
MEMORANDUM 

 

DEPARTMENT OF TRANSPORTATION 
Region 3 
 
606 South 9th Street 
Grand Junction, Colorado 81501 
(970) 683-6354  FAX# (970) 248-7391 
stuart.gardner@dot.state.co.us 

DeBeque Canyon Bridge 
Plan of Action 
Structure  G-04-BA 
 

Date: September 28, 2009 
To: File 
From: Stuart Gardner – Region 3 Hydraulics Engineer 
Subject: Scour Critical Plan of Action 
 
The purpose of this memorandum is to present the Plan of Action (POA) for the Scour Critical 
Bridge on I-70 near DeBeque, Structure Number G-04-BA, Milepost 58.055. This memo serves 
as an Executive Summary. Detailed reports are attached. 
 
Structure G-04-BA was identified as Scour Critical due to the meandering of the Colorado 
River upstream of the structure, which produced a severe angle of attack on the bridge piers, 
which resulted in scouring of the riverbed to a depth below the pier pile caps. The scour depth 
below the pile caps produced an unsupported pile length which is believed to be unstable and 
may buckle.  
 
Ayres Associates was retained to study the stream reach and produce a report with mitigation 
alternatives. This study was completed in December 2008. Region 3 Hydraulics prepared an 
Executive Summary of the report, and held a meeting in January 2009. The purpose of that 
meeting was to select a countermeasure and proceed with plans for a bid package to repair the 
bridge. The selected alternative was to construct new piers for the bridge, with the removal of 
Pier Two below the new pier element, and to stabilize the Right Bank of the river upstream of 
the bridge. The plans and specifications have been subsequently prepared, bids were opened 
September 3, 2009, GA Western is the apparent low bidder. Construction is expected to begin 
October 2009.  
 
 
Attachments: 
 
Scour Countermeasures Options Memorandum dated December 19, 2008 
Ayres Associates Scour Countermeasure Investigation dated December 2008 
Highway Construction Bid Plans dated July 28, 2009 
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Region 3 
 
606 South 9th Street 
Grand Junction, Colorado 81501 
(970) 683-6354  FAX# (970) 248-7391 
stuart.gardner@dot.state.co.us 

DeBeque Canyon Bridge 
Scour Countermeasures Study 
 

Date: December 19, 2008 
To: Craig Snyder, PE – Resident Engineer 
From: Stuart Gardner, PE – Region 3 Hydraulics Engineer 
Subject: Scour Countermeasures Options 
 
The purpose of this memorandum is to present findings and options for scour 
countermeasures for the I-70 bridge near DeBeque, Structure Number G-04-BA, Milepost 
58.055. This memo serves as an Executive Summary, and is written with the assumption that 
the reader is familiar with the project and the bridge’s scour critical history. 
 
The objective of this project is to construct a scour countermeasure that will make the bridge 
scour-proof to at least a 500-year runoff event. To that end, CDOT retained Ayres Associates 
to produce a Scour Countermeasure Investigation report to study the bridge and its environs, 
and present countermeasure alternatives and recommendations. Ayres Associates was 
selected to prepare this report because they have extensive experience and  are recognized 
nationally for their expertise with Bridge Scour, Scour Countermeasures, and River 
Geomorphology. The results of that report and CDOT’s internal discussions are summarized in 
this memo. 
 
Pier Two of the bridge has been observed to scour to depths well into the pile foundation, 
leaving the piles vulnerable to buckling which would result in a catastrophic bridge collapse. 
The primary way to prevent pile buckling is to stabilize the foundation. To that end, a pier 
retrofit has been proposed and a sketch design created by CDOT Staff Bridge as seen in 
Figure One. It is recommended that all three piers be retrofitted. 
 
The two options considered for the retrofit are to: 1) Leave the remainder of the existing pier 
below the 12’ diaphragm (shown in Fig. 1) or 2) Remove the existing pier below the diaphragm. 
 
If the existing pier is not removed below the retrofit, the overall resulting pier geometry will be 
considerably larger than the current pier. This will present a larger obstruction to the river’s 
flow, and will result in a larger scour hole around the pier. The scour hole has been 
documented to reach nearly to the extents of the Abutment One riprap protection, which 
jeopardizes the safety of Abutment One. It is important to note that the scour hole 
measurement was performed post-runoff event, which means that the scour hole that occurred 
during the peak of the runoff event was most likely larger than what was measured, which 
means the scour hazard to Abutment One is likely higher than what has been documented. 
Therefore, leaving the existing pier below the diaphragm without additional countermeasures is 



Figure One – Pier Details 

not acceptable. The recommended additional countermeasures are to properly design and 
install pier scour armoring at Pier Two, and channel realignment with a Longitudinal Dike 
constructed parallel to the bridge piers, in line with Abutment One, and extending 500 to 600 
feet upstream of the bridge. In order for this countermeasure to be effective, much of the 
cobble bank along the left side of the river will need to be removed, some of which would need 
to be beyond the existing CDOT Right of Way.  See Figure Two. This work will bring the 
channel into alignment with the bridge piers and minimize the scour hole at the piers. 
 
If the existing pier is removed below the proposed diaphragm, it will open up a large flow area 
between the proposed columns. Scour will still occur at the pier, but it will be reduced enough 
to minimize the threat  to Abutment One. However, work upstream of the bridge will still be 
required. The recommended countermeasure is a series of Bendway Weirs along the right 
bank of the stream channel with additional armoring in between. The weirs will serve to hold 
the bank in its current alignment, encourage deposition between the weirs, and encourage the 
channel to move to the left which will improve the hydraulics at the bridge. No work on the left 
bank is recommended. See Figure Three.  
 
These alternatives and others will be discussed in greater detail during the January 13, 2009 
Design Decision Meeting. 



 

Figure Two – Longitudinal Dike 

Figure Three – Bendway Weirs 
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1. INTRODUCTION 
 
1.1 Site Description  
 
Bridge G-04-BA is located approximately four miles downstream of DeBeque, Colorado near 
milepost 58 along westbound Interstate 70 (I-70).  The Colorado River in the vicinity of 
DeBeque Canyon is an actively migrating channel over a gravel to coarse cobble bed 
material with sandy gravel banks.  Figure 1.1 presents the project location. 
 

 
Figure 1.1.  Westbound I-70 over the Colorado River site location (Google Earth Pro 2008).  
 
Bridge G-04-BA was constructed in 1981, is approximately 420 ft long, and consists of 4 
spans with riprapped, spill-through abutments and concrete solid-wall piers supported by pile 
foundations.  Bridge G-04-BA over the Colorado River is located just upstream of the apex of 
a sharp bend in the channel that turns to the right (southwest).  The Colorado River in the 
vicinity of Bridge G-04-BA is generally a single-thread meandering channel with active point 
and island bars and a coarse cobble bed.  Historically, the channel meandered and changed 
location throughout a larger alluvial floodplain as evidenced by meander scars and 
abandoned oxbow lakes on the adjacent floodplain.  Just downstream of Bridge G-04-BA the 
river is laterally confined within DeBeque Canyon by exposed bedrock. 
 
Within the last 30 years an island has formed upstream of Pier 4 that has become vegetated 
with willow and other shrub species causing local split flow patterns during lower flows.  
Overbank regions consist of a small to moderate sized floodplain with low-lying vegetation 
and brush interspersed with pockets of mature trees.  At the bridge the right bank is 3 to 5 ft 
high and relatively unvegetated.  The left bank at the bridge is 6 to 8 ft high and moderately 
vegetated with willow, tamarisk, and other shrub species.  The river is bounded by a high 
relief valley and sparsely vegetated hill slopes to the north and south.  USGS gaging site 
09095500 is located 4.5 miles downstream of the bridge and provides real-time discharge 
information.   

Bridge G-04-BA 
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Large quarried riprap was mounded at Pier 2 in 2003 and Pier 3 in 2008 in an urgent attempt 
to protect the bridge foundations from observed scour at the noses of both piers.  Migration 
of the right riverbank has resulted in a severe angle of attack at Pier 2 and a moderate to 
considerable angle of attack at Pier 3.  Riprap has been placed upstream of Abutment 1 
(right) to prevent flanking by local flow patterns and continued channel meandering, however 
it is in relatively poor condition and has been partially undermined by an eddy formation 
immediately upstream.   
 
In addition to scour and channel stability considerations, other concerns at Bridge G-04-BA 
are as follows,  
 
• Habitat – this section of the Colorado River is protected habitat for four endangered fish 

species.  These four fish are the Colorado pike minnow, razorback sucker, bonytail and 
humpback chub 

 
• Environmental – Just upstream of the bridge, at about the 2-year event a portion of the 

flow spills over the right channel bank upstream of the bridge and follows the road 
embankment, rejoining the main channel about a mile downstream.  The split flow 
channel is a natural part of the Colorado River in this section allowing for the formation of 
wetland areas used by various wildlife. 
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2. HYDRAULIC MODELING  
 
A hydraulic analysis was conducted using the U.S. Army Corps of Engineers HEC-RAS v.4.0 
computer software (USACE 2008).  The analysis was conducted for current conditions and 
realigned-channel conditions. Each condition was modeled for the 2-, 100-, and 500-year 
recurrence interval events, as provided by CDOT personnel.  The incipient right-bank 
overtopping event for the split flow path was also evaluated and determined to occur 
between the 2- and 3-year events.  
 
2.1 Model Development  
 
Geometric data used in the analysis were derived from publicly available Digital Elevation 
Model (DEM) of the area, floodplain workmaps created by USACE in 1982, and the bridge 
design plans.  The vertical and horizontal datum of the model are the North American 
Vertical Datum of 1988 (NAVD) and Universal Transverse Mercator North American Datum 
(UTM NAD) 1983 Zone 12, respectively.  The HEC-RAS model extends about 2000 feet 
upstream and 2300 feet downstream of the bridge.  The model includes thirteen cross 
sections and a lateral weir upstream of the bridge along the right bank to account for flow 
leaving the main channel and traveling along the split flow path.  A schematic of the HEC-
RAS model and cross section locations is shown in Figure 2.1, below.  
 
The bridge structure was modeled using the HEC-RAS bridge routines.  In the current 
conditions model, Piers 2, 3, and 4 were skewed 60-, 40- and 20-degrees respectively, 
based on complex local flow patterns and severe angle of attack observed during the field 
reconnaissance.  In the re-aligned conditions model Piers 2, 3, and 4 were skewed 15-
degrees, assuming the channel resumes the historic location corresponding to when the 
bridge was constructed. 
 
Manning's n values of 0.030 for the main channel and 0.08 to 0.10 for the overbanks were 
determined based upon field observations in conjunction with standard references (Chow 
1959, Barnes 1967).  Flow contraction and expansion into and out of the bridge were 
accounted for using the HEC-RAS ineffective flow option and increased contraction and 
expansion coefficients.  The downstream starting water-surface elevation was estimated 
using normal depth with the energy slope set equal 0.0025 ft/ft.  
 
Discharge values were set based upon a Flood Frequency Analysis (FFA), as performed by 
CDOT personnel, of annual peak flows at USGS gage 09095500 on the Colorado River near 
Cameo, CO.  Results for the FFA are shown below in Table 2.1.   
 
Hydraulic modeling indicated that incipient split flow on the right bank begins at 
approximately 13,700 cfs.  This was determined by adjusting the discharge rate in the model 
until the hydraulic grade line elevation along the lateral weir was approximately equal to the 
minimum weir crest elevation.  In the 100-year event, approximately 26,450 cfs continues in 
the main channel and 16,000 cfs is diverted along the split flow channel, see Figure 2.2.  
Profiles, cross section plots, and summary printout tables from HEC-RAS are included in 
Appendix A. 
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Figure 2.1.  HEC-RAS model cross sections for I-70 over the Colorado River. 

