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Executive Summary 
 

Purpose:  Replace existing deficient bridge 

Funding Program: HBRR 

Design Flood: Standard Design Flood (15,400-cfs Q50) 

Clearance for Drift: 3-feet 

Design Exception: None required for hydraulic conditions 

Recommendations: 
 

Min. Soffit Elevation – 70.97-feet NAVD-88 (to meet the recommendations of 
Caltrans and FHWA) 

 
Abutment Scour – Abutments should be designed considering or protected against 

potential scour to an elevation of 35.6-feet, NAVD-88 at 
Abutment 1 and 37.6-feet, NAVD-88 at Abutment 2. 

   
Abutment Protection – Strongly recommended in front of abutments to reduce the 

potential for long term abutment damage resulting from bank 
erosion during infrequent flood events.  Protection should be 
placed on all disturbed banks to an elevation 2-feet above the 
water surface elevation of the most probable 100-year flood 
and in a manner that does not reduce the channel area. 

 
Note regarding estimates of potential scour:  Potential scour has been estimated using empirical 
equations presented in FHWA HEC-18.  These equations do not consider geotechnical 
conditions and therefore assume all substrate is capable of being eroded.  The potential scour 
estimates identified in this report may be inappropriate if a geotechnical investigation identifies 
material resistant to erosion at higher elevations. 
 
Preferred Bridge Characteristics: 
 
 Soffit Elevation –  71.03-ft, NAVD-88 (3.06-ft above Q50, 0.78-ft above Q100) 
   
 Overtopping Flood – 78.96-ft, >25000-cfs, >200-year flood 
      

Impact on Flood Risk – 1.41-foot reduction in water surface elevation during bridge design 
base flood (from existing condition with no drift assumption) 

 1.15-foot reduction in water surface elevation during FEMA Base 
Flood (from existing condition with no drift assumption) 

     Possible reduced risk of flood damage to structures 
 

Impact on Channel – None expected 
iii



Design Hydraulic Study 
Main Street, Cambria over Santa Rosa Creek 

 
 

INTRODUCTION 
 
Background: This bridge hydraulic analysis has been prepared to meet the requirements 

of 23 CFR §650.115 and §650.117 dealing with bridges, structures, and 
hydraulics.  Although potentially useful for other purposes, this analysis 
has not been prepared for any other purpose.  Reuse of information 
contained in this report for purposes other than those for which this 
analysis and report are intended is not endorsed or encouraged by the 
author and is at the sole risk of the entity reusing information herein 
contained.  Estimates of peak flows for frequent flood peaks (5-year or 
more frequent), if shown in this report, should not be considered accurate 
unless an overtopping flood of 5-year or more frequent recurrence is 
identified. 

 
 Analyses to meet the specific requirements of FEMA, the State of 

California Reclamation Board, low flow environmental or construction 
concerns and for other purposes may be provided as additional services. 

 
Design Standards: Hydraulic design of the preferred bridge is based on standards 

recommended by Caltrans (Reference 1). Exceptions to these design 
standards are recommended only if meeting the standard is found to be 
impractical or unreasonably costly for the proposed project and the 
exception does not result in an increased risk of damage during floods.  
Local design standards that have been provided in writing prior to the 
preparation of the hydraulic analysis have also been considered. 

 
Funding: HBRR 
 
Existing Bridge: Year Constructed – 1922 
 Length – 90-feet (nominal) 
 Skew – Approximately 30-degrees (approach), 0-degrees (departure) 
 Clear Width – 21.3-feet 
  Total Width – 23.9-feet 
 Lanes – 2 
 Speed Limit – 35-mph 
 Load Limit – none 
 Other limiting factors – road horizontal and vertical alignment 
 Structure – 2 span RC “T” girder on vertical RC pier wall and abutments 
 Deficiency – Structure (condition, function) 
 Photos 1-4, pages 13-14. 
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Significance: Vital Route – yes 
 Bus Route – yes 
 Road Classification – Urban Minor Collector 
 Present ADT – 3509 (2007) 
 Trucks or Commercial Vehicles – 2% 
 Description of Service – Business route, alternate to SR-1 
 Length of Detour – 3-miles on roads of equal or greater level of service 
 Description of Road – Winding, rolling 
 
