.931253 205 590 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8448 in 

D15: 1.4377 in 

D50: 3.9118 in 

D85: 11.2962 in 

D100: 12.9313 in 

 

Image Gradation Input Parameters 

Name: DSCF0130 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0130.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 180 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0130.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0130.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.033521 0 0 0.000000 

 0.047405 0 0 0.000000 

 0.067041 0 0 0.000000 

 0.094811 0 0 0.000000 

 0.134082 0 0 0.000000 

 0.189621 1 1 0.152672 

 0.268165 1 2 0.305344 

 0.379242 3 5 0.763359 

 0.536329 8 13 1.984733 

 0.758484 18 31 4.732824 

 1.072658 36 67 10.229008 

 1.516968 89 156 23.816794 

 2.145317 170 326 49.770992 

 3.033936 207 533 81.374046 

 4.290634 122 655 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7738 in 

D15: 1.2287 in 

D50: 2.1518 in 

D85: 3.2786 in 

D100: 4.2906 in 

 

Image Gradation Input Parameters 

Name: DSCF0144 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0144.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 187 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0144.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0144.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.033063 0 0 0.000000 

 0.046758 0 0 0.000000 

 0.066126 0 0 0.000000 

 0.093516 0 0 0.000000 

 0.132252 0 0 0.000000 

 0.187033 0 0 0.000000 

 0.264504 1 1 0.150150 

 0.374065 3 4 0.600601 

 0.529008 5 9 1.351351 

 0.748131 17 26 3.903904 

 1.058017 42 68 10.210210 

 1.496262 86 154 23.123123 

 2.116033 119 273 40.990991 

 2.992523 159 432 64.864865 

 4.232067 207 639 95.945946 

 5.985046 27 666 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8020 in 

D15: 1.2206 in 

D50: 2.4468 in 

D85: 3.7955 in 

D100: 5.9850 in 

 

Image Gradation Input Parameters 

Name: DSCF0146 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0146.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 160 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0146.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0146.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.028686 0 0 0.000000 

 0.040569 0 0 0.000000 

 0.057373 0 0 0.000000 

 0.081137 0 0 0.000000 

 0.114745 0 0 0.000000 

 0.162275 0 0 0.000000 

 0.229491 0 0 0.000000 

 0.324549 2 2 0.396040 

 0.458982 4 6 1.188119 

 0.649098 9 15 2.970297 

 0.917964 17 32 6.336634 

 1.298197 23 55 10.891089 

 1.835927 98 153 30.297030 

 2.596393 138 291 57.623762 

 3.671855 132 423 83.762376 

 5.192787 82 505 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8112 in 

D15: 1.4121 in 

D50: 2.3842 in 

D85: 3.7878 in 

D100: 5.1928 in 

 

Image Gradation Input Parameters 

Name: DSCF0149 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0149.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 203 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0149.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0149.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.036329 0 0 0.000000 

 0.051378 0 0 0.000000 

 0.072659 0 0 0.000000 

 0.102755 0 0 0.000000 

 0.145318 0 0 0.000000 

 0.205510 2 2 0.182648 

 0.290636 4 6 0.547945 

 0.411021 7 13 1.187215 

 0.581271 14 27 2.465753 

 0.822042 32 59 5.388128 

 1.162543 63 122 11.141553 

 1.644084 110 232 21.187215 

 2.325086 261 493 45.022831 

 3.288168 305 798 72.876712 

 4.650172 167 965 88.127854 

 6.576336 130 1095 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7901 in 

D15: 1.3475 in 

D50: 2.4972 in 

D85: 4.3708 in 

D100: 6.5763 in 

 

Image Gradation Input Parameters 

Name: DSCF0155 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Z:\CDOT Bridge Pier Scour\Hydraulic Toolbox GSDs\H-02-GC & S\Analyzed 
Photos\DSCF0155.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 192 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 

file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0155.JPG
file://///Ht1/e/CDOT%20Bridge%20Pier%20Scour/Hydraulic%20Toolbox%20GSDs/H-02-GC%20&%20S/Analyzed%20Photos/DSCF0155.JPG
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.036013 0 0 0.000000 

 0.050930 0 0 0.000000 

 0.072027 0 0 0.000000 

 0.101861 0 0 0.000000 

 0.144053 0 0 0.000000 

 0.203722 1 1 0.124844 

 0.288106 1 2 0.249688 

 0.407444 3 5 0.624220 

 0.576212 12 17 2.122347 

 0.814887 26 43 5.368290 

 1.152425 63 106 13.233458 

 1.629775 91 197 24.594257 

 2.304850 204 401 50.062422 

 3.259550 124 525 65.543071 

 4.609699 42 567 70.786517 

 6.519099 50 617 77.028714 

 9.219399 0 617 77.028714 

 13.038199 184 801 100.000000 
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Sediment particles in the channel bed near Structure H-04-G consist of gravel, cobbles, and 
boulders.  

 

Figure G.5.1.  

 Photo of cobbles and boulders from the H-04-G bridge site 

 
 

Figure G.5.2. 

Photo of cobbles and boulders from the H-04-G bridge site 
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected Date

3 H-04-G Mesa SH 330 ML 8.7 2013 Big Creek 9/12/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 2.8 1.3 1 0.524 1.3 1.700 1.906

2 0.65 0.55 0.3 0.502 0.55 0.500 0.056

3 0.5 0.3 0.2 0.516 0.3 0.333 0.016

4 0.9 0.55 0.5 0.711 0.55 0.650 0.130

5 0.5 0.26 0.25 0.693 0.26 0.337 0.017

6 0.2 0.16 0.11 0.615 0.16 0.157 0.002

7 0.84 0.72 0.42 0.540 0.72 0.660 0.133

8 0.94 0.72 0.41 0.498 0.72 0.690 0.145

9 0.72 0.55 0.42 0.667 0.55 0.563 0.087

10 0.47 0.26 0.17 0.486 0.26 0.300 0.011

11 1.13 0.8 0.55 0.578 0.8 0.827 0.260

12 1.05 0.92 0.52 0.529 0.92 0.830 0.263

13 0.57 0.3 0.23 0.556 0.3 0.367 0.021

14 0.65 0.6 0.58 0.929 0.6 0.610 0.118

15 0.5 0.3 0.24 0.620 0.3 0.347 0.019

16 0.37 0.37 0.22 0.595 0.37 0.320 0.016

17 0.38 0.2 0.17 0.617 0.2 0.250 0.007

18 1.23 0.85 0.65 0.636 0.85 0.910 0.356

19 0.92 0.7 0.3 0.374 0.7 0.640 0.101

20 1.04 0.63 0.29 0.358 0.63 0.653 0.099

21 0.9 0.8 0.6 0.707 0.8 0.767 0.226

22 2.4 1.75 0.75 0.366 1.75 1.633 1.649

23 0.65 0.44 0.23 0.430 0.44 0.440 0.034

24 0.38 0.32 0.25 0.717 0.32 0.317 0.016

25 3 2.3 2.2 0.838 2.3 2.500 7.948

26 1.07 0.68 0.3 0.352 0.68 0.683 0.114

27 1.1 0.8 0.4 0.426 0.8 0.767 0.184

28 1.5 0.8 0.4 0.365 0.8 0.900 0.251

29 1.1 0.8 0.35 0.373 0.8 0.750 0.161

30 1.5 1.45 0.65 0.441 1.45 1.200 0.740

31 1.5 1.35 0.4 0.281 1.35 1.083 0.424

32 1.75 1.4 0.4 0.256 1.4 1.183 0.513

33 1.4 1.35 0.6 0.436 1.35 1.117 0.594

34 1.2 0.9 0.75 0.722 0.9 0.950 0.424

35 1.6 1.2 0.75 0.541 1.2 1.183 0.754

36 2.3 1.7 1.3 0.657 1.7 1.767 2.661
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Hydraulic Analysis Report 

Project Data 

2.5 0 0% 0% 100%

1.5 3 8% 8% 92%

1.25 5 14% 22% 78%

1 1 3% 25% 75%

0.8 8 22% 47% 53%

0.6 6 17% 64% 36%

0.4 4 11% 75% 25%

0.2 8 22% 97% 3%

0.1 1 3% 100% 0%

Total Samples 36

Structure #         

H-04-G
Big Creek at SH 330
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   Project Title:  H-04-G   

   Designer:     

   Project Date:  Thursday, September 19, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input Parameters 
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Name: Digital Gradation Analysis 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0537.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 168 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.080517 0 0 0.000000 

 0.113868 0 0 0.000000 

 0.161034 0 0 0.000000 

 0.227736 0 0 0.000000 

 0.322067 1 1 0.143266 

 0.455472 3 4 0.573066 

 0.644135 6 10 1.432665 

 0.910944 13 23 3.295129 

 1.288269 22 45 6.446991 

 1.821888 56 101 14.469914 

 2.576539 71 172 24.641834 

 3.643776 106 278 39.828080 

 5.153077 166 444 63.610315 

 7.287552 132 576 82.521490 

 10.306155 0 576 82.521490 

 14.575104 122 698 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1150 in 

D15: 1.8612 in 

D50: 4.2893 in 

D85: 10.9115 in 

D100: 14.5751 in 

 

Image Gradation Input Parameters 

Name: DSCF0538 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0538.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 164 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.077845 0 0 0.000000 

 0.110090 0 0 0.000000 

 0.155691 0 0 0.000000 

 0.220180 0 0 0.000000 

 0.311382 0 0 0.000000 

 0.440360 0 0 0.000000 

 0.622763 1 1 0.270270 

 0.880720 2 3 0.810811 

 1.245526 2 5 1.351351 

 1.761440 8 13 3.513514 

 2.491052 13 26 7.027027 

 3.522880 27 53 14.324324 

 4.982105 51 104 28.108108 

 7.045760 37 141 38.108108 

 9.964209 72 213 57.567568 

 14.091520 0 213 57.567568 

 19.928419 0 213 57.567568 

 28.183040 157 370 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.0701 in 

D15: 3.5944 in 

D50: 8.8293 in 

D85: 25.2650 in 

D100: 28.1830 in 

 

Image Gradation Input Parameters 

Name: DSCF0539 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0539.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 161 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.102641 0 0 0.000000 

 0.145156 0 0 0.000000 

 0.205282 0 0 0.000000 

 0.290312 0 0 0.000000 

 0.410563 0 0 0.000000 

 0.580624 0 0 0.000000 

 0.821126 1 1 0.374532 

 1.161248 1 2 0.749064 

 1.642253 3 5 1.872659 

 2.322496 6 11 4.119850 

 3.284505 9 20 7.490637 

 4.644992 37 57 21.348315 

 6.569011 27 84 31.460674 

 9.289984 85 169 63.295880 

 13.138021 98 267 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.5737 in 

D15: 4.0217 in 

D50: 8.1536 in 

D85: 11.5654 in 

D100: 13.1380 in 

 

Image Gradation Input Parameters 

Name: DSCF0541 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0541.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 205 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.043670 0 0 0.000000 

 0.061758 0 0 0.000000 

 0.087339 0 0 0.000000 

 0.123516 0 0 0.000000 

 0.174678 0 0 0.000000 

 0.247032 0 0 0.000000 

 0.349356 1 1 0.153374 

 0.494064 2 3 0.460123 

 0.698712 3 6 0.920245 

 0.988128 10 16 2.453988 

 1.397424 14 30 4.601227 

 1.976256 42 72 11.042945 

 2.794848 55 127 19.478528 

 3.952512 106 233 35.736196 

 5.589696 66 299 45.858896 

 7.905024 132 431 66.104294 

 11.179392 124 555 85.122699 

 15.810048 97 652 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.4333 in 

D15: 2.3603 in 

D50: 6.0633 in 

D85: 11.1583 in 

D100: 15.8100 in 

 

Image Gradation Input Parameters 

Name: DSCF0542 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0542.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 182 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.081428 0 0 0.000000 

 0.115156 0 0 0.000000 

 0.162855 0 0 0.000000 

 0.230312 0 0 0.000000 

 0.325710 0 0 0.000000 

 0.460624 0 0 0.000000 

 0.651421 1 1 0.276243 

 0.921248 2 3 0.828729 

 1.302841 2 5 1.381215 

 1.842496 10 15 4.143646 

 2.605683 7 22 6.077348 

 3.684992 18 40 11.049724 

 5.211366 30 70 19.337017 

 7.369984 50 120 33.149171 

 10.422731 96 216 59.668508 

 14.739968 57 273 75.414365 

 20.845463 89 362 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.1805 in 

D15: 4.4126 in 

D50: 9.3098 in 

D85: 17.1204 in 

D100: 20.8455 in 

 

Image Gradation Input Parameters 

Name: DSCF0543 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0543.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 197 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.070251 0 0 0.000000 

 0.099350 0 0 0.000000 

 0.140502 0 0 0.000000 

 0.198700 0 0 0.000000 

 0.281004 0 0 0.000000 

 0.397400 0 0 0.000000 

 0.562008 1 1 0.263158 

 0.794800 1 2 0.526316 

 1.124017 3 5 1.315789 

 1.589600 5 10 2.631579 

 2.248034 6 16 4.210526 

 3.179200 21 37 9.736842 

 4.496068 49 86 22.631579 

 6.358400 83 169 44.473684 

 8.992136 119 288 75.789474 

 12.716800 92 380 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.3811 in 

D15: 3.7167 in 

D50: 6.8232 in 

D85: 10.4091 in 

D100: 12.7168 in 

 

Image Gradation Input Parameters 

Name: DSCF0544 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0544.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 152 

  Morphologic Iterations: 1 

  Resolution: 39 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.070079 0 0 0.000000 

 0.099106 0 0 0.000000 

 0.140157 0 0 0.000000 

 0.198212 0 0 0.000000 

 0.280314 0 0 0.000000 

 0.396424 1 1 0.195695 

 0.560628 3 4 0.782779 

 0.792848 7 11 2.152642 

 1.121256 15 26 5.088063 

 1.585696 34 60 11.741683 

 2.242513 44 104 20.352250 

 3.171392 76 180 35.225049 

 4.485026 100 280 54.794521 

 6.342784 158 438 85.714286 

 8.970051 0 438 85.714286 

 12.685568 73 511 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1114 in 

D15: 1.8342 in 

D50: 4.1632 in 

D85: 6.2999 in 

D100: 12.6856 in 

 

Image Gradation Input Parameters 

Name: DSCF0545 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0545.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 182 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.079196 0 0 0.000000 

 0.112000 0 0 0.000000 

 0.158392 0 0 0.000000 

 0.224000 0 0 0.000000 

 0.316784 1 1 0.129199 

 0.448000 1 2 0.258398 

 0.633568 4 6 0.775194 

 0.896000 7 13 1.679587 

 1.267135 11 24 3.100775 

 1.792000 18 42 5.426357 

 2.534271 16 58 7.493540 

 3.584000 36 94 12.144703 

 5.068541 58 152 19.638243 

 7.168000 16 168 21.705426 

 10.137083 74 242 31.266150 

 14.336000 0 242 31.266150 

 20.274166 209 451 58.268734 

 28.672000 323 774 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.6958 in 

D15: 4.1497 in 

D50: 18.4558 in 

D85: 25.6535 in 

D100: 28.6720 in 

 

Image Gradation Input Parameters 

Name: DSCF0548 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0548.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 175 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.072696 0 0 0.000000 

 0.102808 0 0 0.000000 

 0.145392 0 0 0.000000 

 0.205616 0 0 0.000000 

 0.290785 0 0 0.000000 

 0.411232 2 2 0.302572 

 0.581570 2 4 0.605144 

 0.822464 5 9 1.361573 

 1.163140 12 21 3.177005 

 1.644928 27 48 7.261725 

 2.326279 40 88 13.313162 

 3.289856 73 161 24.357035 

 4.652559 100 261 39.485628 

 6.579712 149 410 62.027231 

 9.305118 141 551 83.358548 

 13.159424 110 661 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3782 in 

D15: 2.4735 in 

D50: 5.5515 in 

D85: 9.6853 in 

D100: 13.1594 in 

 

Image Gradation Input Parameters 

Name: DSCF0549 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0549.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 183 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.080924 0 0 0.000000 

 0.114444 0 0 0.000000 

 0.161848 0 0 0.000000 

 0.228888 0 0 0.000000 

 0.323697 1 1 0.109890 

 0.457776 3 4 0.439560 

 0.647393 5 9 0.989011 

 0.915552 11 20 2.197802 

 1.294786 28 48 5.274725 

 1.831104 47 95 10.439560 

 2.589572 72 167 18.351648 

 3.662208 127 294 32.307692 

 5.179144 179 473 51.978022 

 7.324416 247 720 79.120879 

 10.358288 107 827 90.879121 

 14.648832 83 910 100.000000 
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Two sediment samples were collected from the channel bed near Bridge H-04-S.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.6.1.  

 Photo of sediment sample from the H-04-S site 

 
 

Table G.6.1. 
Sediment sieve analysis 

Sample ID: H-04-S Plateau Creek 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) 

% Finer 

60 100% 

31.75 100% 

16 86% 

4 63% 

2 52% 

0.5 26% 

0.25 3% 

0.125 1% 
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Figure G.6.2.  

 Grain size gradation curve for the sediment sample collected from Plateau Creek in the vicinity of H-04-S 
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Table G.6.2.  