 
 

Lateral Weir
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  Table 2.1.  FFA Analysis of Annual Peak Flows 
                    at USGS Gage 09095500. 

 
Exceedance 

(%) 

Recurrence 
Interval 

(yrs) 

 
Flow  
(cfs) 

0.2 500 50200 
0.5 200 45900 
1 100 42500 
2 50.0 39000 
5 20.0 34000 

10 10.0 25500 
20 5.00 18200 
50 2.00 12500 
90 1.11 10100 
95 1.05 8320 
99 1.01 5650 
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Split flow begins 
approx. 2-yr 
event

Q100= 16,000 cfs

Q100= 26,500 cfs

Split flow begins 
approx. 2-yr 
event

Q100= 16,000 cfs

Q100= 26,500 cfs

 
Figure 2.2.  In the 100-year event 26,450 cfs flows in the main channel and 16,000 cfs is 

diverted along the split flow channel.   
 
2.2 Summary of Model Results 
 
Summaries of the hydraulic properties for the current conditions and re-aligned conditions at 
the contracted and approach sections for incipient split flow, 100- and 500-year events are 
shown in Tables 2.2 and 2.3, respectively.   
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Table 2.2.  Hydraulic Properties for Current Conditions. 

 Incipient split flow
Qsf=13,700 cfs 

100-Year 
Q100=42,500 cfs 

500-Year 
Q500=50,200 cfs 

Contracted (bridge) Section RS 2380 BRU 
Discharge (cfs) 13,675 26,450 29,000 
Flow Area (ft2) 1,900 3,070 3,260 
Average Velocity (ft/s) 7.2 8.6 8.9 
Hydraulic (average) Depth (ft) 6.0 9.2 9.7 
Top width (ft) 318 334 337 
Froude Number (channel) 0.50 0.52 0.53 

Approach Section RS 4553 
Discharge (cfs) 13,675 42,500 50,200 
Flow Area (ft2) 3,715 7,550 8,235 
Average Velocity (ft/s) 3.7 5.6 6.1 
Hydraulic (average) Depth (ft) 3.5 6.1 6.7 
Top width (ft) 1075 1230 1230 
Froude Number (channel) 0.40 0.56 0.60 

 
 

Table 2.3.  Hydraulic Properties for Re-Aligned Conditions. 
 100-Year 

Q100=42,500 cfs 
500-Year 

Q500=50,200 cfs 
Contracted (bridge) Section RS 2380 BRU 

Discharge (cfs) 27,240 29,960 
Flow Area (ft2) 3,280 3,485 
Average Velocity (ft/s) 8.3 8.6 
Hydraulic (average) Depth (ft) 9.5 10.0 
Top width (ft) 345 347 
Froude Number (channel) 0.49 0.50 

Approach Section RS 4553 
Discharge (cfs) 42,500 50,200 
Flow Area (ft2) 9,280 10,560 
Average Velocity (ft/s) 4.6 4.8 
Hydraulic (average) Depth (ft) 6.7 7.6 
Top width (ft) 1,395 1,395 
Froude Number (channel) 0.43 0.44 
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3. SCOUR ANALYSIS  
 
A quantitative evaluation of the scour potential was performed following procedures outlined 
in FHWA HEC-18, Fourth Edition (Richardson and Davis 2001).  Scour components 
considered in the calculations included contraction and pier scour.  Abutment scour was not 
quantified but was evaluated qualitatively.  Calculations were carried out for the 100-, 500-
year, and incipient split flow discharge.  Calculations were also carried out based upon 
current (severe angle of attack) and future (adjusted angle of attack) conditions.  
 
According to the HEC-18 critical velocity equation the approach section channel bed is 
immobile for the 100-year and incipient split-flow discharge, indicating clearwater contraction 
scour conditions for those events.  The HEC-18 critical velocity equation predicts a live-bed 
or mobile bed condition during the 500-year event.  Assumptions in the HEC-18 critical 
velocity equation are not consistent with the very coarse nature of the channel bed.  
Therefore, a separate incipient motion analysis was carried out to evaluate whether the 
channel bed is mobile, indicating whether live-bed or clear-water scour conditions govern.   
 
Incipient motion analysis was carried out by evaluating the effective shear stress on the 
channel bed in relation to the amount of shear stress that is required to move the sediment 
sizes that are present.  The shear stress required for bed mobilization was estimated using 
the Shields (1936) relation, given by: 
 

50sc D)( γ−γΦ=τ  
 
where τc is the critical shear stress for particle motion, Φ is the dimensionless critical shear 
stress (often referred to as the Shields parameter), γs is the unit weight of sediment (~165 
lb/ft3), γ is the unit weight of water (62.4 lb/ft3) and D50 is the median particle size of the bed 
material.  The Shields parameter was set equal to 0.03, which corresponds to incipient 
motion in gravel and cobble bed streams (see for example, Parker et al. 1982, Andrews 
1984). 
 
In performing the incipient motion analysis, the bed shear stress due to grain resistance (τ') 
is used rather than the total shear stress, because it is a better descriptor of the near-bed 
hydraulic conditions that are responsible for sediment movement.  The grain shear stress is 
computed from the following relation: 
 
τ' = γYS' 
 
where Y is the total hydraulic depth and S' is the portion of the energy slope associated with 
grain roughness (Einstein 1950).  The value of S' is computed by solving the semilogarithmic 
velocity profile equation: 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

s
'
* k

Y2.12log75.5
u
V  

 
where V is the mean velocity, ks is the characteristic grain roughness of the bed, and u*

'  is 
the shear velocity due to grain resistance given by: 
 

'gYSu'
* =  

 
The characteristic roughness height of the bed (ks) was assumed to be 3.5 D84 (Hey 1979). 
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The forgoing analysis indicates that the channel bed upstream and through the bridge 
opening would be immobile during the incipient split flow discharge, indicating clearwater 
contraction scour conditions and mobile during the 100- and 500-year discharge, indicating 
live-bed contraction scour conditions.  Using the HEC-18 live-bed and clearwater contraction 
scour equations the computed contraction scour depth was negative for all cases analyzed.  
This indicates that the contracted section has already achieved any expected contraction 
scour and therefore any further scour due to flow contraction is not likely.  
 
Pier scour calculations were carried out using the CSU Equation as presented in HEC-18, 
see Appendix B.  The K4 factor used to account for bed armoring was not used.  Pier scour 
calculations were carried out using the local pier calculation procedure (Richardson and 
Davis 2001).  A skew angle for Piers 2, 3, and 4 of 60-, 40-, and 20-degrees, respectively, 
was applied in the current conditions analysis.  A skew angle of 15-degrees was applied to 
Piers 2, 3, and 4 in the realigned conditions analysis.  Debris blockage and the obstructive 
width of existing boulder riprap at Piers 2 and 3 was not explicitly accounted for in the pier 
scour calculations.   
 
A summary of the results of the scour calculations for Pier 2 is presented in Table 3.1.  
Computed total scour depths are great enough to destabilize the pile foundations of all piers 
and scenarios analyzed.  Review of Table 3.1 indicates realigning the channel and reducing 
current skew angle does provide some benefit by reducing local pier scour.  However, the 
realigned conditions total scour is still likely to destabilize the pile foundations requiring pier 
scour countermeasures to be implemented in addition to any river training countermeasures 
considered to realign the channel to its historic (pre-1980) location. 

 
Table 3.1.  Summary of Scour Calculations for Pier 2. 

 Current Conditions Realigned 
Conditions 

Flow Event ISF* 100-Year 500-Year 100-Year 500-Year 
      

Long-term Degradation (ft) 0.0 0.0 0.0 0.0 0.0 
Contraction Scour (ft) 0.0 0.0 0.0 0.0 0.0 
Local (Pier) Scour (ft) 23.2 26.6 27.1 14.6 15.0 
Total Scour (ft) 23.2 26.6 27.1 14.6 15.0 
Initial Ground Elevation** (ft) 4850.8 4850.8 4850.8 4850.8 4850.8 
Scour Elevation** (ft) 4827.6 4824.2 4824.2 4836.2 4835.9 
      

Pile Tip Elevation*** (ft) 4821.7 4821.7 4821.7 4821.7 4821.7 
Pile Length (ft) 27.7 27.7 27.7 27.7 27.7 
Post Scour Pile Embedment (ft) 5.9 2.5 2.0 14.5 14.2 
  *Incipient Split Flow (ISF) 
 ** Elevations reference NAVD88–ft  
*** Pile tip elevation taken from bridge design plans 

 
3.1 Channel Stability Assessment 
 
A qualitative lateral channel stability assessment was performed for the study reach.  Aerial 
photographs from 1957, 1972, 1980, 1988, and 2005, obtained from CDOT personnel, were 
georectified and overlaid to determine approximately how much the channel and banks have 
changed location within the given time frame.  Results from this analysis are shown in 
Figures 3.1 and 3.2 and included in Appendix C.  
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Figure 3.1.  Colorado River historical banklines near DeBeque, CO. 

(Yellow - 1955, Red - 1980, Aerial image 2005) 

 
Review of Figures 3.1 and 3.2 indicates the river channel was relatively stable prior to 1980.  
After 1980 the right bank upstream of the bridge migrated to the west and an island formed 
extending from upstream to downstream of the bridge.  Given the relatively high frequency of 
the incipient split flow event and angle of attack issues on Piers 2 and 3, continued channel 
migration and possible channel avulsion is a serious concern for Bridge G-04-BA.  
Colonization of the channel island upstream of the bridge by willows and other shrub species 
will tend to facilitate/encourage the right bank to migrate further to the west.  Review of past 
aerial photos and observations during the field reconnaissance provide no basis to expect 
the channel migration will slow or stop in the future.  In fact, as the channel continues to 
migrate westward the rate of migration is likely to increase as the radius of curvature of the 
right bank decreases and the angle of attack at the bridge worsens.   
 
3.2 Scour Vulnerability Assessment 
 
Quantitative scour calculations indicated that pile foundations of the piers would likely 
become unstable during all events and scenarios analyzed, indicating a scour-critical 
situation.  Results from the current and realigned-channel conditions indicate that even if the 
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angle of attack issue is addressed at Piers 2 and 3, pier scour countermeasures will likely be 
required to protect the pile foundations from scour.  Existing boulder riprap placed at Piers 2 
and 3 should be removed due to mounding at the piers and the absence of filtering between 
the riprap and bed material and adequately designed pier scour countermeasures installed.  
The riprap currently mounded at the piers has the potential to be reused in a different 
location/application within the project reach to address lateral instability issues. 

 

 
Figure 3.2.  Colorado River historical banklines near DeBeque, CO. 

(Red - 1980, Cyan - 1998, Blue - 2005, Aerial image 2005) 
 
Channel training structures should be considered to address the potential for continued right 
bank migration and possible channel avulsion into the split flow path in the right overbank 
upstream of the bridge.  Due to the relatively high frequency of the incipient split-flow event 
and the amount of water conveyed in the split flow path during larger events, the potential for 
channel avulsion and bypass of Bridge G-04-BA is a significant concern that should be 
addressed.    
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4. SCOUR MITIGATION ALTERNATIVES  
 
Scour mitigation alternatives were determined using the Countermeasure Matrix presented 
by Lagasse et al. (2008 draft, see Appendix D), modified to accommodate project specifics.  
Functional applications examined included local scour at piers and lateral stream instability.  
Results of this analysis can be seen in Figure 4.1.  Countermeasure alternatives for the 
abutments were not examined in this study because field examinations indicated the riprap 
was in good condition. 
 

