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DRAFT EROSION PROTECTION ANALYSIS AND 
DESIGN 

San Francisquito Creek - Hwy 101 to SF Bay February 2013 

Reviewed by: Su Mishra, P.E, Ph.D. and Brian Doeing, P.E. 

Prepared by: Elizabeth Mesbah, P.E. 

Purpose 

HDR is responsible for providing plans, specifications, and engineering support for levee 
design improvements along San Francisquito Creek (SF Creek) from Hwy 101 to the San 
Francisco Bay.  An evaluation of the proposed channel conditions has been completed.  Due to 
significant changes in channel geometry and increased peak flows per the design, it has been 
determined that erosion protection is needed along portions of SF Creek levees and floodwalls.  
This Technical Memorandum (TM) summarizes the design analysis and proposed erosion 
protection.   

Methodology 

Hydraulic model results, existing soils information, and historical channel information has been 
evaluated to determine whether erosion protection will be needed along SF Creek proposed 
levees and floodwalls.  See Attachment A, General Site Plan, for overview of proposed channel 
configuration. 

The US Army Corps of Engineer’s (USACE) Engineer Manual (EM) 1110-02-1601 Table 2-5 
suggested maximum permissible mean channel velocities was used as guidance to determine 
the permissible velocity range for the existing soils type.  The existing soils type found along 
SF Creek is fine sand with an assumed permissible velocity of 2.0 ft/s.  The proposed levee fill 
material is composed of soil with higher clay content, and therefore, a higher permissible 
velocity of 5 ft/s is assumed.   See Attachment B for USACE’s permissible velocity table.  At 
locations where velocities were found higher than the permissible mean channel velocities, 
erosion protection and/or additional monitoring has been recommended.   

Various peak flows and starting water surface conditions were evaluated to determine which 
event may produce the greatest scour prone conditions.  The worst case condition, which 
produced the highest channel velocities, was selected to size rock slope protection (RSP).  It 
was determined that the 100-year design flood run with a downstream control at normal depth 
produced the highest channel and overbank velocities.  The 100-year design flood run at normal 
depth represents a 100-year design flood occurring at a low tide, i.e. no backwater is present in 
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SF Creek or the Faber Tract.  Note, the top of levee and floodwall elevations are being designed 
considering the 100-year design flood run during a 100-year tidal event with an addition 26 
inches to account for sea level rise.  This design condition was not used to compute erosion 
protection because channel velocities are significantly reduced when tidal backwater is present.   

Historical aerial imagery dating back to as far as 1948 was also reviewed for channel behavior.  
It is unknown how flow profiles have changed over these years, however, the general channel 
alignment has remained fairly constant.  The reference, Fluvial Forms and Processes, by 
Knighton, was considered when evaluating the tendency of channel meandering.  It has been 
estimated that SF Creek is in the transition area between meandering and straight channels 
which indicates a relatively low risk of meander migration into the floodwalls or levees in the 
system. This assumption, however, does not decrease the amount of operations, maintenance, 
and monitoring that should be performed as part of the maintenance plan.   

Stringent operations and maintenance (O&M) procedures are included in the O&M Plan to 
ensure the channel performs as designed.  Additional riprap protection may need to be installed 
at a later time if erosion begins to occur at other locations along SF Creek.  O&M inspections 
are critical to identify problem locations before they cause significant failures.     

Analysis 

Due to the unique proposed channel configuration of the San Francisquito Creek, multiple 
erosion protection design methods were considered.  These design methods include:   

 Toe Scour for Depth of Revetment 

 Purpose: To compute depth of toe scour if revetment was not installed.  Results of 
this computation are used to determine the depth of revetment required to protect 
against toe scour.    

 Equation used for computation: Bureau of Reclamation’s Computing Degradation 
and Local Scour (Neill, Lacey, and Blench for channel scour during peak flood 
flows) equation 

 Revetment Toe Protection Design 

 Purpose: To compute dimensions of launchable placed along an expected erosion 
area at an elevation above the zone of attack 

 Equation used for computation: USACE’s EM 1110-2-1601, Section 3-11 

 Bank Revetment Design 

 Purpose: To appropriately size rock slope protection based upon channel conditions.   

 Equation used for computation:  USACE Engineer Manual No. 1110-2-1601 
(Maynord et al. (1989) and Maynord (1990) equation  
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 Geotextile Design 

 Purpose: To appropriately select and design filter material to be placed underneath 
rock slope protection. 

