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noted. The FIS provided the 10-, 50-, and 100-year flow rate information.  This flow rate information was then 
plotted on log-probability paper to determine a flow rate distribution.  From this distribution, flow rates were 
determined and equated to a storm event. The following flow rates were provided in the FIS: 
 
100-Year = 3,900 cubic feet per second (cfs) 
50-Year = 3,400 cfs 
10-Year = 2,100 cfs 
 
The following flow rates were determined from log-probability paper: 
 
35-Year = 3,000 cfs 
  7-Year = 2,000 cfs 
  5-Year = 1,700 cfs 
  2-Year = 1,000 cfs 
 
Hydraulic analyses (description of hydraulic models created for project): 
 
The US Army Corps of Engineers Hydraulic Engineering Center River Analysis System (HEC-RAS) Version 
4.0 was used to analyze the hydraulic characteristics of Alvarado Channel. HEC-RAS has the ability to perform 
one-dimensional hydraulic calculations for natural and engineered channels, by utilizing the energy equation and 
the momentum equation.  For the purposes of this project, all HEC-RAS modeling was performed using a sub-
critical flow regime. 
 
The hydraulic modeling prepared for the Current Vegetated Condition, Ultimate Vegetated Condition, the three 
Maintained Conditions (no sediment removed), and Maintained Condition (sediment removed) analyses are 
based on the 1999 City of San Diego 2-foot contour topographic information.  The topography and the hydraulic 
modeling performed for Alvarado Channel are all on the National Geodetic Vertical Datum of 1929 (NGVD 29). 
 
The following provides general descriptions of hydraulic analyses/models that were prepared for this area of 
study: 
 
Current Vegetated Condition: 
 
The hydraulic analysis for Current Vegetated Condition was created to reflect the current vegetated condition of 
the channel and determine the actual channel capacity.  A field visit was performed on October 13, 2009 to 
determine and confirm the Manning’s Roughness Coefficients within Alvarado Channel for the Current 
Vegetated Condition.   
 
Based on the site visit, it was determined that Manning’s Roughness Coefficients ranged from an n-value of 
0.018 for concrete portion to an n-value of 0.15, reflecting dense vegetation. 
 
Note: See Hydraulic Profiles for Current Vegetated Condition Model and Workmap 
 
Ultimate Vegetated Condition:  
 
The Ultimate Vegetated Condition reflects dense vegetation in the channel, which assumes no maintenance is 
being performed. The existing vegetation that currently exists in the channel will become more dense.  This 
dense vegetation will reduce velocities.  The slower velocities will cause sediment to drop out and ultimately 
cause deposition in the upstream areas where the channel is fully lined.  The vegetation will migrate upstream 
and thus further decrease the capacity of the channel and potentially cause flooding to occur more frequently. 
 
To establish this ultimate vegetated condition in the hydraulic model, a Manning’s Roughness Coefficients of 
0.15 was assumed throughout the area of study. 
 
Note: See Hydraulic Profiles for Ultimate Vegetated Condition Model and Workmap 
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Maintained Condition (No sediment removed): 3 models were prepared. 
 
1. Maintained Condition (Bank to Bank):  
 
This Maintained Condition (Bank to Bank) assumes vegetation-only maintenance of the channel.  With this 
model, maintenance was proposed for the bottom and the sides of the channel. The limits of maintenance, for 
modeling purposes, begin approximately 120 feet upstream of the pedestrian bridge and extend approximately 
1,400 feet upstream of the beginning limits of maintenance. 
 
For the above described limits of maintenance, to establish the maintained condition (bank to bank) in this 
hydraulic model, the Manning’s Roughness Coefficient of 0.035 was utilized for the bottom and the sides of the 
channel.  For the portions of the channel that is concrete lined, the Manning’s Roughness Coefficient of 0.018 
was utilized.   
 