 

 
Figure 4.1.  Countermeasure selection matrix. 
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4.1 Local Pier Scour Mitigation 
 
Riprap was placed as an emergency pier scour mitigation measure at Pier 2 in 2003 and at 
Pier 3 in 2008.  The riprap was mounded around the pier to an approximate height of 6-8 feet 
above the level of the streambed.  Success rates are low when riprap is installed using this 
method and replacement with a properly designed and installed pier scour countermeasure 
is strongly recommended. 
 
Two basic methods may be used at this site to prevent damage from local scour at piers.  
The first measure is to prevent erosive vortices from forming or to reduce their strength and 
intensity.  The second method is to provide protection at or below the streambed to inhibit the 
development of a scour hole.   
 
Reducing the strength and intensity of erosive forces at the pier may be accomplished with 
abatement of lateral channel migration and realignment of the channel with the piers.  
Recommended methods of channel realignment are covered later in this report. 
 
4.1.1 Pier Geometry Modification 
 
In general, piers should be aligned with the main channel design flow direction and skew 
angles greater than 5 degrees should be avoided.  However, at this site flow direction has 
and is likely to continue to change with time and stage.  Piers oriented with flow direction at 
one point in time have skewed with flow direction to almost 60 degrees currently at Pier 2.  A 
single cylindrical pier or a row of 2 or 3 cylindrical columns with clear space at least 5 times 
the column diameter would produce a lesser depth of local scour in addition to eliminating 
future concern regarding flow direction.  In this active migrating stream channel pier 
replacement in conjunction with lateral stream migration abatement may be the ideal 
solution. 
 
4.1.2 Foundation Strengthening 
 
Foundation strengthening includes additions to the original structure, which will reinforce 
and/or extend the foundations of the bridge.  These countermeasures are designed to 
prevent failure when the channel bed is lowered to an expected scour elevation, or to restore 
structural integrity after scour has occurred.   
 
Piles (sheet, H beams or concrete) have been successfully used as a retrofit measure to 
lower the effective foundation elevation of structures where footings or pile caps have been 
exposed by scour.  Typically, the piling is placed around the pile footings and anchored to the 
pile cap or seal to retain or restore the bearing capacity of the foundation.  Though this is an 
option at the I-70 Bridge it is not recommended because the increased mass of the retrofit 
pile will produce a greater depth of scour.  
 
A retrofit option that should be considered at this site is replacement of the existing piers 
through extension of the foundation depth by installation of drilled caissons, transfer of load 
to the caissons, and removal of the existing pier walls and pile caps.  For this option to 
provide the desired benefits the existing pier structure must be removed.  This solution would 
provide added foundation strength as well as mitigate pier geometry and angle of attack 
concerns. 
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4.1.3 Riprap 
 
Riprap is commonly used to inhibit local scour at piers at existing bridges.  At the I-70 Bridge 
riprap was placed as an emergency scour mitigation measure at Pier 2 in 2003 and at Pier 3 
in 2008.  The riprap was mounded around the pier to an approximate height of 6-8 feet 
above the streambed.  Mounding riprap around a pier is not acceptable for design in most 
cases because it obstructs flow, captures debris, and increases scour at the periphery of the 
installation.  Additionally, the mounded riprap was placed without a filter.  A filter is highly 
recommended under riprap placed at bridge piers.  Backwater from the mounded riprap may 
even be contributing to the bulging of the right bank.  Though replacement of the existing 
riprap is recommended, it may be possible to salvage it for use in a lateral migration 
mitigation method. 
 
Properly constructed riprap can provide long-term protection if it is inspected and maintained 
on a periodic basis as well as after high flow events.  When properly designed and used for 
erosion protection, riprap has an advantage over rigid structures because it is flexible when 
under attack by river currents, it can remain functional even if some individual stones are 
lost, and it can be repaired relatively easily.   
 
Riprap should be placed in a pre-excavated hole around the pier so that the top of the riprap 
layer is level with the ambient channel bed elevation (Figure 4.2).  Placing the top of the 
riprap flush with the bed is ideal for inspection purposes, and does not create any added 
obstruction to the flow.  Using the HEC-23 methods, median riprap stone size, d50, was 
calculated to be 1.5 ft for a realigned flow direction, see Appendix E.  The riprap layer should 
have a minimum thickness of 3 times the d50 size of the rock.  If the decision is made not to 
correct the flow alignment through the bridge, the required riprap stone size and layer 
thickness will be greater. 
 
The importance of the filter component of any riprap installation should not be under-
estimated and is typically recommended at bridge piers.  There are two kinds of filters used 
in conjunction with riprap; granular filters and geotextile filters.  Some situations call for a 
composite filter consisting of both a granular layer and a geotextile.  The specific 
characteristics of the base soil determine the need for, and design considerations of the filter 
layer.  Further information regarding the composition of the channel bed material is required 
for filter selection. 
 
Sand-filled geotextile containers (geobags) would be a convenient option for placement at 
the I-70 Bridge.  Geobags can be placed in flowing water and used to partially fill the already 
existing scour hole when the emergency placed riprap is removed. 
 
For more information on riprap as a pier scour countermeasure see Hydraulic Engineering 
Circular No. 23 (HEC-23 Second Edition) Design Guideline 8 and NCHRP Report 593. 
 
4.1.4 Articulating Concrete Blocks 
 
Articulating concrete block systems (ACBs) provide a flexible alternative to riprap and rigid 
revetments.  These systems consist of preformed units that either interlock, are held together 
by cables, or both to form a continuous blanket or block matrix.  Manufacturers of ACBs have 
a responsibility to test their products and to develop design parameters based on the results 
from these tests.  Since ACBs vary in shape, size, and performance from one system to the 
next, each system will have unique design parameters.  Hydraulic design for ACBs is based 
on hydraulic stability performance data for a particular block system. 
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Figure 4.2.  Riprap layout diagram for pier scour protection. Note that dimensions increase 

for skewed flow conditions. 

 
Where only local scour is present, the ACB system may be placed horizontally such that the 
top of the blocks are flush with the bed elevation, with turndowns provided at the system 
periphery.  Figure 4.3 shows a layout for ACBs installed around a pier with a turndown 
incorporated to account for other types of scour.  In the case of the I-70 wall piers where the 
axis of the structure is skewed to the flow direction, the lateral extent of the protection would 
need to be increased in proportion to the additional scour potential caused by the skew.  
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NCHRP Report 593 provides a method for estimating the increase extent of the armor layer 
for a given skew. 
 
 
 

  

 
a.  Profile 

 

    

FLOWPier width = a

ACB extent = 2a 
(minimum, all around)

FLOWFLOWPier width = a

ACB extent = 2a 
(minimum, all around)

   

 

b.  Plan 

Figure 4.3.  ACB layout diagram for pier scour countermeasures. 

 
The importance of the filter component of any ACB installation should not be underestimated 
and is recommended at bridge piers.  Sand-filled geotextile containers (geobags) would be 
the most practical choice for filter placement if ACBs are installed at the I-70 Bridge.  Placed 
on top of the cobble bed material, geobags could create the smooth installation surface 
necessary to meet block tolerance requirements.  Geobags can be placed in flowing water 
and used to partially fill the already existing scour hole when the emergency placed riprap is 
removed.  The specific characteristics of the base soil determine the need for, and design 
considerations of the filter layer.  Further information regarding the composition of the 
channel bed material is required for geotextile filter selection. 
 
For more information on ACBs as a pier scour countermeasure see Hydraulic Engineering 
Circular No. 23 (HEC-23 Second Edition) Design Guideline 4. 
 
 
4.1.5 Partially Grouted Riprap 
 
Partially grouted riprap, when properly designed and used for erosion protection, has an 
advantage over rigid structures because it is flexible when under attack by river currents, it 
can remain functional even if some individual stones may be lost, and it can be repaired 
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relatively easily.  Properly constructed, partially grouted riprap can provide long-term 
protection if it is inspected and maintained on a periodic basis as well as after high flow 
events.  Partially grouted riprap may be used for bank protection as well as a scour 
countermeasure at piers and abutments.  
 
Partially grouted riprap consists of specifically sized rocks that are placed and grouted 
together, with the grout filling only 1/3 to 1/2 of the total void space (Figure 4.4).  In contrast 
to fully grouted riprap, partial grouting increases the overall stability of the riprap installation 
unit without sacrificing flexibility or permeability.  The voids of the riprap matrix are partially 
filled with a Portland cement based grout by hose or tremie, or by automated mechanical 
means.  Hydraulic stability of the armor is increased significantly over that of loose riprap by 
virtue of the much larger mass and high degree of interlocking of the "conglomerate" 
particles created by the grouting process.  The intent of partial grouting is to "glue" stones 
together to create a conglomerate of particles.  Each conglomerate is therefore significantly 
greater than the d50 stone size, and typically is larger than the d100 size of the individual 
stones in the riprap matrix.   
 
Permeability of the completed installation is maintained because less than 50% of the void 
space is filled with grout.  Flexibility of the installation occurs because the matrix will fracture 
into the conglomerate-sized pieces under hydraulic loading and/or differential settlement.  
The surface of each conglomerate particle is highly rough and irregular, and so maintains 
excellent interlocking between particles after fracturing occurs. 

 

 
Figure 4.4.  Close-up view of partially grouted riprap. 

 
In general, the layout dimensions for partially grouted riprap follow those for loose riprap in 
applications involving bank protection and for armoring bridge abutments.  At bridge piers, 
however, the recommended guidance for partially grouted riprap provides for a reduced 
lateral extent compared to loose riprap.  The optimum performance of partially grouted riprap 
as a pier scour countermeasure is obtained when the armor is extended a distance of at 
least 1.5 times the pier width in all directions around the pier.  In contrast, with loose 
(ungrouted) riprap, where the recommended extent is 2.0 times the pier width.  As with all 
pier scour countermeasure recommendations for the I-70 Bridge where the axis of the 



  Ayres Associates 4.7

structure is skewed to the flow direction, the lateral extent of the protection would need to be 
increased in proportion to the additional scour potential caused by the skew.   
 
A filter layer is typically required for partially grouted riprap at bridge piers.  The filter should 
not be extended fully beneath the armor; instead, it should be terminated 2/3 of the distance 
from the pier to the edge of the armor layer.  As with ungrouted riprap, geobags would be a 
convenient option for placement at the I-70 Bridge (Figure 4.5).  Geobags can be placed in 
flowing water and used to partially fill the already existing scour hole when the existing riprap 
is removed. 
 
A concern with using partially grouted riprap at the piers is the requirement that grout must 
be placed in flow velocities less than 4 ft/s or in the dry.  This may require a cofferdam or flow 
diversion. 

 

FLOW

Sand - filled 
geocontainers

Partially grouted 
riprap placed flush 
with channel bed

Pier

FLOW

Sand - filled 
geocontainers

Partially grouted 
riprap placed flush 
with channel bed

Pier

 
      Minimum armor thickness t = 2d50, depth of contraction,  
      scour, or depth of bedform trough, whichever is greatest 
      Filter placement dimension = 1(a) from pier (all around) 

Figure 4.5.  Schematic diagram showing sand-filled geotextile container filter beneath 
partially grouted riprap. 

 
For more information on partially grouted riprap as a pier scour countermeasure see NCHRP 
Report 593. 
 