Proposed Bridge: Length – 150-feet (nominal) 
 Skew – Approximately 30-degrees 
 Clear Width – 34.2-feet 
 Total Width – 37.0-feet 
 Lanes – 2 
 Speed Limit – 35-mph 
 Load Limit – none 
 Structure – Single span CIP/PS box girder supported on vertical RC 

abutment walls 
 Traffic During Construction – maintained on existing bridge 
 General Plan – Figure 1, page 16. 
 
 

DESCRIPTION OF BASIN 
 
Geographic Location: Above Main Street, Santa Rosa Creek drains a portion of the western 

slopes of the Santa Lucia Mountains in the coastal range. 
 
Receiving Waters: Pacific Ocean 
 
Characteristics: Area of basin – 44.7-square miles (approximate) 
 Shape – Oblate triangular, apex upstream 
 Highest elevation – 2320-feet on Black Mountain 
 Lowest elevation – 700-feet near bridge 
 Elevation index – 0.7 
 Average annual precipitation (basin wide) – 30-inches 
 Aspect – West 
  
Land use: Small farms, small ranches, rural residential, limited suburban residential 

and commercial near the City of Cambria. 
 
Vegetation: Coastal grasses and chaparral 
 
Geologic: Topographic features indicate modest potential for significant landslides 

capable of causing channel instability and risk to bridge integrity. 
  
Basin: Figure 2, page 17. 
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DESCRIPTION OF STREAM AND SITE 
 

Stream Channel: In the vicinity of Main Street, Santa Rosa Creek is a medium to large 
stream with a well defined, incised, meandering channel.  Streambed 
materials consist of silt, sand, gravel and a few cobbles.  Santa Rosa Creek 
is shown in Photos 5 and 6 on page 15. 

 
Stream Banks: The banks of Santa Rosa Creek consist of silty, sandy loam covered with 

grass, shrubs, willow and sparse native trees. 
 
Existing Bridge: The existing bridge is a two span reinforced concrete “T” girder structure 

supported on a vertical reinforced concrete pier and abutments.  Santa 
Rosa Creek approaches the existing bridge at a skew of approximately 30-
degrees and departs the existing bridge approximately perpendicular to the 
bridge.  Significant bank erosion at abutments and local pier scour are 
reported as continuing problems. 

 
Site Topography: Figure 3, page 18. 
 
 

HYDROLOGIC ANALYSIS 
 

Hydrologic Stability: Peak flow during infrequent floods may have increased over time as a 
result of channel enlargement and loss of overbank storage routing. 

 
Flood History: The flood of March 10, 1995 resulted in considerable damage to structures 

in the town of Cambria downstream of Main Street.  Water surface 
elevations in the area where damages were experienced were due to 
conditions in the vicinity of the damage and not near the Main Street 
bridge.  The peak flow of this flood was estimated to be 11,900-cfs based 
on a stage reading of 17.07-feet at San Luis Obispo stream gage 21 
(located immediately upstream of the bridge). The flood was conveyed 
under the soffit of the existing bridge with a water surface elevation 
estimated to be 63.52-feet NAVD-88 in 1995.  For present channel 
conditions the water surface elevation of a similar flood will be higher. 

 
Number of Methods: Seven methods were investigated for estimating potential infrequent flood 

peak flows in Santa Rosa Creek at Main Street.  These have included four 
adjustments of known flood frequency statistics at a proximate 
streamgages (translation), direct application of the USGS Central Coast 
equation, application of the San Luis Obispo County "Small Basins" 
methodology, and consideration of hydrology conducted for the FEMA 
FIS. 