 Grain size gradation computations for the sediment sample collected from Plateau Creek in the vicinity of H-04-S 

Structure 
#  H-04-S 

Waterbody - 
Plateau Creek 

Sample # 1 of 1 
Performed by:  JE 

Date: 10/03/2011 

Sieve Size 
(mm) Weight of Sieve (g) Weight of Sieve + Soil     

(g) 
Weight of Soil   

(g) 
% Retained Cumulative % Ret. % Finer 

60 0 0 0 0% 0% 100% 

31.75 0 2654.1 0 0% 0% 100% 

16 542.49 830.84 288.35 14% 14% 86% 

4 610.92 1076.8 465.88 23% 37% 63% 

2 524.06 728.41 204.35 10% 48% 52% 

0.5 484.03 1019.7 535.67 27% 74% 26% 

0.25 418.39 884.03 465.64 23% 97% 3% 

0.125 379.13 410.92 31.79 2% 99% 1% 

Pan 373.41 394.88 21.47 1% 100% 0% 

  Total Weight of Sample 2013.15   
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 max from POA Date

3 H-04-S Mesa SH 330ML 1.9 2012 Plateau Creek 2 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 1.7 1.6 1.1 0.667 1.6 1.467 1.567

2 0.97 0.71 0.43 0.518 0.71 0.703 0.155

3 1.12 0.85 0.42 0.430 0.85 0.797 0.209

4 1.2 0.8 0.28 0.286 0.8 0.760 0.141

5 0.42 0.35 0.26 0.678 0.35 0.343 0.020

6 0.63 0.54 0.36 0.617 0.54 0.510 0.064

7 0.62 0.54 0.15 0.259 0.54 0.437 0.026

8 1.1 1 0.7 0.667 1 0.933 0.403

9 0.66 0.4 0.3 0.584 0.4 0.453 0.041

10 0.78 0.47 0.3 0.495 0.47 0.517 0.058

11 0.68 0.37 0.24 0.478 0.37 0.430 0.032

12 1.5 1 0.6 0.490 1 1.033 0.471

13 0.6 0.38 0.34 0.712 0.38 0.440 0.041

14 1.35 0.95 0.42 0.371 0.95 0.907 0.282

15 0.68 0.55 0.35 0.572 0.55 0.527 0.069

16 0.55 0.52 0.26 0.486 0.52 0.443 0.039

17 0.55 0.34 0.16 0.370 0.34 0.350 0.016

18 0.85 0.64 0.36 0.488 0.64 0.617 0.103

19 0.41 0.38 0.33 0.836 0.38 0.373 0.027

20 1.1 0.85 0.63 0.652 0.85 0.860 0.308
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Hydraulic Analysis Report 

Project Data 

1.7 0 0% 0% 100%

1 3 15% 15% 85%

0.9 1 5% 20% 80%

0.8 3 15% 35% 65%

0.7 1 5% 40% 60%

0.6 1 5% 45% 55%

0.5 4 20% 65% 35%

0.4 2 10% 75% 25%

0.3 5 25% 100% 0%

Total Samples 20

Structure #         

H-04-S
Plateau Creek at SH 330

Sieve Size (ft)
Samples 

Retained
% Retained

Cumulative 

% Ret.
% Finer
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   Project Title:  H-04-S   

   Designer:     

   Project Date:  Friday, September 20, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input Parameters 

Name: DSCF0278 

Gradation Type: Image Gradation 
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Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0278.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-153 

Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.060787 0 0 0.000000 

 0.085966 0 0 0.000000 

 0.121574 0 0 0.000000 

 0.171932 0 0 0.000000 

 0.243148 0 0 0.000000 

 0.343864 2 2 0.191022 

 0.486297 3 5 0.477555 

 0.687727 6 11 1.050621 

 0.972593 16 27 2.578797 

 1.375455 27 54 5.157593 

 1.945187 48 102 9.742120 

 2.750910 76 178 17.000955 

 3.890374 128 306 29.226361 

 5.501819 132 438 41.833811 

 7.780747 315 753 71.919771 

 11.003638 116 869 82.999045 

 15.561494 178 1047 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3508 in 

D15: 2.5288 in 

D50: 6.1204 in 

D85: 11.5401 in 

D100: 15.5615 in 

 

Image Gradation Input Parameters 

Name: DSCF0279 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0279.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 200 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.117741 0 0 0.000000 

 0.166511 0 0 0.000000 

 0.235482 0 0 0.000000 

 0.333022 0 0 0.000000 

 0.470965 1 1 0.178571 

 0.666045 1 2 0.357143 

 0.941930 2 4 0.714286 

 1.332090 5 9 1.607143 

 1.883859 8 17 3.035714 

 2.664179 16 33 5.892857 

 3.767719 26 59 10.535714 

 5.328359 49 108 19.285714 

 7.535437 55 163 29.107143 

 10.656718 85 248 44.285714 

 15.070875 154 402 71.785714 

 21.313435 158 560 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.4203 in 

D15: 4.5640 in 

D50: 11.5739 in 

D85: 17.9946 in 

D100: 21.3134 in 

 

Image Gradation Input Parameters 

Name: DSCF0280 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0280.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.078311 0 0 0.000000 

 0.110749 0 0 0.000000 

 0.156623 0 0 0.000000 

 0.221498 0 0 0.000000 

 0.313246 1 1 0.105820 

 0.442996 2 3 0.317460 

 0.626491 5 8 0.846561 

 0.885992 9 17 1.798942 

 1.252982 12 29 3.068783 

 1.771985 21 50 5.291005 

 2.505965 40 90 9.523810 

 3.543969 55 145 15.343915 

 5.011929 79 224 23.703704 

 7.087938 51 275 29.100529 

 10.023859 81 356 37.671958 

 14.175877 290 646 68.359788 

 20.047717 299 945 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.7040 in 

D15: 3.4826 in 

D50: 11.6918 in 

D85: 17.2640 in 

D100: 20.0477 in 

 

Image Gradation Input Parameters 

Name: DSCF0281 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0281.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.060009 0 0 0.000000 

 0.084866 0 0 0.000000 

 0.120018 0 0 0.000000 

 0.169732 0 0 0.000000 

 0.240037 0 0 0.000000 

 0.339463 1 1 0.123001 

 0.480074 1 2 0.246002 

 0.678927 4 6 0.738007 

 0.960147 9 15 1.845018 

 1.357854 17 32 3.936039 

 1.920295 26 58 7.134071 

 2.715707 47 105 12.915129 

 3.840590 73 178 21.894219 

 5.431414 75 253 31.119311 

 7.681180 72 325 39.975400 

 10.862829 128 453 55.719557 

 15.362360 203 656 80.688807 

 21.725657 157 813 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.5450 in 

D15: 2.9769 in 

D50: 9.7070 in 

D85: 16.7830 in 

D100: 21.7257 in 

 

Image Gradation Input Parameters 

Name: DSCF0282 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0282.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 214 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.055265 0 0 0.000000 

 0.078156 0 0 0.000000 

 0.110529 0 0 0.000000 

 0.156312 0 0 0.000000 

 0.221059 0 0 0.000000 

 0.312624 1 1 0.092251 

 0.442117 3 4 0.369004 

 0.625248 6 10 0.922509 

 0.884234 13 23 2.121771 

 1.250496 23 46 4.243542 

 1.768469 32 78 7.195572 

 2.500993 57 135 12.453875 

 3.536938 96 231 21.309963 

 5.001985 76 307 28.321033 

 7.073875 181 488 45.018450 

 10.003971 192 680 62.730627 

 14.147751 228 908 83.763838 

 20.007941 176 1084 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3832 in 

D15: 2.7988 in 

D50: 7.8980 in 

D85: 14.5939 in 

D100: 20.0079 in 

 

Image Gradation Input Parameters 

Name: DSCF0283 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0283.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.054256 0 0 0.000000 

 0.076730 0 0 0.000000 

 0.108512 0 0 0.000000 

 0.153460 0 0 0.000000 

 0.217025 2 2 0.126823 

 0.306919 3 5 0.317058 

 0.434049 8 13 0.824350 

 0.613838 15 28 1.775523 

 0.868098 33 61 3.868104 

 1.227676 50 111 7.038681 

 1.736197 96 207 13.126189 

 2.455353 110 317 20.101458 

 3.472393 194 511 32.403297 

 4.910706 190 701 44.451490 

 6.944787 152 853 54.090044 

 9.821412 180 1033 65.504122 

 13.889574 214 1247 79.074192 

 19.642823 330 1577 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.9965 in 

D15: 1.9294 in 

D50: 6.0816 in 

D85: 15.5188 in 

D100: 19.6428 in 

 

Image Gradation Input Parameters 

Name: DSCF0284 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0284.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 194 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.086426 0 0 0.000000 

 0.122224 0 0 0.000000 

 0.172851 0 0 0.000000 

 0.244448 1 1 0.092421 

 0.345702 2 3 0.277264 

 0.488897 4 7 0.646950 

 0.691405 9 16 1.478743 

 0.977794 16 32 2.957486 

 1.382809 35 67 6.192237 

 1.955588 46 113 10.443623 

 2.765619 81 194 17.929760 

 3.911175 85 279 25.785582 

 5.531237 162 441 40.757856 

 7.822350 64 505 46.672828 

 11.062474 459 964 89.094270 

 15.644701 118 1082 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.2335 in 

D15: 2.4486 in 

D50: 8.0765 in 

D85: 10.7498 in 

D100: 15.6447 in 

 

Image Gradation Input Parameters 

Name: DSCF0285 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0285.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 198 

  Morphologic Iterations: 1 

  Resolution: 26 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.061106 0 0 0.000000 

 0.086417 0 0 0.000000 

 0.122212 0 0 0.000000 

 0.172834 0 0 0.000000 

 0.244425 0 0 0.000000 

 0.345669 1 1 0.104167 

 0.488850 3 4 0.416667 

 0.691338 6 10 1.041667 

 0.977699 13 23 2.395833 

 1.382676 21 44 4.583333 

 1.955398 37 81 8.437500 

 2.765351 57 138 14.375000 

 3.910797 69 207 21.562500 

 5.530702 127 334 34.791667 

 7.821594 130 464 48.333333 

 11.061404 257 721 75.104167 

 15.643188 239 960 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-168 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.4446 in 

D15: 2.8650 in 

D50: 8.0233 in 

D85: 12.8826 in 

D100: 15.6432 in 

 

Image Gradation Input Parameters 

Name: DSCF0286 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0286.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 195 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.072573 0 0 0.000000 

 0.102633 0 0 0.000000 

 0.145145 0 0 0.000000 

 0.205266 0 0 0.000000 

 0.290291 0 0 0.000000 

 0.410533 2 2 0.231750 

 0.580581 3 5 0.579374 

 0.821066 7 12 1.390498 

 1.161162 16 28 3.244496 

 1.642131 25 53 6.141367 

 2.322324 49 102 11.819235 

 3.284262 58 160 18.539977 

 4.644648 178 338 39.165701 

 6.568524 225 563 65.237543 

 9.289296 251 814 94.322132 

 13.137048 49 863 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.4526 in 

D15: 2.7776 in 

D50: 5.4441 in 

D85: 8.4172 in 

D100: 13.1370 in 

 

Image Gradation Input Parameters 

Name: DSCF0287 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0287.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 209 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-171 

Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.063426 0 0 0.000000 

 0.089697 0 0 0.000000 

 0.126851 0 0 0.000000 

 0.179395 0 0 0.000000 

 0.253703 0 0 0.000000 

 0.358790 2 2 0.200000 

 0.507405 4 6 0.600000 

 0.717580 7 13 1.300000 

 1.014811 13 26 2.600000 

 1.435159 31 57 5.700000 

 2.029622 57 114 11.400000 

 2.870319 80 194 19.400000 

 4.059244 126 320 32.000000 

 5.740637 108 428 42.800000 

 8.118487 227 655 65.500000 

 11.481274 136 791 79.100000 

 16.236974 209 1000 100.000000 
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Two sediment samples were collected from the channel bed near Bridge H-04-Z  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Table G.7.1. 
Sediment sieve analysis 

Sample ID: H-04-Z Plateau Creek 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

22.43 58% 

19.1 52% 

4 25% 

2 18% 

0.5 9% 

0.25 6% 

0.125 4% 
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Figure G.7.1.  

 Grain size gradation curve for the sediment sample collected from Plateau Creek in the vicinity of H-04-Z 
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Table G.7.2.  

 Grain size gradation computations for the sediment sample collected from Plateau Creek in the vicinity of H-04-S 

Structure 
#  H-04-Z 

Waterbody - 
Plateau Creek 

Sample # 1 of 1 
Performed by: JE 

Date: 9/29/2011 

Sieve Size 
(mm) Weight of Sieve (g) Weight of Sieve + Soil     

(g) 
Weight of Soil   

(g) 
% Retained Cumulative % Ret. % Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

22.43 541.61 2024.6 1482.99 42% 42% 58% 

19.1 650.33 856.47 206.14 6% 48% 52% 

4 566.86 1515.3 948.44 27% 75% 25% 

2 463.93 691.23 227.3 6% 82% 18% 

0.5 413.67 736.26 322.59 9% 91% 9% 

0.25 400.44 507.25 106.81 3% 94% 6% 

0.125 382.96 462.98 80.02 2% 96% 4% 

Pan 355.14 487.94 132.8 4% 100% 0% 

  Total Weight of Sample 3507.09   
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 max from POA Date

3 H-04-Z Mesa SH 65 ML 51.2 2012 Plateau Creek 17 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.79 0.61 0.28 0.403 0.61 0.560 0.071

2 0.57 0.41 0.25 0.517 0.41 0.410 0.031

3 0.48 0.3 0.25 0.659 0.3 0.343 0.019

4 0.26 0.15 0.03 0.152 0.15 0.147 0.001

5 1.4 0.75 0.6 0.586 0.75 0.917 0.330

6 0.72 0.48 0.2 0.340 0.48 0.467 0.036

7 0.15 0.11 0.02 0.156 0.11 0.093 0.000

8 0.49 0.28 0.25 0.675 0.28 0.340 0.018

9 0.17 0.15 0.09 0.564 0.15 0.137 0.001

10 2.01 1.32 1.1 0.675 1.32 1.477 1.528

11 0.37 0.29 0.26 0.794 0.29 0.307 0.015

12 0.9 0.85 0.3 0.343 0.85 0.683 0.120

13 2.51 1.52 1.5 0.768 1.52 1.843 2.996

14 3.21 2.54 1.8 0.630 2.54 2.517 7.684

15 0.18 0.13 0.11 0.719 0.13 0.140 0.001

16 0.8 0.73 0.31 0.406 0.73 0.613 0.095

17 0.79 0.6 0.35 0.508 0.6 0.580 0.087

18 0.58 0.35 0.13 0.289 0.35 0.353 0.014

19 0.6 0.45 0.34 0.654 0.45 0.463 0.048

20 0.69 0.63 0.42 0.637 0.63 0.580 0.096

21 0.27 0.14 0.14 0.720 0.14 0.183 0.003

22 1.8 1.8 1.7 0.944 1.8 1.767 2.884

23 0.49 0.49 0.32 0.653 0.49 0.433 0.040

24 0.36 0.29 0.1 0.309 0.29 0.250 0.005

25 2 0.35 0.35 0.418 0.35 0.900 0.128

26 1.78 1.41 0.9 0.568 1.41 1.363 1.183

27 0.65 0.5 0.16 0.281 0.5 0.437 0.027

28 1.14 0.9 0.42 0.415 0.9 0.820 0.226

29 0.66 0.57 0.21 0.342 0.57 0.480 0.041

30 2.2 1.91 1.7 0.829 1.91 1.937 3.740

31 0.78 0.56 0.18 0.272 0.56 0.507 0.041

32 0.4 0.3 0.15 0.433 0.3 0.283 0.009

33 0.47 0.29 0.21 0.569 0.29 0.323 0.015

34 0.49 0.36 0.22 0.524 0.36 0.357 0.020

35 2.03 2 1.36 0.675 2 1.797 2.891
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Hydraulic Analysis Report 

Project Data 

2.6 0 0% 0% 100%

2 2 6% 6% 94%

1.5 3 9% 14% 86%

1 2 6% 20% 80%

0.9 1 3% 23% 77%

0.8 1 3% 26% 74%

0.7 2 6% 31% 69%

0.6 3 9% 40% 60%

0.5 3 9% 49% 51%

0.4 4 11% 60% 40%

0.3 5 14% 74% 26%

0.2 4 11% 86% 14%

0.1 5 14% 100% 0%

Total Samples 35

Structure #         

H-04-Z
Plateau Creek at SH 65

Sieve Size (ft)
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Retained
% Retained

Cumulative 
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% Finer
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   Project Title:  H-04-Z   

   Designer:     

   Project Date:  Friday, September 20, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input ParametersName:  

DSCF0270 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0270.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 174 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.034800 0 0 0.000000 

 0.049214 0 0 0.000000 

 0.069599 0 0 0.000000 

 0.098428 1 1 0.039032 

 0.139199 6 7 0.273224 

 0.196857 14 21 0.819672 

 0.278398 30 51 1.990632 

 0.393714 64 115 4.488681 

 0.556795 116 231 9.016393 

 0.787428 257 488 19.047619 

 1.113591 295 783 30.562061 

 1.574855 351 1134 44.262295 

 2.227182 462 1596 62.295082 

 3.149711 319 1915 74.746292 

 4.454363 337 2252 87.900078 

 6.299421 0 2252 87.900078 

 8.908727 310 2562 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-181 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.4121 in 

D15: 0.6944 in 

D50: 1.7824 in 

D85: 4.1667 in 

D100: 8.9087 in 

 

Image Gradation Input Parameters 

Name: DSCF0271 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0271.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 196 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.098021 0 0 0.000000 

 0.138623 0 0 0.000000 

 0.196042 0 0 0.000000 

 0.277245 0 0 0.000000 

 0.392084 0 0 0.000000 

 0.554490 1 1 0.163666 

 0.784168 3 4 0.654664 

 1.108981 4 8 1.309329 

 1.568336 11 19 3.109656 

 2.217961 17 36 5.891980 

 3.136671 34 70 11.456628 

 4.435923 71 141 23.076923 

 6.273342 82 223 36.497545 

 8.871846 80 303 49.590835 

 12.546685 76 379 62.029460 

 17.743692 91 470 76.923077 

 25.093370 141 611 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-183 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.0097 in 

D15: 3.5329 in 

D50: 8.9927 in 

D85: 20.3161 in 

D100: 25.0934 in 

 

Image Gradation Input Parameters 

Name: DSCF0272 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0272.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.065794 0 0 0.000000 

 0.093047 0 0 0.000000 

 0.131589 0 0 0.000000 

 0.186095 0 0 0.000000 

 0.263178 0 0 0.000000 

 0.372190 0 0 0.000000 

 0.526356 1 1 0.196850 

 0.744380 1 2 0.393701 

 1.052712 3 5 0.984252 

 1.488759 5 10 1.968504 

 2.105424 8 18 3.543307 

 2.977519 16 34 6.692913 

 4.210847 20 54 10.629921 

 5.955037 30 84 16.535433 

 8.421694 35 119 23.425197 

 11.910074 55 174 34.251969 

 16.843389 131 305 60.039370 

 23.820149 203 508 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.5088 in 

D15: 5.5015 in 

D50: 14.9228 in 

D85: 21.2013 in 

D100: 23.8201 in 

 

Image Gradation Input Parameters 

Name: DSCF0273 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0273.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 212 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.056001 0 0 0.000000 

 0.079198 0 0 0.000000 

 0.112002 0 0 0.000000 

 0.158395 0 0 0.000000 

 0.224005 1 1 0.079872 

 0.316790 1 2 0.159744 

 0.448009 4 6 0.479233 

 0.633581 7 13 1.038339 

 0.896018 16 29 2.316294 

 1.267161 29 58 4.632588 

 1.792037 42 100 7.987220 

 2.534322 62 162 12.939297 

 3.584073 85 247 19.728435 

 5.068645 151 398 31.789137 

 7.168146 48 446 35.623003 

 10.137290 172 618 49.361022 

 14.336293 135 753 60.143770 

 20.274580 0 753 60.143770 

 28.672586 499 1252 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3246 in 

D15: 2.8530 in 

D50: 10.3861 in 

D85: 25.5120 in 

D100: 28.6726 in 

 