4.1.6 Pier Scour Monitoring 
 
Monitoring or closing a bridge during high flows and inspection after the high flows may be 
an effective countermeasure to reduce the risk from scour.  However, monitoring of the 
bridge during high flow may not reveal that it is about to collapse from scour.  It also may not 
be practical to close the I-70 Bridge during high flow because of traffic volume, poor alternate 
routes the need for emergency vehicles to use the bridge, etc.  A countermeasure installed to 
reduce the risk from scour along with monitoring during and inspection after high flows could 
provide for the safety of the public without closing the bridge, but monitoring alone is not a 
reasonable option for this bridge. 
4.2 Lateral Stability Scour Mitigation Options 
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The classes of countermeasures identified for bank stabilization and bend control are bank 
revetments, spurs, bendway weirs, and longitudinal dikes. Channel relocation could be an 
added component of any the listed countermeasures for added effectiveness. 
 
River training structures are those that modify the flow by altering the hydraulics to mitigate 
the undesirable flow along the right bank.  River training structures can be constructed of 
various material types and are not distinguished by their construction material, but rather, by 
their orientation to flow.  Transverse training structures are countermeasures that project in 
the flow field at an angle or perpendicular to the direction of flow.  Transverse training 
structures considered for application at this site include impermeable spurs and bendway 
weirs.  Longitudinal river training structures are countermeasures that are oriented parallel to 
the flow field or along a bankline.  The only longitudinal training structure considered for 
application at this site was a longitudinal dike. 
 
Armoring the channel bank places a physical boundary between the stream and the bank.  
Armoring may consist of rock riprap, articulating concrete blocks, concrete armor units such 
as AjaxTM, or other immobile objects.  The revetment may cover the entire bank or only a 
portion.   
 
The following sections offer a description of the various river training and armoring 
countermeasures considered at the I-70 Bridge over the Colorado River.  Advantages and 
disadvantages of each are discussed at the end of each countermeasure description to 
assist in the decision making process. 
 
4.2.1 Impermeable Spurs 
 
A spur can be a pervious or impervious structure projecting from the streambank into the 
channel.  Spurs are used to deflect flowing water away from, or to reduce flow velocities in 
critical zones near the streambank, to prevent erosion of the bank, and to establish a more 
desirable channel alignment or width.  The main function of spurs is to reduce flow velocities 
near the bank, which in turn, encourages sediment deposition due to reduced velocities.  
Increased protection of banks can be achieved over time, as more sediment is deposited 
behind the spurs.  Because of this, spurs may protect a streambank more effectively and at 
less cost than revetments.  Furthermore, by moving the location of any scour away from the 
bank, partial failure of the spur can often be repaired before damage is done to structures 
along and across the stream.  Figure 4.6 presents an example of a spur field design.  Figure 
4.7 is a photograph of a spur field on the lower Mississippi River.  A primary function of an 
impermeable spur is to rebuild the bank, but because the availability of suspended sediment 
is unknown during both normal flow and high flows, it is unclear whether rebuilding would 
occur.  However, impermeable spurs would relieve erosion stress on the outside of the bend 
regardless of available suspended sediment.  Further information regarding the composition 
of the channel bed and bank material is required to determine if sufficient suspended 
sediment is available in the stream to fill in between the spurs.   
 
The crest of impermeable spurs should slope downward away from the bank line because it 
is difficult to construct and maintain a level spur of rock.  Use of a sloping crest will avoid the 
possibility of overtopping at a low point in the spur profile, which could cause damage by 
particle erosion or damage to the streambank.  Figure 4.8 shows a close up of a typical 
round-nosed impermeable spur installation. 
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Figure 4.6.  Example of a spur design. 

 

 

 
 
      Figure 4.7.  Embankment spurs in the lower Mississippi River near Lake Providence, 

Mississippi (photo obtained form Google Pro 2008). 
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Figure 4.8.  Close-up photograph of a spur in the vicinity of Richardson Highway, Delta River, 

Alaska. 

 
Impermeable spurs are generally designed not to exceed the bank height because erosion at 
the end of the spur in the overbank area could increase the probability of outflanking at high 
stream stages.  Where stream stages are greater than or equal to the bank height, 
impermeable spurs should be equal to the bank height.  At the site under consideration, bank 
overtopping occurs at about the 2-year event and a significant portion of the overtopping flow 
is directed into the split flow channel and away from the bridge cross section, installation of a 
spur field would not be expected to disrupt the split flow.  Though a spur design at the site in 
question could be made with some confidence, further investigation using 2D modeling of 
flow through the specified bend with and without spurs is recommended to investigate the 
impact of these structures on the fluvial process. 
 
Advantages of Impermeable Spurs 
 
• Spurs may more effectively protect banks from erosion than revetment. 
• Spurs may protect the stream bank at less cost than riprap revetment. 
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Disadvantages of Impermeable Spurs 
 
• Further information regarding the composition of the channel bed and bank material is 

recommended. 
• Spurs may project a long distance into the current channel.  
• Further investigation using 2D modeling of flow through the specified bend with and 

without spurs is recommended 
 
For more information on impermeable spurs as a scour countermeasure see Hydraulic 
Engineering Circular No. 23 (HEC-23 Second Edition) Design Guideline 2. 
 
4.2.2 Bendway Weirs 
 
Bendway weirs are low elevation stone sills used to improve lateral stream stability and flow 
alignment problems at river bends and highway crossings.  
 
Bendway weirs are similar in appearance to stone spurs, but have significant functional 
differences.  Spurs are typically visible above the flow line and are designed so that either 
flow is diverted around the structure, or flow along the bank line is reduced as it passes over 
the structure.  Bendway weirs are normally not visible, especially at stages above low water, 
and are intended to redirect flow by utilizing weir hydraulics over the structure.  Flow passing 
over the bendway weir is redirected perpendicular to the axis of the weir and is directed back 
towards the channel centerline, see Figure 4.9.  Similar to stone spurs, bendway weirs 
reduce near bank velocities, reduce the concentration of currents on the outer bank, and can 
produce a better alignment of flow through the bend and downstream crossing.  Figure 4.10 
presents a sketch of how bendway weirs may look from plan view at the site. 
 
The bendway weir height should be between 30 to 50% of the depth at the mean annual high 
water level, see Figure 4.11.  The height of the structure should also be below the normal or 
seasonal mean water level and should be equal to or above the mean low water level.  The 
weir must be of adequate height to intercept a large enough percentage of the flow to 
produce the desired results.   
 
The typical and standard application of bendway weirs is to address ongoing migration of a 
channel bank at the outside of a bend.  The channel migration process is usually driven 
primarily by frequent in-channel flows (e.g. up to the 1.5-year to 2-year event).  The 
effectiveness of bendway weirs in this role has been well established. 
 
If the bendway weirs applied to the I-70 Bridge project would have the additional goal of 
creating a favorable attack angle for flows through the bridge under high flow conditions, 
such as the 100-year and 500-year events, two-dimensional modeling would be necessary to 
examine the weir’s effectiveness toward that goal.  The additional modeling is necessary 
because of the split flow conditions and because of the deep submergence of the weirs. It is 
highly unlikely, however, that the bendway weirs would be successful in this function.  The, 
bendway weirs would need to extend a long distance into the channel to achieve the desired 
alignment.  This distance may exceed normal practice for bendway weir design.   
 
Advantages of Bendway Weirs: 
 
• Flow can be redirected towards a predictable area away from the bank 
• Work well with other bank protection methods 
• Beneficial for aquatic habitat 
• Weirs can be retrofitted after project completion to improve effectiveness 
• May be less costly than continuous protection 
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Bendway weirs for flow alignment

• Will require 2-D analysis

• Will not rebuild outside bankline

Bendway weirs for flow alignment

• Will require 2-D analysis

• Will not rebuild outside bankline

 
Figure 4.9.  Bendway weirs would reduce near bank velocities, in order to produce a better 

alignment of flow through the bend and downstream crossing. 
 
 
 

 
Figure 4.10.  Bendway weir typical plan view. 
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Figure 4.11.  Bendway weir typical cross section. 

 
Disadvantages of Bendway Weirs: 
 
• Data is limited as to the effect of cross currents such as those that would spill over the 

right bank into the split flow channel at the project site.  The decision process would 
require further investigation, perhaps by 2D modeling, of the complex hydraulics created 
by the split flow path. 

• Bendway weirs would need to extend a long distance into the current channel to achieve 
the desired alignment.  This distance may exceed normal design practice. 

• Further investigation by 2D modeling required. 

• In most weir keys the stone on the banks connecting the weir to the keyed back section 
protrudes from the surrounding banks.  Scour around keys protruding from the bank 
could cause turbulence in the boundary flow near the bank, which could result in some 
bank scalloping between weirs.  This concern increases in importance as cross flow into 
the overbank increases. 

 
For more information on bendway weirs as a scour countermeasure see Hydraulic 
Engineering Circular No. 23 (HEC-23 Second Edition) Design Guideline 1. 
 
4.2.3 Longitudinal Dikes 
 
Longitudinal dikes are essentially impermeable linear structures constructed parallel with the 
streambank or along the desired flow path.  They protect the streambank in a bend by 
moving the current away from the bank.  See Figure 4.12 for an example application of a 
longitudinal dike by the U.S. Army Corps of Engineers on the Upper Mississippi River. In 
Figure 4.12 the flow direction is from lower left to upper right.  Longitudinal dikes may be 
classified as earth or rock embankment dikes, crib dikes, or rock toe-dikes. 
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Figure 4.12.  Longitudinal dike and chevron structures used as river training structures by the 
U.S. Army Corps of Engineers on the Upper Mississippi (photo obtained from Google Pro 

2008) 38˚53’23.77 N, 90˚34.36” W. 

 
Since secondary currents transport sediment supplied, in large part, from outer bank erosion 
toward the inner bank of a bend, hardening of the outer bank by longitudinal bank protection 
structures may cause the channel cross section to narrow and deepen by preventing the 
recruitment of eroded outer bank sediments.  Height of the proposed dike would be equal to 
the bank height.  It is highly recommended that any longitudinal dike structure be 
accompanied by removal of a portion of the left bank to a location about equivalent to the 
1980 bankline in order to maintain conveyance.  Fill from channelization efforts could be 
used to rebuild the right bank.  Figure 4.13 presents a schematic of how a longitudinal dike 
may look from plan view at the site.  The region highlighted in yellow on the left bank 
represents the area of channelization and the area highlighted in blue represents the area to 
be filled using material removed from the left bank.  The black arrow in Figure 4.13 
represents the approximate flow path after longitudinal dike construction. 
 
Advantages of a Longitudinal Dike: 
 
• Effectively move current away from migrating right bank 
• May be able to reuse some of existing riprap 
• Uses less material than revetment riprap, spurs or bendway weirs. 
 
Disadvantages of a Longitudinal Dike: 
 
• Can be difficult and expensive to make changes once installed 
• Channelization of left bank highly recommended 

Longitudinal  
Dike 
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• If not installed in conjunction with channelization efforts on left bank, flooding may be 
increased until the current sand bar is washed out. 

 
 

Channelized Area

Fill Area

 
Figure 4.13.  A longitudinal dike would prevent further movement of the channel towards the  

right bank. 

 
4.2.4 Channelization 
 
At this site, channelization would involve reshaping and relocating the left bank in the vicinity 
of the historic 1980 bankline location.  Channelization of the left bank may be necessary if 
river realignment or training mitigation measures are implemented on the right bank.  The 
intent of channelization at this site would be to regain conveyance that would otherwise be 
lost due to the construction of river training structures on the right bank.  Channelization 
efforts should be considered in conjunction with in-channel training structures such as a 
longitudinal dike, bendway weirs, or spurs. 
 
The probability of local bank erosion at some point along the area of channelization is likely 
and revegetation efforts should be considered.  The importance of vegetation, both in 
appearance and in erosion control, may justify a serious and possibly sustained effort to 
establish new growth as soon as possible on regraded banks. 
 