 
Translation Analysis: Approach – Translation analysis consists of estimating the infrequent 

flood peak flows by comparison with statistics at gaged stream or river 
basins.  After identification of potentially representative gaged basins, 
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flood frequency relationships for the gaged basins are determined by 
plotting annual flood peaks and computing the normal probability Log-
Pearson Type III curve fit  (reference 7).  If the Log-Pearson type III curve 
fit reasonably represents the plotted data for the less frequent floods, it is 
considered representative of the gaged basin and used as a basis of 
comparison.  If not, a line of best visual fit may be used as a basis of 
comparison. 

 
 After identifying flood-frequency relationships for the gaged basins, 

candidate flood frequency relationships representing the stream or river at 
the proposed project site are estimated by adjusting the gaged basin flood 
frequency relationship to account for differences in characteristics 
between the gaged basin and the basin above the proposed project.  The 
adjustments are made using the area, elevation and precipitation exponents 
of the appropriate USGS region equation (reference 8). 

 
 Basin Characteristics – Characteristics of Santa Rosa Creek above Main 

Street and of gaged basins found to be potentially representative of the 
basin above the proposed project and having records of adequate length to 
reasonably identify infrequent flood peak flows are identified in Table 1. 

 
TABLE 1 

Stream and Gaged Basin Characteristics 
 

 
Basin Description 

USGS 
Gage Number 

Area 
(sq mi) 

Average Annual 
Precip (in) 

Elevation 
Index 

Years of 
Record 

Santa Rosa Creek at Main St n/a 44.7 30 0.7 n/a 
Santa Rosa Creek at Main St 21 (SLO Co) 44.7 30 0.7 13 
Santa Rosa Ck near Cambria 11142200 12.5 27 1.0 16 
A. de la Cruz nr San Simeon 11142500 41.2 31 0.4 29 
Santa Rita Ck nr Templeton 11147070 18.2 31 1.2 27 
Jack Creek near Templeton 11147000 25.3 34 1.3 29 
 
 Gaged basin flood frequency curves – Plotted flood frequency data and 

curves for the gaged basins used in this analysis are shown in Appendix A. 
 
 
Regional Equations: Approach – The USGS has published a set of regional equations for 

estimating infrequent flood peak flows in ungaged natural streams and 
rivers (not affected by lakes, reservoirs, substantial development or 
substantial reclamation projects) throughout most of California     
(reference 8).  These equations are useful for planning level and rough 
preliminary estimates of infrequent flood peak flows and corroboration of 
flood frequency estimates using more detailed procedures.  Flood peak 
flows estimated by these equations should only be relied upon for design 
if confidence in other methodologies is low and if verified by other 
methodologies.  The empirical equations estimate flood peak flows from 
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basin characteristics including area, elevation index and precipitation.  
Use of the area, elevation index and precipitation factor exponents of the 
regional equation for adjustment of flood characteristics from 
representative long term gaged basins (described in Regional Analysis 
above) is generally considered to provide a more reliable estimate of 
infrequent flood peak flows for the ungaged basin. 

 
SLO "Small Basins": Using peak flow data from numerous small basins, San Luis Obispo 

County has prepared a graphical method of estimating peak flows from 
ungaged basins for the most probable 25, 50, and 100-year floods.  The 
method is most appropriate for estimating floods from basins draining 
steep rocky areas such as the foothills of the Santa Lucia Range. 

 
Previous Studies: The Federal Emergency Management Agency (FEMA) has published a 

Flood Insurance Study (FIS) for properties along Santa Rosa Creek in the 
town of Cambria.  The peak flows estimated for infrequent floods studied 
by FEMA have been included for consideration by this study. 

 
Flood Peak Flows: Candidate flood frequency relationship – All candidate flood frequency 

curves derived from regional analysis for the proposed project site are 
plotted and shown in Appendix A.  Estimated 50- and 100-year flood peak 
flows from all methods investigated are summarized in Table 2. 

