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Hydrologic information (source of hydrologic information, summary of flow rates and return 
frequencies): 
 
There are two (2) sources of hydrologic information.  The first source of hydrologic information is based on the 
Federal Emergency Management Agency’s (FEMA’s) DRAFT (no date) Flood Insurance Study (FIS) for San 
Diego County. The second source of hydrologic information is based on FEMA’s 2006 FIS for San Diego 
County. The difference between these two sources is that the DRAFT FIS has not been officially adopted at the 
authoring of this assessment.  While the hydrologic information utilized for this project is based on the 2006 
FIS, hydrologic information from the DRAFT FIS was compared for any discrepancies of information. For this 
project reach, no discrepancies were noted. The FIS provided the 10-, 50-, and 100-year flow rate information 
for Alvarado Creek. 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 return frequency storm 
event.  
 
The following flow rates were provided in the FIS: 
 
100-Year =5,100 cubic feet per second (cfs) 
50-Year = 4,500 cfs 
10-Year = 2,700 cfs 
 
The following flow rates were determined from log-probability paper: 
 
25-Year = 3,800 cfs 
  5-Year = 2,050 cfs 
  2-Year = 1,180 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, 
Maintained Condition (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 a n-value of 0.016 
for the concrete portion to a n-value of 0.06, reflecting light to moderate vegetation in the earthen or sedimented 
portions. 
 
Note: See Hydraulic Profiles for Current Vegetated Condition Model 
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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 
0.17 was assumed throughout the area of study for earthen portions and 0.17 for the bottom of the channel only 
for the concrete-lined portions. 
 
Note: See Hydraulic Profiles for Ultimate Vegetated Condition Model 
 
Maintained Condition (No sediment removed): 2 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 for earthen portions of the channel 
and for the bottom of the channel only for concrete-lined portions of the channel. The limits of maintenance, for 
modeling purposes, begin at 280 feet downstream of the downstream side of the culvert crossing at Fairmount 
Avenue and extend upstream for approximately 2650 feet. 
 
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 
earthen portions of the channel. For the portions of the channel that is concrete-lined, for the side slopes, the 
Manning’s Roughness Coefficient of 0.016 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 280 feet downstream of the downstream side 
of the culvert crossing at Fairmount Avenue and extend upstream for approximately 2650 feet. 
 
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. 
 
It is important to note that maintenance for the lower portions of Reach 1, the earthen portion with a rock lined 
left bank and the naturally lined portion, were not modeled in the 2 models (maintained condition, no sediment 
removed), located approximately 280 feet downstream of the downstream side of the culvert crossing at 
Fairmount Avenue, due to the Arundo Donax removal project that is currently in process. The Manning’s 
Roughness Coefficients for the above-described portions of Reach 1 were kept the same as the current vegetated 
condition. 
 
Additional Notes: 
For the two 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 model. 
 
Note: See Hydraulic Profiles for Maintained Condition Model (No sediment removed) 
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Maintained Condition (Sediment and vegetation removed):  
 
1. Maintained Condition (bottom of the channel only): 
 
In addition to the vegetation-only maintenance (2 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 limits of maintenance, for modeling purposes, begin 280 feet downstream of the downstream side of 
the culvert crossing at Fairmount Avenue and extend approximately 1220 feet upstream of the beginning limits 
of maintenance. Sediment removal was also assumed within the entire Reach 4. The removal of sediment, to the 
historic flowline from the bottom of the channel, will increase the capacity of the channel compared to the 
current vegetated condition, and thus reduce the flooding potential. 
For modeling purposes, the sediment and vegetation removal was assumed to be limited to a portion of Reach 1, 
Reach 2 and Reach 4. The depth of sediment removed ranged from 0.3 feet to 0.8 feet. 
 
In the hydraulic analysis, the channel bottom was adjusted to reflect the historic flowline based on 1999 City of 
San Diego 2-foot contour topographic information and as-built information. 
 
Note: See Hydraulic Profiles for Maintained Condition Model (Sediment and vegetation removed) 
 
Hydraulics Results (Describe capacity of channel for each condition): 
 
Based on the hydrologic and hydraulic assessment, maintenance is recommended in the entire limits of study 
area, except for the downstream portion of the channel for approximately 770 feet. However, the proposed 
maintenance is for the bottom of the channel only and consists of vegetation removal in the upper portion of 
Reach 2 and entire Reach 3, and sediment and vegetation removal in the upper portion of Reach 1, the remaining 
portion of Reach 2, and entire Reach 4. Additionally, based on the site visit, 1999 City of San Diego 2-foot 
contour topographic information, and the hydraulic results it was determined that the culvert crossing under 
Fairmount Avenue and the channel downstream of Reach 4 is severely undersized. In order to bring the channel 
to the current design standards, improvements would be required for Reaches 2 and 3. These improvements 
would consist of, but would not be limited to, re-grading of the channel and upsizing the culvert crossing under 
Fairmount Avenue. The re-grading would consist of widening the channel and/or removing the abandoned road 
crossing. Also, it is important to note that portions of the channel (located in a portion of Reach 2 and Reach 3) 
that needs improvements are not owned by the City of San Diego and additional coordination would be required 
for the future improvements mentioned above. 
 