Dike 
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4.2.5 Riprap Bank Revetment 
 
Rock riprap is the most widely used revetment in the United States.  Its effectiveness has 
been well established where it is of adequate size, of suitable size gradation, and properly 
installed.  Riprap revetment along the bankline could provide protection against further 
migration while allowing for distortion and articulation of the revetment.  Rock riprap would be 
placed along the existing bankline with a filter and keyed in to the bank with the lower toe 
extending into the streambed, see Figure 4.14 for a sketch of how a riprap bankline would 
appear in plan view at the site.  Using the NCHRP Report 568 method, the required 
revetment riprap d50 is 1.5 feet, see Appendix E.   

 

Riprap existing bankline

• Does not realign flow to correct angle of attack at piers

• Tie into existing abutment riprap

 
         Figure 4.14.  Riprap would be placed along the existing bankline with a filter and  

keyed in to the bank. 

 
Riprap revetment should be toed down below the toe of the bank slope to a depth at least as 
great as the depth of anticipated long-term bed degradation plus toe scour, Figure 4.15 
presents a schematic diagram that summarizes these recommendations. 
 
Advantages of Riprap Revetment: 
 
• Ease of installation 
• Can be vegetated 
• Reliable design parameters 
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Figure 4.15.  Riprap revetment with buried toe. 

 
Disadvantages of Riprap Revetment: 
 
• Stream alignment with piers not addressed 
 
For more information on riprap revetment as a scour countermeasure see Hydraulic 
Engineering Circular No. 23 (HEC-23 Second Edition) Design Guideline 12. 
 
Vegetated Riprap.  Streambank protection designs that consist of riprap or other inert 
structures alone may be unacceptable for lack of environmental and aesthetic benefits.  
Combining vegetation with riprap should be considered at this site with the intention of 
protecting against bank erosion while providing environmental and aesthetic benefits.  See 
Figure 16 for an application of vegetated riprap as stream bank protection. 
 
Correctly designed and installed, vegetated riprap offers an opportunity for the designer to 
attain the immediate and long-term protection afforded by riprap with the habitat benefits 
inherent with the establishment of a healthy riparian buffer.  The riprap will resist the 
hydraulic forces, while roots and branches increase geotechnical stability, prevent soil loss 
(or piping) from behind the structures, and increase pullout resistance.   
 
Above ground components of the plants create habitat for both aquatic and terrestrial wildlife, 
provide shade (reducing thermal pollution), and improve aesthetic and recreational 
opportunities.  The roots, stems, and shoots will help anchor the rocks and resist 'plucking' 
and gouging by ice and debris. 
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Figure 4.16.  Vegetated riprap protecting a bank on the Chippewa River in Madison, WI. 

 
Vegetated riprap can be a useful and cost-effective tool in controlling bank erosion or 
providing bank stability at highway bridges, while increasing the aesthetics and habitat 
diversity of the site.  Vegetated riprap needs to be applied in a prudent manner, in 
conjunction with channel planform and bed stability-analysis, and rigorous engineering 
design.  A design will need to account for a multitude of factors associated with the 
geotechnical characteristics of this site, the local and watershed geomorphology, local soils, 
plant biology, hydrology, and site hydraulics.  Finally, a program for monitoring and 
maintenance must be included in the project and strictly adhered to. This is essential to the 
success and effectiveness of any vegetated riprap installation. 
 
4.2.6 Articulated Blocks 
 
For over three decades, ACB systems have been used for streambank revetment or full 
channel armoring where the mat is placed across the entire channel cross section.  For this 
reason, guidelines for these applications are well established (Harris County Flood Control 
District 2001).  ACBs stabilize the channel but have open areas that quickly vegetate, 
forming a more naturalistic feel in addition to providing more agreeable habitat for the local 
wildlife.  See Figure 4.17 for an example of ACBs used to stabilize the channel bottom and 
banks of Sims Bayou in Houston, Texas.  The ACBs in Figure 4.17 have been fully 
vegetated. 
 
At this site, it is recommended that a drainage layer be used in conjunction with an ACB 
system.  A drainage layer lies between the blocks and the geotextile and/or granular filter.  
This layer allows "free" flow of water beneath the block system while still holding the filter 
material to the subsoil surface under the force of the block weight.  This free flow of water 
can relieve sub-block pressure and has appeared to significantly increase the hydraulic 
stability of ACB systems based on full-scale performance testing conducted since the mid 
1990s.    
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Figure 4.17.  ACBs were used to stabilize the channel bottom and banks in Sims Bayou,  

Houston, Texas. 

 
The revetment armor should be continuous for a distance that extends both upstream and 
downstream of the region that experiences hydraulic forces severe enough to cause 
dislodging and/or transport of bed or bank material.  The minimum distances recommended 
are an upstream distance of one channel width beyond the bend and a downstream distance 
extending to the bridge embankment. 
 
The vertical extent of the revetment should provide freeboard above the design water 
surface.  The revetment system should extend below the bed far enough so that the 
revetment is not undermined from toe scour.  Recommended revetment termination at the 
top and toe of the bank slope are provided in Figure 4.18. 

 

 
Figure 4.18.  Recommended layout detail for bank revetment at the I-70 Bridge site. 
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Advantages of ACBs: 
 
• Can be used to hold existing bankline in place 
• Can be vegetated 
• Reliable design parameters 
 
Disadvantages of ACBs: 
 
• Stream alignment with piers not addressed 
• Requires more rigorous control during construction than riprap revetment in order to meet 

placement tolerances 
 
For more information on ACBs as a scour countermeasure see Hydraulic Engineering 
Circular No. 23 (HEC-23 Second Edition) Design Guideline 4. 
 
4.2.7 Partially Grouted Riprap 
 
In contrast to fully grouted riprap, partial grouting increases the overall stability of the riprap 
installation unit without sacrificing flexibility or permeability.  It also allows for the use of 
smaller rock compared to standard riprap, resulting in decreased layer thickness.  
 
The holes in the grout allow for drainage of pore water so a filter is required.  The grout forms 
conglomerates of riprap so the stability against particle erosion is greatly improved and a 
smaller thickness of stone can be used.  Although not as flexible as riprap, partially grouted 
riprap will conform somewhat to bank settlement and toe exposure. 
  
An important consideration for partially grouted riprap is that construction methods must be 
closely monitored to ensure that the appropriate voids and surface openings are provided.  
Figure 4.19 shows an installation of partially grouted riprap on a streambank in Germany.  
The equipment requirements, placement techniques, and construction QA/QC requirements 
for partially grouted riprap are straightforward for working in the dry; however, placement 
underwater requires construction equipment and placement technologies that are much more 
sophisticated.   
 
Partially grouted riprap can be vegetated similar to loose riprap, see previous section on 
vegetation riprap for more information. 
 
Advantages of Partially Grouted Riprap: 
 
• Ease of installation 
• Can be vegetated 
• Reliable design parameters 
 
Disadvantages of Partially Grouted Riprap: 
 
• Stream alignment with piers not addressed 
• Dewatering required for installation in the dry 
• For installation in flowing water, SicotanTM additive is required as well as velocities less 

than 4 ft/s 
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Figure 4.19.  Installation of partially grouted riprap. 

 
For more information on partially grouted riprap as a scour countermeasure see NCHRP 
Report 593. 
 
4.2.8 Concrete Armor Units 
 
Concrete armor units, also known as artificial riprap, consist of individual pre-cast concrete 
units with complex shapes that are placed individually or in interconnected groups.  These 
units were originally developed for shore protection to resist wave action during extreme 
storms.  All are designed to give a maximum amount of interlocking using a minimum amount 
of material.  These devices are used where natural riprap is unavailable or is more costly to 
obtain than fabrication of the artificial riprap units.   
 
The primary advantage of armor units is that they usually have greater stability compared to 
riprap particles of equivalent weight.  This is due to the interlocking characteristics of their 
complex shapes.  The increased stability allows their placement on steeper slopes or the use 
of lighter weight units for equivalent flow conditions as compared to riprap.  This may be 
significant if site-specific hydraulic properties require a stone size that is inappropriate for the 
design bank height. 
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Advantages of Armor Units: 
 
• Armor units usually have greater stability compared to riprap particles of equivalent 

weight  
• Can be vegetated 
• Reliable design parameters 
 
Disadvantage of Armor Units: 
 
• Some units may not be appropriate for use in cobble bed stream 
 
4.3 Monitoring 
 
Monitoring as a countermeasure involves three basic categories: visual, portable instruments 
and fixed instruments.  Implementation of a monitoring countermeasure is relative to the 
timeframe developed for installation of physical countermeasures.  It is strongly 
recommended that a monitoring protocol be implemented prior to the 2009 runoff season.   
 
The monitoring program should obviously verify the continued safe condition of the bridge 
and its capacity to carry traffic. The monitoring protocol should also monitor the existing 
riprap at the piers and the right (west) abutment.  It should verify that the riprap is remaining 
intact, that it is not settling, and that stones are not being moved away from the protected 
element by the flow during the spring runoff period and other high flow periods. The ongoing 
migration of the right stream bank should also be monitored and corrective action taken if a 
critical situation develops.  Monitoring at intervals should be adequate for typical spring runoff 
conditions that are below bank-full stage and remaining relatively steady with time. 
Continuous monitoring is needed, however, for out-of-bank flooding, especially when the 
discharge is increasing with time.   
 
If construction of physical countermeasures will be delayed past the next runoff season, fixed 
sonar is recommended.  Float-out devices located under the temporary riprap should be 
considered if the countermeasure installation timeframe is prolonged.  For more information 
on monitoring as a scour countermeasure see Hydraulic Engineering Circular No. 23 (HEC-
23 Second Edition). 
 
4.4 Other Considerations 
 
4.4.1 ACB Grade Control at Split-Flow Location 
 
Stabilizing the split flow path at the right bank of the main channel is highly recommended to 
prevent channel avulsion.  Grade control could be established using articulating concrete 
blocks (ACBs) to stabilize the existing riverbank that forms the existing crest of the split flow 
path.  Figure 4.20 shows where the ACB grade control structure would be located on the 
right bank.  Figure 4.21 presents a schematic diagram of the ACB grade control structure in 
longitudinal section.  Open-cell blocks are designed to be vegetated with native grasses that 
will enhance stability and habitat.  Blocks should be selected for hydraulic stability based on 
HEC-23 methodology. 
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4.4.2 Embankment Spurs 
 
Embankment spurs, similar in composition to those proposed for lateral channel migration, 
could be installed along the split flow channel next to the road embankment to ensure scour 
does not threaten the road.  Design of this option would require further investigation of the 
topographic and hydraulic characteristics of the split flow channel.  Figure 4.22 presents a 
sketch of how embankment spurs may look like from plan view at the site. 
 
 
 

ACB reinforced entrance to split flow channel

•Directs flow into split flow channel

A
A’

 
          Figure 4.20.  A low channel would direct flow into the split-flow channel without  

threatening main channel stability. 
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4:1 3:1

Flood Stage

Normal Water 
Surface

15’10’20’

4:1 3:1

Flood Stage

Normal Water 
Surface

15’10’20’  
Figure 4.21.  Recommended layout detail for ACB bank armor, cross section A-A' from 

Figure 4.20 above. 
 

 

Embankment spurs

• For erosion/scour control along split flow path 

• Requires 2-D modeling

 
Figure 4.22.  Embankment spurs could be installed to prevent scour 

                                      along the road due to flow in the split flow channel.
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5. CONCLUSION  
 
5.1 Protecting Against Pier Scour Failure 
  
Bridge G-04-BA has been shown to be vulnerable to scour and channel migration through 
field observations, a quantitative scour analyses, and a qualitative lateral stability analysis.  
Scour analysis of the current and realigned-channel conditions indicate that even if the angle 
of attack issue is addressed through channel realignment, pier scour countermeasures will 
be required to protect the pile foundations from scour.  The existing boulder riprap mounded 
at Piers 2 and 3 should be removed and adequately designed pier scour countermeasures 
installed.   
 