Image Gradation Input Parameters 

Name: DSCF0274 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0274.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 187 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 4.085502 0 0 0.000000 

 5.777773 0 0 0.000000 

 8.171005 0 0 0.000000 

 11.555545 1 1 0.073910 

 16.342009 2 3 0.221729 

 23.111091 5 8 0.591279 

 32.684018 11 19 1.404287 

 46.222182 27 46 3.399852 

 65.368036 49 95 7.021434 

 92.444363 78 173 12.786401 

 130.736072 124 297 21.951220 

 184.888726 127 424 31.337768 

 261.472144 291 715 52.845528 

 369.777453 289 1004 74.205469 

 522.944289 137 1141 84.331116 

 739.554906 212 1353 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 54.6815 in 

D15: 101.6930 in 

D50: 251.3400 in 

D85: 532.1911 in 

D100: 739.5549 in 

 

Image Gradation Input Parameters 

Name: DSCF0275 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0275.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 211 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.068442 0 0 0.000000 

 0.096792 0 0 0.000000 

 0.136884 0 0 0.000000 

 0.193583 0 0 0.000000 

 0.273768 0 0 0.000000 

 0.387167 1 1 0.116279 

 0.547537 2 3 0.348837 

 0.774334 4 7 0.813953 

 1.095073 8 15 1.744186 

 1.548667 16 31 3.604651 

 2.190146 31 62 7.209302 

 3.097334 41 103 11.976744 

 4.380292 55 158 18.372093 

 6.194669 83 241 28.023256 

 8.760585 144 385 44.767442 

 12.389338 0 385 44.767442 

 17.521169 101 486 56.511628 

 24.778675 0 486 56.511628 

 35.042338 374 860 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.7970 in 

D15: 3.7038 in 

D50: 14.6758 in 

D85: 31.5022 in 

D100: 35.0423 in 

 

Image Gradation Input Parameters 

Name: DSCF0276 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0276.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 221 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.069258 0 0 0.000000 

 0.097945 0 0 0.000000 

 0.138516 0 0 0.000000 

 0.195891 0 0 0.000000 

 0.277031 1 1 0.106270 

 0.391781 2 3 0.318810 

 0.554063 4 7 0.743889 

 0.783563 8 15 1.594049 

 1.108125 19 34 3.613177 

 1.567126 31 65 6.907545 

 2.216251 53 118 12.539851 

 3.134252 82 200 21.253985 

 4.432501 164 364 38.682253 

 6.268503 161 525 55.791711 

 8.865003 0 525 55.791711 

 12.537007 274 799 84.909671 

 17.730005 142 941 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3013 in 

D15: 2.4754 in 

D50: 5.6470 in 

D85: 12.5681 in 

D100: 17.7300 in 

 

Image Gradation Input Parameters 

Name: DSCF0277 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0277.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 192 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.072794 0 0 0.000000 

 0.102946 0 0 0.000000 

 0.145587 0 0 0.000000 

 0.205892 0 0 0.000000 

 0.291175 0 0 0.000000 

 0.411783 0 0 0.000000 

 0.582350 1 1 0.214592 

 0.823567 1 2 0.429185 

 1.164700 3 5 1.072961 

 1.647134 5 10 2.145923 

 2.329399 8 18 3.862661 

 3.294268 11 29 6.223176 

 4.658798 27 56 12.017167 

 6.588536 50 106 22.746781 

 9.317597 72 178 38.197425 

 13.177071 113 291 62.446352 

 18.635193 175 466 100.000000 
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Two sediment samples were collected from the channel bed near Bridge H-07-H.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.8.1.  

 Photo of sediment sample from the H-07-H site 

 
 

Table G.8.1. 
Sediment sieve analysis 

Sample ID: H-07-H East Muddy Creek 
Sample Description: 1 of 2 

Performed by: JE 
Date: 8-15-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

2 97% 

1 97% 

0.5 79% 

0.25 14% 

0.125 4% 

0.063 1% 

0.075 1% 
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Figure G.8.2.  

 Grain size gradation curve for the sediment sample collected from East Muddy Creek in the vicinity of H-07-H 
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Table G.8.2.  

 Grain size gradation computations for the sediment sample collected from East Muddy Creek in the vicinity of H-07-H 

Structure # 
H-07-H 

Waterbody - E. 
Muddy Creek 

Sample # 1 of 2 
Performed by: JE 

Date: 9/12/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

2 479.61 561.3 81.69 3% 3% 97% 

1 500.31 501.61 1.3 0% 3% 97% 

0.5 441.02 919.69 478.67 18% 21% 79% 

0.25 392.91 2125.1 1732.19 65% 86% 14% 

0.125 377.3 631.36 254.06 10% 96% 4% 

0.063 359.61 447.54 87.93 3% 99% 1% 

0.0075 321.01 324.23 3.22 0% 99% 1% 

Pan 371.72 399.98 28.26 1% 100% 0% 

    Total Weight of Sample 2667.32       
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Figure G.8.3.  

 Photo of sediment sample from the H-07-H site 

 
 

Table G.8.3. 
Sediment sieve analysis 

Sample ID: H-07-H East Muddy Creek 
Sample Description: 2 of 2 

Performed by: JE 
Date: 8-15-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

4 90% 

2 84% 

1 79% 

0.5 73% 

0.25 18% 

0.125 8% 

0.0075 3% 
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Figure G.8.4.  

 Grain size gradation curve for the sediment sample collected from East Muddy Creek in the vicinity of H-07-H 
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Table G.8.4.  

 Grain size gradation computations for the sediment sample collected from East Muddy Creek in the vicinity of H-07-H 

Structure #  
H-07-H 

Waterbody - E. 
Muddy Creek 

Sample # 2 of 2 
Performed by: JE 

Date: 9/12/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

4 491.59 675.07 183.48 10% 10% 90% 

2 479.61 580.34 100.73 6% 16% 84% 

1 500.31 594.19 93.88 5% 21% 79% 

0.5 441.02 564.51 123.49 7% 27% 73% 

0.25 392.91 1383.9 990.99 54% 82% 18% 

0.125 377.3 567.68 190.38 10% 92% 8% 

0.0075 321.01 415.88 94.87 5% 97% 3% 

Pan 371.72 418.09 46.37 3% 100% 0% 

    Total Weight of Sample 1824.19       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected

3 H-07-H Gunnison SH 133 ML 36.1 2013 East Muddy Creek

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 1.04 1 0.32 0.314 1 0.787 0.174

2 1.4 1.22 0.55 0.421 1.22 1.057 0.492

3 0.7 0.6 0.38 0.586 0.6 0.560 0.084

4 0.8 0.42 0.2 0.345 0.42 0.473 0.035

5 1 0.85 0.55 0.597 0.85 0.800 0.245

6 0.3 0.25 0.2 0.730 0.25 0.250 0.008

7 0.6 0.4 0.33 0.674 0.4 0.443 0.041

8 0.78 0.4 0.35 0.627 0.4 0.510 0.057

9 1.35 1.2 0.8 0.629 1.2 1.117 0.679

10 0.7 0.55 0.18 0.290 0.55 0.477 0.036

11 1.3 0.8 0.45 0.441 0.8 0.850 0.245

12 0.67 0.6 0.3 0.473 0.6 0.523 0.063

13 0.86 0.65 0.3 0.401 0.65 0.603 0.088

14 1.05 0.9 0.55 0.566 0.9 0.833 0.272

15 0.42 0.38 0.33 0.826 0.38 0.377 0.028

16 2 1.3 1 0.620 1.3 1.433 1.361

17 1 0.65 0.4 0.496 0.65 0.683 0.136

18 0.85 0.1 0.5 1.715 0.1 0.483 0.022

19 0.75 0.6 0.2 0.298 0.6 0.517 0.047

20 0.55 0.34 0.2 0.462 0.34 0.363 0.020

21 0.55 0.45 0.25 0.503 0.45 0.417 0.032

22 1 1 0.6 0.600 1 0.867 0.314

23 0.9 0.8 0.35 0.412 0.8 0.683 0.132

24 1.15 0.78 0.42 0.443 0.78 0.783 0.197

25 0.82 0.75 0.7 0.893 0.75 0.757 0.225

26 0.25 0.15 0.1 0.516 0.15 0.167 0.002
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Hydraulic Analysis Report 

Project Data 

1.5 0 0% 0% 100%

1 5 19% 19% 81%

0.9 1 4% 23% 77%

0.8 3 12% 35% 65%

0.7 2 8% 42% 58%

0.6 6 23% 65% 35%

0.5 1 4% 69% 31%

0.4 4 15% 85% 15%

0.3 2 8% 92% 8%

0.2 1 4% 96% 4%

0.1 1 4% 100% 0%

Total Samples 26

Structure #         

H-07-H
East Muddy Creek at SH 133

Sieve Size (ft)
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   Project Title:  H-07-H   

   Designer:     

   Project Date:  Friday, September 20, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input Parameters 

Name: DSCF0442 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0442.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 207 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.067450 0 0 0.000000 

 0.095389 0 0 0.000000 

 0.134900 0 0 0.000000 

 0.190777 0 0 0.000000 

 0.269800 2 2 0.114025 

 0.381554 5 7 0.399088 

 0.539599 9 16 0.912201 

 0.763108 24 40 2.280502 

 1.079198 47 87 4.960091 

 1.526217 82 169 9.635120 

 2.158396 143 312 17.787913 

 3.052434 243 555 31.641961 

 4.316793 293 848 48.346636 

 6.104867 263 1111 63.340935 

 8.633586 314 1425 81.242873 

 12.209734 0 1425 81.242873 

 17.267172 329 1754 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0830 in 

D15: 1.9422 in 

D50: 4.5140 in 

D85: 13.2228 in 

D100: 17.2672 in 

 

Image Gradation Input Parameters 

Name: DSCF0443 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0443.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 206 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.065222 0 0 0.000000 

 0.092238 0 0 0.000000 

 0.130444 0 0 0.000000 

 0.184475 0 0 0.000000 

 0.260887 1 1 0.058005 

 0.368950 4 5 0.290023 

 0.521774 8 13 0.754060 

 0.737900 17 30 1.740139 

 1.043549 42 72 4.176334 

 1.475800 72 144 8.352668 

 2.087097 123 267 15.487239 

 2.951601 230 497 28.828306 

 4.174194 296 793 45.997680 

 5.903202 199 992 57.540603 

 8.348388 291 1283 74.419954 

 11.806404 173 1456 84.454756 

 16.696777 268 1724 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1288 in 

D15: 2.0453 in 

D50: 4.7737 in 

D85: 11.9779 in 

D100: 16.6968 in 

 

Image Gradation Input Parameters 

Name: DSCF0466 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0446.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 198 

  Morphologic Iterations: 1 

  Resolution: 46 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.040421 0 0 0.000000 

 0.057164 0 0 0.000000 

 0.080843 0 0 0.000000 

 0.114329 0 0 0.000000 

 0.161685 1 1 0.051787 

 0.228657 3 4 0.207147 

 0.323370 8 12 0.621440 

 0.457315 16 28 1.450026 

 0.646741 32 60 3.107198 

 0.914630 69 129 6.680476 

 1.293482 107 236 12.221647 

 1.829259 170 406 21.025375 

 2.586964 259 665 34.438115 

 3.658519 309 974 50.440186 

 5.173927 336 1310 67.840497 

 7.317038 508 1818 94.148110 

 10.347854 113 1931 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7886 in 

D15: 1.4626 in 

D50: 3.6290 in 

D85: 6.5718 in 

D100: 10.3479 in 

 

Image Gradation Input Parameters 

Name: DSCF0448 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0448.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 185 

  Morphologic Iterations: 1 

  Resolution: 34 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.048777 0 0 0.000000 

 0.068982 0 0 0.000000 

 0.097555 0 0 0.000000 

 0.137963 0 0 0.000000 

 0.195109 3 3 0.167504 

 0.275926 5 8 0.446678 

 0.390218 11 19 1.060860 

 0.551852 23 42 2.345059 

 0.780437 37 79 4.410944 

 1.103705 78 157 8.766052 

 1.560874 132 289 16.136237 

 2.207409 175 464 25.907314 

 3.121748 239 703 39.251815 

 4.414818 406 1109 61.920715 

 6.243496 145 1254 70.016750 

 8.829637 115 1369 76.437744 

 12.486992 0 1369 76.437744 

 17.659273 422 1791 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8242 in 

D15: 1.4904 in 

D50: 3.7348 in 

D85: 14.3665 in 

D100: 17.6593 in 

 

Image Gradation Input Parameters 

Name: DSCF0450 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0450.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 211 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.100872 0 0 0.000000 

 0.142655 0 0 0.000000 

 0.201745 0 0 0.000000 

 0.285310 0 0 0.000000 

 0.403490 1 1 0.115340 

 0.570621 1 2 0.230681 

 0.806980 4 6 0.692042 

 1.141242 8 14 1.614764 

 1.613960 15 29 3.344867 

 2.282484 35 64 7.381776 

 3.227920 55 119 13.725490 

 4.564968 95 214 24.682814 

 6.455839 84 298 34.371396 

 9.129935 168 466 53.748558 

 12.911678 159 625 72.087659 

 18.259870 95 720 83.044983 

 25.823356 147 867 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.8881 in 

D15: 3.3834 in 

D50: 8.6126 in 

D85: 19.1320 in 

D100: 25.8234 in 

 

Image Gradation Input Parameters 

Name: DSCF0451 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0451.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 208 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.118561 0 0 0.000000 

 0.167671 0 0 0.000000 

 0.237122 0 0 0.000000 

 0.335341 0 0 0.000000 

 0.474244 1 1 0.105042 

 0.670683 2 3 0.315126 

 0.948488 5 8 0.840336 

 1.341365 10 18 1.890756 

 1.896977 19 37 3.886555 

 2.682730 34 71 7.457983 

 3.793953 66 137 14.390756 

 5.365460 92 229 24.054622 

 7.587906 82 311 32.668067 

 10.730920 115 426 44.747899 

 15.175813 138 564 59.243697 

 21.461841 219 783 82.247899 

 30.351626 169 952 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.1419 in 

D15: 3.8930 in 

D50: 12.3414 in 

D85: 22.8400 in 

D100: 30.3516 in 

 

Image Gradation Input Parameters 

Name: DSCF0453 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0453.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 194 

  Morphologic Iterations: 1 

  Resolution: 55 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.043805 0 0 0.000000 

 0.061950 0 0 0.000000 

 0.087610 0 0 0.000000 

 0.123899 1 1 0.073368 

 0.175220 2 3 0.220103 

 0.247799 4 7 0.513573 

 0.350440 9 16 1.173881 

 0.495597 18 34 2.494497 

 0.700880 41 75 5.502568 

 0.991194 70 145 10.638298 

 1.401761 92 237 17.388114 

 1.982389 169 406 29.787234 

 2.803521 247 653 47.909024 

 3.964778 294 947 69.479090 

 5.607042 318 1265 92.809978 

 7.929555 98 1363 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6666 in 

D15: 1.2565 in 

D50: 2.9161 in 

D85: 5.0573 in 

D100: 7.9296 in 

 

Image Gradation Input Parameters 

Name: DSCF0459 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0459.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 196 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.084921 0 0 0.000000 

 0.120096 0 0 0.000000 

 0.169842 0 0 0.000000 

 0.240193 0 0 0.000000 

 0.339684 0 0 0.000000 

 0.480385 0 0 0.000000 

 0.679368 1 1 0.239808 

 0.960771 2 3 0.719424 

 1.358735 4 7 1.678657 

 1.921542 6 13 3.117506 

 2.717470 12 25 5.995204 

 3.843083 20 45 10.791367 

 5.434940 52 97 23.261391 

 7.686166 38 135 32.374101 

 10.869880 91 226 54.196643 

 15.372332 107 333 79.856115 

 21.739761 84 417 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 2.4422 in 

D15: 4.3803 in 

D50: 10.2576 in 

D85: 16.9983 in 

D100: 21.7398 in 

 

Image Gradation Input Parameters 

Name: DSCF0464 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0464.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 205 

  Morphologic Iterations: 1 

  Resolution: 27 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.048719 0 0 0.000000 

 0.068900 0 0 0.000000 

 0.097439 0 0 0.000000 

 0.137799 0 0 0.000000 

 0.194878 1 1 0.083403 

 0.275599 2 3 0.250209 

 0.389756 5 8 0.667223 

 0.551198 11 19 1.584654 

 0.779511 19 38 3.169308 

 1.102395 46 84 7.005838 

 1.559023 79 163 13.594662 

 2.204791 91 254 21.184320 

 3.118045 160 414 34.528774 

 4.409582 177 591 49.291076 

 6.236090 259 850 70.892410 

 8.819164 349 1199 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-223 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.9336 in 

D15: 1.6786 in 

D50: 4.4695 in 

D85: 7.4880 in 

D100: 8.8192 in 

 

Image Gradation Input Parameters 

Name: DSCF0466 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0466.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 201 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.088332 0 0 0.000000 

 0.124920 0 0 0.000000 

 0.176663 0 0 0.000000 

 0.249840 0 0 0.000000 

 0.353326 0 0 0.000000 

 0.499679 1 1 0.163934 

 0.706653 3 4 0.655738 

 0.999358 5 9 1.475410 

 1.413306 8 17 2.786885 

 1.998716 18 35 5.737705 

 2.826611 43 78 12.786885 

 3.997432 40 118 19.344262 

 5.653223 83 201 32.950820 

 7.994864 153 354 58.032787 

 11.306445 36 390 63.934426 

 15.989729 86 476 78.032787 

 22.612891 134 610 100.000000 
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Two sediment samples were collected from the channel bed near Bridge H-11-AA  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.9.1.  

 Photo of sediment sample from the H-11-AA site 

 
 

Table G.9.1. 
Sediment sieve analysis 

Sample ID: H-11-AA Arkansas River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) % Finer 

60 100% 

44.45 100% 

31.75 74% 

19 57% 

4 28% 

2 21% 

0.5 3% 

0.25 0% 

0.074 0% 
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Figure G.9.2.  

 Grain size gradation curve for the sediment sample collected from the Arkansas River in the vicinity of H-11-AA 
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Table G.9.2.  

 Grain size gradation computations for the sediment sample collected from the Arkansas River in the vicinity of H-11-AA 

Structure 
#   H-11-

AA 
Waterbody - 

Arkansas River 
Sample # 1 of 2 

Performed by: BS and JE 

Date: 9/14/2011 

Sieve Size 
(mm) Weight of Sieve (g) 

Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% Retained Cumulative % Ret. % Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

31.75 550.22 1796 1245.78 26% 26% 74% 

19 651.7 1414.3 762.6 16% 43% 57% 

4 520.5 1897.5 1377 29% 72% 28% 

2 479.5 821.5 342 7% 79% 21% 

0.5 412.95 1260.8 847.85 18% 97% 3% 

0.25 389.74 523.3 133.56 3% 100% 0% 

0.074 375.12 378.4 3.28 0% 100% 0% 

Pan 371.99 372.1 0.11 0% 100% 0% 

  Total Weight of Sample 4712.18   
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Figure G.9.3.  