The results of the hydraulic analyses describe these benefits in more detail (see below). 
 
Current Vegetated Condition: 
 
Capacity: 
Reach 1 ranges from 3,800 to 4,500 cfs (25- to 50-year storm event and a 6-hour precipitation of 2.1” to 2.2”). 
Reach 2 ranges from 1,180 to 2,050 cfs (2- to 5-year storm event and a 6-hour precipitation of 1.25 to 1.62”). 
Reach 3 is less than 1,180 cfs (less than 2-year storm event and a 6-hour precipitation of less than 1.25”). 
Reach 4 ranges from 3,800 to 4,500 cfs (25- to 50-year storm event and a 6-hour precipitation of 2.1” to 2.2”). 
 
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 design storm (100-year). 
 
Note: Reference Detailed Hydraulic Results for Current Vegetated Condition Model   
 
Ultimate Vegetated Condition: 
 
Capacity: 
Reach 1 ranges from 1,180 to 2,050 cfs (2- to 5-year storm event and a 6-hour precipitation of 1.25” to 1.62”). 
Reach 2 is less than 1,180 cfs (less than 2-year storm event and a 6-hour precipitation of less than 1.25”). 
Reach 3 is less than 1,180 cfs (less than 2-year storm event and a 6-hour precipitation of less than 1.25”). 
Reach 4 is approximately 2,700 cfs (10-year storm event and a 6-hour precipitation of 1.8”). 
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Due to the light to moderate vegetation that currently exists today in the lower and upper portion of the channel, 
there is a significant change in the capacity in Reach 1 and Reach 4 when comparing the Ultimate Vegetated 
Condition model to the Current Vegetated Condition model. Additionally, due to the undersized channel and 
crossing at Fairmount Avenue, there is not a significant change in the capacity in Reach 2 and Reach 3 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 2 models prepared (maintained condition, bank to 
bank and channel bottom only), it was determined that the maintenance method of vegetation removal only 
along the channel bottom is the most beneficial model and least impactive. The following are the results for the 
determined maintenance model:  
 
Capacity: 
Reach 1 ranges 3,800 cfs to 4,500 cfs (25- to 50-year storm event and a 6-hour precipitation of 2.1” to 2.2”). 
Reach 2 ranges from 1,180 to 2,050 cfs (2- to 5-year storm event and a 6-hour precipitation of 1.25” to 1.62”). 
Reach 3 is less than 1,180 cfs (less than 2-year storm event and a 6-hour precipitation of less than 1.25”). 
Reach 4 is approximately 5,100 cfs (100-year storm event and a 6-hour precipitation of 2.6”). 
 
In Reach 3, at cross section 2231.64, where the abandoned road is located, the channel has capacity of less than a 
2-year storm event. At that location, the water overtops the channel banks and inundates the neighboring 
properties. Upstream and downstream of the abandoned road the channel in Reach 3 has capacity of 1,180 to 
2,050 cfs (2- to 5-year storm event and 6-hour precipitation of 1.25 to 1.62”). It should be noted that increased 
capacities identified above would only be realized if non-City portions of the Reaches are maintained as 
assumed. 
 
Based on the result of the hydraulic analyses, it was determined that the channel bottom only method would be a 
beneficial approach because it would increase the channel capacity while allowing retention of vegetation along 
the channel banks. 
 
Note: Reference Detailed Hydraulic Results for Maintained Condition Model (No sediment removed) 
 
Maintained Condition (Sediment and vegetation removed): Based on the profiles, there was evidence of 
deposition in portion of Reach 1, Reach 2 and Reach 4. This hydraulic analysis modeled the removal of sediment 
and vegetation for a length of approximately 280 feet in Reach 1, 940 feet in Reach 2, and 550 feet in Reach 4 
from the channel bottom and removal of vegetation only from the channel bottom in upper portion of Reach 2 
and entire Reach 3. 
 
Capacity: 
Reach 1 is 3,800 cfs to 4,500 cfs (25- to 50-year storm event and a 6-hour precipitation of 2.1 to 2.2”). 
Reach 2 ranges from 1,180 to 2,050 cfs (2- to 5-year storm event and a 6-hour precipitation of 1.25 to 1.62”). 
Reach 3 is less than 1,180 cfs (less than 2-year storm event and a 6-hour precipitation of less than 1.25”). 
Reach 4 is approximately 5,100 cfs (100-year storm event and a 6-hour precipitation of 2.6”). 
 
In Reach 3, at cross section 2231.64 where the abandoned road is located, the channel has capacity of less than 
2-year storm event. At that location, the water overtops the channel banks and inundates the neighboring 
properties. Upstream and downstream of the abandoned road, the channel in Reach 3 has a capacity of 1,180 to 
2,050 cfs (2- to 5-year storm event and 6-hour precipitation of 1.25 to 1.62”). By the sediment and vegetation 
removed maintenance method in a portion of Reach 1, Reach 2 and Reach 4, the capacity of the channel in these 
Reaches would not change compared to the maintained condition (no sediment removed), due to the undersized 
channel and crossing at Fairmount Avenue, but will bring the channel back to the original (historic) design, 
lower the area of flooding in Reach 3 and Reach 4, and prevent siltation of the underground culvert located 
upstream of Reach 4. Therefore, this is the recommended approach. It should be noted that increased capacities 
identified above would only be realized if non-City portions of the Reaches are maintained as assumed. 
 