Pier scour countermeasures may be avoided by extending the foundation depth through 
installation of drilled caissons and removal of the existing piers.  This solution would provide 
added foundation strength as well as mitigate the pier geometry and angle of attack 
concerns.   
 
5.2 Mitigating Stream Migration Problems 
 
Whether pier scour countermeasures are installed or pier geometry and foundation 
strengthening is employed using caissons or drilled shafts, bank stabilization and installation 
on the right bank of a grade control structure for the split flows is recommended.  The right 
bank could be stabilized through river training techniques or a number of armoring methods 
such as riprap revetment, articulating concrete blocks, partially grouted riprap or concrete 
armor units.  
 
If the pier geometry and foundations are not modified using caissons or drilled shafts, it will 
be more important to correct the flow alignment through the bridge through installation of 
river training structures such as a longitudinal dike, bendway weirs, or spurs is 
recommended.  River training structures would move flow in the main channel away from the 
existing right bank.  Channelization of the left bank may be necessary if river realignment or 
training mitigation measures are implemented on the right bank.  The intent of channelization 
at this site would be to regain conveyance that would otherwise be lost due to the 
construction of river training structures on the right bank.  The most effective method of 
realigning the flow through the bridge would be a longitudinal dike completed in conjunction 
with channelization of the left bank. 
 
Further hydraulic analysis utilizing field survey and two-dimensional modeling techniques is 
recommended for river training techniques except the longitudinal dike, due to complex local 
flow patterns associated with the bank-overtopping split flow event. 
 



  Ayres Associates 6.1

6. REFERENCES  
 
Barnes, H.H., 1967.  Roughness Characteristics of Natural Channel,  U.S. Geological 
Survey, Water Supply Paper 1849, Washington D.C. 
 
Chow, V.T., 1959.  Open Channel Hydraulics, McGraw-Hill Book Company, NY.  
 
Einstein, H.A., 1950.  "The bedload function for sediment transportation in open channel 
flows," U.S. Soil Conservation Service, Tech. Bull. No. 1026. 
 
Harris County Flood Control District (HCFCD). 2001.  "Design Manual for Articulating 
Concrete Block Systems." Prepared by Ayres Associates, Project Number 32-0366.00, Fort 
Collins, CO. 
 
Hey, R.D., 1979.  "Flow Resistance in Gravel-bed Rivers," Journal of the Hydraulics Division, 
American Society of Civil Engineers, 105(HY4), p. 365-379. 
  
Hydraulic Engineering Center (HEC), 2008.  HEC-RAS v4.0.  
 
Lagasse, P.F., Zevenbergen, L.W, Schall, J.D., and Clopper, P.E., 2008 DRAFT.  "Bridge 
Scour and Stream Instability Countermeasures," Hydraulic Engineering Circular No. 23 
(HEC-23 Third Edition), Federal Highway Administration, Washington D.C.  
 
Lagasse, P.F., Clopper, P.E, Zevenbergen, L.W., and Girard, L.G., 2007. "Countermeasures 
to Protect Bridge Piers from Scour," NCHRP Report 593, Transportation Research Board, 
National Academy of Science, Washington, D.C. 
 
Parker, G., Klingeman, P.C., and McLean, D.G., 1982.  "Bed Load and Size Distribution in 
Paved Gravel-bed Streams," Journal of the Hydraulics Divisions, American Society of Civil 
Engineers, 108(HY4), Proc. Paper 17009: 544-571. 
 
Richardson, E.V. and Davis, S.R., 2001.  "Evaluating Scour at Bridges," Fourth Edition, 
Report FHWA NHI 01-001, Federal Highway Administration, Hydraulic Engineering Circular 
No. 18, U.S. Department of Transportation, Washington, D.C. 
 
 



  
  
  
  
  
  
  
  
  
  
  
  

APPENDIX A 
Riverine Hydraulic Model 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

































  
  
  
  
  
  
  
  
  
  
  
  

APPENDIX B 
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APPENDIX C 
Channel Stability Assessment  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  





  
  
  
  
  
  
  
  
  
  
  
  

APPENDIX D 
HEC-23 Countermeasure Matrix  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  







  
  
  
  
  
  
  
  
  
  
  
  

APPENDIX E 
Sizing Computations  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



The following computations are made using HEC-23 equation 8.1:

Storm Event 100-Year
VELOCITY (fps),  Vavg = 8.60
PIER SHAPE (unitless),  Rectangular = R, Circular = C = R
PIER SHAPE FACTOR (no units),  K1 = 1.70
PIER LOCATION FACTOR (unitless), K2 = 1.00
SPECIFIC GRAVITY OF RIPRAP (no units),  Ss = 2.65
MEDIAN RIPRAP STONE SIZE (D50),  ft = 1.39

Calc. By: LGG Date: 10/17/2008
Check By: RLE Date: 11/4/2008

PIER 2, realigned
October 2008

HEC-23 METHOD

HEC-23 Pier Riprap Sizing Computations

FOR PIER ARMORING AT COLORADO RIVER
RIPRAP SIZING COMPUTATIONS

I-70 Debeque Canyon Bridge G-04-BA 
Mesa County, Colorado

1.  The minimum rock riprap thickness should be the larger of the diameter of D100, 3 times 
D50, depth of contraction scour, or depth of bedform trough.  Riprap thickness should not 
be less than 12 in for practical placement.
2.  The rock riprap thickness should be increased by 50 percent when it is placed under water 
to provide for the uncertainties associated with this type of placement.

3.  An increase in riprap thickness of 6 to 12 in, accompanied by an appropriate increase in 
stone sizes, should be provided where riprap revetment will be subject to attack by floating debris 
or ice, or by waves from boat wakes, wind, or bedforms.

5.  If flow distribution is calculated and depth-averaged velocity is utilized, then K2 should be 
specified as 1.0.  Otherwise, K2 ranges from 0.9 for piers near the bank in a straight reach to 1.7 
for piers located in the main current of flow around a sh

4.  The rock riprap gradation and the potential need for underlying filter material must be 
considered.
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RIPRAP SIZING COMPUTATIONS

November 2008
NCHRP 568 METHOD

The following computations are made using NCHRP 568 equations C2.1and C2.2:

NCHRP Revetment Riprap Sizing Computations
Storm Event 100-Year
Riprap Specific Gravity, Sg 2.65
Channel Average Velocity (fps),  Vavg = 10.07
Flow Depth Above Particle (ft),  y = 12.00
Safety Factor (>1), Sf = 1.10
Rock Shape (A = Angular  R = Rounded) A
Stability Coefficient (no units), Cs 0.300

On Straight Channel = S, Downstream of Concrete Channel = D
At end of Dike = K, Outside of Bend = B B

Centerline Radius Of Curvature, Rc 1,600
Width of Water Surface at Upsteam end of Bend, W 230
Velocity Distribution Coefficient (no units) 1.11
Natural Channel = N Trapezoidal Channel = T N
Characteristic Velocity for Design,  Vdes 13.11
Bank Angle Degrees, ø 22.00
Side Slope Correction Factor, K1 0.94
COMPUTED RIPRAP STONE SIZE (D30),  ft = 0.93
COMPUTED RIPRAP STONE SIZE (D50),  ft = 1.11
USE RIPRAP STONE SIZE (D50),  ft = 1.50

Calc. By: LGG Date: 11/4/2008
Check By: RLE Date: 11/4/2008

5. A standard size gradation class can be selected once a design size has been established, if design 
criteria and ecanomic consideration permit. Using standard sizes the appropriate gradation can be 
achieved by selectimg the next larger size class, there

1. The flow depth used in equation C.21 is defined as the local flow depth above the particle. The flow 
depth at the toe of the slope can be used or the average channel depth. The  smaller value produces  a 
slightly larger computed d30 size since riprapsi

3. The standard safety factor is 1.1. Greater values should be considered where there is significant 
potential for large debris, freeze-thaw that would significantly decrease the particle size, or large 
uncertainty in the design variables, especially velo

2. The blanket thickness coefficient (C T) is 1.0 for standard riprap applications where the thickness is 
equal to 1.5d50 or d100, whichever is greater. Because only limited data are available for selecting lower 
values of CT when greater thicknesses of ri

4.Limitations to equation C2.1 is that the longitudinal slope of the channwl should be less than 2%. For 
steeper channels the riprap sizing approach should be considered and the results compared with 
equation C2.1.

If Outside of Bend 

FOR REVETMENT ARMORING AT THE COLORADO RIVER
I-70 Debeque Canyon Bridge G-04-BA 

Mesa County, Colorado

Channel Position of Riprap:
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SHEET NO. INDEX OF SHEETS
1 TITLE SHEET
2 STANDARD PLANS LIST

3-4 GENERAL NOTES
5 RIPRAP CROSS-SECTION DETAIL

6-7 SUMMARY OF APPROXIMATE QUANTITIES
8 PLAN VIEW OVERALL PROJECT SITE
9 WORK AREA PLAN VIEW
10 EAST ACCESS STAGING & STORAGE AREA
11 TABULATION OF BRIDGE TRANSITION RESURFACING & PLAN VIEW
12 JOINT DETAILS
13 GENERAL INFORMATION SUMMARY OF QUANTITIES
14 GENERAL LAYOUT
15 CAISSON LAYOUT
16 ENGINEERING GEOLOGY
17 PIER DETAILS (EXISTING)
18 PIER DETAILS (NEW)
19 PIER DETAILS (EXISTING AND NEW)
20 PROJECT CONTROL DIAGRAM
21 SURVEY TABULATION SHEET

22-24 STORMWATER MANAGEMENT PLAN

25 SWMP SITE MAP WEST

26 SWMP SITE MAP EAST

27 RIPARIAN AREA MITIGATION PLAN WEST ACCESS

28 SCHEDULE OF TRAFFIC ITEMS

FEET MILES

BEGIN PROJECT BR 0701-192
M.P. 57.56

2,640.00 0.50
COLORADO RIVER BRIDGE STRUCTURE G-04-BA
BEGIN STRUCTURE M.P. 58.06

417.00 0.08
COLORADO RIVER BRIDGE STRUCTURE G-04-BA
END STRUCTURE M.P. 58.14

5,280.00 1.00
END PROJECT BR 0701-192
M.P. 59.14

ROADWAY (NET LENGTH) 7,920.00 1.5
MAJOR STRUCTURE 417.00 0.08
PROJECT GROSS LENGTH 8,337.00 1.58

TABULATION OF LENGTH & DESIGN DATA

STATION





















As Built As Built
G-04-BA

(Westbound I-70) 530 60

PROJECT TOTAL 530 60

HOT MIX ASPHALT 
(GRADING SX)(100) 

(PG 76-28)        
2 INCH DEPTH

REMOVAL OF 
ASPHALT MAT 

(PLANING)

SY

STRUCTURE

TON

NOTES:

1.  FOR BRIDGE DECK AND APPROACH SLAB QUANTITIES SEE BRIDGE 
     PLAN SHEET "GENERAL INFORMATION SUMMARY OF QUANTITIES."
2.  TAPER REMOVAL OF ASPHALT MAT AT BOTH APPROACHES TO
     THE BRIDGE AS SHOWN TO CREATE A 2" DEEP BUTT JOINT.
3.  CONTRACTOR SHALL AVOID DAMAGE TO THE BRIDGE DECK ON
     STRUCTURE G-04-BA DURING PLANING OPERATIONS.
     DAMAGE TO THE DECK SHALL BE REPAIRED BY THE
     CONTRACTOR AT NO ADDITIONAL COST TO THE PROJECT.
4.  MILLINGS SHALL BE REMOVED AND STOCKPILED AT THE CDOT
     MAINTENANCE YARD NEAR DEBEQUE AT NO ADDITIONAL COST
     TO THE PROJECT.









