








 
 

Photo C-49.  CO DOT HEAVY riprap and one timber crib.  U/S view.  Arrow points to one remaining 
timber crib in zone of impinging flow.  In 1984, flow >22,000 cfs destroyed all timber cribs U/S of arrow 

and CO DOT MEDIUM riprap, size range 440#-3#  W50 85#.  Bank repaired with HEAVY riprap.     
Site 28  CO  Colorado R.  17 Jun 1992 

 
 
 

 
 

Photo C-50.  Observer on topmost beam of timber crib among willows.  U/S view.  Additional HEAVY 
riprap placed along toe and U/S of timber crib.  The composite structure (HEAVY riprap, timber, 
willows) is an example of biotechnical bank protection.     Site 28  CO  Colorado R.  17 Jun 1992 
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Photo C-51.  Archaeological site protection causes impinging flow.  U/S view. 
Concrete wall and riprap protect archaeological site, but redirect flow.  Near bank, opposite the protected 

site (right concrete structure) received impinging flow, toe eroded, bank sloughed.  Original bank 
protection was gap-graded rock mixture >>8-ton to 5#.     Site 30  CO  Colorado R.  18 Jun 1992 

 
 
 

 
 

Photo C-52.  Impinging zone D/S and opposite archeological site.  U/S view.  CO DOT maintenance crew 
added 200#-500# rock to interlock heavier rocks, which remained after lighter rocks washed away. 

Future repairs likely on I-70 between miles 106.5 and 108 due to gap-graded rock mixture. 
30-inch high by 5-inch wide z-scale.     Site 30  CO  Colorado R.  18 Jun 1992 
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Photo C-53.  Longitudinal stone toe and tieback (permeable rock retard, hard-point dike).  U/S view.  
Longitudinal toe controls meander and parallels creek, while tie-backs are roughly perpendicular and trap 
sediment.  USACE R200 class, maximum weight 200#  W50 50#.  Natural willow growth among rocks. 

30-inch high by 5-inch wide z-scale.     Site 33  MS  Black Creek  19 May 1993 
 
 
 

 
 

Photo C-54.  Longitudinal stone toe and tiebacks.  U/S view.  Tiebacks (permeable rock retards keyed 
into damaged bank) redirect flow away from farmland banks, trap sediment, and provide zones for natural 

revegetation.  Longitudinal toe scoured, undercut, and launched (arrow marked on photo). 
Site 34  MS  Batupan Bogue  19 May 1993 
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Photo C-55.  Rural county road bridge over incised streambed.  D/S view.  When streams flow over 
erosive soil, especially loess or waterborne silts, the bed gets notched and banks slough forming unstable 

vertical banks.  Such scour results from in-stream mining, natural headcutting, and/or downcutting.  If and 
when pile-caps are exposed, remedies at bridge and in-stream grade controls (u/s, d/s, or both) are 

considered.  See also photos C-56, C-57, C-58 and captions.     Site 38  MS  Worsham Cr.  19 May 1993 
 
 

 
 

Photo C-56.  Baffle and modified Agricultural Research Service grade control structure with R1000 
riprap.  U/S view, several hundred yards U/S of bridge in Photo C-55.  R1000 rock gradation (1000#-60# 

 W50 430#) protects streambed and banks.  Mid-channel baffle dissipates higher stage velocities, and 
prevents wave propagation.     Site 38  MS  Worsham Cr.  19 May 1993 
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Photo C-57.  Grade control structure with failed R400 riprap, 1of 2. 
U/S view, a few hundred yards D/S of bridge in Photo C-55.  R400 (400#- 30#  W50 160#) washed about 

20 feet D/S of 4-foot drop structure (weir).  Scour hole (downcutting and headcut migration upstream) 
next to weir threatens long-term stability of weir.     Site 38  MS  Worsham Cr.  19 May 1993 

 
 
 

 
 

Photo C-58.  Grade control structure with failed R400 riprap, 2 of 2. 
D/S view, a few hundred yards D/S of bridge in Photo C-55.  R400 washed about 20 feet D/S of weir.  

Baffle about 75-feet D/S of drop, where stream is about 2-3 times wider than normal.  Naturally occurring 
trees on riprapped banks.     Site 38  MS  Worsham Cr.  19 MAY 1993 
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Photo C-59.  Steel sheet pile grade control structure and riprap.  View across crest. 
Banks and just D/S of drop protected with riprap, estimated W50 200#.  Drop is about 1-foot. 

