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1. INTRODUCTION  

Franson Civil Engineers (FCE) was asked to look at modifications to the Logan River at the Center 
Street Bridge location. The Center Street bridge has experienced severe scouring beneath  the 
bridge footings. Over the years several attempts have been made by Logan City and others  to try 
and protect the bridge. This has mostly consisted of dumping concrete debris  around the bridge. 
Consequently, the concrete debris and rubble have partially accumulated beneath the bridge, while 
previous attempts at patching have just broken off.  

Figures 1.1 and 1.2 illustrate the problems that exist around the footings and foundations, including 
the scour beneath the footings, the rubble piles that have accumulated, and the further scour that 
has taken place. The figures also show the concrete rubble in the channel itself.  

Figures 1.3 and 1.4 show the dumping and concrete debris that has taken place, either to help 
stabilize the footings or simply as a disposal method. This has in turn choked the outlet of the 
bridge, causing localized higher velocities. An additional problem has been caused by a Siberian 
elm on the downstream right side bank, an invasive species of tree that has started growing in the 
cracks of the concrete, further complicating issues. 

 Figure 1.1 Picture of Footings on Bank Left 
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Figure 1.2 Footings on Bank Right 

 
 

Figure 1.3 Downstream Face on Bank Left 
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Figure 1.4 Concrete Rubble at Downstream Face Bank Right 

 
Logan City has asked FCE to evaluate the conditions of the bridge and design a hydraulic repair 
to the Bridge in order to extend its life by at least 10 years.  

FCE has reviewed the hydraulic model and the reports submitted to Logan City by Anderson 
Consulting (ACE), including the hydraulic profiles. Additionally, FCE has been onsite and made 
the following observations. 

 Existing Condition 

• The upstream was modified and benched out as part of the Emergency Watershed Project 
(EWP) completed by Logan City between 2013 to 2015. This area was also vegetated with 
native vegetation on both banks. The vegetation, which includes water birch, coyote 
willow, Redozier dogwood, Wood’s rose, and native perennial grasses is flourishing. 

• The property on the right bank of the river (north side) downstream of the bridge is benched 
and stepped either naturally or by the property owner. Additionally, the owner has installed 
rip rap along the bank.  
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• The property on the left bank of the river (south side) downstream of the bridge is very 
steep, armored with rock rip rap (placed by the downstream property owner), concrete that 
was dumped or poured on the abutments, and chunks of old concrete rubble that was 
dumped into the channel. This debris has abnormally choked the river in this area, 
particularly on the west end of the bridge. 

• The river upstream and downstream of the bridge has been highly altered by development 
over the decades. However, small sections of the existing channel, where managed 
landscaping and crack willows do not dominate, consist of rocks ranging in size from 3 to 
9 inches with intermittently larger boulders. The banks tend to be protected by native 
growing coyote willow and Redozier dogwood. 

• Both foundations for the bridge consist of spread footings that were built at different times. 
The footings on both sides of the bridge have been scoured and eroded. When a tape 
measure was pushed up beneath them, the tape went in approximately 36 inches. 
Approximately  ½ of the footing that is not supporting the structure. 

• There are also settlement cracks in the road section along both abutments. The Logan City 
Streets Department fixes them annually, though they are getting worse. This places this 
structure at risk, particularly in a seismic event or extreme flood events. 
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2. METHODOLOGY 

The following assumptions and model procedures have been used to evaluate alternative solutions 
for stabilizing the bridge footings. 

 Existing Terrain Model 
The existing channel was surveyed by the Logan City Surveyor. The data points were used to 
create a surveyed surface. The areas outside of the survey boundary were evaluated using 2013 
LIDAR data, vertically corrected based on the completed survey. The two sources of information 
were then merged together in Civil 3D to create a surface terrain model of the existing conditions. 

2.2 Manning’s Roughness Coefficients Assumed 
The following Manning’s coefficients were used to represent the existing conditions and the 
proposed final conditions of the river restoration. 