Pier
Location

Factored
Load (kips)

Allowable
Load (kips)

Estimated
Tip Elevation

Caisson
Size (in.)

Estimated
Bedrock Elevation

Minimum
Embedment (ft.)

2 2,370 1,550 4,790 60 4,825 35
3 2,370 1,550 4,794 60 4,829 35
4 2,370 1,550 4,793 60 4,828 35











Modified Project Coordinates (FEET) Modified Project Coordinates (METERS)
Point Name Northing Easting  Elevation Mon Type Pnt# Northing  Easting   Elevation Mon Type

5800 227054.90 256652.18 4870.08 CDOT TYPE II Monument 5800 69206.47 78227.74 1484.40 CDOT TYPE II Monument
5820 227324.19 257677.39 4876.51 CDOT TYPE II Monument 5820 69288.55 78540.23 1486.36 CDOT TYPE II Monument
5830 227447.31 258140.70 4876.98 CDOT TYPE II Monument 5830 69326.08 78681.44 1486.51 CDOT TYPE II Monument GPS Base Point
5840 227321.22 259081.97 4870.84 CDOT TYPE II Monument 5840 69287.65 78968.34 1484.63 CDOT TYPE II Monument

HELEN 228650.78 260292.85 4911.61 NGS TYPE 5 Monument HELEN 69692.90 79337.42 1497.06 NGS TYPE 5 Monument

  COLORADO DEPARTMENT OF TRANSPORTATION  PICS 3.00
Project number: 16689
Project identifier: DeBeque Bridge
Route I70, from MP 57.56 to MP 59.14

Project Latitude  39.165596 Scale Factor 0.999941
Project Longitude  108.140555 Combined Factor 0.999708
Project Elevation  1486.5060m Northing Reduction 400000
Zone    Colorado Central Easting Reduction 600000
Units are METERS.
       To get from Modified to State Plane: add Reduction amount then Multiply by the Combined Factor

         Geodetic State Plane Coordinates 
GPS file C:\Trimble Geomatics Office\Projects\12-2-02-2nd\Export\12-2-02-3rd.gps

  Pnt# Latitude            Longitude SP Northing  SP Easting Elip Elev Grnd Elev Description
MCCARY  39ø 22' 27.10216" N 108ø 09' 44.37283" W 479210.120 685038.750 1561.000  1577.262  MCCARY    
HELEN   39ø 17' 08.48947" N 108ø 13' 38.65738" W 469555.594 679138.832 1480.620  1497.061  HELEN     

5840  39ø 16' 54.99827" N 108ø 13' 53.53869" W 469150.463 678769.864 1468.187  1484.634  5840      
5830  39ø 16' 55.96387" N 108ø 14' 05.54932" W 469188.885 678483.048 1470.058  1486.506  5830      
5820  39ø 16' 54.60999" N 108ø 14' 11.39024" W 469151.368 678341.873 1469.911  1486.364  5820      
5800  39ø 16' 51.64498" N 108ø 14' 24.31615" W 469069.313 678029.477 1467.951  1484.403  5800      

LARRY   39ø 11' 53.77180" N 108ø 16' 00.62436" W 459957.997 675442.701 1466.180  1482.623  LARRY     





  A.  PROJECT  SITE DESCRIPTION: [INCLUDE DESCR  A NATURE OF TH E CONSTRUCTION  

1. Site Description 
Additional information for permitted projects.  For information only to fulfill the CDPS-
SCP (Colorado Discharge Permit – Stormwater Construction Permit) 
 
A. Project Site Description:  This project is located on westbound Interstate 70, west 

of DeBeque at M.P. 58.06.  The work is to take place on Colorado River Bridge 
Structure G-04-BA.  Riprap will be placed north of the bridge along the west bank of 
the river to prevent further erosion of the bank.  Some grading will be required for 
the installation of riprap and for the construction of a temporary access road to 
piers 3 and 4.  The project will install new pier columns and pier caps at piers 2, 
3, and 4.  Six 60” caissons will be drilled in the river bed for the new piers.  The 
existing pier 2 stem wall, piles, and pile cap will be removed.  Work on the piers 
will take place inside of coffer dams.  No utilities will be affected.  The deck of 
the bridge will be milled then covered with thin coat epoxy.  Once construction is 
completed the disturbed areas will be seeded with a mix specified in the plans. 

 
B. Proposed Sequencing For Major Activities:  The project is scheduled to take place in 

three phases.  Phase 1 is to begin in early October, 2009, followed immediately by 
Phase 2 which is to be completed by February 26, 2010.  Phase 3 work requires a 
temperature of at least 60ºF and will therefore take place in the Spring of 2010.  
Phase 1 work will include the installation of the riprap along the west bank and all 
work associated with pier 2.  Phase 2 work will cover all work for pier 3 and pier 4.  
Phase 3 work will be the bridge deck resurfacing with thin bond epoxy, final project 
clean up, planting and seeding. 

 
C. Acres Of Disturbance:   
 

Total area of construction site:  4.21 Acres 
Total area of disturbance:  3.78 Acres 
Acreage of native seeding:  1.0 Acres 
Acreage of riparian seeding:  0.45 Acres 

 
D. Existing Soil Data:  Cobble and river Alluvium.  Moderately erosive. 
 
E. Existing Vegetation, Including Percent Cover:  Existing vegetation is riparian 

woodland and scrub; also semi-arid sagebrush rangeland.   
 Date of survey:  June 17, 2009.  Transect 1, East access: 48% vegetative cover; 

Transect 2, West access: 28% vegetative cover.  The location of each transect is 
documented in the project’s Stormwater Management Notebook.  Prior to construction 
the ECS shall provide photo documentation of the pre-construction vegetative cover 
(excluding noxious weeds) at each footmark at approximately 90º to the surface. 

 
F. Potential Pollutants Sources:  See First Construction Activities under Potential 

Pollutant Sources.  The Erosion Control Supervisor shall prepare a list of all 
potential pollutants and their locations in accordance with subsection 107.25. 

  
G. Receiving Water: 

1. Outfall locations:  No outfalls. 
2. Names of receiving water(s) on site and the ultimate receiving water: 
 Colorado River.  All work is in the Colorado River floodplain. 
3. Distance ultimate receiving water is from project: Project takes place in the 

ultimate receiving water, the Colorado River. 
4. Does the receiving water have an approved TMDL:  No. 

 
 
 
 
 
 
 
 
 
 
 
 
 

H. Allowable Non-Stormwater Discharges: None. 
1. Groundwater and stormwater dewatering: Discharge to the ground of water from 

construction dewatering activities may be authorized provided that: 
a. The source is groundwater and/or groundwater combined with stormwater that 

does not contain pollutants. 
b. The source and BMPs are identified in the SWMP. 
c. Discharges do not leave the site as surface runoff or to surface waters. 

2. If discharges do not meet the above criteria a separate permit from the 
Colorado Department of Public Health and Environment will be required.  
Contaminated groundwater requiring coverage under a separate permit may 
include groundwater contaminated with pollutants from a landfill, mining 
activities, industrial pollutant plumes, underground storage tank, etc. 

 
I. Environmental Impacts: 

1. Wetland Impacts:   Yes 
2. Stream Impacts:    Yes 
3. Threatened and Endangered Species: No, the project will not occur during 
spawning of known threatened and endangered fish species. 

 

2. Site Map Components 
Pre-construction  
A. Construction Site Boundaries  See plan sheets “Work Area Plan View” and “East 

Access Staging & Storage Area”. 
B. All Areas Of Ground Surface Disturbance  See plan sheets “Work Area Plan View” 

and “East Access Staging & Storage Area”. 
C. Areas Of Cut And Fill N/A 
D. Location Of All Structural BMPs Identified In The SWMP  See plan sheet “SWMP 

Site Map East.” 
E. Location Of Non-Structural BMPs As Applicable In The SWMP  See plan sheet “SWMP 

Site Map West.” 
F. Springs, Stream, Wetlands And Other Surface Water  See plan sheet “SWMP Site 

Map West.” 
G. Protection Of Trees, Shrubs, Cultural Resources And Mature Vegetation  See plan 

sheet “SWMP Site Map West.” 
 

3. SWMP Administrator For Design:  Mike Morgan 
 

4. Stormwater Management Controls First Construction Activities 
The Contractor Shall Perform The Following: 
A. Designate A SWMP Administrator/Erosion Control Supervisor (To be filled out at time 

of construction; designate the individual(s) responsible for implementing, 
maintaining and revising SWMP, including the title and contact information.  The 
activities and responsibilities of the administrator shall address all aspects of 
the project’s SWMP.) 

B. Potential Pollutant Sources 
Evaluate, identify and describe all potential sources of pollutants at the site in 
accordance with subsection 107.25 and place in the SWMP notebook.  All BMPs related 
to potential pollutants shall be shown on the SWMP site map by the contractor’s 
ECS. 

 
C. Best Management Practices (BMPs) For Stormwater Pollution Prevention 
 Phased BMP Implementation 
 
During design:  Fields are marked when used in the SWMP.  During construction:  the 
ECS shall update the checked boxes to match site conditions. Clearly describe the 
relationship between the phases of construction and the implementation of BMP 
controls.  Add a narrative to the table or to the site map describing why the BMPs 
are being used in specific locations 
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Structural BMP practices for erosion and sediment control; practices may include, 
but are not limited to:   
  

BMP 
Type Of 
Control 

BMP as 
Designed 

In use 
on site 

First 
Construction 
Activities 

During 
Construction 

Interim/Final 
Stabilization 

Erosion Logs sediment X  X X   
Concrete Washouts construction X    X   
Stabilized 
Construction 
Entrance construction X  X X   
Temporary Stream 
Crossing erosion X  X X   

 
EROSION LOGS 
Erosion logs are used to capture and filter sediment laden run-off from disturbed 
areas during construction. 
 
CONCRETE WASHOUTS   
Concrete washouts are used to capture all water used to clean concrete chutes and 
pumps. 
 
STABILIZED CONSTRUCTION ENTRANCE 
Stabilized construction entrances are used to prevent the equipment from tracking 
soil out of the construction area. 
 
TEMPORARY STREAM CROSSING 
A temporary stream crossing is used to prevent unnecessary disturbance of the stream 
bottom and to reduce the amount of sediment transferred to the stream channel. 
 
 
 
NON-STRUCTURAL BMP practices for erosion and sediment control; practices may include, 
but are not limited to: 

 

BMP 
Type Of 
Control 

BMP As 
Designed 

In Use 
On Site 

First 
Construction 
Activities 

During 
Construction 

Interim/Final 
Stabilization 

Seeding Permanent Erosion X    X 
Mulch/Mulch 
Tackifier Erosion X    X 
Vegetative Buffer 
Strips Erosion X  X X X 
Protection Of 
Trees Erosion X  X X  

 
PERMANENT SEEDING 
Permanent Seeding is used as final stabilization to control runoff and erosion on 
disturbed areas. Drill seeding shall occur on slopes flatter than 2:1 and shall 
occur on the contour of the slope. Completed areas (any portion of a slope that is 
at final grade) shall be seeded within 48 hours during seeding seasons. Seeded areas 
shall be inspected frequently for areas of failure.  Slopes that are too steep for 
drill seeding shall have seed broadcast at double the rate and raked into the 
surface, see interim and final seeding. Seeding in ditch lines shall follow the 
contour, drill rows running down a ditch line shall not be allowed. 
 