 Photo of sediment sample from the H-11-AA site 

 
 

Table G.9.3. 
Sediment sieve analysis 

Sample ID: H-11-AA Arkansas River 
Sample Description: 2 of 2 

Performed by: JE 
Date: 9-20-2011 

 
 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

31.75 98% 

19 87% 

4 45% 

2 29% 

0.5 8% 

0.25 1% 

0.074 0% 
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Figure G.9.4.  

 Grain size gradation curve for the sediment sample collected from the Arkansas River in the vicinity of H-11-AA 
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Table G.9.4.  

 Grain size gradation computations for the sediment sample collected from the Arkansas River in the vicinity of H-11-AA 

Structure #    
H-11-AA 

Waterbody - 
Arkansas River 

Sample # 2 of 2 
Performed by: BS and JE 

Date: 9/14/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

31.75 550.22 635.63 85.41 2% 2% 98% 

19 651.7 1201.8 550.1 11% 13% 87% 

4 520.5 2569.5 2049 42% 55% 45% 

2 479.5 1214.3 734.8 15% 71% 29% 

0.5 412.95 1438.4 1025.45 21% 92% 8% 

0.25 389.74 752.12 362.38 7% 99% 1% 

0.074 375.12 405.65 30.53 1% 100% 0% 

Pan 371.99 376.2 4.21 0% 100% 0% 

    Total Weight of Sample 4841.88       
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Pebble Count Grain Size Distribution 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA Date

3 H-11-AA Lake SH 300 ML 0.4 2012 Arkansas River 5 13 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.3 0.17 0.18 0.797 0.17 0.217 0.005

2 0.31 0.16 0.11 0.494 0.16 0.193 0.003

3 0.07 0.05 0.05 0.845 0.05 0.057 0.000

4 0.18 0.15 0.05 0.304 0.15 0.127 0.001

5 0.23 0.19 0.13 0.622 0.19 0.183 0.003

6 0.4 0.35 0.11 0.294 0.35 0.287 0.008

7 0.22 0.16 0.11 0.586 0.16 0.163 0.002

8 0.35 0.21 0.19 0.701 0.21 0.250 0.007

9 0.42 0.35 0.23 0.600 0.35 0.333 0.018

10 0.28 0.18 0.14 0.624 0.18 0.200 0.004

11 1.33 0.68 0.68 0.715 0.68 0.897 0.322

12 0.85 0.65 0.65 0.874 0.65 0.717 0.188

13 0.51 0.34 0.19 0.456 0.34 0.347 0.017

14 0.8 0.59 0.16 0.233 0.59 0.517 0.040

15 0.65 0.45 0.15 0.277 0.45 0.417 0.023

16 0.51 0.29 0.11 0.286 0.29 0.303 0.009

17 0.31 0.18 0.3 1.270 0.18 0.263 0.009

18 0.15 0.11 0.06 0.467 0.11 0.107 0.001

19 0.44 0.32 0.12 0.320 0.32 0.293 0.009

20 0.24 0.22 0.13 0.566 0.22 0.197 0.004

21 0.2 0.17 0.09 0.488 0.17 0.153 0.002

22 0.84 0.59 0.18 0.256 0.59 0.537 0.047

23 0.61 0.56 0.25 0.428 0.56 0.473 0.045

24 0.24 0.15 0.1 0.527 0.15 0.163 0.002

25 0.35 0.26 0.21 0.696 0.26 0.273 0.010

26 0.66 0.46 0.23 0.417 0.46 0.450 0.037

27 0.54 0.44 0.25 0.513 0.44 0.410 0.031

28 0.4 0.35 0.28 0.748 0.35 0.343 0.021

29 1.1 0.88 0.28 0.285 0.88 0.753 0.142

30 0.27 0.23 0.06 0.241 0.23 0.187 0.002

31 0.46 0.43 0.26 0.585 0.43 0.383 0.027

32 0.3 0.23 0.15 0.571 0.23 0.227 0.005

33 0.6 0.52 0.38 0.680 0.52 0.500 0.062

34 0.3 0.19 0.13 0.545 0.19 0.207 0.004

35 0.8 0.54 0.28 0.426 0.54 0.540 0.063

36 0.7 0.62 0.32 0.486 0.62 0.547 0.073

37 0.54 0.35 0.22 0.506 0.35 0.370 0.022

38 0.47 0.46 0.12 0.258 0.46 0.350 0.014

39 0.61 0.28 0.22 0.532 0.28 0.370 0.020

40 0.83 0.59 0.36 0.514 0.59 0.593 0.092

41 0.25 0.19 0.18 0.826 0.19 0.207 0.004

42 0.56 0.38 0.21 0.455 0.38 0.383 0.023

43 0.21 0.14 0.07 0.408 0.14 0.140 0.001

44 0.49 0.36 0.13 0.310 0.36 0.327 0.012

45 0.15 0.14 0.07 0.483 0.14 0.120 0.001

46 0.61 0.59 0.17 0.283 0.59 0.457 0.032
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0.9 0 0% 0% 100%

0.8 1 2% 2% 98%

0.7 0 0% 2% 98%

0.6 3 7% 9% 91%

0.5 7 15% 24% 76%

0.4 5 11% 35% 65%

0.3 8 17% 52% 48%

0.2 7 15% 67% 33%

0.1 14 30% 98% 2%

0.05 1 2% 100% 0%

Total Samples 46

Structure #         

H-11-AA
Arkansas River at SH 300
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Two sediment samples were collected from the channel bed near Bridge H-11-U.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.10.1.  

 Photo of sediment sample from the H-11-U site 

 
 

Table G.10.1. 
Sediment sieve analysis 

Sample ID: H-11-U Lake Fork Creek 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-14-2011 

 
 

Sieve Size 
(mm) % Finer 

60 100% 

44.45 100% 

31.75 75% 

19 65% 

4 54% 

2 44% 

0.5 14% 

0.25 3% 

0.074 0% 
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Figure G.10.2.  

 Grain size gradation curve for the sediment sample collected from Lake Fork Creek in the vicinity of H-11-U 
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Table G.10.2.  

 Grain size gradation computations for the sediment sample collected from Lake Fork Creek in the vicinity of H-11-U 

Structure 
#   H-11-U 

Waterbody - Lake 
Fort Creek 

Sample # 1 of 2 
Performed by: BS and JE 

Date: 9/14/2011 

Sieve Size 
(mm) Weight of Sieve (g) Weight of Sieve + Soil     

(g) 
Weight of Soil   

(g) 
% Retained Cumulative % Ret. % Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

31.75 550.22 1732.2 1181.98 25% 25% 75% 

19 651.7 1153.3 501.6 11% 35% 65% 

4 520.5 1023.1 502.6 11% 46% 54% 

2 479.5 947.84 468.34 10% 56% 44% 

0.5 412.95 1858.8 1445.85 30% 86% 14% 

0.25 389.79 911.12 521.33 11% 97% 3% 

0.074 375.12 502.53 127.41 3% 100% 0% 

Pan 371.99 380.12 8.13 0% 100% 0% 

  Total Weight of Sample 4757.24   
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Figure G.10.3.  

 Photo of sediment sample from the H-11-U site 

 
 

Table G.10.3. 

Sediment sieve analysis 
Sample ID: H-11-U Lake Fork Creek 

Sample Description: 2 of 2 
Performed by: JE 
Date: 9-14-2011 

 
 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

31.75 85% 

19 58% 

4 33% 

2 22% 

0.5 3% 

0.25 0% 

0.074 0% 
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Figure G.10.4.  

 Grain size gradation curve for the sediment sample collected from Lake Fork Creek in the vicinity of H-11-U 
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Table G.10.4.  

 Grain size gradation computations for the sediment sample collected from Lake Fork Creek in the vicinity of H-11-U 

Structure #    
H-11-U 

Waterbody - Lake 
Fork Creek 

Sample # 2 of 2 
Performed by: BS and JE 

Date: 9/14/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

31.75 550.22 1274.8 724.58 14% 14% 86% 

19 651.7 2027.3 1375.6 27% 42% 58% 

4 520.5 1759 1238.5 25% 67% 33% 

2 479.5 1032.8 553.3 11% 78% 22% 

0.5 412.95 1355.7 942.75 19% 97% 3% 

0.25 389.79 550.3 160.51 3% 100% 0% 

0.074 368.12 378.2 10.08 0% 100% 0% 

Pan 371.99 372.4 0.41 0% 100% 0% 

    Total Weight of Sample 5005.73       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA Date

3 H-11-U Lake SH 300 ML 1.6 2012 Lake Fork Creek 3 12 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.47 0.33 0.21 0.533 0.33 0.337 0.017

2 0.72 0.41 0.17 0.313 0.41 0.433 0.026

3 0.43 0.28 0.05 0.144 0.28 0.253 0.003

4 0.5 0.3 0.06 0.155 0.3 0.287 0.005

5 0.13 0.13 0.08 0.615 0.13 0.113 0.001

6 0.11 0.07 0.03 0.342 0.07 0.070 0.000

7 0.14 0.14 0.1 0.714 0.14 0.127 0.001

8 0.2 0.15 0.1 0.577 0.15 0.150 0.002

9 0.35 0.18 0.13 0.518 0.18 0.220 0.004

10 0.22 0.16 0.04 0.213 0.16 0.140 0.001

11 0.28 0.2 0.06 0.254 0.2 0.180 0.002

12 0.1 0.09 0.04 0.422 0.09 0.077 0.000

13 0.1 0.06 0.05 0.645 0.06 0.070 0.000

14 0.51 0.16 0.15 0.525 0.16 0.273 0.006

15 0.26 0.16 0.09 0.441 0.16 0.170 0.002

16 0.28 0.18 0.11 0.490 0.18 0.190 0.003

17 0.17 0.12 0.08 0.560 0.12 0.123 0.001

18 0.24 0.19 0.1 0.468 0.19 0.177 0.002

19 0.24 0.19 0.07 0.328 0.19 0.167 0.002

20 0.3 0.25 0.16 0.584 0.25 0.237 0.006

21 0.18 0.16 0.05 0.295 0.16 0.130 0.001

22 0.28 0.19 0.16 0.694 0.19 0.210 0.004

23 0.29 0.19 0.12 0.511 0.19 0.200 0.003
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0.45 0 0% 0% 100%

0.4 1 4% 4% 96%

0.35 0 0% 4% 96%

0.3 2 9% 13% 87%

0.25 2 9% 22% 78%

0.2 1 4% 26% 74%

0.15 11 48% 74% 26%

0.1 3 13% 87% 13%

0.05 3 13% 100% 0%

0.01 0 0% 100% 0%

Pan 0 0% 100% 0%

Total Samples 23

Structure #         

H-11-U
Lake Fork Creek at SH 300
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA Date

3 H-11-U Lake SH 300 ML 1.6 2012 Lake Fork Creek 3 12 9/12/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.66 0.46 0.25 0.454 0.46 0.457 0.040

2 0.33 0.27 0.15 0.503 0.27 0.250 0.007

3 0.32 0.3 0.06 0.194 0.3 0.227 0.003

4 0.5 0.32 0.3 0.750 0.32 0.373 0.025

5 0.74 0.45 0.12 0.208 0.45 0.437 0.021

6 0.78 0.47 0.32 0.529 0.47 0.523 0.061

7 0.8 0.62 0.4 0.568 0.62 0.607 0.104

8 0.53 0.36 0.23 0.527 0.36 0.373 0.023

9 0.47 0.33 0.1 0.254 0.33 0.300 0.008

10 0.46 0.4 0.25 0.583 0.4 0.370 0.024

11 0.53 0.45 0.28 0.573 0.45 0.420 0.035

12 0.5 0.25 0.06 0.170 0.25 0.270 0.004

13 0.8 0.8 0.36 0.450 0.8 0.653 0.121

14 0.63 0.52 0.35 0.611 0.52 0.500 0.060

15 0.47 0.33 0.25 0.635 0.33 0.350 0.020

16 0.34 0.34 0.11 0.324 0.34 0.263 0.007

17 0.5 0.45 0.3 0.632 0.45 0.417 0.035

18 0.42 0.36 0.1 0.257 0.36 0.293 0.008

19 0.8 0.65 0.5 0.693 0.65 0.650 0.136

20 0.65 0.57 0.28 0.460 0.57 0.500 0.054

21 0.56 0.43 0.24 0.489 0.43 0.410 0.030

22 0.7 0.48 0.46 0.794 0.48 0.547 0.081

23 1 0.55 0.35 0.472 0.55 0.633 0.101

24 0.65 0.42 0.3 0.574 0.42 0.457 0.043

25 0.6 0.6 0.22 0.367 0.6 0.473 0.041

26 0.9 0.65 0.55 0.719 0.65 0.700 0.168
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0.9 0 0% 0% 100%

0.75 1 4% 4% 96%

0.65 2 8% 12% 92%

0.6 2 8% 19% 81%

0.55 2 8% 27% 73%

0.5 1 4% 31% 69%

0.45 6 23% 54% 46%

0.4 3 12% 65% 35%

0.35 2 8% 73% 27%

0.3 5 19% 92% 8%

0.25 2 8% 100% 0%

Total Samples 26

Structure #         

H-11-U
Lake Fork Creek at SH 300
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Sediment particles in the channel bed near Structure I-06-C, consists of gravel, large cobbles, and 

boulders.  

 

Figure G.11.1.  

 Photo of cobbles and boulders from the I-06-C site 

 
 

Figure G.11.2. 

Photo of cobbles and boulders from the I-06-C site 

 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-245 

Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected Date

3 I-06-C Delta SH 187 ML 0.41 2012 North Fork Gunnison River 9/11/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 1.1 0.45 0.4 0.569 0.45 0.650 0.104

2 0.75 0.66 0.3 0.426 0.66 0.570 0.078

3 0.5 0.4 0.3 0.671 0.4 0.400 0.031

4 0.6 0.45 0.25 0.481 0.45 0.433 0.035

5 1.1 1.2 0.75 0.653 1.2 1.017 0.518

6 0.3 0.25 0.1 0.365 0.25 0.217 0.004

7 1 1.1 0.25 0.238 1.1 0.783 0.144

8 0.6 0.6 0.12 0.200 0.6 0.440 0.023

9 0.6 0.6 0.3 0.500 0.6 0.500 0.057

10 0.4 0.4 0.15 0.375 0.4 0.317 0.013

11 0.45 0.47 0.2 0.435 0.47 0.373 0.022

12 0.6 0.3 0.3 0.707 0.3 0.400 0.028

13 0.75 0.5 0.2 0.327 0.5 0.483 0.039

14 1.08 0.92 0.38 0.381 0.92 0.793 0.198

15 0.57 0.51 0.16 0.297 0.51 0.413 0.024

16 1.11 1.02 0.55 0.517 1.02 0.893 0.326

17 0.51 0.49 0.21 0.420 0.49 0.403 0.027

18 0.65 0.42 0.22 0.421 0.42 0.430 0.031

19 0.61 0.45 0.21 0.401 0.45 0.423 0.030

20 0.73 0.42 0.14 0.253 0.42 0.430 0.022

21 0.46 0.25 0.17 0.501 0.25 0.293 0.010

22 0.61 0.58 0.3 0.504 0.58 0.497 0.056

23 0.62 0.61 0.18 0.293 0.61 0.470 0.036

24 0.45 0.4 0.11 0.259 0.4 0.320 0.010

25 0.6 0.43 0.31 0.610 0.43 0.447 0.042

26 0.43 0.28 0.14 0.403 0.28 0.283 0.009
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Hydraulic Analysis Report 

Project Data 

1.3 0 0% 0% 100%

1 3 12% 12% 88%

0.8 1 4% 15% 85%

0.6 4 15% 31% 69%

0.5 3 12% 42% 58%

0.4 11 42% 85% 15%

0.3 1 4% 88% 12%

0.2 3 12% 100% 0%

Total Samples 26

Structure #         

I -06-C
North Fork Gunnison River at SH 187
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   Project Title:  I-06-C   

   Designer:     

   Project Date:  Monday, September 23, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Rock/Sediment Gradation Analysis 

Notes:  
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Name: Digital Gradation Analysis 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0523.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 189 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.070227 0 0 0.000000 

 0.099316 0 0 0.000000 

 0.140454 0 0 0.000000 

 0.198632 0 0 0.000000 

 0.280908 2 2 0.172861 

 0.397264 4 6 0.518583 

 0.561816 13 19 1.642178 

 0.794528 28 47 4.062230 

 1.123632 63 110 9.507347 

 1.589056 100 210 18.150389 

 2.247265 128 338 29.213483 

 3.178112 260 598 51.685393 

 4.494529 231 829 71.650821 

 6.356224 275 1104 95.419188 

 8.989058 53 1157 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8512 in 

D15: 1.4194 in 

D50: 3.1083 in 

D85: 5.5401 in 

D100: 8.9891 in 

 

Image Gradation Input Parameters 

Name: DSCF0524 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0524.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 173 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.079400 0 0 0.000000 

 0.112288 0 0 0.000000 

 0.158799 0 0 0.000000 

 0.224576 0 0 0.000000 

 0.317598 0 0 0.000000 

 0.449152 2 2 0.302115 

 0.635197 3 5 0.755287 

 0.898304 6 11 1.661631 

 1.270394 15 26 3.927492 

 1.796608 38 64 9.667674 

 2.540787 50 114 17.220544 

 3.593216 157 271 40.936556 

 5.081575 133 404 61.027190 

 7.186432 138 542 81.873112 

 10.163150 47 589 88.972810 

 14.372864 73 662 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3687 in 

D15: 2.3220 in 

D50: 4.2647 in 

D85: 8.4975 in 

D100: 14.3729 in 

 

Image Gradation Input Parameters 

Name: DSCF0525 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0525.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 165 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.066481 0 0 0.000000 

 0.094018 0 0 0.000000 

 0.132962 0 0 0.000000 

 0.188036 0 0 0.000000 

 0.265923 0 0 0.000000 

 0.376072 0 0 0.000000 

 0.531846 1 1 0.226244 

 0.752144 3 4 0.904977 

 1.063692 5 9 2.036199 

 1.504288 8 17 3.846154 

 2.127384 20 37 8.371041 

 3.008576 35 72 16.289593 

 4.254769 75 147 33.257919 

 6.017152 159 306 69.230769 

 8.509538 67 373 84.389140 

 12.034304 69 442 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-256 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.6632 in 

D15: 2.8651 in 

D50: 5.0750 in 

D85: 8.6475 in 

D100: 12.0343 in 

 

Image Gradation Input Parameters 

Name: DSCF0526 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0526.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 186 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.047167 0 0 0.000000 