Table 2.1 Manning's Roughness Assumptions 
Area  

Description Type Existing 
Manning’s “n” 

Proposed 
Manning’s “n” Source 

Large Tree Trunks Tree 100 100 Obstructed Flow 
Parking Lots and Concrete Asphalt/ 

Concrete 
0.020 0.020 Anderson Model 

Grassed Areas Grass 0.035 0.035 Anderson Model 
Buildings Bldg. 100 N/A Obstructed Flow 
Rock RipRap Rock 0.060 0.060 HEC-RAS 

Reference Manual 

River River 0.046 0.046 Anderson Model 
Boulder Walls and Boulders 
Stacked along Bank (not riprap) 

Boulders 0.080 0.080 HEC-RAS 
Reference Manual 

Dirt Areas without Vegetation 
including Dirt Roads 

Dirt 0.025 0.025 HEC-RAS 
Reference Manual 

Gravel Trails Gravel 0.035 0.035  
Native Willows Willows/ 

Dogwood 
N/A 0.090 Anderson Model 

Native Grass and Flowers with 
Trees and Shrubs 

Native Grass N/A 0.080 Anderson Model 
Conservative 

Native Trees in Clusters Native Trees N/A 0.090 Anderson Model 
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2.3 Flow Rates Evaluated 
To compare the existing conditions to the proposed alternative, the flow rates modeled were stair 
stepped in order to allow for a steady-state analysis at the various regulatory conditions. The flows 
are summarized in Table 2.2.  

Table 2.2  Flows Modeled 
Recurrence 

 Interval 
Flow Rate  

(cfs) Source 

Ordinary High Water (OHW) 870 Average Peak Day Flows  
(USGS Annual Peak Flow Records) 

10-Year 1,610 Anderson 
25-Year 1,900 Anderson 
50-Year 2,100 Anderson 

100-Year 2,280 Anderson 
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3. EXISTING CONDITION COMPARISON RESULTS 

The existing flood plain model completed by Anderson Consulting was calibrated using the results 
of the 2004, 2011, and 2017 flood flows based on bridge flow conditions. Anderson Consulting 
adjusted the model roughness coefficients until the model closely replicated those flood conditions.  

The goal is for the 2D model to closely represent the Anderson Model, which is similar to other 
reaches. However, one of the problems encountered with calibration in this area is the changing 
conditions through the bridge, as represented by the scouring under the footings. Additionally, the 
evaluation of the bridge included a much higher resolution survey under the bridge as well as over 
the bridge.  

Table 3.1 summarizes the boundary conditions at the downstream end of the reach just upstream 
of the Main Street Bridge used in calibration. 

Table 3.1 Water Surface Elevations Upstream of Center Street Bridge (ACE Model) 
Recurrence  

Interval US Elevations  DS Elevations Source 

10-Year 4562.6 4561.0 Anderson Model 
25-Year 4562.8 4561.6 Anderson Model 
50-Year 4562.9 4561.9 Anderson Model 

100-Year 4563.2 4562.2 Anderson Model 
 
The existing condition model results at the upstream cross section of the proposed project were 
compared with the results of the Anderson Model. Table 3.2 summarizes the results of the two 
models. It is also important to note that the girder bottom elevations are at 4562.65 at the upstream 
bottom chord and 4562.69 at the downstream bottom chord. Whenever the elevations exceed these 
conditions, particularly on the upstream chord, the flows function as a culvert type scenario and 
the 2D model is not going to be applicable. 

Table 3.2 Comparison Model Results 
Recurrence 

Interval 
Model US 
Elevations Model Error Model DS 

Elevations Error Comment 

      
10-Year 4561.4 -1.2 4560.33 +.33  
25-Year 4562.09 -0.71 4561.02 -.58  
50-Year 4562.43 -.57 4561.36 -.54  
100-Year 4563.48 +.28 4562.36 +.16 Culvert Flow, Elevations 

are off 
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An additional review of the velocities shows the average velocities shown in the Anderson Model, 
using the bridge flow conditions, to be substantially lower than the point velocities experienced in 
the 2D model. The point velocities in the 2D model at the downstream face are as high as 14 ft/sec 
under the existing condition compared to the average velocity of 7.6 ft/sec in the Anderson Model.  

While it is always better to have the models reflect and completely agree on the results, the 
differences in the survey detail under the bridge, the detailed modeling approach, and the variation 
in the numeric models under the bridge have made that comparison impossible at this stage. 
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4. DESIGN CROSS SECTION EVALUATION AND PLAN LAYOUT 

Based on site visits and preliminary evaluations, FCE has evaluated the following configuration 
including armoring the toes of the bridge on bank right, the north side of the bridge. The work 
under the bridge will tie into the upstream rock wall on bank left, the south side of the bridge. 
However, the left bank downstream of the bridge will need either a rock wall or a gabion wall due 
to the steeper slope which currently approaches 45 degrees.  
 