During the seeding season, top of slopes adjacent to paving operations shall be 
seeded, per Section 9 of the SWMP template.  When the Engineer approves, the top 
portion of the slope (approx. 15’) can remain unseeded until paving operations 
occur.  Once paving operations are completed in an area, shouldering shall occur 
immediately.  Seeding per Section 9 of the SWMP shall then take place within 48 
hours.  Slopes that had been previously seeded and were disturbed by 
paving/shouldering operations shall be reseeded at no additional cost to the 
project. 

MULCH AND MULCH TACKIFIER 
Mulch and mulch tackifier shall be in accordance with subsection 213.03 (a).  
Crimping in ditch lines shall follow the contour, crimp rows running down a ditch 
line shall not be allowed. 
 

VEGETATIVE BUFFER STRIPS 
Existing vegetation shall be used as a BMP on the project.  Existing vegetation aids 
with erosion and sediment control, and protects water quality.  Areas of preserved 
vegetation shall be marked on the site map; preserved vegetation are those areas 
outside of disturbance (shoulder operation limit) line to the right of way fence. 
The amount of sediment reaching buffer strips shall be kept to a minimum by placing 
temporary and permanent erosion control features on disturbed slopes.  If sediment 
does enter buffer strips and covers existing vegetation it shall be cleaned/re-
seeded as directed.  Sediment in vegetative ditches shall be avoided to prevent 
sediment laden water from exiting the project site.  All vegetative ditch outfalls 
(from CDOT right of way) shall be protected with erosion logs as shown in the plans 
or as directed. 
 

PROTECTION OF MATURE TREES 
Fence (plastic) shall be placed adjacent to the wetlands; erosion logs shall be 
placed between the plastic fence and disturbance area.  Logs shall be placed to 
direct flows away from or filter water running into wetlands from disturbance areas.  
A combination of silt fence or erosion logs and fence (plastic) shall be used in 
areas indicated in the plans to protect mature trees. 

• Erosion control devices are used to limit the amount of erosion on site. 
• Sediment control devices are designed to capture sediment on the project site. 
• Construction control are BMPs related to construction access and staging.   
• BMP locations are indicated on the site map.   
• BMP installation details and general narratives are in the SWMP notebook. 

 

D. Offsite Drainage (Run On Water) 
1. Describe and record BMPs on the SWMP site map that have been implemented to 

address run-on water in accordance with subsection 208.03. 
 

E. Stabilized Construction Entrance/Vehicle Tracking Control 
1. BMPs shall be implemented in accordance with subsection 208.04.  
 

F. Perimeter Control 
1. Perimeter control shall be established as the first item on the SWMP to 

prevent the potential for pollutants leaving the construction site boundaries, 
entering the stormwater drainage system, or discharging to state waters. 

2. Perimeter control may consist of vegetation buffers, berms, silt fence, 
erosion logs, existing landforms, or other BMPs as approved. 

3. Perimeter control shall be in accordance with subsection 208.04. 
 

5. During Construction 
Responsibilities of the SWMP administrator/erosion control supervisor during 
construction. 
The SWMP should be considered a “living document” that is continuously reviewed and 
modified.  During construction, the following items shall be added, updated, or amended 
as needed by the SWMP Administrator/Erosion Control Supervisor (ECS) in accordance with 
section 208. 

A. Materials Handling And Spill Prevention 
B. Stockpile Management 
C. Grading And Slope Stabilization 
D. Surface Roughening 
E. Vehicle Tracking 
F. Temporary Stabilization 
G. Concrete Washout: Concrete washout water or waste from field laboratories and 

paving equipment shall be contained in accordance with subsection 208.05. 
H. Saw Cutting 
I. New Inlet/Culvert Protection 
J. Street Cleaning 
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6. Inspections 
A. Inspections shall be in accordance with subsection 208.03 (c). 
 

7. BMP Maintenance 
A. Maintenance shall be in accordance with subsection 208.04 (e). 
 

8. Record Keeping 
A. Records shall be in accordance with subsection 208.03 (c). 
 

9. Interim And Final Stabilization 
A. Seeding Plan 
Soil preparation, soil conditioning or topsoil, seeding (native) (1.0 acre), 
seeding (riparian) (0.45 acres), mulching (weed free), and mulch tackifier 
will be required for an estimated 1.45 acres of disturbed area within the 
right-of-way limits which are not surfaced.  The following types and rates 
shall be used: 

 

Seeding (Native) mix: 
 

COMMON NAME SCIENTIFIC NAME RATE LBS PLS/AC 

'Vaughn' Sideoats grama Bouteloua curtipendula 5 

‘San Luis’ Slender wheatgrass Elymus trachycaulus ssp. trachycaulus 6 

'Lodorm' Green needlegrass Nasella viridula 5 

'Arriba'  Western wheatgrass Pascopyrum smithii 8 

'Salado' Alkali sacaton Sporobolus airoides 2 

'VNS' Sand dropseed Sporobolus cryptandrus 1 

Total   27 
 

Seeding (Riparian) mix: 

COMMON NAME SCIENTIFIC NAME 

RATE 
LBS 

PLS/AC 

COWARDIN WETLAND 
CLASSIFICATION 

(R8) 

'NEZPAR' INDIAN RICEGRASS ACHNATHERUM HYMENOIDES 6 UPL 
'EGAN' AMERICAN SLOUGHGRASS BECKMANNIA SYZIGACHNE 3 OBL 
'ARRIBA' WESTERN WHEATGRASS PASCOPYRUM SMITHII 8 FACU 

'SALADO' ALKALI SACATON SPOROBOLUS AIROIDES 2 FAC 
'VNS' SAND DROPSEED SPOROBOLUS CRYPTANDRUS 1 FACU 

TOTAL  20  
 

B. Seeding Application:  Drill seed 0.25 inch to 0.5 inch into the soil.  In small 
areas not accessible to a drill, hand broadcast at double the rate and rake 0.25 
inch to 0.5 inch into soil. 

 

C. Mulching Application:  Apply 1 ½ tons of certified weed free hay per acre 
mechanically crimped into the soil in combination with an organic mulch tackifier. 

 

D. Special Requirements:  Due to high failure rates, hydromulching and/or hydroseeding 
will not be allowed. 

 

E. Soil Conditioning And Fertilizer Requirements: 
1. Fertilizer will not be required on the project. 
2. Soil conditioner or an approved organic amendment consistent with 90% fungal 

biomass (mycelium) and 10% potassium-magnesia with a grade of 6-1-3 or approved 
equal shall be applied to all seeded areas at 3 cy/1,000 sf or 1,000 lbs/acre.   

 

F. Blanket Application:  On slopes and ditches requiring a blanket, the blanket shall be placed in lieu of 
mulch and mulch tackifier.  See SWMP for blanket locations. 

 
 
 
 

G. Reseeding Operations/Corrective Stabilization 
 Prior To Final Acceptance. 

1. Seeded areas shall be reviewed during the 14 day inspections by the Erosion 
Control Supervisor for bare soils caused by surface or wind erosion.  Bare 
areas caused by surface or gully erosion, blown away mulch, etc. shall be 
regraded, seeded, mulched and have mulch tackifier (or blanket) applied as 
necessary. 

2. Areas where seed has not germinated after one season shall be evaluated by 
the Engineer, ECS, or Region Water Pollution Control Manager.  Areas that 
have not germinated shall have seed, mulch and mulch tackifier (or blanket) 
applied.  Work shall be paid for by the appropriate bid item. 

3. The Contractor shall maintain seeding/mulch/tackifier, mow to control weeds 
or apply herbicide to control weeds in the seeded areas until final 
acceptance. 

 

10.Prior To Final Acceptance 
A. Final acceptance shall be in accordance with subsection 208.061. 

 
 
11. Tabulation Of Stormwater Quantities 

 
Quantity 

Pay Item Description Unit Plan As-built 

203 Blading Hour 40  

208 Erosion Log (12 Inch) Lf 500  

208 Concrete Washout Structure Each 2  

208 Stabilized Construction Entrance Each 2  

208 Erosion Control Supervisor Day 100  

212 Seeding (Native) Acre 1.0  

212 Seeding (Riparian) Acre 0.45  

212 Soil Conditioning Acre 1.45  

213 Mulching (Weed Free Hay) Acre 1.45  

213 Mulch Tackifier Lb 290  

214 Deciduous Shrub (5 Gallon Container) Each 35  
 
 

1. BMP maintenance shall be paid for as: Included in the cost of the work. 
2. It is estimated that 2 concrete washout structures will be required on the 

project.  
3. It is estimated that 2 stabilized construction entrances will be required as 

directed to minimize vehicle tracking.  Locate BMP on the SWMP map. 
4. Maintenance of seeded areas shall be included in the cost of 212 Seeding 

(native) and 212 Seeding (Riparian). 
5. Blading will be accomplished by a motor grader in the 130 to 140 flywheel 

horsepower range. 

 









630-80336 BARRICADE (TYPE 3 M-B) (TEMPORARY) EACH 3

630-80358 ADVANCE WARNING FLASING OR SEQUENCING ARROW PANEL (C TYPE) EACH 2

630-80359 PORTABLE MESSAGE SIGN PANEL DAY 155

630-80360 DRUM CHANNELIZING DEVICE EACH 20

630-80363 DRUM CHANNELIZING DEVICE (WITH LIGHT)(FLASHING) EACH 10

630-80390 CHANNELIZING DEVICE (SPECIAL) EACH 60

630-85040 IMPACT ATTENUATOR (TRUCK MOUNTED ATTENUATOR)(TEMPORARY) EACH 1

TABULATION OF TRAFFIC ENGINEERING ITEMS

PROJECT TOTALSUNITITEM DESCRIPTIONITEM NUMBER

A B C

EA EA EA

48W20-1 ROAD/WORK/1 MILE 48x48 2

48R52-6a BEGIN/FINES/DOUBLE/IN WORK/ZONE 48x60 2

48R2-1(60) SPEED/LIMIT/60 48x60 2

48G20-5 WORK ZONE 48x12 4

48W20-5 RIGHT LANE/CLOSED/1/2 MILE 48x48 2

48R2-1(45) SPEED/LIMIT/45 48x60 2

48W4-2R RIGHT LANE ENDS (SYMBOL) 48x48 2

48R52-6b END/FINES/DOUBLE/IN WORK/ZONE 48x48 2

48R4-2 PASS/WITH/CARE 48x60 2

48G20-10 XYZ/CONSTRUCTION/THANKS YOU/555-555-5555 48x48 2

48R2-1 SPEED/LIMIT/65 48x60 2

48W21-5 SHOULDER/WORK 48x48 1
48W21-5ar RIGHT/SHOULDER/CLOSED 48x48 1

30W16-2a 1500 FT 30x12 1

48W5-1 ROAD/NARROWS 48x48 2

48R4-1 DO/NOT/PASS 48x60 2

30W8-1 BUMP 30x30 4

48W20-52 GROOVED/PAVEMENT/AHEAD 48x48 2

48W20-5 LEFT LANE/CLOSED/1/2 MILE 48x48 2

48W4-24 LEFT LANE ENDS (SYMBOL) 48x48 2

30R3-7b ALL/TRAFFIC/MUST/EXIT 30x36 1

48R11-2 ROAD/CLOSED 48x30 3

48M4-10 DETOUR (RIGHT ARROW) 48x18 3

48M4-10 DETOUR (LEFT ARROW) 48x18 3

16 23 12TOTALS

PANEL SIZE

SCHEDULE OF CONSTRUCTION TRAFFIC CONTROL DEVICES

SIGNS

SIGN CODE LEGEND DIMENSION
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