 Equation used for computation:  Federal Highway Administration’s (FHWA) 
Hydraulic Engineering Circular (HEC) 23 Design Guide 16 (Cistin-Ziems) method  

 Overtopping Flow Riprap Design 

 Purpose: To compute depth and extents of rock slope protection when flow is 
allowed to overtop the terraced mitigation area from project left levee Stations 
73+50 to STA 68+00. 

 Equation used for computation: NCHRP Report 568 (Mishra, 1998) equation 

 Wave Attack Riprap Design 

 Purpose: To compute depth and extents of rock slope protection when existing levee 
from project left levee Stations 25+00 to 16+00 is impacted by wind and wave 
runup.   

 Equation used for computation:  FHWA’s HEC-23 Design Guide 17 (Hudson 
Method and Pilarczyk Method) equations  

 Bed Scour at Vertical Drop Structure 

 Purpose: To estimate potential extents of scour due to a vertical drop structure 
located within the Palo Alto Pump Station channel 

 Equation used for computation:  FHWA’s HEC-23 Design Guide 3 (Pemberton and 
Lara 1984) equation 
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Toe Scour for Depth of Revetment 

River channel scour due to the 100-year design flood has been calculated for SF Creek.  The 
Bureau of Reclamation’s Computing Degradation and Local Scour report, dated January 1984 
was used as technical guidance.  Three empirical equations, Neill, Lacey, and Blench, were 
used to compute general scour depth throughout the project reach.   Equations and input 
parameters are shown below. 

Equation 1. Neill Equation for Channel Scour 

 

Where,  

df = Scoured depth below design flood water level, ft 
di = Average depth at bankfull discharge in incised reach, ft 
qf = Design flood discharge per unit width, ft3/s / ft 
qi = Bankfull discharge in incised reach per unit width, ft3/s / ft 
m = Exponent, 0.67 for sand 
 
Scour depth results are then multiplied by the Z factor, where Z  = 0.6 for moderate bend and 
0.5 for straight channel. 
 

Equation 2. Lacey Equation for Channel Scour 

 
Where,  

dm = Mean depth at design discharge, ft 
Q = Design discharge, ft3/s  
f = Lacey’s silt factor 
 
Scour depth results are then multiplied by the Z factor, where Z = 0.5 for moderate bend and 
0.25 for straight channel. 
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Equation 3. Blench Equation for Channel Scour 

 
Where,  

Dfo = Depth for zero bed sediment transport, ft 
qf = Design flood discharge per unit width,  ft3/s / ft 
Fbo = Blench’s zero bed factor, ft/s2 

 
Scour depth results are then multiplied by the Z factor, where Z = 0.6 for moderate bend and 
0.6 for straight channel. 
 

Results 

Results from three different methods indicate that a range of 6 to 10 feet of scour may occur on 
a moderate bend while 3 to 10 feet of scour may occur on a straight channel if no erosion 
protection was installed.  For the riprap protection around a moderate bend in the channel, a 
depth of 7 feet of erosion protection will be constructed.  For the riprap protection through a 
straight section of the channel, a depth of 6 feet of erosion protection will be provided.  Table 1 
below summarizes the computation results while hand calculations are included in Attachment 
C. Attachment D illustrates how SF Creek was segmented and analyzed into straight channels 
and bends.   In order to protect from the scour, a combination of placed and self launching 
riprap revetment has been recommended.   
 

Table 1 Channel Scour Results during Peak Flood Event 

Channel Type 
Neill Equation Depth 

of Scour (ft) 
Lacey Equation Depth 

of Scour (ft) 
Blench Equation 

Depth of Scour (ft) 

Moderate Bend 9.0 6.3 9.8 

Straight Channel 7.5 3.2 9.8 

 

Revetment Toe Protection 

The USACE’s Engineering Manual (EM) 1110-2-1601 was used to design required launchable 
toe protection.  Launchable stone is defined as stone that is placed along expected erosion areas 
at an elevation above the zone of attack.  As the attack and resulting erosion occur below the 
stone, the stone is undermined and rolls/slides down the slope, stopping the erosion.   

For gradual scour in regular bendways, the height of the stone section before launching ranged 
from 2.5 to 4.0 times the bank protection thickness.  Bank protection thickness ranged from 2 to 
3 feet.  To account for the stone lost during launching, stone volume increased by 25% was 
used assuming dry installation.   
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Results 

Since two bank protection thicknesses were used, different dimensions of revetment toe 
protection were used in the design.  Also different configurations were used for floodwall and 
levee protection.    Attachment D includes revetment toe protection calculations and 
assumptions.   