Figure 4.1 shows the general plan approach from the design drawings. The design incorporates the 
use of engineered rip rap (based on the USACE EM-1110 references) to armor beneath  the bridge 
and to reinforce the banks. A gabion wall is used on the south bank where the existing slopes are 
extremely steep.  

Figure 4.1 Armoring of Toes of Bridge and Abutments 

 
 
Figure 4.2 illustrates the centerline section running through the bridge and the mitigation area. To 
mitigate velocities through the bridge a “stilling basin”, for lack of a better term, was designed to 
calm the flows somewhat and disperse the flows throughout the channel. During low flows, when 
oxygen levels can be a concern, this will create a habitat pool for fish and aquatic life. During high 
flows, it breaks energy and prevents the concentrated bridge velocities from scouring the channel 
downstream. The “stilling basin” is only about 30 inches deep and is located in the area where the 
existing flows were trying to cut through the accumulated concrete rubble.  
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Figure 4.2 Centerline Through Bridge Showing a Stilling Basin and Armored Crest 

  
Figure 4.3 is a cross section showing the work that will be done beneath the existing bridge. The 
concrete rubble and debris will be removed, the footings reinforced, and the channel shaped to 
coincide with the upstream and downstream energy lines and flow patterns. The channel is armored 
with engineered rip rap. 

Figure 4.3 Cross Section Through Bridge Showing the Armored and Stabilized Footings 
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Figure 4.4 shows the use of the gabion wall. It is only two gabions high and is designed to catch 
the slope above, which will be graded to a 2h:1v slope. This slope will be armored with engineered 
rip rap to protect the bank during flood events. The rip rap and gabions will have pole plantings of 
coyote willow and Redozier dogwood to help revegetate the area. They will be placed on a five 
foot spacing in the rocks. Where possible, they will be planted at the same time the rock is being 
placed during the summer (least effective timing) to try and jump-start some of the growth with 
additional late fall dormant plantings (most effective) to further increase the density of the 
plantings. 

Figure 4.4 Gabion Wall Protection and Rip Rap Armoring 

4.1 Proposed Cross Section Results 
The results of the proposed model were then compared to the existing conditions at the upstream 
and downstream boundaries of the bridge. Table 4.1 compares the existing model with the 
proposed design model. It should be noted that in almost all conditions, the water surface 
elevations were either lower or statistically unchanged, compared to the existing conditions, after 
the improvements were made except at the ordinary high-water condition (OHW), where the rock 
crest causes the low flows to slow and reduce erosion. Additionally, the proposed design lowers 
the 100-year event slightly below the bottom chord of the bridge. 

Based on the proposed design section, there is a significant reduction in the effective water surface 
at the upstream face of the bridge. By reducing this water surface significantly during the 100-year 
event, the city will have less risk of damage to the bridge. However, there is less than 0.5 feet of 
free board, so the improvement, while helpful, does not eliminate all risks to the bridge. Trees and 
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debris catching in the bridge are still a risk. As a result, it is critical to configure the armoring and 
protection of the bridge in order to prevent as much debris collection as possible. 

With the removal of the concrete rubble at the toe of the footings, there is a slight velocity increase 
at the upstream face of the bridge during lower flows. During the higher flows, the velocities at 
the upstream face are either close to the same or less than the existing conditions. This would relate 
to no significant change in velocity due to the additional riprap and repairs to the bridge. 

However, through the bridge and at the downstream face of the bridge, the velocities are all 
reduced. For the OHW (870 cfs) through the 50-year event (2100 cfs) the velocities are 
significantly reduced. This will result in a substantial reduction in risk to the bridge when combined 
with the proposed mitigation. 

Table 4.1 Modeling Elevation Results 
Section 
Station 

Recurrence 
Interval 

Existing 
Model 

Proposed Design 
Model Variation Comments 

Upstream      
 OHW 4558.92 4559.09 0.17  
 10-Year 4561.4 4560.87 -0.53  
 25-Year 4562.09 4561.50 -0.59  
 50-Year 4562.43 4562.28 -0.15  
 100-Year 4563.48 4562.31 -1.17 Proposed Design is 

below bridge bottom 
chord 

Downstream      
 OHW 4557.43 4558.39 0.96  
 10-Year 4560.33 4560.39 .06  
 25-Year 4561.02 4561.02 0.00  
 50-Year 4561.36 4561.43 .07  
 100-Year 4562.36 4561.85 -0.51  
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Table 4.2 2D Model Peak Velocity Results 