 
TABLE 2 

Estimated 50- and 100-year Flood Peak Flows 
 

Estimated from 50-Year (cfs) 100-Year (cfs) 
Santa Rosa Creek at Main Street1 14100 17600 
Arroyo de la Cruz near San Simeon 26800 32400 
Santa Rita Creek near Templeton 17300 19100 
Jack Creek near Templeton 14900 17200 
USGS Central Coast Equations 9280 11400 
SLO County “Peak Discharges” 15400 19800 
FEMA FIS 12500 18000 
 
Notes: 1)  Extended using area adjusted flood peak flow data from USGS streamgage 11142200, 

“Santa Rosa Creek near Cambria” for a 29-year consolidated length of record. 
 
 Selected flood frequency relationship – The flood frequency relationship 

estimated using the San Luis Obispo “Small Basins” methodology has 
been selected for hydraulic evaluation and design of the preferred bridge.  
This relationship was selected because it has been based a broad base of 
local data representative of the Santa Rosa Creek basin and because of the 
general agreement with the estimate from Santa Rosa Creek streamgage 
records.  The estimates from statistics at gaged streams have not been 
selected because of the somewhat limited duration of all potentially 
representative streamgage records and the modest disparity between these 
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estimates.  The estimate from the USGS Central Coast Equation was not 
selected because the equation is intended to provide a rough estimate of 
flood peak flows emanating from the central coast when local data are 
unavailable.  The estimate from FEMA has not been selected for bridge 
hydraulic evaluation or design because of the disparity between the FEMA 
flood frequency curve and most others (relatively low estimate of the peak 
flow during the most probable 50-year flood) and potential changes to 
infrequent flood hydrology related to loss of flood routing associated with 
channel enlargement.  The backwater models for existing and preferred 
bridge conditions were, however, run with the FEMA Base Flood to 
identify the preferred bridge impacts on the FEMA Base Flood and the 
potential need for a FEMA map revision.  The selected flood frequency 
relationship is shown in Figure 4 on page 19. 

 
Flood of Record: March 10, 1995; peak flow estimated to be 11,900-cfs by San Luis Obispo 

County at SLO County streamgage 21. 
 
 

HYDRAULIC ANALYSIS 
 

Backwater Model: Backwater program – The Corps of Engineers’ HEC-RAS version 3.1.2 
backwater program (reference 3) has been selected for modeling hydraulic 
characteristics representing existing conditions, preliminary bridge 
configurations and the proposed bridge.  This program has been selected 
because of its long history of use (derived from HEC-2), wide acceptance 
and great flexibility for evaluating bridge configurations. 

 
 Cross-section data – Stream cross-sections and Manning’s roughness 

coefficients upstream and downstream of the proposed project have been 
assumed constant for all models.  Cross-sections used in the backwater 
models were from a recent ground survey.  Locations of cross-sections 
used in the backwater model are shown in Figure 5 on page 20.  Cross-
sections have been adjusted for skew as appropriate. 

 
 Elevation Datum – NAVD-88 (Subtract 2.72 for NGVD-29) 
 
 Manning’s Roughness Coefficients – Mannings Roughness Coefficients 

for the channel and overbanks were estimated by observation and 
comparison with similar channels identified in Roughness Characteristics 
of Natural Channels (reference 6) and as described in Urban Surface 
Water Management (reference 10).  Manning's roughness coefficients 
ranging from 0.032 to 0.036 were used to represent the channel and from 
0.060 to 0.080 were used to represent the stream banks. 
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 Contraction and Expansion Coefficients – Contraction and expansion 
coefficients of 0.1 and 0.3 respectively were used to represent the natural 
channel.  These were raised to 0.3 and 0.5 respectively in the vicinity of 
the bridge. 

 
 Downstream starting water surface elevation assumption – The normal 

depth method in HEC-RAS was selected for estimating the downstream 
water surface elevation.  A slope of 0.002, estimated from the slope of the 
stream channel, was used as the starting slope.  Three surveyed, one 
derived (from detailed site topography), and three interpolated cross-
sections were used to isolate the effects of downstream starting water 
surface elevation assumption from water surface elevations at the bridge 
site. 