Bank Revetment  

The USACE’s program CHANLPRO Version 2.0, was used to size riprap revetment for the 
entire project length.  CHANLPRO computes a recommended rock size gradation using 
USACE’s Engineering Manual 1110-2-1601, equation 3-3, (Maynord et al. (1989) and 
Maynord (1990)), as shown below.   Bank revetment was evaluated by segmenting SF Creek 
into multiple bends and straight channels.  Attachment E illustrates how the channel was 
segmented and analyzed.    

Equation 4 Compute Bank Revetment Size 

 

Where, 

Sf  = safety factor, 1.3 has been assumed for this study 
Cs = stability coefficient for incipient failure, 0.3 for angular rock 
Cv = vertical velocity distribution coefficient 
CT = thickness coefficient 
d = local depth of flow 
s = specific gravity of riprap, 165 lb/ft3 

Vss = local side slope corrected velocity 
K1= side slope correction factor 
g = acceleration of gravity, 32.2 ft/s2 

 

Results 

CHANLPRO model input parameters were taken from the hydraulic HEC-RAS model as 
shown in Table 2.  Standard USACE ETL gradations were used to compute preliminary sizes 
and thicknesses of protection.   
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Table 2 CHNLPRO Model Input Parameters 

Location 
Location 

HEC-RAS River 
STA 

Return 
Period 

(yr) 

Channel 
Discharge 

(ft3/s) 

Average 
Channel 
Velocity 

(ft/s) 

Vss5 
(ft/s) 

Average 
Flow 

Depth (ft) 

Average 
Main 

Channel 
Top 

Width (ft) 

Radius of 
Curvature 

Side Slope 
(xH:1V) 

Bend 1 7696.158 – 7167.645 100 yr 9300 6.9 9.1 15.44 224 270 Floodwall1 

Straight 1 7068.691 – 6963.459 100 yr 9300 8.0 -- 14.44 202 -- Floodwall1 

Bend 2 6890.463 – 6317.478 100 yr 9300 7.8 9.4 14.44 172 412 Floodwall1 

Bend 3 6100.918 – 5303.36 100 yr 9300 7.2 9.0 13.94 215 488 Floodwall1 

Bend 4 5003.749 – 4404.458 100 yr 9300 6.4 9.6 11.53 260 826 3 

Bend 5 4404.458 – 4200.504 100 yr 9300 6.6 9.5 11.33 260 886 3 

Bend 6 4200.504 – 4001.593 100 yr 9300 7.1 11.3 11.23 260 589 3 

Bend 7 3800.303 – 2201.506 100 yr 9400 7.9 12.4 10.13 280 721 3 

Straight 2 2002.523 – 1000.179 100 yr 9400 7.6 -- 8.23 Faber 
Tract2 

-- 2 
1 

4H:1V was used for computation at floodwalls.   
2 

Top width is fairly unlimited due to Faber Tract located on northeast side of SF Creek.    
3 

For side slopes in natural channels, the local flow depth is measured at 80% of the total average depth.  
4 Full flow depth used for floodwall section .      
5 Vss factor, which is the local depth averaged velocity, is used for all bends computations.      
 
Results using the USACE ETL gradations are shown in Table 3.  Attachment F contains the CHANLPRO 
model output results.   
 
Table 3 Computed Maximum Allowable Particle Sizes for Bank Revetment using USACE ETL Gradations  

Location 
USACE ETL 
Gradation 

Median 
Particle 

Diameter (in) 

D15 (in) D50 (in) D100 (in) 
Thickness (in) 

Min Max Min Max Min Max 

Bend 1 2 6 4.8 6.3 7.0 8.0 8.8 12.0 12.0 

Straight 1 1 4 3.6 4.8 5.3 6.0 6.6 9.0 9.0 

Bend 2 2 6 4.8 6.3 7.0 8.0 8.8 12.0 12.0 

Bend 3 2 6 4.8 6.3 7.0 8.0 8.8 12.0 12.0 

Bend 4 3 8 6.0 7.9 8.8 10.0 11.1 15.0 15.0 

Bend 5 3 8 6.0 7.9 8.8 10.0 11.1 15.0 15.0 

Bend 6 4 10 7.1 9.5 10.5 12.0 13.3 18 24.0 

Bend 7 7 16 10.7 14.3 15.8 18.0 19.9 27.0 27.0 

Straight 2 1 4 3.6 4.8 5.3 6.0 6.6 9.0 9.0 
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Once preliminary sizes were computed, local bay area quarries were contacted to determine 
common and available gradations in the surrounding project area.  Caltrans ¼-Ton rock was 
identified at multiple bay area quarries and satisfied the required gradation requirements.  In 
addition, ¼-Ton rock is large enough to deter theft of riprap protection. The ¼-Ton rock 
gradation is provided in Table 4 below.  Recommended locations and depths are provided in 
Table 5 below.   Attachment G illustrates the design details for rock placement along the 
proposed levee slope or floodwall. 