 0.066704 0 0 0.000000 

 0.094334 0 0 0.000000 

 0.133408 0 0 0.000000 

 0.188667 0 0 0.000000 

 0.266816 0 0 0.000000 

 0.377335 2 2 0.272109 

 0.533632 3 5 0.680272 

 0.754670 9 14 1.904762 

 1.067264 18 32 4.353741 

 1.509339 45 77 10.476190 

 2.134528 85 162 22.040816 

 3.018678 119 281 38.231293 

 4.269056 211 492 66.938776 

 6.037357 213 705 95.918367 

 8.538112 30 735 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1139 in 

D15: 1.7539 in 

D50: 3.5313 in 

D85: 5.3711 in 

D100: 8.5381 in 

 

Image Gradation Input Parameters 

Name: DSCF0527 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0527.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 168 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.090657 0 0 0.000000 

 0.128208 0 0 0.000000 

 0.181313 0 0 0.000000 

 0.256416 0 0 0.000000 

 0.362627 0 0 0.000000 

 0.512832 1 1 0.249377 

 0.725254 2 3 0.748130 

 1.025664 4 7 1.745636 

 1.450508 9 16 3.990025 

 2.051328 18 34 8.478803 

 2.901016 35 69 17.206983 

 4.102656 55 124 30.922693 

 5.802032 53 177 44.139651 

 8.205312 126 303 75.561097 

 11.604064 98 401 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.5857 in 

D15: 2.6862 in 

D50: 6.2503 in 

D85: 9.5180 in 

D100: 11.6041 in 

 

Image Gradation Input Parameters 

Name: DSCF0528 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0528.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 178 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.067913 0 0 0.000000 

 0.096044 0 0 0.000000 

 0.135827 0 0 0.000000 

 0.192088 0 0 0.000000 

 0.271653 0 0 0.000000 

 0.384176 1 1 0.182149 

 0.543307 2 3 0.546448 

 0.768352 4 7 1.275046 

 1.086614 7 14 2.550091 

 1.536704 26 40 7.285974 

 2.173228 38 78 14.207650 

 3.073408 67 145 26.411658 

 4.346455 147 292 53.187614 

 6.146816 189 481 87.613843 

 8.692911 68 549 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.3194 in 

D15: 2.2317 in 

D50: 4.1949 in 

D85: 6.0101 in 

D100: 8.6929 in 

 

Image Gradation Input Parameters 

Name: DSCF0529 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0529.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 169 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.082389 0 0 0.000000 

 0.116516 0 0 0.000000 

 0.164779 0 0 0.000000 

 0.233032 0 0 0.000000 

 0.329557 0 0 0.000000 

 0.466064 1 1 0.240964 

 0.659114 1 2 0.481928 

 0.932128 2 4 0.963855 

 1.318228 6 10 2.409639 

 1.864256 11 21 5.060241 

 2.636456 36 57 13.734940 

 3.728512 84 141 33.975904 

 5.272912 128 269 64.819277 

 7.457024 101 370 89.156627 

 10.545824 45 415 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.8518 in 

D15: 2.7047 in 

D50: 4.5309 in 

D85: 7.0840 in 

D100: 10.5458 in 

 

Image Gradation Input Parameters 

Name: DSCF0530 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0530.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 176 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.082623 0 0 0.000000 

 0.116846 0 0 0.000000 

 0.165245 0 0 0.000000 

 0.233692 0 0 0.000000 

 0.330490 0 0 0.000000 

 0.467384 1 1 0.189394 

 0.660981 3 4 0.757576 

 0.934768 5 9 1.704545 

 1.321962 9 18 3.409091 

 1.869536 24 42 7.954545 

 2.643923 49 91 17.234848 

 3.739072 62 153 28.977273 

 5.287846 98 251 47.537879 

 7.478144 156 407 77.083333 

 10.575693 121 528 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.5136 in 

D15: 2.4574 in 

D50: 5.4704 in 

D85: 8.5482 in 

D100: 10.5757 in 

 

Image Gradation Input Parameters 

Name: DSCF0531 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0531.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 171 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.072560 0 0 0.000000 

 0.102616 0 0 0.000000 

 0.145121 0 0 0.000000 

 0.205232 0 0 0.000000 

 0.290242 0 0 0.000000 

 0.410464 2 2 0.326797 

 0.580484 2 4 0.653595 

 0.820928 5 9 1.470588 

 1.160968 8 17 2.777778 

 1.641856 16 33 5.392157 

 2.321935 37 70 11.437908 

 3.283712 35 105 17.156863 

 4.643870 136 241 39.379085 

 6.567424 97 338 55.228758 

 9.287740 155 493 80.555556 

 13.134848 119 612 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.5697 in 

D15: 2.9210 in 

D50: 5.9328 in 

D85: 10.1671 in 

D100: 13.1348 in 

 

Image Gradation Input Parameters 

Name: DSCF0532 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0532.JPG 

 Scale Line Length: 48 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 180 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.071341 0 0 0.000000 

 0.100892 0 0 0.000000 

 0.142683 0 0 0.000000 

 0.201784 0 0 0.000000 

 0.285366 0 0 0.000000 

 0.403568 0 0 0.000000 

 0.570731 0 0 0.000000 

 0.807136 2 2 0.606061 

 1.141463 3 5 1.515152 

 1.614272 6 11 3.333333 

 2.282925 18 29 8.787879 

 3.228544 41 70 21.212121 

 4.565851 43 113 34.242424 

 6.457088 75 188 56.969697 

 9.131701 80 268 81.212121 

 12.914176 62 330 100.000000 
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One sediment sample was collected from the channel bed near Structure J-01-C. Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.12.1.  

 Photo of sediment sample from the J-01-C site 

 
 

Table G.12.1. 
Sediment sieve analysis 

Sample ID: J-01-C Dolores River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 10-03-2011 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

22.43 57% 

19.1 54% 

4 32% 

2 21% 

1 15% 

0.5 13% 

0.25 1% 
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Figure G.12.2.  

 Grain size gradation curve for the sediment sample collected from the Dolores River in the vicinity of J-01-C 
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Table G.12.2.  

 Grain size gradation computations for the sediment sample collected from the Dolores River in the vicinity of J-01-C 

Structure #   
J-01-C 

Waterbody - 
Dolores River 

Sample # 1 of 1 
Performed by:  JE 

Date: 10/03/2011 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

22.43 554.93 2350.2 1795.27 43% 43% 57% 

19.1 652.12 798.4 146.28 3% 46% 54% 

4 566.85 1468 901.15 21% 68% 32% 

2 484.03 951.74 467.71 11% 79% 21% 

1 453.26 720.9 267.64 6% 85% 15% 

0.5 419.39 483.66 64.27 2% 87% 13% 

0.25 392.71 888.56 495.85 12% 99% 1% 

Pan 368.73 429.19 60.46 1% 100% 0% 

    Total Weight of Sample 4198.63       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 max from POA Date

3 J-01-C Mesa SH 141 ML 110.9 2012 Dolores River 15 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.44 0.36 0.27 0.678 0.36 0.357 0.022

2 0.24 0.15 0.09 0.474 0.15 0.160 0.002

3 0.68 0.3 0.25 0.554 0.3 0.410 0.027

4 0.56 0.48 0.24 0.463 0.48 0.427 0.034

5 0.34 0.23 0.15 0.536 0.23 0.240 0.006

6 0.86 0.39 0.34 0.587 0.39 0.530 0.060

7 0.58 0.37 0.31 0.669 0.37 0.420 0.035

8 0.79 0.61 0.29 0.418 0.61 0.563 0.073

9 1.11 0.86 0.57 0.583 0.86 0.847 0.285

10 0.41 0.31 0.22 0.617 0.31 0.313 0.015

11 0.47 0.35 0.16 0.394 0.35 0.327 0.014

12 0.49 0.42 0.13 0.287 0.42 0.347 0.014

13 1 0.52 0.46 0.638 0.52 0.660 0.125

14 0.85 0.58 0.39 0.555 0.58 0.607 0.101

15 0.87 0.56 0.34 0.487 0.56 0.590 0.087

16 0.51 0.36 0.2 0.467 0.36 0.357 0.019

17 0.43 0.34 0.19 0.497 0.34 0.320 0.015

18 0.66 0.49 0.28 0.492 0.49 0.477 0.047

19 0.61 0.52 0.43 0.763 0.52 0.520 0.071

20 0.46 0.34 0.24 0.607 0.34 0.347 0.020

21 0.72 0.53 0.32 0.518 0.53 0.523 0.064

22 0.41 0.34 0.11 0.295 0.34 0.287 0.008

23 0.81 0.54 0.37 0.559 0.54 0.573 0.085

24 0.43 0.41 0.12 0.286 0.41 0.320 0.011

25 0.66 0.47 0.36 0.646 0.47 0.497 0.058

26 1.22 0.65 0.53 0.595 0.65 0.800 0.220

27 0.31 0.27 0.11 0.380 0.27 0.230 0.005
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Hydraulic Analysis Report 

Project Data 

0.9 0 0% 0% 100%

0.8 1 4% 4% 96%

0.7 0 0% 4% 96%

0.6 2 7% 11% 89%

0.5 6 22% 33% 67%

0.4 5 19% 52% 48%

0.3 10 37% 89% 11%

0.2 2 7% 96% 4%

0.1 1 4% 100% 0%

Total Samples 27

Structure #        

J-01-C
Dolores River at SH 141
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   Project Title:  J-01-C   

   Designer:     

   Project Date:  Monday, September 23, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input Parameters 
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Name: DSCF0157 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0157.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 167 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.054020 0 0 0.000000 

 0.076395 0 0 0.000000 

 0.108039 0 0 0.000000 

 0.152790 0 0 0.000000 

 0.216078 0 0 0.000000 

 0.305581 1 1 0.198020 

 0.432156 1 2 0.396040 

 0.611161 4 6 1.188119 

 0.864313 8 14 2.772277 

 1.222323 16 30 5.940594 

 1.728625 41 71 14.059406 

 2.444645 54 125 24.752475 

 3.457250 71 196 38.811881 

 4.889290 169 365 72.277228 

 6.914501 140 505 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1160 in 

D15: 1.7916 in 

D50: 3.9360 in 

D85: 5.8187 in 

D100: 6.9145 in 

 

Image Gradation Input Parameters 

Name: DSCF0159 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0159.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 166 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.030586 0 0 0.000000 

 0.043255 0 0 0.000000 

 0.061172 0 0 0.000000 

 0.086510 0 0 0.000000 

 0.122344 0 0 0.000000 

 0.173021 0 0 0.000000 

 0.244688 1 1 0.154799 

 0.346041 1 2 0.309598 

 0.489376 4 6 0.928793 

 0.692082 7 13 2.012384 

 0.978752 13 26 4.024768 

 1.384164 30 56 8.668731 

 1.957504 37 93 14.396285 

 2.768329 89 182 28.173375 

 3.915008 100 282 43.653251 

 5.536657 79 361 55.882353 

 7.830016 188 549 84.984520 

 11.073314 97 646 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0639 in 

D15: 1.9930 in 

D50: 4.7566 in 

D85: 7.8334 in 

D100: 11.0733 in 

 

Image Gradation Input Parameters 

Name: DSCF0163 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0163.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 174 

  Morphologic Iterations: 1 

  Resolution: 36 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.061069 0 0 0.000000 

 0.086364 0 0 0.000000 

 0.122138 0 0 0.000000 

 0.172729 0 0 0.000000 

 0.244275 0 0 0.000000 

 0.345457 2 2 0.217155 

 0.488550 3 5 0.542888 

 0.690915 8 13 1.411509 

 0.977101 17 30 3.257329 

 1.381829 39 69 7.491857 

 1.954202 78 147 15.960912 

 2.763658 140 287 31.161781 

 3.908403 221 508 55.157438 

 5.527317 293 801 86.970684 

 7.816806 120 921 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1437 in 

D15: 1.8893 in 

D50: 3.6624 in 

D85: 5.4270 in 

D100: 7.8168 in 

 

Image Gradation Input Parameters 

Name: DSCF0166 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0166.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 165 

  Morphologic Iterations: 1 

  Resolution: 35 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.057832 0 0 0.000000 

 0.081787 0 0 0.000000 

 0.115665 0 0 0.000000 

 0.163574 0 0 0.000000 

 0.231329 0 0 0.000000 

 0.327149 1 1 0.150376 

 0.462658 2 3 0.451128 

 0.654297 4 7 1.052632 

 0.925316 11 18 2.706767 

 1.308595 23 41 6.165414 

 1.850632 40 81 12.180451 

 2.617189 47 128 19.248120 

 3.701264 81 209 31.428571 

 5.234378 165 374 56.240602 

 7.402529 151 525 78.947368 

 10.468756 140 665 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.1794 in 

D15: 2.1564 in 

D50: 4.8488 in 

D85: 8.2841 in 

D100: 10.4688 in 

 

Image Gradation Input Parameters 

Name: DSCF0167 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0167.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 173 

  Morphologic Iterations: 1 

  Resolution: 43 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.047033 0 0 0.000000 

 0.066515 0 0 0.000000 

 0.094066 0 0 0.000000 

 0.133029 0 0 0.000000 

 0.188132 1 1 0.092166 

 0.266059 2 3 0.276498 

 0.376264 4 7 0.645161 

 0.532117 8 15 1.382488 

 0.752527 17 32 2.949309 

 1.064234 36 68 6.267281 

 1.505054 59 127 11.705069 

 2.128468 142 269 24.792627 

 3.010108 149 418 38.525346 

 4.256936 242 660 60.829493 

 6.020217 306 966 89.032258 

 8.513872 119 1085 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.9452 in 

D15: 1.6620 in 

D50: 3.6516 in 

D85: 5.7681 in 

D100: 8.5139 in 

 

Image Gradation Input Parameters 

Name: DSCF0170 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0170.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 167 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.051382 0 0 0.000000 

 0.072666 0 0 0.000000 

 0.102765 0 0 0.000000 

 0.145332 0 0 0.000000 

 0.205530 0 0 0.000000 

 0.290663 1 1 0.125313 

 0.411060 3 4 0.501253 

 0.581326 6 10 1.253133 

 0.822120 11 21 2.631579 

 1.162653 27 48 6.015038 

 1.644239 50 98 12.280702 

 2.325306 97 195 24.436090 

 3.288479 143 338 42.355890 

 4.650612 183 521 65.288221 

 6.576958 232 753 94.360902 

 9.301223 45 798 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0605 in 

D15: 1.7966 in 

D50: 3.7425 in 

D85: 5.9567 in 

D100: 9.3012 in 

 

Image Gradation Input Parameters 

Name: DSCF0174 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0174.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 168 

  Morphologic Iterations: 1 

  Resolution: 39 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.036691 0 0 0.000000 

 0.051889 0 0 0.000000 

 0.073382 0 0 0.000000 

 0.103778 0 0 0.000000 

 0.146764 0 0 0.000000 

 0.207555 1 1 0.123916 

 0.293528 1 2 0.247831 

 0.415111 3 5 0.619579 

 0.587055 7 12 1.486989 

 0.830221 15 27 3.345725 

 1.174110 34 61 7.558860 

 1.660442 64 125 15.489467 

 2.348220 79 204 25.278810 

 3.320885 156 360 44.609665 

 4.696440 106 466 57.744734 

 6.641769 211 677 83.890954 

 9.392880 130 807 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.9652 in 

D15: 1.6304 in 

D50: 3.8854 in 

D85: 6.8312 in 

D100: 9.3929 in 

 

Image Gradation Input Parameters 

Name: DSCF0176 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0176.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 175 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.040748 0 0 0.000000 

 0.057627 0 0 0.000000 

 0.081497 0 0 0.000000 

 0.115254 0 0 0.000000 

 0.162994 0 0 0.000000 

 0.230508 0 0 0.000000 

 0.325988 0 0 0.000000 

 0.461016 1 1 0.166667 

 0.651975 3 4 0.666667 

 0.922033 8 12 2.000000 

 1.303951 13 25 4.166667 

 1.844065 26 51 8.500000 

 2.607902 66 117 19.500000 

 3.688130 97 214 35.666667 

 5.215804 85 299 49.833333 

 7.376260 81 380 63.333333 

 10.431607 145 525 87.500000 

 14.752521 75 600 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.4078 in 

D15: 2.2954 in 

D50: 5.2425 in 

D85: 10.1155 in 

D100: 14.7525 in 

 

Image Gradation Input Parameters 

Name: DSCF0177 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0177.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 169 

  Morphologic Iterations: 1 

  Resolution: 34 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.038380 0 0 0.000000 

 0.054277 0 0 0.000000 

 0.076760 0 0 0.000000 

 0.108555 0 0 0.000000 

 0.153519 0 0 0.000000 

 0.217109 0 0 0.000000 

 0.307039 0 0 0.000000 

 0.434218 2 2 0.323102 

 0.614078 3 5 0.807754 

 0.868437 9 14 2.261712 

 1.228155 18 32 5.169628 

 1.736874 41 73 11.793215 

 2.456311 71 144 23.263328 

 3.473748 98 242 39.095315 

 4.912621 121 363 58.642973 

 6.947495 144 507 81.906300 

 9.825242 112 619 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.2072 in 

D15: 1.9380 in 

D50: 4.2764 in 

D85: 7.4395 in 

D100: 9.8252 in 

 

Image Gradation Input Parameters 

Name: DSCF0180 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0180.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 178 

  Morphologic Iterations: 1 

  Resolution: 36 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.041955 0 0 0.000000 

 0.059333 0 0 0.000000 

 0.083909 0 0 0.000000 

 0.118666 0 0 0.000000 

 0.167819 0 0 0.000000 

 0.237331 0 0 0.000000 

 0.335637 0 0 0.000000 

 0.474663 0 0 0.000000 

 0.671275 2 2 0.424628 

 0.949326 3 5 1.061571 

 1.342549 12 17 3.609342 

 1.898652 22 39 8.280255 

 2.685099 42 81 17.197452 

 3.797303 68 149 31.634820 

 5.370197 135 284 60.297240 

 7.594606 112 396 84.076433 

 10.740395 75 471 100.000000 
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Two sediment samples were collected from the channel bed near Structure J-01-D. Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.13.1.  

 Photo of sediment sample from the J-01-D site 

 
 

Table G.13.1. 
Sediment sieve analysis 

Sample ID: J-01-D John Brown Creek 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-29-2011 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

31.75 89% 

16 73% 

4 40% 

2 31% 

0.5 18% 

0.25 4% 

0.125 2% 
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Figure G.13.2.  

 Grain size gradation curve for the sediment sample collected from John Brown Creek in the vicinity of J-01-D 
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Table G.13.2.  