 
 Interpolated cross-sections – Automatically interpolated cross-sections 

were inserted where necessary to improve model performance.  These 
cross-sections were checked to insure no significant interpolation error. 

 
Preliminary Bridges: Backwater models were prepared to represent two similar candidate bridge 

configurations.  Results from these models were provided to project staff 
in the form of memoranda.  Using information provided in these 
memoranda and considering additional factors not related to hydraulic 
conditions, a bridge configuration was selected as the preferred bridge for 
final hydraulic design. 

 
Existing Bridge: Purpose – The existing condition backwater model has been prepared to 

identify and document existing hydraulic conditions and to serve as a 
basis of comparison with which to evaluate preliminary and proposed 
bridge configurations. 

 
 Channel roughness coefficient at bridge – 0.032 up, 0.036 down 
 Overbank roughness coefficient at bridge – 0.080 left, 0.060 right 
 Contraction coefficient – 0.3 (at bridge) 
 Expansion coefficient – 0.5 (at bridge) 
 Bridge modeling method – Pressure and weir. 
 Drift assumption – 7-foot effective pier width (2 x actual pier width) 
 Modeled bridge cross-section – Figure 6, page 21. 
 
 Model results – Existing hydraulic conditions are summarized in Table 3.  

Existing condition flood profiles and a stage discharge curve with and 
without the drift assumption at cross-section 1470 are shown in Figures 7 
through 10 on pages 22 and 25. 
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TABLE 3 
Existing Hydraulic Conditions (with drift except as noted) 

 
 

Flood 
 

Flow (cfs) 
Recurrence 

(years) 
W.S. Elevation1 

(feet, NAVD-88) 
Avg. Channel 

 Velocity2 (fps) 

Standard Design 15400 50 69.31 12.7 
Base Flood 19800 100 71.80 14.7 
Base Flood (no drift) 19800 100 71.67 14.0 
Flood of Record3 11900 25 66.52 11.1 
Overtopping Flood 23000± 150± 74.5 >15 
FEMA Base (no drift) 18000 1004 70.53 13.1 
 
Notes: 1) Computed at cross-section 1470 located approximately 65-feet upstream of the 

upstream face of the existing bridge. 
2) “Bridge opening” velocity in contracted section under bridge. 
3) Based on backwater model.  Channel changes prevent relying on prior high 

water. 
4) FEMA estimate 

 
Preferred Bridge: The preferred bridge backwater model has been prepared to 

identify hydraulic requirements and impacts of the preferred 
bridge.  This backwater model was prepared by adding data 
representing the preferred bridge to a copy of the existing 
condition backwater model. 

 
 Channel roughness coefficient at bridge – 0.032 up, 0.036 down 
 Overbank roughness coefficient at bridge – 0.080 left, 0.060 right 
 Contraction coefficient – 0.3 (at bridge) 
 Expansion coefficient – 0.5 (at bridge) 
 Bridge modeling method – Pressure and weir. 
 Drift assumption – none (clear span) 
 Modeled bridge cross-section – Figure 11, page 26. 
 
 Model results – Preferred bridge hydraulic conditions are 

summarized in Table 4.  Proposed bridge flood profiles and a stage 
discharge curve at cross-section 1470 are shown in Figures 12 and 
13 on pages 27 and 28. 
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TABLE 4 
Preferred Bridge Hydraulic Conditions 

 
 

Flood 
Flow
(cfs) 

Recurrence 
(years) 

W.S. Elevation1 
(feet, NAVD-88) 

Avg. Channel 
Velocity2 (fps) 

Standard Design 15400 50 67.97 9.4 
Base 19800 100 70.25 10.4 
Flood of Record3 11900 25 65.59 11.7 
Overtopping Flood >25000 >200 78.96 >15 
FEMA Base 18000 40 69.38 11.2 
 
Notes: 1) Computed at cross-section 1470 located approximately 65-feet upstream of the 

upstream face of the existing bridge. 
2) Average channel velocity approaching bridge. 
3) Based on backwater model.  Channel changes prevent relying on prior high water. 