Section Station Recurrence Interval Existing 
Condition 

Proposed Design 
Model Variation 

Upstream     
 OHW 7.32 8.05 0.73 
 10-Year 7.64 8.13 0.49 
 25-Year 8.29 8.30 0.01 
 50-Year 8.44 8.52 0.08 
 100-Year 9.21 8.75 -0.46 
Downstream     
 OHW 7.59 6.56 -1.03 
 10-Year 8.25 6.73 -1.52 
 25-Year 8.53 7.39 -1.14 
 50-Year 8.87 8.52 -0.35 
 100-Year 8.90 8.75 -0.15 

 
These results are shown in the side by side comparison of shear stresses throughout the section. 
The shear units in HEC-RAS are in lbs per square foot. Figure 4.5 shows the shear stress through 
the bridge under the existing conditions in the two-percent chance event (50-year).This is a 
consequence of the concrete and rocks being dumped in order to try and protect the footings. 
However, as the model shows, the shear stresses created ranges from 6 to 10 lbs per square foot 
consistently, which tends to move the sediments and rock quite easily. However, Figure 4.6 shows 
that with the section being cleaned up, proper armor being installed, and the footing erosion being 
mitigated, the shear stresses are decreased to a range of 2.5 to 3.5 lbs per square foot. This 
significant reduction in shear stresses combined with improved armoring placement and 
construction will improve the flow through the bridge and help mitigate the bridge foundation 
scour.  
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Figure 4.5 Existing Shear Stress at 2% Chance Flows Downward 
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Figure 4.6 Modeled Shear Stresses Under Proposed Condition in 2% Chance Flows 

 

4.2 Refined Rip Rap Sizing 
Based on the model results, as documented in Appendix A, the rip rap sizing required for the 2:1 
side slopes and the channel bottom is substantially smaller than previously required. Based on the 
HEC-11 gradation profiles and the EM1110-1601 sizing algorithm from the US Army Corp of 
Engineers, the following gradation is suggested. 

Table 4.3 Riprap Gradation if Loose Placed 

Rock Riprap gradation limits (HEC-11, 4.2 Table 2)           
           
   Lower Range Higher Range   
   Ft Inches lbs Ft Inches lbs   

  D100 1.05 13 101 1.19 14 147   

  D85 0.84 10 52 0.98 12 82   

  D50 0.70 8 30 0.81 10 46   

  D30 0.65 8 24 0.75 9 36   

  D15 0.28 3 2 0.42 5 6   
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Based on the sizing, it appears that much of the riprap placed around the toe in previous years can 
be recycled and reused as the concrete rubble and debris is removed and the area under the bridge 
is graded appropriately. This will help save the City some of their costs. Additionally, it appears 
the proposed gabion baskets may be filled with the material removed from the river channel as 
well. 
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5. AQUATIC IMPACTS 

The existing rubble and debris in the channel bed around the bridge, as shown in the previous 
photos, are predominately concrete. Removing this concrete and replacing it with angular rock and 
stone similar to what is in the channel naturally will allow the insects to quickly move into this 
area comparable to other sections of the Logan River. As part of other work completed in the 
Logan River, other sections have responded very positively to the revegetation proposed as well 
as the removal of concrete rubble and debris.  
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6. BMPS DURING CONSTRUCTION 

Working under this bridge will require equipment access into the river. The concrete chunks are 
simply too large to manage any other way. Construction during low flows on this section of the 
Logan River will occur in July and August. This work will need to be completed in this narrow 
window of time while flows can be more easily managed. Recommendations in the proposed 
approach include the following: 

• Water can be diverted with sandbags, temporary pre-manufactured barricades, or other 
similar methods in order to coffer dam the water around the bridge footings, allowing one 
half of the river to be constructed at a time. This will be an issue primarily during concrete 
work. 

• Water can be temporarily piped through this section during low flows in large diameter 
culverts and diverted into it with sandbags or similar structures. This would allow all 
concrete work under the footings to occur simultaneously, as well as much of the bank 
stabilization and maintenance. 

• The work of removing debris will need to be completed in a periodic pause method in order 
to allow the water to clear up after sediments are disturbed. This will be necessary to 
minimize stress on the environment during the low flow periods in July and August. 

• The standard BMPs for protecting the river, including verifying that no grease, oil, 
hydraulic fluid, or fuel leaks into the river, and ensuring equipment is cleaned before 
entering the river will be necessary. Additionally, spill kits for this work must be included. 

DWQ will require various additional BMPs. 
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