Table 4 Recommended Gradation Curve for ¼-Ton Rock  

Rock Size (weight, 
lb) 

Typical Gradation 
(%>) 

Specification 

1000 lb 0 0-5 

500 lb 65 50-100 

75 lb 98 90-100 

 
Recommended locations and depths of 1/4 –Ton riprap protection are provided in Table 5 
below.   Attachment G  illustrates the design details for rock placement along the proposed 
levee slope and floodwall. 

At Bend 4, it was identified that the existing low flow channel encroaching into the levee toe.  
The low flow channel will be shifted over to the center of the proposed channel.  Since 
significant bench width between the channel and levee toe will be provided, riprap protection is 
not recommended around Bend 4.  If the low flow channel begins to meander back near the 
levee toe, riprap protection should be considered.     
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Table 5 Recommended Maximum Allowable Particle Sizes for Bank Revetment using proposed ¼-Ton Rock 
Gradation  

Location 
Riprap Placement Stationing 

and Location 

User 
Specified 
Gradation 

D30 (in) D100 (in) 
D85/D15 Thickness (in) 

Min Max 

Bend 1 
76+00 – 73+86 (Left Floodwall) 
75+20 – 68+00 (Right Floodwall) 

¼ - Ton 12.6 24.0 2.1 24.0 

Straight 1 
72+00 – 68+00 (Left Terraced 
Slope) 
68+00 – 67+00 (Left Floodwall) 

¼ - Ton 12.6 24.0 2.1 24.0 

Bend 2 
Riprap is not recommended at this time due to the wide bench present on both sides of the low flow channel and overbank 
velocities less than 5 ft/s.   If the channel begins to meander near the levee toe, riprap should be considered. 

Bend 3 
58+50 – 50+00 (Left Floodwall) 
50+00 – 47+25 (Left Floodwall / 
Levee Transition) 

¼ - Ton 12.6 24.0 2.1 24.0 

Bend 4 
55+00 – 46+25 (Right Floodwall / 
Levee Transition and Right Levee) 

Riprap is not recommended at this time due to the proposed low flow channel shift as 
well as the wide bench now present on both sides.  If the channel begins to meander 
near the levee toe, riprap should be considered.   

Bend 5 
Riprap is not recommended at this time due to the wide bench present on both sides of the low flow channel and overbank 
velocities less than 5 ft/s.   If the channel begins to meander near the levee toe, riprap should be considered. 

Bend 6 
Riprap is not recommended at this time due to the wide bench present on both sides of the low flow channel and overbank 
velocities less than 5 ft/s.   If the channel begins to meander near the levee toe, riprap should be considered. 

Bend 7 

32+00 - 29+53 (Right Floodwall) 
29+53 – 26+25 (Right Levee and 
Backside of peninsula) 
29+50 – 25+00 (Left Levee) 
32+50 – 27+75 (Friendship Bridge 
Abutment Island) 

¼ - Ton 12.6 24.0 2.1 36.0 

Straight 22 25+00 – 16+00 (Left Levee) ¼ - Ton 12.6 24.0 2.1 24.0 

 

Geotextile Design 

A granular filter layer was first considered, however, the span between the bank revetment and 
the native soil would require a minimum of three filter layers at 0.5 feet in thickness.  Due to 
limited channel cross sectional area, a geotextile filter fabric is recommended.  The filter layer 
was selected by applying the Federal Highway Administration’s (FHWA) Hydraulic 
Engineering Circular (HEC) 23 Design Guide 16.    

Limited geotechnical information located within the channel was used to determine the 
getextile for soil retention.  Figure 16.3 of HEC-23 Design Guide 16 was followed and included 
in Attachment H.   Boring data is limited within the channel, however, from the available 
information it can be assumed that the native soil is more than 30% clay with a d30 less than 
0.002 mm.   
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Results 

The geotextile recommended for placement beneath the rock slope protection shall be a non-
woven geotextile product equivalent to TenCate Mirafi 1120N or approved equal.  This 
geotextile selected satisfied all recommended tests and allowable values for geotextile 
propperties per Table 16.2 of the HEC-23 Design Guide 16.  Design calculations have been 
included in Attachment H.    