 
 

SCOUR AND EROSION 
 

Channel Stability: Santa Rosa Creek appears to be in an active process of channel 
enlargement.  Considerable evidence of bank erosion is also present along 
Santa Rosa Creek near Main Street.  Bank materials consist of silty, sandy 
loam and are very easily eroded when exposed to high water velocities.  
Continuing deepening of 1.5 to 4-feet can be reasonably expected in the 
Santa Rosa Creek channel over the expected life of the replacement 
bridge. 

 
 Construction of the preferred bridge is not expected to redirect flows or 

affect sediment transport to a significant degree and therefore is not 
expected to affect long term channel stability (or in this case, instability).  
In the vicinity of Main Street, both channel and bank erosion can be 
expected as continuing stream processes unrelated to the bridge project. 

 
Abutment Local: Potential scour has been estimated using the Froehlich Equation in FHWA 

HEC-18 (reference 4).  The scour computations are shown in Appendix C. 
 
Contraction Local: Potential contraction scour has been estimated using an equal conveyance 

area assumption.  The scour computation is shown in Appendix C. 
 
Total Scour: Total potential scour and potential scour elevations at abutments are 

summarized in Table 5. 
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TABLE 5 
Total Potential Scour (feet) 

 
 

Location 
Ground 
 Elev.1

 
Degradation 

Contraction 
Scour 

Local 
Scour 

Total 
Scour 

Scour 
Elev. 

Abutment 1 48 4.0 1.0 7.4 12.4 35.6 
Abutment 2 48 4.0 1.0 5.4 10.4 37.6 

 
Notes: 1)  Considering high potential for thalweg migration 

 
 

OTHER CONSIDERATIONS: 
 

Drift: There is a significant potential for large volumes of small to medium sized 
drift (branches to small tree trunks) to be present in Santa Rosa Creek.  
Accumulation of drift has been reported as a problem on the pier of the 
existing bridge.  Being a clear span structure with a higher soffit elevation, 
accumulation of drift is expected to be less of a problem for the preferred 
bridge. 

 
Geologic Hazard: Topographic and geologic conditions indicate a potential for transient 

aggradation in the Santa Rosa Creek channel after upstream fires or 
landslides.  During such events the water surface elevations of floods may 
be higher than expected for the peak flow of water.  This is due to a 
reduced effective channel size as sediment is transported downstream.  
While it is unlikely that water surface elevations will exceed the 
overtopping flood elevation for the preferred bridge during such events, it 
is possible for lesser floods to have water surface elevations exceeding the 
elevations estimated for the most probable 100-year flood. 

 
Flood Risk: Upstream of the bridge, construction of the preferred bridge will affect a 

reduction in the water surface elevation of the most probable 100-year 
flood (Base Flood).  This reduction is estimated to be 1.41-feet for the 
bridge base flood (19,800-cfs) and 1.15-foot for the FEMA Base Flood.  
This reduction in water surface elevations may reduce the risk of damage 
to structures in the floodplain during the most probable 100-year flood. 

 
 Downstream of the bridge project, construction of the preferred bridge is 

not expected to affect water surface elevations during floods.  The 
preferred bridge is not expected to redirect flow or change the magnitude 
of downstream flows.  The reduction in water surface elevation of the 
most probable 100-year flood upstream of the project does not represent a 
significant loss of flood routing. 

 
 If the preferred bridge is to be constructed through a flood season, the 

potential flood and erosion risks of all anticipated combinations of 
encroachments by the existing bridge, the preferred bridge, and temporary 
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construction facilities should be investigated.  Evaluation of construction 
period flood and erosion risks has not been investigated as part of this 
study.  Should a construction period flood risk evaluation be determined 
necessary, the evaluation can be provided as additional services. 