 Grain size gradation computations for the sediment sample collected from John Brown Creek in the vicinity of J-01-D 

Structure 
#  J-01-D 

Waterbody - John 
Brown Creek 

Sample # 1 of 2 
Performed by: JE 

Date: 9/29/2011 

Sieve Size 
(mm) Weight of Sieve (g) Weight of Sieve + Soil     

(g) 
Weight of Soil   

(g) 
% Retained Cumulative % Ret. % Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

31.75 534.4 1046.9 512.5 11% 11% 89% 

16 602.69 1345.4 742.71 16% 27% 73% 

4 566.86 2066.6 1499.74 32% 60% 40% 

2 481.45 899.44 417.99 9% 69% 31% 

0.5 413.2 1022.7 609.5 13% 82% 18% 

0.25 390.17 1046.9 656.73 14% 96% 4% 

0.125 377.23 475.82 98.59 2% 98% 2% 

Pan 371.91 460 88.09 2% 100% 0% 

  Total Weight of Sample 4625.85   
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Figure G.13.3.  

 Photo of sediment sample from the J-01-D site 

 
 

Table G.13.3. 
Sediment sieve analysis 

Sample ID: J-01-D John Brown Creek 
Sample Description: 2 of 2 

Performed by: JE 
Date: 9-29-2011 

Sieve Size 
(mm) 

% Finer 

60 100% 

44.45 100% 

22.43 50% 

19.1 45% 

4 26% 

2 20% 

0.5 9% 

0.25 4% 

0.125 1% 
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Figure G.13.4.  

 Grain size gradation curve for the sediment sample collected from John Brown Creek in the vicinity of J-01-D 
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Table G.13.4.  

 Grain size gradation computations for the sediment sample collected from John Brown Creek in the vicinity of J-01-D 

Structure 
#     J-01-D 

Waterbody - John 
Brown Creek 

Sample # 2 of 2 
Performed by: JE 

Date: 9/29/2011 

Sieve Size 
(mm) Weight of Sieve (g) Weight of Sieve + Soil     

(g) 
Weight of Soil   

(g) 
% Retained Cumulative % Ret. 

% 
Finer 

60 0 0 0 0% 0% 100% 

44.45 0 0 0 0% 0% 100% 

22.43 541.21 2726 2184.79 50% 50% 50% 

19.1 650.37 869.18 218.81 5% 55% 45% 

4 567.62 1386.5 818.88 19% 74% 26% 

2 464.7 711.16 246.46 6% 80% 20% 

0.5 413.81 867.97 454.16 10% 91% 9% 

0.25 401.07 641.65 240.58 6% 96% 4% 

0.125 379.91 497.58 117.67 3% 99% 1% 

Pan 368.32 421.18 52.86 1% 100% 0% 

  
Total Weight of 

Sample 4334.21   
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 max from POA Date

3 J-01-D Mesa SH 141 ML 110.5 2012 John Brown Creek 4 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.29 0.18 0.04 0.175 0.18 0.170 0.001

2 0.84 0.48 0.45 0.709 0.48 0.590 0.095

3 0.17 0.15 0.09 0.564 0.15 0.137 0.001

4 0.3 0.2 0.17 0.694 0.2 0.223 0.005

5 0.63 0.52 0.23 0.402 0.52 0.460 0.039

6 0.51 0.32 0.11 0.272 0.32 0.313 0.009

7 0.31 0.15 0.04 0.185 0.15 0.167 0.001

8 0.79 0.61 0.24 0.346 0.61 0.547 0.061

9 0.2 0.13 0.08 0.496 0.13 0.137 0.001

10 0.39 0.31 0.18 0.518 0.31 0.293 0.011

11 0.36 0.33 0.12 0.348 0.33 0.270 0.007

12 0.35 0.31 0.09 0.273 0.31 0.250 0.005

13 0.22 0.15 0.09 0.495 0.15 0.153 0.002

14 0.84 0.63 0.33 0.454 0.63 0.600 0.091

15 0.49 0.41 0.27 0.602 0.41 0.390 0.028

16 0.28 0.19 0.11 0.477 0.19 0.193 0.003

17 0.64 0.42 0.24 0.463 0.42 0.433 0.034

18 0.31 0.15 0.12 0.556 0.15 0.193 0.003

19 1.6 0.89 0.45 0.377 0.89 0.980 0.336

20 0.35 0.21 0.18 0.664 0.21 0.247 0.007

21 0.54 0.38 0.29 0.640 0.38 0.403 0.031

22 0.19 0.16 0.06 0.344 0.16 0.137 0.001

23 0.19 0.09 0.06 0.459 0.09 0.113 0.001

24 0.34 0.23 0.14 0.501 0.23 0.237 0.006

25 0.58 0.34 0.16 0.360 0.34 0.360 0.017

26 0.34 0.21 0.1 0.374 0.21 0.217 0.004

27 1.2 0.68 0.52 0.576 0.68 0.800 0.222

28 0.54 0.41 0.25 0.531 0.41 0.400 0.029

29 0.37 0.19 0.13 0.490 0.19 0.230 0.005

30 0.36 0.27 0.18 0.577 0.27 0.270 0.009

31 2.69 1.42 1.2 0.614 1.42 1.770 2.400
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Hydraulic Analysis Report 

Project Data 

1.5 0 0% 0% 100%

0.9 1 3% 3% 97%

0.8 1 3% 6% 94%

0.7 0 0% 6% 94%

0.6 3 10% 16% 84%

0.5 1 3% 19% 81%

0.4 4 13% 32% 68%

0.3 6 19% 52% 48%

0.2 5 16% 68% 32%

0.1 9 29% 97% 3%

0.05 1 3% 100% 0%

Total Samples 31

Structure #         

J-01-D
John Brown Creek at SH 141

Sieve Size (ft)
Samples 

Retained
% Retained

Cumulative 

% Ret.
% Finer
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   Project Title:  J-01-D   

   Designer:     

   Project Date:  Wednesday, September 25, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input Parameters 

Name: DSCF0218 
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Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0218.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 201 

  Morphologic Iterations: 1 

  Resolution: 34 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.065399 0 0 0.000000 

 0.092488 0 0 0.000000 

 0.130798 0 0 0.000000 

 0.184976 0 0 0.000000 

 0.261595 1 1 0.096805 

 0.369951 2 3 0.290416 

 0.523190 6 9 0.871249 

 0.739902 17 26 2.516941 

 1.046380 29 55 5.324298 

 1.479805 64 119 11.519845 

 2.092760 146 265 25.653437 

 2.959610 196 461 44.627299 

 4.185520 165 626 60.600194 

 5.919220 300 926 89.641820 

 8.371041 107 1033 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0110 in 

D15: 1.6307 in 

D50: 3.3720 in 

D85: 5.6421 in 

D100: 8.3710 in 

 

Image Gradation Input Parameters 

Name: DSCF0219 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0219.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 216 

  Morphologic Iterations: 1 

  Resolution: 38 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.048033 0 0 0.000000 

 0.067929 0 0 0.000000 

 0.096066 0 0 0.000000 

 0.135858 0 0 0.000000 

 0.192132 2 2 0.134318 

 0.271716 4 6 0.402955 

 0.384264 10 16 1.074547 

 0.543431 21 37 2.484889 

 0.768528 44 81 5.439893 

 1.086862 87 168 11.282740 

 1.537055 169 337 22.632639 

 2.173725 245 582 39.086635 

 3.074111 323 905 60.779046 

 4.347449 227 1132 76.024177 

 6.148222 107 1239 83.210208 

 8.694899 250 1489 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7350 in 

D15: 1.2343 in 

D50: 2.6267 in 

D85: 6.4197 in 

D100: 8.6949 in 

 

Image Gradation Input Parameters 

Name: DSCF0221 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0221.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 206 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.065579 0 0 0.000000 

 0.092743 0 0 0.000000 

 0.131158 0 0 0.000000 

 0.185485 1 1 0.073801 

 0.262315 3 4 0.295203 

 0.370970 7 11 0.811808 

 0.524631 17 28 2.066421 

 0.741940 34 62 4.575646 

 1.049262 61 123 9.077491 

 1.483880 78 201 14.833948 

 2.098524 157 358 26.420664 

 2.967761 165 523 38.597786 

 4.197048 137 660 48.708487 

 5.935522 243 903 66.642066 

 8.394096 97 1000 73.800738 

 11.871044 0 1000 73.800738 

 16.788191 355 1355 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7709 in 

D15: 1.4927 in 

D50: 4.3222 in 

D85: 13.9730 in 

D100: 16.7882 in 

 

Image Gradation Input Parameters 

Name: DSCF0226 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0226.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 209 

  Morphologic Iterations: 1 

  Resolution: 35 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.049626 0 0 0.000000 

 0.070181 0 0 0.000000 

 0.099251 0 0 0.000000 

 0.140362 0 0 0.000000 

 0.198502 1 1 0.089686 

 0.280724 3 4 0.358744 

 0.397004 8 12 1.076233 

 0.561449 16 28 2.511211 

 0.794008 31 59 5.291480 

 1.122897 59 118 10.582960 

 1.588017 108 226 20.269058 

 2.245795 135 361 32.376682 

 3.176034 188 549 49.237668 

 4.491590 270 819 73.452915 

 6.352067 213 1032 92.556054 

 8.983180 83 1115 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-318 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.7696 in 

D15: 1.3350 in 

D50: 3.2174 in 

D85: 5.6162 in 

D100: 8.9832 in 

 

Image Gradation Input Parameters 

Name: DSCF0228 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0228.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 193 

  Morphologic Iterations: 1 

  Resolution: 35 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.049006 0 0 0.000000 

 0.069305 0 0 0.000000 

 0.098012 0 0 0.000000 

 0.138610 0 0 0.000000 

 0.196024 1 1 0.111111 

 0.277219 2 3 0.333333 

 0.392047 4 7 0.777778 

 0.554439 6 13 1.444444 

 0.784095 11 24 2.666667 

 1.108878 25 49 5.444444 

 1.568190 44 93 10.333333 

 2.217755 80 173 19.222222 

 3.136380 131 304 33.777778 

 4.435510 156 460 51.111111 

 6.272759 248 708 78.666667 

 8.871021 192 900 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0569 in 

D15: 1.9092 in 

D50: 4.3522 in 

D85: 7.0441 in 

D100: 8.8710 in 

 

Image Gradation Input Parameters 

Name: DSCF0229 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0229.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 208 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.038318 0 0 0.000000 

 0.054190 0 0 0.000000 

 0.076636 0 0 0.000000 

 0.108379 0 0 0.000000 

 0.153271 0 0 0.000000 

 0.216758 1 1 0.108342 

 0.306542 2 3 0.325027 

 0.433516 4 7 0.758397 

 0.613084 7 14 1.516793 

 0.867032 18 32 3.466956 

 1.226169 32 64 6.933911 

 1.734065 52 116 12.567714 

 2.452338 87 203 21.993499 

 3.468129 193 396 42.903575 

 4.904676 211 607 65.763814 

 6.936259 251 858 92.957746 

 9.809351 65 923 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0258 in 

D15: 1.9194 in 

D50: 3.9141 in 

D85: 6.3418 in 

D100: 9.8094 in 

 

Image Gradation Input Parameters 

Name: DSCF0231 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0231.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 191 

  Morphologic Iterations: 1 

  Resolution: 28 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.122788 0 0 0.000000 

 0.173648 0 0 0.000000 

 0.245575 0 0 0.000000 

 0.347296 0 0 0.000000 

 0.491151 0 0 0.000000 

 0.694592 0 0 0.000000 

 0.982302 0 0 0.000000 

 1.389184 2 2 0.668896 

 1.964603 3 5 1.672241 

 2.778368 7 12 4.013378 

 3.929206 9 21 7.023411 

 5.556737 16 37 12.374582 

 7.858413 25 62 20.735786 

 11.113474 70 132 44.147157 

 15.716825 41 173 57.859532 

 22.226947 50 223 74.581940 

 31.433650 76 299 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 3.1556 in 

D15: 6.2795 in 

D50: 13.0783 in 

D85: 26.0005 in 

D100: 31.4337 in 

 

Image Gradation Input Parameters 

Name: DSCF0232 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0232.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 219 

  Morphologic Iterations: 1 

  Resolution: 35 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.051303 0 0 0.000000 

 0.072553 0 0 0.000000 

 0.102606 0 0 0.000000 

 0.145107 1 1 0.051020 

 0.205212 5 6 0.306122 

 0.290213 9 15 0.765306 

 0.410423 19 34 1.734694 

 0.580426 36 70 3.571429 

 0.820847 73 143 7.295918 

 1.160852 89 232 11.836735 

 1.641693 137 369 18.826531 

 2.321705 199 568 28.979592 

 3.283386 326 894 45.612245 

 4.643409 323 1217 62.091837 

 6.566772 461 1678 85.612245 

 9.286818 0 1678 85.612245 

 13.133544 282 1960 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6726 in 

D15: 1.3785 in 

D50: 3.6455 in 

D85: 6.5167 in 

D100: 13.1335 in 

 

Image Gradation Input Parameters 

Name: DSCF0233 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0233.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 202 

  Morphologic Iterations: 1 

  Resolution: 38 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.067951 0 0 0.000000 

 0.096097 0 0 0.000000 

 0.135902 0 0 0.000000 

 0.192194 0 0 0.000000 

 0.271804 0 0 0.000000 

 0.384388 1 1 0.126904 

 0.543607 2 3 0.380711 

 0.768776 4 7 0.888325 

 1.087214 8 15 1.903553 

 1.537553 19 34 4.314721 

 2.174428 32 66 8.375635 

 3.075106 50 116 14.720812 

 4.348856 55 171 21.700508 

 6.150211 60 231 29.314721 

 8.697712 97 328 41.624365 

 12.300423 114 442 56.091371 

 17.395425 136 578 73.350254 

 24.600846 210 788 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.6450 in 

D15: 3.1261 in 

D50: 10.7835 in 

D85: 20.5452 in 

D100: 24.6008 in 

 

Image Gradation Input Parameters 

Name: DSCF0234 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0234.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 197 

  Morphologic Iterations: 1 

  Resolution: 34 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.050554 0 0 0.000000 

 0.071494 0 0 0.000000 

 0.101107 0 0 0.000000 

 0.142987 0 0 0.000000 

 0.202215 0 0 0.000000 

 0.285975 0 0 0.000000 

 0.404429 2 2 0.229358 

 0.571949 2 4 0.458716 

 0.808859 7 11 1.261468 

 1.143899 14 25 2.866972 

 1.617717 27 52 5.963303 

 2.287797 39 91 10.435780 

 3.235434 68 159 18.233945 

 4.575595 89 248 28.440367 

 6.470868 66 314 36.009174 

 9.151190 31 345 39.564220 

 12.941737 75 420 48.165138 

 18.302380 178 598 68.577982 

 25.883474 274 872 100.000000 
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Results of the sediment size analysis for the sediment samples collected from Gunnison River 
channel during the site visit are tabulated and plotted below. 
 

 
Figure G.14.1. 

Photo of sediment sample 1 collected at the Gunnison River near the vicinity of J-09-AB 
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Table G.14.1. 
Sediment Size Analysis 

Sample ID: J-09-AB Gunnison River 
Sample Description: 1 of 4 

Performed by: AP 
Date: 2-14-2011 

 

 
Sieve Size     

(mm) 
% Finer 

50 100% 

44.45 100% 

22.4 98% 

11.5 84% 

8 76% 

4.75 66% 

2 55% 

1 42% 

0.5 30% 

0.25 15% 

0.125 8% 

0.075 5% 
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Figure G.14.2. 

Grain size gradation curve for sediment sample 1 collected in the vicinity of J-09-AB 
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Table G.14.2. 

 Grain size gradation computations for sediment sample 1 collected in the vicinity of J-09-AB 

Structure #          
J-09-AB 

Waterbody- 
Gunnison 18, 93 

Grab Sample #                     
1 of 4 

ID - East Abutment 
Item # 0 - 4 

ft. Performed by: AP  

Fill - Gravel and 
sand Sack - B1 Date: 2-14-2011 

Sieve Size 
(mm) 

Weight of Sieve      
(g) 

Weight of Sieve + Soil      
(g) 

Weight of Soil                  
(g) 

% Retained Cumulative % Ret. % Finer 

50     0 0% 0% 100% 

44.45 560.47 560.47 0 0% 0% 100% 

22.4 531.12 626.03 94.91 2% 2% 98% 

11.5 552.37 1187.9 635.53 14% 16% 84% 

8 527.02 850.55 323.53 7% 24% 76% 

4.75 506.93 988.03 481.1 11% 34% 66% 

2 430.31 927.8 497.49 11% 45% 55% 

1 451.76 991.47 539.71 12% 58% 42% 

0.5 441.62 1011.6 569.98 13% 70% 30% 

0.25 395.98 1033.6 637.62 14% 85% 15% 

0.125 366.92 684.77 317.85 7% 92% 8% 

0.075 305.07 467.06 161.99 4% 95% 5% 

Pan 372.91 580.47 207.56 5% 100% 0% 

  
Total Weight of 

Sample 4467.27   
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Figure G.14.3. 

Photo of sediment sample 2 collected from the Gunnison River near the vicinity of J-09-AB 
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Table G.14.3. 
Sediment Size Analysis 

Sample ID: J-09-AB Gunnison River 
Sample Description: 2 of 4 
Performed by: AP and TL 

Date: 2-15-2011 

 

Sieve Size 
(mm) 

% Finer 

50 100% 

44.45 100% 

22.4 22% 

11.5 11% 

8 10% 

4.75 9% 

2 7% 

1 5% 

0.5 4% 

0.25 2% 

0.125 1% 

0.075 1% 
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Figure G.14.4. 

Grain size gradation curve for sediment sample 2 collected in the vicinity of J-09-AB 
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Table G.14.4. 

Grain size gradation computations for sediment sample 2 collected in the vicinity of J-09-AB 

Structure #          
J-09-AB 

Waterbody- 
Gunnison 18, 93 

Grab Sample #                       
2 of 4 

ID - East Abutment Item # 4 - 9 ft. Performed by: AP and TL 

Fill - Cobbles, 1 - 9" 
diam. Sack - B1 Date: 2-15-2011 

Sieve Size 
(mm) 

Weight of Sieve      
(g) 

Weight of Sieve + Soil             
(g) 

Weight of Soil                         
(g) 

% Retained Cumulative % Ret. % Finer 

50     0 0% 0% 100% 

44.45 560.47 1169.1 608.63 20% 20% 100% 

22.4 531.12 2273.9 1742.78 58% 78% 22% 

11.5 552.37 887.59 335.22 11% 89% 11% 

8 527.02 568.54 41.52 1% 90% 10% 

4.75 506.93 537.75 30.82 1% 91% 9% 

2 430.31 493.44 63.13 2% 93% 7% 

1 451.76 495.89 44.13 1% 95% 5% 

0.5 441.62 494.28 52.66 2% 96% 4% 

0.25 395.98 440.97 44.99 1% 98% 2% 

0.125 366.92 396 29.08 1% 99% 1% 

0.075 305.07 319.29 14.22 0% 99% 1% 

Pan 372.91 392.51 19.6 1% 100% 0% 

  
Total Weight of 

Sample 3026.78   
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Figure G.14.5. 