Overtopping Flow  

When flow overtops an embankment, such as the terraced mitigation area downstream of the 
Palo Alto Pumping Plant, locally high velocities can occur at the downstream shoulder of the 
levee crest.  When the tailwater is low relative to the crest of the levee slope, the flow will 
continue to accelerate along the downstream slope causing erosion of the terraced 3H:1V side 
slope.  This condition will be present when peak flows begin to recede and the water surface 
elevation begins to drop.  Overtopping flow, using NCHRP Report 568 (Mishra, 1998) 
equation, was analyzed at the terraced area immediately downstream of the Palo Alto pumping 
plant from left bank STA 73+50 to STA 68+00 (HEC-RAS STA 7418 – 6963), as shown 
below.   

Equation 5 Overtopping Flow Interstitial Velocity 

  
Equation 6 Overtopping Flow D50 
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Results 

Hand calculations using the equations above were used to compute a recommended riprap size 
considering overtopping.   Hand calculations for evaluating overtopping have been included in 
Attachment I.  Hand calculations determined that the computed rock size considering 
overtopping was smaller than what was sized for standard bank revetment computed for Bend 1 
and Straight 1.  Therefore, the bank revetment computed rock size is recommended for the 
3H:1V side slope at the terraced mitigation area as shown in Table 5.   

Rock Slope Protection from Wave Attack 

Due to the proposed project, the existing left levee from Stations 25+00 to 16+00 will now be 
opened to wind and wave runup action made possible by the degrade of the right levee.  HDR 
has conducted a basic wind and wave analysis to approximate wind and wave run-up.  Back-up 
calculations have been including in Attachment J.  It was originally anticipated that the 
USACE’s Shoreline Study would be available for information; however, the document has still 
not yet been released.  FEMA is also independently developing a South Bay Study which will 
include recommended tidal elevations.  Since these two studies are not yet available, HDR went 
ahead and conducted a basic wind and wave analysis to approximate wind and wave run-up as 
well as imput parameter to FHWA’s HEC-23 Design Guideline No. 17 (Hudson Method and 
Pilarczyk Method) equations, as shown below. 

Equation 7 Hudson Method for Wave Attack W50  

 

Equation 8 Hudson Method for Wave Attack d50  
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Equation 9 Pilarczyk Method for Wave Attack ξ 

 

Equation 10 Pilarczyk Method for Wave Attack d50  

 

 

Results 

Rock slope protection is recommended along the existing left levee from Stations 25+00 to 
16+00 to protect levee from wind and wave runup action now made possible by the degrade of 
the right levee.  It is extremely important to note that the addition of rock slope protection on 
the waterside slope of the existing levee will not improve the levee integrity.  The placement of 
rock slope protection is only to reduce wind wave run up on the existing levee slope, and does 
not protect levee integrity in overtopping flows.  This segment of levee does not provide 
adequate freeboard above the design water surface elevation and is irregular in slope and size.  
It is assumed that this levee is not geotechnically sound and most likely has seepage and 
stability issues.  HDR has been informed that this levee segment will be part of a future 
SFCJPA project to be repaired in the near future.  The proposed riprap protection may be 
modified as part of the future project.   

Hand calculations for evaluating wave attack have been included in Attachment J.  Hand 
calculations determined that the computed rock size considering wave attack across the Faber 
Tract hitting the existing levee at the near the Palo Alto Airport was slightly larger than the 
recommended rock size computed for bank revetment for Straight 2.  Therefore, the 
recommended rock size is based upon the wave attack calculations.  The riprap to be placed 
will not be keyed down into the existing levee, but placed on top as shown on Attachment G 
illustrating the proposed riprap placement detail.  The levee slope will be cleared and grubbed 
before a filter layer and riprap be placed.   
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Bed Scour for Vertical Drop Structures 

A concrete vertical drop structure is location in a small channel stemming from the Palo Alto 
Pump Station into SF Creek.  This concrete vertical drop structure has been installed to hold the 
channel invert; however, a scour hole is now forming on the downstream side of the structure.  
As-builts for the concrete drop structure show that the structure extends 4 feet deep.  Stage-
discharge information from the pumping plant is unknown.  Figure 1 below provides a 
photograph of the vertical drop structure downstream of the Palo Alto Pumping Plant.   

Figure 1 - Photograph of Vertical Drop Structure Downstream of Palo Alto Pumping Plant 

 

Hand calculations have been performed using FHWA’s HEC-23 Design Guide 3 (Pemberton 
and Lara 1984) equation to estimate potential local scour depths using estimated data inputs.  
The equation is shown below.   
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Equation 11 Scour Depth from Drop Structure 

 

 
Results 

Since pumping plant release data is unknown, a range of estimate unit discharges have been 
assumed to compute estimated scour depths.  Computation results are included in Table 6 
below with backup calculations in Attachment K.   