 
FEMA: The preferred bridge is located in an area having flood risk mapped by 

FEMA using detailed study methods.  As such, projects must show that 
they do not increase the risk of damage to structures (by avoiding 
increased water surface elevations or by mitigation) and must correct 
published FEMA documents if the project affects a change (increase or 
decrease) in the flood profile or floodplain.  Replacement of the existing 
bridge with the preferred bridge is expected to affect a significant 
reduction in the elevation differential across the bridge during the FEMA 
Base Flood.  Base Flood water surface elevations estimated by this study, 
however, are significantly lower than estimated by FEMA except 
immediately downstream of the bridge.  The lower base flood elevations 
are most likely due to channel enlargement.  Upstream of the bridge they 
match reasonably closely after construction of the preferred bridge.  The 
higher downstream water surface elevations are most likely due to higher 
thalweg elevations at the present time (sediment slug).  The current 
condition stream thalweg and Base Flood profiles are plotted against the 
FEMA thalweg and Base Flood profiles on Figure 14, Page 29. 

 
 Given the changes to the Santa Rosa Creek channel over time (channel 

enlargement, vegetation changes), the entire floodplain of Santa Rosa 
Creek in the vicinity of Main Street is different than that mapped by 
FEMA.  While a FEMA Conditional Letter of Map Revision (CLOMR) is 
not believed necessary prior to construction of the preferred bridge (the 
preferred bridge does not increase the risk of damage to structures during 
the FEMA Base Flood), a FEMA Letter of Map Revision (LOMR) may be 
necessary to reflect changes to the FEMA Base Flood profile or floodplain 
associated with the preferred bridge after construction of the bridge.  The 
need for a LOMR after construction of the preferred bridge will have to be 
determined by the FEMA Community Official at San Luis Obispo County. 

 
 A FEMA reference mark (RM-34) is identified as a rod in the center of 

Main Street approximately 90-feet from the bridge.  If disturbed or 
removed, this reference mark should be replaced with a new reference 
mark and FEMA should be notified. 
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CONCLUSIONS AND RECOMMENDATIONS 
 

Design Flood: Standard Design Flood (15,400-cfs Q50) 
 
Clearance for Drift: 3-feet 
 
Design Exception: None required for hydraulic conditions 
 
Recommendations: 
 

Min. Soffit Elevation – 70.97-feet NAVD-88 (to meet the recommendations of 
Caltrans and FHWA) 

 
Abutment Scour Elevation – Abutments should be designed considering or protected against 

potential scour to an elevation of 35.6-feet NAVD-88 at 
Abutment 1 and 37.6-feet NAVD-88 at Abutment 2. 

   
Abutment Protection – Strongly recommended in front of abutments to reduce the 

potential for long term abutment damage resulting from bank 
erosion during infrequent flood events.  Protection should be 
placed on all disturbed banks to an elevation 2-feet above the 
water surface elevation of the most probable 100-year flood 
and in a manner that does not reduce the channel area. 

 
Note regarding estimates of potential scour:  Potential scour has been estimated using empirical 
equations presented in FHWA HEC-18.  These equations do not consider geotechnical 
conditions and therefore assume all substrate is capable of being eroded.  The potential scour 
estimates identified in this report may be inappropriate if a geotechnical investigation identifies 
material resistant to erosion at higher elevations. 
 
Preferred Bridge Characteristics: 
 
 Soffit Elevation –  71.03-ft NAVD-88 (3.6-ft above Q50, 0.78-ft above Q100)  

    
 Overtopping Flood – 78.96-ft, >25000-cfs, >200-year flood 
      

Impact on Flood Risk – 1.41-foot reduction in water surface elevation during bridge design 
base flood (from existing condition with no drift assumption) 

 1.15-foot reduction in water surface elevation during FEMA Base 
Flood (from existing condition with no drift assumption) 

     Possible reduced risk of flood damage to structures 
 

Impact on Channel – None expected 
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