Photo of sediment sample 3 collected from the Gunnison River in the vicinity of J-09-AB 
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Table G.14.5. 
Sediment Size Analysis 

Sample ID: J-09-AB Gunnison River 
Sample Description: 3 of 4 
Performed by: AP and TL 

Date: 2-15-2011 

 

 
Sieve Size 

(mm) 
% Finer 

50 100% 

44.45 100% 

22.4 49% 

8 11% 

4.75 6% 

2 5% 

1 4% 

0.5 2% 

0.25 2% 

0.125 1% 

0.075 1% 
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Figure G.14.6. 

Grain size gradation curve for sediment sample 3 collected in the vicinity of J-09-AB 

 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-341 

Table G.14.6. 

Grain size gradation computations for sediment sample 3 collected near the vicinity of J-09-AB 

Structure #          
J-09-AB 

Waterbody- 
Gunnison 18, 93 

Grab Sample #                       
3 of 4 

ID -                              
East Abutment 

Item # 10 - 14 ft. Performed by: AP and TL 

Sack - B1 Date: 2-15-2011 

Sieve Size 
(mm) 

Weight of Sieve      
(g) 

Weight of Sieve + Soil             
(g) 

Weight of Soil              
(g) 

% Retained Cumulative % Ret. % Finer 

50     0 0% 0% 100% 

44.45 560.47 1189.5 629.03 9% 9% 100% 

22.4 531.12 3440.7 2909.58 42% 51% 49% 

8 527.02 3156.42 2629.4 38% 89% 11% 

4.75 506.93 861.8 354.87 5% 94% 6% 

2 430.31 523.43 93.12 1% 95% 5% 

1 451.76 518.6 66.84 1% 96% 4% 

0.5 441.62 517 75.38 1% 98% 2% 

0.25 395.98 459.64 63.66 1% 98% 2% 

0.125 366.92 408.36 41.44 1% 99% 1% 

0.075 305.07 326.51 21.44 0% 99% 1% 

Pan 372.91 417.32 44.41 1% 100% 0% 

  Total Weight of Sample 6929.17   

 

 

 

 

 

 

 

 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-342 

Figure G.14.7. 

Photo of sediment sample 4 collected at the Gunnison River near the vicinity of J-09-AB 
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Table G.14.7. 
Sediment Size Analysis 

Sample ID: J-09-AB Gunnison River 
Sample Description: 4 of 4 
Performed by: AP and TL 

Date: 2-15-2011 

 

Sieve Size 
(mm) 

% Finer 

72 100% 

64 100% 

44.45 100% 

22.4 48% 

11.5 30% 

8 25% 

4.75 21% 

2 18% 

1 14% 

0.5 11% 

0.25 8% 

0.125 5% 

0.075 3% 
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Figure G.14.8. 

Grain size gradation curve for sediment sample 4 collected in the vicinity of J-09-AB 
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Table G.14.8. 

Grain size gradation computations for sediment sample 4 collected in the vicinity of J-09-AB 

Structure #          
J-09-AB 

Waterbody- 
Gunnison 18, 

93 
Grab Sample #                       

4 of 4 

ID - East Abutment Item # 15 - 18 ft. Performed by: AP and TL 

Fill - Cobbles, 1 - 5" 
diam Sack - B1 Date: 2-15-2011 

Sieve Size 
(mm) 

Weight of Sieve      
(g) 

Weight of Sieve + Soil             
(g) 

Weight of Soil                          
(g) 

% Retained Cumulative % Ret. 
% 

Finer 

72     0 0 0 100% 

64     596.21 4% 4% 100% 

44.45 560.47 1169.1 2311.4 17% 21% 100% 

22.4 531.12 2273.9 4233.67 31% 52% 48% 

11.5 552.37 887.59 2543.2 18% 70% 30% 

8 527.02 568.54 669.93 5% 75% 25% 

4.75 506.93 537.75 551.36 4% 79% 21% 

2 430.31 493.44 477.42 3% 82% 18% 

1 451.76 495.89 467.06 3% 86% 14% 

0.5 441.62 494.28 459.02 3% 89% 11% 

0.25 395.98 440.97 414.18 3% 92% 8% 

0.125 366.92 396 380.23 3% 95% 5% 

0.075 305.07 319.29 313.13 2% 97% 3% 

Pan 372.91 392.51 388.86 3% 100% 0% 

  
Total Weight of 

Sample 13805.67   



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-346 

Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA

3 J-09-AB Gunnison US 50 ML 155.6 2011 Gunnison River 1.5 29

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.4 0.29 0.17 0.499 0.29 0.287 0.010

2 0.28 0.24 0.22 0.849 0.24 0.247 0.008

3 0.56 0.44 0.37 0.745 0.44 0.457 0.048

4 0.1 0.45 0.35 1.650 0.45 0.300 0.008

5 0.69 0.38 0.34 0.664 0.38 0.470 0.047

6 0.55 0.38 0.24 0.525 0.38 0.390 0.026

7 0.35 0.31 0.22 0.668 0.31 0.293 0.012

8 0.41 0.35 0.25 0.660 0.35 0.337 0.019

9 0.74 0.69 0.23 0.322 0.69 0.553 0.061

10 0.64 0.5 0.35 0.619 0.5 0.497 0.059

11 0.37 0.3 0.22 0.660 0.3 0.297 0.013

12 0.65 0.53 0.41 0.699 0.53 0.530 0.074

13 0.35 0.25 0.11 0.372 0.25 0.237 0.005

14 0.65 0.54 0.19 0.321 0.54 0.460 0.035

15 0.99 0.7 0.55 0.661 0.7 0.747 0.200

16 0.48 0.38 0.17 0.398 0.38 0.343 0.016

17 0.66 0.54 0.22 0.369 0.54 0.473 0.041

18 0.9 0.62 0.35 0.469 0.62 0.623 0.102

19 0.39 0.2 0.18 0.645 0.2 0.257 0.007

20 0.28 0.23 0.1 0.394 0.23 0.203 0.003

21 0.6 0.51 0.4 0.723 0.51 0.503 0.064

22 0.8 0.8 0.38 0.475 0.8 0.660 0.127

23 0.43 0.34 0.17 0.445 0.34 0.313 0.013

24 0.25 0.23 0.15 0.626 0.23 0.210 0.005

25 0.45 0.28 0.28 0.789 0.28 0.337 0.018
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0.9 0 0% 0% 100%

0.8 1 4% 4% 96%

0.7 1 4% 8% 92%

0.6 2 8% 16% 84%

0.5 5 20% 36% 64%

0.4 2 8% 44% 56%
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0.2 7 28% 100% 0%
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Two sediment samples were collected from the channel bed near Bridge K-08-D.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.15.1.  

 Photo of sediment sample from the K-08-D site 

 
 

Table G.15.1. 
Sediment sieve analysis 

Sample ID: K-08-D Cebolla Creek 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-11-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

16 65% 

8 51% 

4 49% 

2 30% 

1 19% 

0.5 8% 

0.25 3% 
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Figure G.15.2.  

 Grain size gradation curve for the sediment sample collected from Cebolla Creek in the vicinity of K-08-D 
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Table G.15.2.  

 Grain size gradation computations for the sediment sample collected from Cebolla Creek in the vicinity of K-08-D 

Structure 
# K-08-D 

Waterbody - 
Cebolla Creek 

Sample # 1 of 2 
Performed by: JE 

Date: 9/11/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

16 555.5 1456.3 900.8 35% 35% 65% 

8 525.51 889.01 363.5 14% 49% 51% 

4 491.59 559.91 68.32 3% 51% 49% 

2 479.61 968.98 489.37 19% 70% 30% 

1 500.31 793.4 293.09 11% 81% 19% 

0.5 441.02 707.93 266.91 10% 92% 8% 

0.25 392.91 537.39 144.48 6% 97% 3% 

Pan 371.72 443.81 72.09 3% 100% 0% 

    Total Weight of Sample 2598.56       
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Figure G.15.3.  

 Photo of sediment sample from the K-08-D site 

 
 

Table G.15.3. 
Sediment sieve analysis 

Sample ID: K-08-D Cebolla Creek 
Sample Description: 2 of 2 

Performed by: JE 
Date: 9-11-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

16 68% 

8 40% 

4 27% 

2 21% 

1 15% 

0.5 8% 

0.25 2% 
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Figure G.15.4.  

 Grain size gradation curve for the sediment sample collected from Cebolla Creek in the vicinity of K-08-D 
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Table G.15.4.  

 Grain size gradation computations for the sediment sample collected from Cebolla Creek in the vicinity of K-08-D 

Structure #  
K-08-D 

Waterbody - 
Cebolla Creek 

Sample # 2 of 2 
Performed by: JE 

Date: 9/11/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

16 555.5 1342.1 786.6 34% 34% 66% 

8 525.51 1218.3 692.79 30% 63% 37% 

4 491.59 791 299.41 13% 76% 24% 

2 479.61 638.04 158.43 7% 83% 17% 

1 500.31 589.49 89.18 4% 87% 13% 

0.5 441.02 579.46 138.44 6% 93% 7% 

0.25 392.91 520.07 127.16 5% 98% 2% 

Pan 371.72 416.45 44.73 2% 100% 0% 

    Total Weight of Sample 2336.74       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA Date

3 K-08-D Gunnison SH149 ML 100.4 2013 Cebolla Creek 6 12 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.42 0.35 0.25 0.652 0.35 0.340 0.019

2 0.53 0.55 0.16 0.296 0.55 0.413 0.024

3 0.8 0.41 0.15 0.262 0.41 0.453 0.026

4 0.21 0.13 0.1 0.605 0.13 0.147 0.001

5 0.08 0.05 0.03 0.474 0.05 0.053 0.000

6 0.46 0.3 0.24 0.646 0.3 0.333 0.017

7 0.18 0.15 0.07 0.426 0.15 0.133 0.001

8 0.11 0.08 0.03 0.320 0.08 0.073 0.000

9 0.38 0.3 0.19 0.563 0.3 0.290 0.011

10 0.17 0.16 0.09 0.546 0.16 0.140 0.001

11 0.51 0.4 0.29 0.642 0.4 0.400 0.031

12 0.63 0.42 0.29 0.564 0.42 0.447 0.040

13 0.29 0.21 0.13 0.527 0.21 0.210 0.004

14 0.75 0.33 0.27 0.543 0.33 0.450 0.035

15 0.3 0.19 0.13 0.545 0.19 0.207 0.004

16 0.4 0.25 0.16 0.506 0.25 0.270 0.008

17 0.53 0.4 0.2 0.434 0.4 0.377 0.022

18 0.28 0.18 0.08 0.356 0.18 0.180 0.002

19 0.41 0.27 0.15 0.451 0.27 0.277 0.009

20 0.31 0.27 0.14 0.484 0.27 0.240 0.006

21 0.08 0.06 0.4 5.774 0.06 0.180 0.001

22 0.71 0.55 0.5 0.800 0.55 0.587 0.102

23 0.2 0.11 0.08 0.539 0.11 0.130 0.001

24 0.36 0.26 0.01 0.033 0.26 0.210 0.000

25 0.55 0.45 0.18 0.362 0.45 0.393 0.023

26 0.56 0.45 0.36 0.717 0.45 0.457 0.048

27 0.43 0.43 0.3 0.698 0.43 0.387 0.029

28 0.14 0.13 0.04 0.296 0.13 0.103 0.000

29 0.66 0.48 0.02 0.036 0.48 0.387 0.003

30 0.4 0.3 0.23 0.664 0.3 0.310 0.014

31 0.14 0.13 0.05 0.371 0.13 0.107 0.000

32 0.55 0.48 0.32 0.623 0.48 0.450 0.044
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Hydraulic Analysis Report 

Project Data 

0.6 0 0% 0% 100%

0.55 2 6% 6% 94%

0.5 0 0% 6% 94%

0.45 4 13% 19% 81%

0.4 5 16% 34% 66%

0.35 1 3% 38% 63%

0.3 4 13% 50% 50%

0.25 4 13% 63% 38%

0.2 1 3% 66% 34%

0.15 4 13% 78% 22%

0.1 4 13% 91% 9%

0.05 3 9% 100% 0%

Pan 0 0% 100% 0%

Total Samples 32

Structure #         

K-08-D
Cebolla Creek at SH 149

Sieve Size (ft)
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   Project Title:  K-08-D   

   Designer:     

   Project Date:  Thursday, September 26, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Hydraulic Toolbox GSD 

Notes:  
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Image Gradation Input Parameters 

Name: DSCF0048 

Gradation Type: Image Gradation 
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Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0048.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 202 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.042023 0 0 0.000000 

 0.059429 0 0 0.000000 

 0.084046 0 0 0.000000 

 0.118859 2 2 0.087451 

 0.168092 7 9 0.393529 

 0.237718 18 27 1.180586 

 0.336184 38 65 2.842151 

 0.475436 81 146 6.383909 

 0.672368 147 293 12.811544 

 0.950872 272 565 24.704854 

 1.344736 439 1004 43.900306 

 1.901744 568 1572 68.736336 

 2.689472 479 2051 89.680805 

 3.803487 236 2287 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.4210 in 

D15: 0.7236 in 

D50: 1.4815 in 

D85: 2.5134 in 

D100: 3.8035 in 

 

Image Gradation Input Parameters 

Name: DSCF0049 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0049.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 199 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.034124 0 0 0.000000 

 0.048259 0 0 0.000000 

 0.068248 0 0 0.000000 

 0.096518 0 0 0.000000 

 0.136497 2 2 0.099354 

 0.193036 5 7 0.347740 

 0.272994 13 20 0.993542 

 0.386072 26 46 2.285147 

 0.545988 66 112 5.563835 

 0.772143 117 229 11.376056 

 1.091975 229 458 22.752111 

 1.544286 317 775 38.499752 

 2.183951 348 1123 55.787382 

 3.088573 256 1379 68.504719 

 4.367902 561 1940 96.373572 

 6.177146 73 2013 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.5185 in 

D15: 0.8740 in 

D50: 1.9698 in 

D85: 3.8458 in 

D100: 6.1771 in 

 

Image Gradation Input Parameters 

Name: DSCF0051 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0051.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 192 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.059611 0 0 0.000000 

 0.084303 0 0 0.000000 

 0.119222 0 0 0.000000 

 0.168606 1 1 0.058824 

 0.238445 4 5 0.294118 

 0.337212 9 14 0.823529 

 0.476889 20 34 2.000000 

 0.674423 46 80 4.705882 

 0.953779 80 160 9.411765 

 1.348847 159 319 18.764706 

 1.907557 217 536 31.529412 

 2.697694 223 759 44.647059 

 3.815115 273 1032 60.705882 

 5.395387 325 1357 79.823529 

 7.630230 193 1550 91.176471 

 10.790775 150 1700 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6919 in 

D15: 1.1898 in 

D50: 3.0702 in 

D85: 6.4144 in 

D100: 10.7908 in 

 

Image Gradation Input Parameters 

Name: DSCF0052 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0052.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 195 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.041380 0 0 0.000000 

 0.058520 0 0 0.000000 

 0.082760 0 0 0.000000 

 0.117040 0 0 0.000000 

 0.165520 2 2 0.106724 

 0.234080 6 8 0.426894 

 0.331040 12 20 1.067236 

 0.468161 31 51 2.721451 

 0.662079 66 117 6.243330 

 0.936322 115 232 12.379936 

 1.324159 175 407 21.718250 

 1.872643 227 634 33.831377 

 2.648317 372 1006 53.681964 

 3.745286 287 1293 68.996798 

 5.296635 263 1556 83.030950 

 7.490572 125 1681 89.701174 

 10.593269 193 1874 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.5936 in 

D15: 1.0451 in 

D50: 2.5044 in 

D85: 5.9443 in 

D100: 10.5933 in 

 

Image Gradation Input Parameters 

Name: DSCF0054 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0054.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 182 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.043086 0 0 0.000000 

 0.060933 0 0 0.000000 

 0.086172 0 0 0.000000 

 0.121866 1 1 0.052247 

 0.172344 3 4 0.208986 

 0.243732 6 10 0.522466 

 0.344688 14 24 1.253918 

 0.487463 31 55 2.873563 

 0.689377 76 131 6.844305 

 0.974926 136 267 13.949843 

 1.378754 202 469 24.503657 

 1.949852 307 776 40.543365 

 2.757507 454 1230 64.263323 

 3.899704 211 1441 75.287356 

 5.515015 376 1817 94.932079 

 7.799409 97 1914 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.5956 in 

D15: 1.0151 in 

D50: 2.2718 in 

D85: 4.6983 in 

D100: 7.7994 in 

 

Image Gradation Input Parameters 

Name: DSCF0057 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0057.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 186 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.028437 0 0 0.000000 

 0.040216 0 0 0.000000 

 0.056874 0 0 0.000000 

 0.080432 0 0 0.000000 

 0.113747 1 1 0.068634 

 0.160863 2 3 0.205903 

 0.227495 5 8 0.549073 

 0.321726 11 19 1.304049 

 0.454990 23 42 2.882636 

 0.643453 40 82 5.628003 

 0.909980 81 163 11.187371 

 1.286906 160 323 22.168840 

 1.819960 238 561 38.503775 

 2.573812 272 833 57.172272 

 3.639919 135 968 66.437886 

 5.147623 192 1160 79.615649 

 7.279839 297 1457 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6003 in 

D15: 1.0408 in 

D50: 2.2842 in 

D85: 5.7108 in 

D100: 7.2798 in 

 

Image Gradation Input Parameters 

Name: DSCF0059 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0059.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 193 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.030610 0 0 0.000000 

 0.043288 0 0 0.000000 

 0.061219 0 0 0.000000 

 0.086577 0 0 0.000000 

 0.122438 1 1 0.064020 

 0.173154 2 3 0.192061 

 0.244876 5 8 0.512164 

 0.346308 12 20 1.280410 

 0.489753 27 47 3.008963 

 0.692615 48 95 6.081946 

 0.979506 74 169 10.819462 

 1.385230 118 287 18.373880 

 1.959011 171 458 29.321383 

 2.770460 264 722 46.222791 

 3.918023 366 1088 69.654289 

 5.540921 186 1274 81.562100 

 7.836046 288 1562 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6212 in 

D15: 1.2040 in 

D50: 2.9555 in 

D85: 5.9689 in 

D100: 7.8360 in 

 

Image Gradation Input Parameters 

Name: DSCF0063 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0063.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 183 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.027888 0 0 0.000000 

 0.039440 0 0 0.000000 

 0.055776 0 0 0.000000 

 0.078879 0 0 0.000000 

 0.111552 1 1 0.075131 

 0.157758 3 4 0.300526 

 0.223104 6 10 0.751315 

 0.315516 13 23 1.728024 

 0.446208 29 52 3.906837 

 0.631033 44 96 7.212622 

 0.892415 88 184 13.824192 

 1.262066 122 306 22.990233 

 1.784831 193 499 37.490609 

 2.524132 331 830 62.359128 

 3.569661 225 1055 79.263711 

 5.048263 0 1055 79.263711 

 7.139323 276 1331 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.5073 in 

D15: 0.9398 in 

D50: 2.1567 in 

D85: 5.6267 in 

D100: 7.1393 in 

 

Image Gradation Input Parameters 

Name: DSCF0069 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0069.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 188 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.025524 0 0 0.000000 

 0.036097 0 0 0.000000 

 0.051048 0 0 0.000000 

 0.072193 0 0 0.000000 

 0.102097 2 2 0.124766 

 0.144387 4 6 0.374298 

 0.204194 11 17 1.060512 

 0.288774 26 43 2.682470 

 0.408388 50 93 5.801622 

 0.577547 98 191 11.915159 

 0.816775 150 341 21.272614 

 1.155095 174 515 32.127261 

 1.633551 272 787 49.095446 

 2.310190 210 997 62.195883 

 3.267102 298 1295 80.786026 

 4.620380 308 1603 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-377 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.3776 in 

D15: 0.6564 in 

D50: 1.6803 in 

D85: 3.5639 in 

D100: 4.6204 in 

 

Image Gradation Input Parameters 

Name: DSCF0070 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0070.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 178 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.033206 0 0 0.000000 

 0.046961 0 0 0.000000 

 0.066413 0 0 0.000000 

 0.093921 2 2 0.110193 

 0.132825 4 6 0.330579 

 0.187843 11 17 0.936639 

 0.265650 25 42 2.314050 

 0.375686 47 89 4.903581 

 0.531300 102 191 10.523416 

 0.751372 166 357 19.669421 

 1.062600 275 632 34.820937 

 1.502744 291 923 50.853994 

 2.125201 394 1317 72.561983 

 3.005488 223 1540 84.848485 

 4.250401 275 1815 100.000000 
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Two sediment samples were collected from the channel bed near Bridge L-07-A.  Results of the 

sediment size analysis for the sediment sample collected from the channel are presented below in 

both tabular and graphical formats.  

