Replace section 1.5 of the draft structure type selection report with the following.

1.5 Hydraulics and Scour Potential
1.5.1 Hydraulics
Hydraulic design will be accomplished according to the Colorado Department of Transportation design criteria.   Major structures such as box culverts and bridges will be sized to pass the peak design discharges that have been adopted by the Federal Emergency Management Agency (FEMA) for the 100-year return frequency.   The structures will be designed using the following guidelines:

(     The structure designs will consider the maximum allowable backwater.   

       Coordination with current FEMA criteria will be taken into consideration.

(     All structures will have adequate freeboard requirements analyzed.   If adequate 

       freeboard is not available due to site constraints, there will be coordination between

       the structural and hydraulic engineers to develop the appropriate design.   This will 

       occur with the I-25 ramp bridges at Cimarron Street.   Site constraints for matching 

       the existing roadway grade at Cimarron Street will not allow adequate freeboard, 

       requiring a modification of the bridge design.

The FEMA 100-year peak discharge is ______ cubic feet per second for Fountain Creek downstream of the confluence with Monument Creek,  ______ cubic feet per second for Fountain Creek upstream of the confluence, and ______ cubic feet per second for Monument Creek upstream of the confluence.   A HEC-RAS computer analysis of the existing 100-year floodplain has been completed.   Results of this analysis indicate the portion of Fountain Creek parallel with I-25 and Monument Creek have flow depths that vary between ____and ____feet, with velocities of____to____feet per second in the main channel and____to____feet per second along the side banks.   Fountain Creek between the confluence with Monument Creek and the existing U.S. Highway 24 bridge to the west of I-25 has a flow depth of about____feet, with velocities of about____feet per second in the main channel and about____feet per second along the side banks.

1.5.2 Scour Potential
There has been a preliminary evaluation of the scour potential of Fountain Creek and Monument Creek related to structure type selection for the project through coordinated efforts of the CDOT Region 2 and CDOT Engineering Geology staff, and the project hydraulic, structural, and roadway design engineering and geology consultant team.   Existing available mapping and hydraulics reports have been reviewed, existing field conditions have been inspected, existing condition floodplain hydraulics have been analyzed, and there has been considerable discussion of the issues by the overall engineering and geology team.   The following is a summary of this preliminary evaluation and resulting recommendations related to scour potential.

The existing channels of Fountain Creek and Monument Creek in the project reach have shallow alluvial beds of fine sand to sand and gravel over shale bedrock.   The overall existing channel slope of the creeks adjacent to I-25 is about 0.7 percent, and the slope of Fountain Creek between the confluence and the U.S. Highway 24 bridge is about 1.1 percent.   The existing side banks of the channels are predominantly clayey sand and sandy clay on about 2 to 1 slopes.   There is dense vegetation along the channels in many areas.   The beds of the channels have degraded over time to form a base flow channel about 3 to 4 feet deep.   The depth to bedrock in the bottom of this base flow channel varies between about 1 and 8 feet, with an average of about 4 feet.   There is little evidence of lateral migration of the channels.

There are several existing old vertical concrete drop structures and several existing concrete encased utilities that cross the channel bottom.   Significant local scour is evident at most of these structures, and some of the old drop structures have been damaged or have failed.   Vertical gabion retaining walls along the north bank of Fountain Creek below the I-25 bridges and a short vertical concrete drop structure were constructed by CDOT in the late1990’s to mitigate scour under the bridges.   Sediment deposition is evident further west near and under the U.S. Highway 24 bridge.

Between just south of Colorado Avenue and Bijou Street the banks of Monument Creek were lined with thick flagstone grouted in place as part of a WPA work program in the 1930’s.   A vertical concrete retaining wall was constructed on the west bank north of Bijou Street, as part of the original I-25 project in the early 1960’s.   Recently three major grouted boulder sloping drop structures were constructed by the City of Colorado Springs across the channel bottom in the reach from just downstream of Cimarron Street to just downstream of Colorado Avenue.   Construction plans and field review indicate all these structures were tied into the shale bedrock.   These structures appear to be very stable, with only a few isolated locations of minor local scour adjacent to these structures, and minor local displacement of the WPA lining.

City drainage basin planning studies for Fountain Creek and Monument Creek have included sediment transport analyses to evaluate the stability of the channels.   These studies have estimated the equilibrium slope of the reaches of Fountain Creek and Monument Creek that parallel I-25 in the project area to range between 0.2 and 0.4 percent, and to be about 1.5 percent for the reach of Fountain Creek between the confluence and the U.S. Highway 24 bridge.   Comparison of these estimated equilibrium slopes with the existing channel slopes indicates the channel reaches parallel with I-25 are degrading and the channel reach west of I-25 is aggrading slightly.   These results are verified by the stability conditions observed currently along the channels.   The three drop structures recently constructed by the City are the first phase of a program to construct many drop structures along these channels to stabilize the streambeds to the equilibrium slopes and limit degradation and aggradation.

Total scour includes long-term degradation, and contraction and local scour.   Contraction and local scour should not be a significant design factor for the structure foundations of this project, considering the shallow depth to bedrock of the alluvial streambeds and the short flood discharge periods typical of the Front-Range of Colorado.   Long-term degradation can be reasonably estimated based on straight line extrapolation of observed trends.   Comparison of current topographic mapping with previous FEMA studies and original I-25 construction plans indicates the beds of Fountain Creek and Monument Creek along the project have degraded between 1 and 8 feet over the last 50 years, with an average of about 5 feet or about 0.1 foot per year.   Long-term degradation is normally estimated over a 100-year period.   Based on the straight line extrapolation of the observed trend, the alluvial beds of the channels could degrade about 10 feet more in the next 100 years.   This does not appear reasonable, since the depth to bedrock is about 4 feet.   The existing shale bedrock is also erodable due to weathering and slaking, but at a much slower rate than alluvial bed material.   It is probable the phased drop structure construction program of the City will also significantly limit the long-term degradation.

The engineering and geology team that evaluated the scour potential for this project has reached the following conclusions.   New structures for the project that are adjacent to Fountain Creek and Monument Creek should consider the scour potential of the streams.   Bridge abutments and piers should have deep foundations that penetrate into bedrock below the estimated total scour depth.   New retaining walls below the base flood elevations should have rigid solid surfaces (except in backwater areas).   New retaining walls adjacent to natural streambanks should have deep foundations into bedrock below the estimated total scour depth to prevent structure failure in the event of bed or bank scour.   New retaining walls above the existing WPA bank lining or the existing retaining wall near Bijou Street should not be susceptible to scour since the existing bank lining and retaining wall appear stable.   However, these new retaining walls should also have deep foundations into bedrock to reduce or prevent surcharge loads that could have negative impacts on the stability of the existing bank lining and retaining wall.   Considering the scour potential and the stability improvements planned for the streams, it is likely the foundations of the new structures will need to penetrate into bedrock less than 5 feet more than required for normal structural design.   Revetments will be constructed where necessary to protect the toes of the new and existing structures that support the roadways along the streams.

During final design the total scour potential, including long-term degradation and contraction and local scour, will be estimated more analytically for each of the structures so the depth of penetration into bedrock for the deep foundations can be designed.   Long-term degradation will be estimated for a 100-year period, and local scour will be estimated for a 500-year return frequency peak discharge.   Revetments will be designed for local scour considering a 100-year peak discharge.   All improvements will be designed to limit environmental impacts, as practical.