Table 6 Recommended Gradation Curve for Riprap Layer 

Assumed Pumping 
Plant releases (cfs) 

Measured channel 
width across 
structure (ft) 

Computed Scour 
Depth (ft) 

100 cfs 20 2.0 

500 cfs 20 7.6 

 
HDR recommends that the vertical drop structure should be monitored and repaired through the 
existing maintenance program and should not be included as part of construction.  According to 
the as-builts, the structure is very close to becoming undermined.  If the structure is 
undermined, significant erosion may occur upstream of the structure heading towards the 
pumping plant.  The repairing agency may want to consider installing a second structure 
downstream to decreasing the drop elevation.  It also may be worth considering additional rock 
slope protection below the structures.  

HDR is not anticipating the proposed floodwall alignment and access ramp to increase erosion 
in the pumping plant channel, however, both the channel and SF Creek will need to be heavily 
monitored after the first few storms to see how the channel responds.  Fairly dense mitigation 
plantings located on the slope of the channel may provide some additional protection from 
erosion.  The dense vegetation may negate the need for riprap in this location.  This will be 
determined through monitoring and maintenance. 
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Summary 

Rock slope protection is recommended at multiple locations along the channel to protect 
against various forms of erosion as well as around the Friendship Bridge Island and Peninsula.   
See Attachment G for 95% plan sheets illustrating locations where rock slope protection is 
recommended.   

Since Friendship Bridge and Boardwalk span the entire channel without active channel flow 
area reduction from abutments, the computation of abutment scour was not necessary.  The 
large abutment “island” to remain in the middle of the channel has been treated as a levee and 
will be protected with placed riprap around the entire diameter of in channel island extending 
below the MHHW bench design surface to the required depth of riprap computed. Although the 
channel flow is split around the in channel island, the overall channel width is expanding 
headed downstream from a channel width of 185 feet to 240 feet through the bridge structure.  
Due to the increase in channel width traveling downstream through the bridge structure, 
contraction scour was not computed.   

The piers to be installed for Friendship Boardwalk has been designed to withstand pier scour.  
The Boardwalk should be monitored for any signs of scour.  Note scour at piers can be difficult 
to identify since pier scour usually will fill back in with sediment after flood water recedes.  
Therefore a survey of the bridge location may be recommended to ensure bridge is not 
experiencing any movement after large flooding events.    

Additional riprap protection may need to be installed at a later time if erosion begins to occur at 
other locations along SF Creek.  Stringent O&M procedures are included in the O&M Plan to 
ensure the channel performs as designed.   
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file:///C|/Program%20Files/CHANLPRO/Results/Bend1_rev.txt[9/18/2012 3:51:55 PM]

Bend 1 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        270.0
    WATER SURFACE WIDTH,FT                    224.0
    LOCAL FLOW DEPTH,FT                        15.4
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.10
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.22
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     1         .37      .37       9.00       1.70       1.60       .88    14.4
     2         .42      .48      12.00       1.70       1.00      1.00    12.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
    9.00       36     15     11      7      5      2     .37       .53
   12.00       86     35     26     17     13      5     .48       .70

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
    9.0        6.6        6.0       5.3       4.8       3.6
   12.0        8.8        8.0       7.0       6.3       4.8



file:///C|/Program%20Files/CHANLPRO/Results/Bend2_rev.txt[9/18/2012 3:51:55 PM]

Bend 2 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        412.0
    WATER SURFACE WIDTH,FT                    172.0
    LOCAL FLOW DEPTH,FT                        14.4
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.40
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.21
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     1                  .37       9.00       1.70    NOT STABLE
     2         .46      .48      12.00       1.70       1.00      1.00    12.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
   12.00       86     35     26     17     13      5     .48       .70

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
   12.0        8.8        8.0       7.0       6.3       4.8



file:///C|/Program%20Files/CHANLPRO/Results/Bend3_rev.txt[9/18/2012 3:51:56 PM]

Bend 3 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        488.0
    WATER SURFACE WIDTH,FT                    215.0
    LOCAL FLOW DEPTH,FT                        13.9
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.00
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.21
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     1         .37      .37       9.00       1.70       1.54       .89    13.8
     2         .42      .48      12.00       1.70       1.00      1.00    12.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
    9.00       36     15     11      7      5      2     .37       .53
   12.00       86     35     26     17     13      5     .48       .70

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
    9.0        6.6        6.0       5.3       4.8       3.6
   12.0        8.8        8.0       7.0       6.3       4.8



file:///C|/Program%20Files/CHANLPRO/Results/Bend4_rev.txt[9/18/2012 3:51:56 PM]