 

Figure G.16.1.  

 Photo of sediment sample from the L-07-A site 

 
 

Table G.16.1. 
Sediment sieve analysis 

Sample ID: L-07-A Lake Fork Gunnison River 
Sample Description: 1 of 2 

Performed by: JE 
Date: 9-11-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

8 93% 

2 80% 

1 70% 

0.5 41% 

0.25 14% 

0.125 3% 

0.063 1% 
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Figure G.16.2.  

 Grain size gradation curve for the sediment sample collected from Lake Fork Gunnison River 
in the vicinity of L-07-A  
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Table G.16.2.  

 Grain size gradation computations for the sediment sample collected from Lake Fork Gunnison River 
in the vicinity of L-07-A 

Structure 
# L-07-A 

Waterbody - Lake 
Fork Gunnison River 

Sample # 1 of 2 
Performed by: JE 

Date: 9/11/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

8 525.51 627.1 101.59 7% 7% 93% 

2 479.61 659.86 180.25 13% 20% 80% 

1 500.31 653.16 152.85 11% 30% 70% 

0.5 441.02 847.43 406.41 28% 59% 41% 

0.25 392.91 789.71 396.8 28% 86% 14% 

0.125 377.3 521.39 144.09 10% 97% 3% 

0.063 359.61 399.39 39.78 3% 99% 1% 

Pan 371.72 381.58 9.86 1% 100% 0% 

    Total Weight of Sample 1431.63       
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Figure G.16.3.  

 Photo of sediment sample from the L-07-A site 

 
 

Table G.16.3. 
Sediment sieve analysis 

Sample ID: L-07-A Lake Fork Gunnison River 
Sample Description: 2 of 2 

Performed by: JE 
Date: 9-11-2012 

Sieve Size 
(mm) 

% Finer 

44.45 100% 

4 81% 

2 79% 

1 75% 

0.5 74% 

0.25 25% 

0.125 6% 

0.075 2% 
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Figure G.16.4.  

 Grain size gradation curve for the sediment sample collected from Lake Fork Gunnison River 
 in the vicinity of L-07-A 
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Table G.16.4.  

 Grain size gradation computations for the sediment sample collected from Lake Fork Gunnison River 
in the vicinity of L-07-A 

Structure #  
L-07-A 

Waterbody - Lake 
Fork Gunnison River  

Sample # 2 of 2 
Performed by: JE 

Date: 9/11/2012 

Sieve Size 
(mm) 

Weight of Sieve (g) Weight of Sieve + Soil     
(g) 

Weight of Soil   
(g) 

% 
Retained 

Cumulative % 
Ret. 

% 
Finer 

44.45 0 0 0 0% 0% 100% 

4 491.59 829.33 337.74 19% 19% 81% 

2 479.61 510.21 30.6 2% 21% 79% 

1 500.31 569.18 68.87 4% 25% 75% 

0.5 441.02 458.18 17.16 1% 26% 74% 

0.25 392.91 1262.2 869.29 49% 75% 25% 

0.125 377.3 710.84 333.54 19% 94% 6% 

0.075 321.91 404.41 82.5 5% 98% 2% 

Pan 371.72 399.11 27.39 2% 100% 0% 

    Total Weight of Sample 1767.09       
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Pebble Count Grain Size Distribution 

 

 

 

 

 

 

 

 

 

 

 

Region Structure ID County Facility Carried Mile Marker POA Fiscal Year Feature Intersected D50 min from POA D50 max from POA Date

3 L-07-A Gunnison SH 149 ML 86.7 2013 Lake Fork Gunnison River 0.35 0.6 8/8/2013

Sample # A (ft) B (ft) C (ft) Shape Factor Ds (ft) Davg (ft) Volume  (ft³)

1 0.3 0.015 0.01 0.149 0.015 0.108 0.000

2 0.18 0.14 0.07 0.441 0.14 0.130 0.001

3 0.6 0.4 0.37 0.755 0.4 0.457 0.046

4 0.1 0.07 0.05 0.598 0.07 0.073 0.000

5 0.4 0.23 0.2 0.659 0.23 0.277 0.010

6 0.27 0.21 0.13 0.546 0.21 0.203 0.004

7 0.48 0.35 0.3 0.732 0.35 0.377 0.026

8 0.45 0.37 0.2 0.490 0.37 0.340 0.017

9 0.48 0.31 0.15 0.389 0.31 0.313 0.012

10 0.75 0.52 0.45 0.721 0.52 0.573 0.092

11 0.48 0.39 0.2 0.462 0.39 0.357 0.020

12 0.95 0.9 0.45 0.487 0.9 0.767 0.201

13 0.68 0.37 0.26 0.518 0.37 0.437 0.034

14 0.46 0.32 0.15 0.391 0.32 0.310 0.012

15 0.85 0.75 0.4 0.501 0.75 0.667 0.134

16 1.2 0.9 0.7 0.674 0.9 0.933 0.396

17 0.71 0.45 0.15 0.265 0.45 0.437 0.025

18 1.3 0.8 0.4 0.392 0.8 0.833 0.218

19 1 0.4 0.32 0.506 0.4 0.573 0.067

20 0.16 0.11 0.08 0.603 0.11 0.117 0.001

21 0.38 0.3 0.18 0.533 0.3 0.287 0.011

22 0.58 0.35 0.19 0.422 0.35 0.373 0.020

23 1.1 0.6 0.5 0.615 0.6 0.733 0.173

24 0.46 0.38 0.34 0.813 0.38 0.393 0.031

25 0.38 0.18 0.1 0.382 0.18 0.220 0.004

26 0.9 0.75 0.4 0.487 0.75 0.683 0.141

27 0.66 0.55 0.15 0.249 0.55 0.453 0.029

28 0.14 0.1 0.08 0.676 0.1 0.107 0.001

29 0.24 0.15 0.08 0.422 0.15 0.157 0.002

30 0.8 0.8 0.35 0.438 0.8 0.650 0.117

31 0.45 0.4 0.35 0.825 0.4 0.400 0.033

32 1 0.7 0.7 0.837 0.7 0.800 0.257
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Hydraulic Analysis Report 

Project Data 

1 0 0% 0% 100%

0.9 2 6% 6% 94%

0.8 2 6% 13% 88%

0.7 3 9% 22% 78%

0.6 1 3% 25% 75%

0.5 2 6% 31% 69%

0.4 3 9% 41% 59%

0.3 9 28% 69% 31%

0.2 2 6% 75% 25%

0.1 5 16% 91% 9%

0.01 3 9% 100% 0%

Total Samples 32

Structure #         

L-07-A
Lake Fork Gunnison River at SH 149

Sieve Size (ft)
Samples 

Retained
% Retained

Cumulative 

% Ret.
% Finer
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   Project Title:  L-07-A   

   Designer:     

   Project Date:  Thursday, September 26, 2013   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Wolman Count Analysis: Rock/Sediment Gradation Analysis 

Notes:  
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Image Gradation Input Parameters 
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Name: DSCF0071 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0071.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 183 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.028797 0 0 0.000000 

 0.040725 0 0 0.000000 

 0.057594 0 0 0.000000 

 0.081450 0 0 0.000000 

 0.115187 2 2 0.125156 

 0.162899 4 6 0.375469 

 0.230374 12 18 1.126408 

 0.325799 28 46 2.878598 

 0.460749 58 104 6.508135 

 0.651597 131 235 14.705882 

 0.921498 236 471 29.474343 

 1.303195 338 809 50.625782 

 1.842995 365 1174 73.466834 

 2.606389 347 1521 95.181477 

 3.685991 77 1598 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.4047 in 

D15: 0.6570 in 

D50: 1.2919 in 

D85: 2.2485 in 

D100: 3.6860 in 

 

Image Gradation Input Parameters 

Name: DSCF0073 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0073.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 182 

  Morphologic Iterations: 1 

  Resolution: 30 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.021481 0 0 0.000000 

 0.030379 0 0 0.000000 

 0.042963 0 0 0.000000 

 0.060758 0 0 0.000000 

 0.085925 0 0 0.000000 

 0.121517 2 2 0.164609 

 0.171851 5 7 0.576132 

 0.243034 11 18 1.481481 

 0.343702 35 53 4.362140 

 0.486068 78 131 10.781893 

 0.687404 149 280 23.045267 

 0.972136 237 517 42.551440 

 1.374807 279 796 65.514403 

 1.944271 215 1011 83.209877 

 2.749615 147 1158 95.308642 

 3.888543 57 1215 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.3578 in 

D15: 0.5553 in 

D50: 1.1028 in 

D85: 2.0634 in 

D100: 3.8885 in 

 

Image Gradation Input Parameters 

Name: DSCF0074 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0074.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 172 

  Morphologic Iterations: 1 

  Resolution: 29 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.024126 0 0 0.000000 

 0.034119 0 0 0.000000 

 0.048252 0 0 0.000000 

 0.068238 0 0 0.000000 

 0.096504 0 0 0.000000 

 0.136477 1 1 0.103413 

 0.193007 3 4 0.413650 

 0.272953 8 12 1.240951 

 0.386014 20 32 3.309204 

 0.545907 41 73 7.549121 

 0.772028 103 176 18.200620 

 1.091813 115 291 30.093071 

 1.544057 169 460 47.569804 

 2.183626 237 697 72.078594 

 3.088114 226 923 95.449845 

 4.367252 44 967 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.4498 in 

D15: 0.7041 in 

D50: 1.6075 in 

D85: 2.6837 in 

D100: 4.3673 in 

 

Image Gradation Input Parameters 

Name: DSCF0079 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0079.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 186 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.035315 0 0 0.000000 

 0.049942 0 0 0.000000 

 0.070629 0 0 0.000000 

 0.099885 0 0 0.000000 

 0.141258 1 1 0.101010 

 0.199770 3 4 0.404040 

 0.282517 5 9 0.909091 

 0.399539 7 16 1.616162 

 0.565034 14 30 3.030303 

 0.799078 16 46 4.646465 

 1.130067 30 76 7.676768 

 1.598156 68 144 14.545455 

 2.260134 140 284 28.686869 

 3.196313 240 524 52.929293 

 4.520269 263 787 79.494949 

 6.392625 203 990 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.8377 in 

D15: 1.6194 in 

D50: 3.0832 in 

D85: 5.0229 in 

D100: 6.3926 in 

 

Image Gradation Input Parameters 

Name: DSCF0082 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0082.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 185 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.033450 0 0 0.000000 

 0.047305 0 0 0.000000 

 0.066899 0 0 0.000000 

 0.094610 0 0 0.000000 

 0.133799 1 1 0.111982 

 0.189220 2 3 0.335946 

 0.267598 5 8 0.895857 

 0.378441 11 19 2.127660 

 0.535196 20 39 4.367301 

 0.756881 41 80 8.958567 

 1.070392 54 134 15.005599 

 1.513762 114 248 27.771557 

 2.140783 169 417 46.696529 

 3.027524 68 485 54.311310 

 4.281566 212 697 78.051512 

 6.055049 0 697 78.051512 

 8.563132 196 893 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.5657 in 

D15: 1.0701 in 

D50: 2.5255 in 

D85: 6.8491 in 

D100: 8.5631 in 

 

Image Gradation Input Parameters 

Name: DSCF0083 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0083.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 188 

  Morphologic Iterations: 1 

  Resolution: 33 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.034291 0 0 0.000000 

 0.048495 0 0 0.000000 

 0.068583 0 0 0.000000 

 0.096991 0 0 0.000000 

 0.137166 1 1 0.096246 

 0.193982 2 3 0.288739 

 0.274332 6 9 0.866218 

 0.387963 12 21 2.021174 

 0.548663 20 41 3.946102 

 0.775927 34 75 7.218479 

 1.097326 49 124 11.934552 

 1.551854 79 203 19.538017 

 2.194652 83 286 27.526468 

 3.103707 107 393 37.824832 

 4.389305 85 478 46.005775 

 6.207415 405 883 84.985563 

 8.778610 156 1039 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.6219 in 

D15: 1.2806 in 

D50: 4.5756 in 

D85: 6.2099 in 

D100: 8.7786 in 

 

Image Gradation Input Parameters 

Name: DSCF0084 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0098.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 176 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.039564 0 0 0.000000 

 0.055951 0 0 0.000000 

 0.079127 0 0 0.000000 

 0.111903 0 0 0.000000 

 0.158254 0 0 0.000000 

 0.223805 0 0 0.000000 

 0.316508 1 1 0.181488 

 0.447610 3 4 0.725953 

 0.633017 4 8 1.451906 

 0.895221 10 18 3.266788 

 1.266033 23 41 7.441016 

 1.790441 33 74 13.430127 

 2.532066 42 116 21.052632 

 3.580882 130 246 44.646098 

 5.064133 128 374 67.876588 

 7.161765 43 417 75.680581 

 10.128265 134 551 100.000000 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-404 
 

Gradation Result Parameters 

Gradation Result Parameters 

D5: 1.0492 in 

D15: 1.9432 in 

D50: 3.9227 in 

D85: 8.2986 in 

D100: 10.1283 in 

 

Image Gradation Input Parameters 

Name: DSCF0098 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0098.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 194 

  Morphologic Iterations: 1 

  Resolution: 38 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.025632 0 0 0.000000 

 0.036249 0 0 0.000000 

 0.051263 0 0 0.000000 

 0.072497 0 0 0.000000 

 0.102527 2 2 0.101420 

 0.144995 4 6 0.304260 

 0.205053 12 18 0.912779 

 0.289989 24 42 2.129817 

 0.410106 56 98 4.969574 

 0.579978 118 216 10.953347 

 0.820213 204 420 21.298174 

 1.159956 252 672 34.077079 

 1.640426 319 991 50.253550 

 2.319913 241 1232 62.474645 

 3.280852 264 1496 75.862069 

 4.639825 314 1810 91.784990 

 6.561704 162 1972 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.4110 in 

D15: 0.6740 in 

D50: 1.6329 in 

D85: 4.0607 in 

D100: 6.5617 in 

 

Image Gradation Input Parameters 

Name: DSCF0103 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0103.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 178 

  Morphologic Iterations: 1 

  Resolution: 32 % 

  Flood Depth: 0.9 px 



Bridge Scour for Colorado Streams   

 

Prepared by Hydrau-Tech, Inc.         G-407 
 

Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.030284 0 0 0.000000 

 0.042828 0 0 0.000000 

 0.060568 0 0 0.000000 

 0.085656 0 0 0.000000 

 0.121136 0 0 0.000000 

 0.171313 2 2 0.253165 

 0.242273 2 4 0.506329 

 0.342625 7 11 1.392405 

 0.484545 16 27 3.417722 

 0.685250 29 56 7.088608 

 0.969090 53 109 13.797468 

 1.370500 68 177 22.405063 

 1.938180 96 273 34.556962 

 2.741001 142 415 52.531646 

 3.876360 170 585 74.050633 

 5.482001 80 665 84.177215 

 7.752721 125 790 100.000000 
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Gradation Result Parameters 

Gradation Result Parameters 

D5: 0.5711 in 

D15: 1.0252 in 

D50: 2.6279 in 

D85: 5.6001 in 

D100: 7.7527 in 

 

Image Gradation Input Parameters 

Name: DSCF0106 

Gradation Type: Image Gradation 

Number of Images: 1 

Image Path: Hydraulic Toolbox GSD_Images\DSCF0106.JPG 

 Scale Line Length: 24 in 

 Median Filter Radius: 2 px 

 Background Subtraction Radius: 3 px 

 Advanced Controls: 

  Automate Threshold Selection 

  Threshold Value: 177 

  Morphologic Iterations: 1 

  Resolution: 31 % 

  Flood Depth: 0.9 px 
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Gradation Results 

 

Particle Size in Particle count Cumulative Particle count Cumulative Percent Finer 
(%) 

 0.030082 0 0 0.000000 

 0.042543 0 0 0.000000 

 0.060164 0 0 0.000000 

 0.085085 0 0 0.000000 

 0.120329 0 0 0.000000 

 0.170171 2 2 0.193798 

 0.240658 3 5 0.484496 

 0.340341 7 12 1.162791 

 0.481315 13 25 2.422481 

 0.680683 26 51 4.941860 

 0.962631 55 106 10.271318 

 1.361365 66 172 16.666667 

 1.925261 112 284 27.519380 

 2.722731 71 355 34.399225 

 3.850523 242 597 57.848837 

 5.445462 346 943 91.375969 

 7.701046 89 1032 100.000000 
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APPENDIX E – EXISTING BRIDGE PLANS & SUBSURFACE INFORMATION 
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