Note: Reference Detailed Hydraulic Results for Maintained Condition Model (Sediment and vegetation removed) 
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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. 
 
This portion of Alvarado channel is subject to frequent flooding. Based on the hydraulic results it was 
determined that the culvert crossing under Fairmount Avenue and the channel downstream of Reach 4 (Reach 2 
and Reach 3) is severely undersized and has capacity for less than a 2-year storm event in it’s current condition. 
The proposed maintenance will mitigate the frequency of flooding but it will not increase the channel capacity in 
the deficient areas. However, in order to preserve additional vegetation in the portion of the channel where 
maintenance of vegetation removal only in the channel bottom is proposed, if there are individual mature trees 
such as Sycamores or Cottonwoods along the channel bottom, and the trees are located no closer than 50 feet 
apart, maintenance should be performed around the trees. It is recommended that the trees be trimmed to remove 
branches below the top of bank elevation where possible, to improve the channel capacity, while retaining the 
mature trees. 
 
Is a downstream check dam or comparable mechanism required pursuant to Water Quality Protocol # 
24?  If not, explain why.  If so, describe what mechanism should be included in the IMP? 
 
As stated previously, the channel reach has very little capacity. This channel is subject to frequent flooding and 
failures. The lower portion of Reach 1 may experience erosive velocities in the portion of the earthen channel 
with rock lined left bank side, and a part of the naturally lined portion of the channel where maintenance is not 
proposed. However, these velocities are consistent with the current condition. Due to the channel configuration 
and lack of capacity in its current condition, it would be counter productive to install check dams or some other 
comparable mechanism that would further reduce the capacity of the channel and increase the frequency of 
flooding. 
 
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. Throughout the limit of study 
there are two kinds of maintenance proposed: “vegetation removal” and “sediment and vegetation removal” 
from the channel bottom. The following summarizes the recommended limits of maintenance: 
 
Upper portion of Reach 1 – sediment and vegetation removal for a length of 280 feet 
Lower portion of Reach 2 – sediment and vegetation removal for a length of 800 feet 
Central portion of Reach 2 – sediment and vegetation removal for a length of 140 feet 
Upper portion of Reach 2 - vegetation removal for a length of 180 feet. 
Reach 3– vegetation removal for a length of 700 feet. 
Reach 4 – sediment and vegetation removal for a length of 550 feet 
 
Throughout this limit of study there are portions that are not owned by the City. These extents are the lower 
portion of Reach 1, the central and upper portion of Reach 2, and the entire extents of Reach 3. Please refer to 
the maintenance plan for limits of maintenance and notes. It should be noted that increased capacities identified 
above would only be realized if non-City portions of the Reaches are maintained as assumed. 
 
It is important to note that maintenance for the lower portions of Reach 1, the earthen portion with a rock lined 
left bank and the naturally lined portion, should not be performed in the first year maintenance plan for a 
distance of approximately 470 feet (280 feet downstream of the downstream side of Fairmount Avenue culvert 
crossing) due to the Arundo Donax removal project that is currently in process. But as vegetation re-establishes, 
maintenance should be performed.  
 
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 be neglected within 1,020 feet of the property owned by the “San Diego 
Metropolitan Transit Development Board” (see Note 1, Map Number 59 & 60 on the IMP exhibit) for the first 
year maintenance plan. Also, it is important to note that maintenance should be performed in a portion of Reach 
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1 for approximately 470 feet, from which 300 feet are owned by the private property “Willis Enterprises 
Incorporation” in the next cycle of maintenance when vegetation re-establishes. The City is not responsible for 
maintenance on properties owned by others. If the City maintains its portion, 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 offsite area is maintained. It would be beneficial for the City 
to notify and request the responsible parties to maintain these offsite areas to minimize the backwater effect that 
could contribute to the frequency of flooding of adjacent properties. 
 
Additionally, due to the low capacity of this channel, future improvements should be considered. However these 
future improvements are not a part of the scope of this individual permit. These improvements can be, but not 
limited to widening and re-alignment of portion of the channel downstream of Reach 4 and/or upsizing the 
culvert crossing under Fairmount Avenue.  
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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  
MAINTAINED CONDITION MODEL (NO SEDIMENT REMOVED) 
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HYDRAULIC PROFILE FOR  
MAINTAINED CONDITION MODEL (SEDIMENT REMOVED) 
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DETAILED HYDRAULIC RESULTS FOR  
CURRENT VEGETATED CONDITION MODEL 
 
 
 





































































_______________________________________________________________________________ 
Prepared By:  DCB:ST:eb:files/Reports/15541-A.007 
Rick Engineering Company – Water Resources Division  9-13-10 

 
  

DETAILED HYDRAULIC RESULTS FOR  
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DETAILED HYDRAULIC RESULTS FOR  
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