Bend 4 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        826.0
    WATER SURFACE WIDTH,FT                    260.0
    LOCAL FLOW DEPTH,FT                         6.9
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.60
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.18
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     2                  .48      12.00       1.70    NOT STABLE
     3         .58      .61      15.00       1.70       1.00      1.00    15.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
   15.00      169     67     50     34     25     11     .61       .88

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
   15.0       11.1       10.0       8.8       7.9       6.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend5_rev.txt[9/18/2012 3:51:56 PM]

Bend 5 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        886.0
    WATER SURFACE WIDTH,FT                    260.0
    LOCAL FLOW DEPTH,FT                         6.6
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.50
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.18
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     1                  .37       9.00       1.70    NOT STABLE
     2         .48      .48      12.00       1.70       1.89       .84    22.7
     3         .57      .61      15.00       1.70       1.00      1.00    15.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
   12.00       86     35     26     17     13      5     .48       .70
   15.00      169     67     50     34     25     11     .61       .88

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
   12.0        8.8        8.0       7.0       6.3       4.8
   15.0       11.1       10.0       8.8       7.9       6.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend6_rev.txt[9/18/2012 3:51:56 PM]

Bend 6 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        589.0
    WATER SURFACE WIDTH,FT                    260.0
    LOCAL FLOW DEPTH,FT                         6.6
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS              11.30
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.21
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     4                  .73      18.00       1.70    NOT STABLE
     5         .85      .85      21.00       1.70       1.25       .94    26.2
     6         .90      .97      24.00       1.70       1.00      1.00    24.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
   21.00      463    185    137     93     69     29     .85      1.23
   24.00      691    276    205    138    102     43     .97      1.40

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
   21.0       15.5       14.0      12.3      11.1       8.3
   24.0       17.7       16.0      14.0      12.7       9.5



file:///C|/Program%20Files/CHANLPRO/Results/Bend7_rev.txt[9/18/2012 3:51:56 PM]

Bend 7 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        721.0
    WATER SURFACE WIDTH,FT                    280.0
    LOCAL FLOW DEPTH,FT                         5.2
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS              12.40
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.20
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     6                  .97      24.00       1.70    NOT STABLE
     7        1.10     1.10      27.00       1.70       1.36       .92    36.8
     8        1.20     1.22      30.00       1.70       1.00      1.00    30.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
   27.00      984    394    291    197    146     62    1.10      1.59
   30.00     1350    540    400    270    200     84    1.22      1.77

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
   27.0       19.9       18.0      15.8      14.3      10.7
   30.0       22.1       20.0      17.5      15.9      11.9



file:///C|/Program%20Files/CHANLPRO/Results/Straight1_rev.txt[9/18/2012 3:51:56 PM]

Straight 1 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A NATURAL CHANNEL SIDE SLOPE RIPRAP, STRAIGHT REACH
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    LOCAL FLOW DEPTH,FT                        14.4
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    AVERAGE CHANNEL VELOCITY,FPS               8.00
    COMPUTED LOCAL DEPTH AVG VEL,FPS           8.00
    (LOCAL VELOCITY)/(AVG CHANNEL VEL)         1.00
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.00
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     1         .25      .37       9.00       1.70       1.00      1.00     9.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
    9.00       36     15     11      7      5      2     .37       .53

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
    9.0        6.6        6.0       5.3       4.8       3.6



file:///C|/Program%20Files/CHANLPRO/Results/Straight2_rev.txt[9/18/2012 4:46:27 PM]

Straight 2 9/14/12 ETL Gradation
 

    PROGRAM OUTPUT FOR A NATURAL CHANNEL SIDE SLOPE RIPRAP, STRAIGHT REACH
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    LOCAL FLOW DEPTH,FT                         4.0
    CHANNEL SIDE SLOPE,1 VER: 2.00 HORZ
    AVERAGE CHANNEL VELOCITY,FPS               7.60
    COMPUTED LOCAL DEPTH AVG VEL,FPS           7.60
    (LOCAL VELOCITY)/(AVG CHANNEL VEL)         1.00
    SIDE SLOPE CORRECTION FACTOR K1             .88
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.00
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                                  ETL GRADATION   

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
     1         .36      .37       9.00       1.70       1.00      1.00     9.0

  D100(MAX)        LIMITS OF STONE WEIGHT,LB          D30(MIN)  D90(MIN)
     IN          FOR PERCENT LIGHTER BY WEIGHT           FT        FT
                  100           50            15
    9.00       36     15     11      7      5      2     .37       .53