2. Maintained Condition (bottom of the channel only): 
 
This Maintained Condition (bottom of the channel only) assumes vegetation-only maintenance of the channel 
bottom.  The limits of maintenance, for modeling purposes, begin approximately 120 feet upstream of the 
pedestrian bridge and extend approximately 1,400 feet upstream of the beginning limits of maintenance. 
 
For the above-described limits of maintenance, to establish the maintained condition (bottom of the channel 
only) in this hydraulic model, the Manning’s Roughness Coefficient of 0.035 was utilized for the bottom of the 
channel.  For the portions of the channel that is concrete lined, the Manning’s Roughness Coefficient of 0.018 
was utilized.  
 
3. Maintained Condition (25-30 foot swath only): 
 
This Maintained Condition (25-30 foot swath only) assumes vegetation-only maintenance of a 25-30-foot swath 
at the bottom of the channel. The limits of maintenance, for modeling purposes, begin approximately 120 feet 
upstream of the pedestrian bridge and extend approximately 1,400 feet upstream of the beginning limits of 
maintenance. 
 
For the above described limits of maintenance, to establish the maintained condition (25-30-foot swath) in this 
hydraulic model, the Manning’s Roughness Coefficient of 0.035 was utilized for the 25-30-foot swath of the 
bottom of the channel. For the portions of the channel that is concrete lined, the Manning’s Roughness 
Coefficient of 0.018 was utilized.  
 
Additional Notes: 
For the three models prepared for the Maintained Condition (No sediment removed), it is important to note that 
the Manning‘s Roughness Coefficients for the remaining portions of the channel, outside of the limits of 
maintenance, were kept the same as the current vegetated condition.  
 
Note: See Hydraulic Profiles for Maintained Condition Model (no sediment removed) and Workmap 
 
Maintained Condition (Sediment and vegetation removed): 2 models were prepared. 
 
1. Maintained Condition (bottom of the channel only): 
 
In addition to the vegetation-only maintenance (3 models), a Maintained Condition was also prepared that 
modeled the removal of sediment and vegetation from the bottom of the channel, that has deposited over the 
years.  The location of the beginning of the sediment removed is approximately 120 feet upstream of the 
pedestrian bridge.  From that location, for modeling purposes, the sediment was removed for a distance of 
approximately 910 feet upstream.  The removal of sediment, to the historic flowline from the bottom of the 
channel, will increase the capacity of the channel and thus reduce the potential for flooding.   
 
2. Maintained Condition (25-30 foot swath): 
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This Maintained Condition (25-30 foot swath only) assumes sediment and vegetation removal maintenance of a 
25-30-foot swath at the bottom of the channel that has deposited over the years. The limits of maintenance, for 
modeling purposes, begin approximately 120 feet upstream of the pedestrian bridge and extend approximately 
910 feet upstream of the beginning limits of maintenance. The removal of sediment, to the historic flowline from 
the 25-30 foot swath from the bottom of the channel, will increase the capacity of the channel and thus allow 
retention of the vegetation along the channel banks and portions of the channel bottom (outside of 25-50 foot 
maintained swath).   
 
In the hydraulic analysis, the low flow portion of the channel, for the two models maintained condition 
(sediment removed), was adjusted to reflect the approximate geometry of the channel after the sediment is 
removed. 
 
Note: See Hydraulic Profiles for Maintained Condition Model (sediment and vegetation removed) and Workmap 
 
 Hydraulics Results (Describe capacity of channel for each condition): 
 
Based on the hydrologic and hydraulic assessment, maintenance is recommended in only Reach 2.  Additionally 
the maintenance is recommended to utilize the 25-30-foot swath approach with sediment removal over a portion 
of the channel.  It is important to note that if maintenance does not occur within Reach 2 in the near future, the 
limits of maintenance that are identified in this assessment will most likely have to be extended into Reach 3.   
 
The recommended approach would increase the flood conveyance capacity of Reach 2 from a less than 2-year 
storm event (1,000 cfs) to a 12.5-year storm event (2,330 cfs). 
 
 
Current Vegetated Condition: 
 
Capacity: 
Reach 1 ranges from 3,000 to 3,900 cfs (50- to 100-year storm event & a 6- hour precipitation of 2.3” to 2.6”). 
Reach 2 is less than 1,000 cfs (less than 2-year storm event and a 6-hour precipitation of 1.25 “). 
Reach 3 ranges from 1,000 cfs to 1,700 cfs (2- to 5-year storm event & a 6- hour precipitation of 1.25” to 1.8”). 
 
The hydraulic model determined that the current channel, based on the vegetated condition observed during the 
site visit, does not have capacity to convey the 100-year storm event. 
 
 Note: Reference Detailed Hydraulic Results for Current Vegetated Condition Model   
 
Ultimate Vegetated Condition: 
 
Capacity: 
Reach 1 is approximately 3,4 00 cfs (50-year storm event & a 6- hour precipitation of 2.3”). 
Reach 2 is less than 1,000 cfs (less than 2-year storm event and a 6-hour precipitation of less than 1.25” 
Reach 3 ranges from 1,000 cfs to 1,700 cfs (2- to 5-year storm event & a 6- hour precipitation of 1.25” to 1.65”). 
 
Due to the dense vegetation that currently exists today, there is not a significant change in the capacity when 
comparing the Ultimate Vegetated Condition model to the Current Vegetated Condition model. 
 
Note: Reference Detailed Hydraulic Results for Ultimate Vegetated Condition Model   
 
Maintained Condition (No sediment removed) - Based on the 3 models prepared, it was determined that the 
maintenance method of vegetation removal only along the 25-30-foot swath along the channel bottom in Reach 
2 is the most beneficial model. The following are the results for the determined maintenance model:  
 
Capacity would be: 
Reach 1 ranges from 3,400 to 3,900 cfs (50- to 100-year storm event & a 6 hour precipitation of 2.3” to 2.6”). 
Reach 2 is approximately 1,700 cfs (5-year storm event & a 6- hour precipitation of 1.65”) 
Reach 3 ranges from 1,000 cfs to 1,700 cfs (2- to 5-year storm event & a 6 hour precipitation of 1.2 5” to 1.65”). 
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Based on the result of the hydraulic analyses, it was determined that the 25-30-foot swath method would be a 
beneficial approach because it would increase the channel capacity conveyance while allowing retention of 
vegetation along the channel banks and portions of the channel bottom (outside of 25-30 foot maintained swath). 
 
Note: Reference Detailed Hydraulic Results for Maintained Condition Model (No Sediment Removed) 
 
Maintained Condition (Sediment and vegetation removed): Based on the 2 models prepared, it was determined 
that the maintenance method, sediment and vegetation removal along 25-30-foot swath along the channel bottom 
in portion of Reach 2 is the most beneficial model. The following are the results for the determined maintenance 
model:  
  
Capacity would be: 
Reach 1 ranges from 3,400 to 3,900 cfs (50- to 100-year storm event & a 6- hour precipitation of 2.3” to 2.6”). 
Reach 2 ranges from 2,100 to 3,000 cfs (10- to 35-year storm event & a 6- hour precipitation of 1.85” to 2.2”). 
Reach 3 ranges from 1,000 cfs to 1,700 cfs (2- to 5-year storm event & a 6- hour precipitation of 1.25” to 1.65“). 
 
Based on the profiles, there was evidence of deposition in the lower portion of Reach 2. Additionally, based on 
the result of the hydraulic analyses, it was determined that the 25-30-foot swath method would be a beneficial 
approach because it would increase the channel capacity conveyance while allowing retention of vegetation 
along the channel banks and portions of the channel bottom (outside of 25-30 foot maintained swath). This 
hydraulic analysis modeled the removal of sediment and vegetation for a length of approximately 910 feet 
(within the 25-30 foot swath) and removal of vegetation-only for the remaining portion of Reach 2 for a length 
of approximately 490 feet (within the 25-30-foot swath). This approach would significantly increase the capacity 
of the channel and reduce the backwater effects upstream.  
 