           EQUIVALENT SPHERICAL DIAMETERS IN INCHES
  D100(MAX)  D100(MIN)  D50(MAX)  D50(MIN)  D15(MAX)  D15(MIN)
    9.0        6.6        6.0       5.3       4.8       3.6



file:///C|/Program%20Files/CHANLPRO/Results/Bend1_1_4Ton.txt[9/18/2012 4:28:40 PM]

Bend 1 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        270.0
    WATER SURFACE WIDTH,FT                    224.0
    LOCAL FLOW DEPTH,FT                        15.4
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.10
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.22
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .42     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend2_1_4Ton.txt[9/18/2012 4:28:41 PM]

Bend 2 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        412.0
    WATER SURFACE WIDTH,FT                    172.0
    LOCAL FLOW DEPTH,FT                        14.4
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.40
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.21
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .46     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend3_1_4Ton.txt[9/18/2012 4:28:40 PM]

Bend3 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        488.0
    WATER SURFACE WIDTH,FT                    215.0
    LOCAL FLOW DEPTH,FT                        13.9
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.00
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.21
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .42     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend4_1_4Ton.txt[9/18/2012 4:28:40 PM]

Bend 4 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        826.0
    WATER SURFACE WIDTH,FT                    260.0
    LOCAL FLOW DEPTH,FT                         6.9
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.60
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.18
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .58     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend5_1_4Ton.txt[9/18/2012 4:28:40 PM]

Bend 5 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        886.0
    WATER SURFACE WIDTH,FT                    260.0
    LOCAL FLOW DEPTH,FT                         6.6
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               9.50
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.18
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .57     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend6_1_4Ton.txt[9/18/2012 4:28:40 PM]

Bend 6 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        589.0
    WATER SURFACE WIDTH,FT                    260.0
    LOCAL FLOW DEPTH,FT                         6.6
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS              11.30
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.21
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .90     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Bend7_1_4Ton.txt[9/18/2012 4:28:41 PM]

Bend 7 9/14/12 1/4-Ton
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, BENDWAY       
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    MINIMUM CENTER LINE BEND RADIUS,FT        721.0
    WATER SURFACE WIDTH,FT                    280.0
    LOCAL FLOW DEPTH,FT                         5.2
    CHANNEL SIDE SLOPE,1 VER: 3.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS              12.40
    SIDE SLOPE CORRECTION FACTOR K1             .99
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.20
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1   1.05     1.05      24.00       2.10       1.46       .88    35.1



file:///C|/Program%20Files/CHANLPRO/Results/Straight1_1_4Ton.txt[9/18/2012 4:28:41 PM]

Straight 1 9/14/12 1/4 - Ton Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, STRAIGHT REACH
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    LOCAL FLOW DEPTH,FT                        14.4
    CHANNEL SIDE SLOPE,1 VER: 4.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               8.00
    SIDE SLOPE CORRECTION FACTOR K1            1.00
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.00
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .25     1.05      24.00       2.10       1.00      1.00    24.0



file:///C|/Program%20Files/CHANLPRO/Results/Straight2_1_4Ton.txt[9/18/2012 4:28:41 PM]

Straight 2 9/14/12 1/4-Ton Gradation
 

    PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
        DEPTH AVERAGED VELOCITY, STRAIGHT REACH
                   INPUT PARAMETERS
    SPECIFIC WEIGHT OF STONE,PCF              165.0
    LOCAL FLOW DEPTH,FT                         4.0
    CHANNEL SIDE SLOPE,1 VER: 2.00 HORZ
    LOCAL DEPTH AVG VELOCITY,FPS               7.60
    SIDE SLOPE CORRECTION FACTOR K1             .88
    CORRECTION FOR VELOCITY PROFILE IN BEND    1.00
    RIPRAP DESIGN SAFETY FACTOR                1.30

                           SELECTED STABLE GRADATIONS
                               ALTERNATE GRADATION

    NAME    COMPUTED D30(MIN)  D100(MAX)  D85/D15  N=THICKNESS/   CT  THICKNESS
             D30 FT     FT         IN                 D100(MAX)           IN
 1/4-TON-#1    .36     1.05      24.00       2.10       1.00      1.00    24.0
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Attachment G 

Final Design Detailed Cross Sections for Rock Placement 
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Attachment H 

Geotextile Design Hand Calculations 
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Attachment I 

Overtopping Design Hand Calculations 
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Attachment J 

Wind and Wave Runup and Wave Attack Hand Calculations 

  



























































Draft  Technical Memorandum 

San Francisquito Creek Joint Powers Authority (SFCJPA)  
San Francisquito Creek – Hwy 101 to SF Bay February 15, 2013 
C:\pwworking\sac\d0356532\SFC_Erosion_Report_Draft.docx 

Attachment K 

Vertical Drop Hand Calculations 
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