Note: Reference Detailed Hydraulic Results for Maintained Condition Model (Sediment and vegetation Removed) 
 
Are there areas of native vegetation identified in the IBA that can be retained during maintenance?  If so, 
identify location and any thinning or other modifications which must be made in the retained area. 
 
In order to preserve additional vegetation within the channel, if there are individual mature native trees such as 
sycamores or cottonwoods within the swath of maintenance and the trees are located no closer than 50 feet apart, 
maintenance can be performed around the trees.  As discussed above, the 25-30 foot swath would allow 
vegetation along banks and portions of channel bottom to remain. 
 
Is a downstream check dam or comparably mechanism required pursuant to Water Quality Protocol # 
24?  If not, explain why.  If so, describe what mechanism should be included in the IMP? 
 
No.  Based on the non-erosive velocities and capacity of the channel, it was determined in the above-described 
hydraulic analyses, that downstream check dams are not necessary.   
 
 
Conclusion/Recommendations (Describe the limits of recommended maintenance, degree to which native 
vegetation within the facility can be retained, and capacity of maintained channel): 
 
Several hydraulic models were created to determine the limits of maintenance.  It was determined that sediment 
and vegetation removal should occur in Reach 2, along the channel bottom, within a 25 to 30-foot swath for a 
distance of 630 feet. In addition to the 630 feet sediment and vegetation removal in Reach 2, also it is 
recommended sediment and vegetation removal maintenance in the lower portion of Reach 2, for a distance of 
280 feet (portion not owned by the City of San Diego). The balance of Reach 2 (490 feet) would involve 
removal of vegetation only. Please refer to the maintenance plan for limits of maintenance and notes. 
Furthermore, it is recommended that in the portion of Reach 2 for a distance of 910 feet, sediment and 
vegetation be removed to bring the channel back to the historic flowline.   
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Additional Comments: 
 
It is important to note that the frequency of flooding will be increased and the capacity of the channel will be 
reduced should maintenance (sediment and vegetation removal) be neglected within 280 feet of State of 
California property (see Note 1 on IMP). The City is not responsible for maintenance on properties owned by 
others. If the City maintains its portion upstream of the State of California property, flooding frequency will be 
reduced, however, significant benefits with respect to increasing the capacity and further reducing the frequency 
of flooding would be achieved when this additional area offsite is maintained. The City will notify and request 
the responsible party to maintain this area (280 feet downstream of City-owned land) to minimize the backwater 
effect that could contribute to the frequency of flooding of adjacent properties. 
 



LIST OF ATTACHMENTS: 
 
 

; Site Photos 
 

; Hydraulic Workmap 
 

; Hydraulic Profiles for Current Vegetated Condition Model 
 

; Hydraulic Profiles for Ultimate Vegetated Condition Model  
 

; Hydraulic Profiles for Maintained Condition Model (No Sediment Removed) 
 

; Hydraulic Profiles for Maintained Condition Model (Sediment Removed) 
 

; Detailed Hydraulic Results for Current Vegetated Condition Model 
 

; Detailed Hydraulic Results for Ultimate Vegetated Condition Model  
 

; Detailed Hydraulic Results for Maintained Condition Model (No Sediment 
Removed) 

 
; Detailed Hydraulic Results for Maintained Condition Model (Sediment Removed) 
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SITE PHOTOS: 
A site visit was conducted on October 13, 2009.  See Hydraulic Workmap for picture locations and orientation.  
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HYDRAULIC WORKMAP 
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HYDRAULIC PROFILE FOR CURRENT VEGETATED CONDITION MODEL 
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HYDRAULIC PROFILE FOR ULTIMATE VEGETATED CONDITION MODEL 
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