Site 47  MS  North Fork Tillatoba Cr.  20 May 1993 
 
 
 
 

 
 

Photo C-60.  Concrete-filled, steel-pile baffle.  U/S view.  Baffle is about 25-feet D/S of grade control 
structure in Photo C-59.  Randomly interlocked log snags on U/S side of baffle provide habitat and 
nutrient value for fish and other aquatic life.     Site 47  MS  North Fork Tillatoba Cr.  20 May 1993 
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Photo C-61.  Dense vegetation naturally regenerated among riprap on impinging (left) bank.  D/S view, 
1/3 way up slope from low flow (non-storm) water surface, US 101 at top of slope.  Recent high water 

indicated by debris hanging on tree.  Impinging flow on this bank is caused by a protruding natural rock 
outcrop (not visible), upstream on opposite bank.     Site 53  CA  South Fork Eel River  13 Feb 1996 

 
 
 

 
 

Photo C-62.  Dense vegetation in naturally silt-filled voids of riprap.  U/S view near site of Photo C-61.  
30-inch high z-scale is 9 feet higher than water surface.  Heights (elevation differences) : about 45 feet 

from US 101 to river and >50 feet to toe of riprap.  RSP-class of lower half of slope : 1/2 ton as-designed, 
4-ton as-built.     Site 53  CA  South Fork Eel River  13 Feb 1996 
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Photo C-63.  Elevation limit of naturally deposited silt.  U/S view, just above site of Photo C-62. 
Lower arrow (orange vest) shows limit of silt, 1/3 way up slope from river.  Upper arrow (white hard hat) 

is near mid-slope.     Site 53  CA  South Fork Eel River  13 Feb 1996 
 
 
 
 

 
 

Photo C-64.  Zone of sparse vegetation on upper half of riprapped slope.  D/S and downhill view. 
Same white hard hat (marked with arrow) seen in Photo C-63, near mid-slope.  Upper half of slope is 

1/2 ton RSP Class Method B (Caltrans standard gradation).  Not much soil among rock voids, therefore 
little voluntary growth.     Site 53  CA  South Fork Eel River  13 Feb 1996 
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Photo C-65.  Soil placed on slope over riprap above ordinary high water (OHW) for planting.  U/S view.  
Slope cross-section of soil cover is 1V:2H, riprap is 1V:1.5H.  CA layered RSP design: Type B 

RSP-fabric, Backing No. 1, 1/2 ton RSP.   Toe embedded 8 feet below 30-inch high z-scale in ditch, 
extends 10 feet laterally to left.  Top of RSP is 20 feet above ditch, 10-foot wide bench (nearly level break 

in a long slope) is 42 feet above ditch.     Site 55  CA  South Fork Eel River  13 Feb 1996 
 
 

 
 

Photo C-66.  Unstable silt deposit, 6-feet thick.  D/S view of bank in Photo C-65.  Triangular plan view 
dimensions of silt +50 feet wide x 350 feet along ditch, and top of silt is about 75 feet below US 101. 

"Fish-cluster rocks" buried under silt after 1 wet season.  Cover-soil eroded to RSP below 36-inch culvert 
(upper left of image).     Site 55  CA  South Fork Eel River  13 Feb 1996 

 

California Bank and Shore Rock Slope Protection Design     Appendix C     Page C-33 



 
 

Photo C-67.  Mad River Mouth / Pacific Ocean at low tide.  Northwesterly view.  River flows north (D/S 
to right) then turns west (left) to ocean.  In 1991 northward migration of mouth >600 yards in one storm 
threatened Clam Beach State Park and US 101.  Emergency permit obtained.  Pit was dug to sea level for 
8 ton layered, launchable RSP (mounded toe concept); excavated sand piled along (westerly) turn to limit 

erosion of Clam Beach State Park.     Site 59  CA  Mad River  23 Jan 1992 
 
 

 
 

Photo C-68.  Mad River Mouth / Pacific Ocean at ebb tide.  D/S view.  Surface velocity >7 fps 
continually scoured toe and unprotected sand banks caved-in.  Temporary rock and RSP-fabric placed 

during low tide, helped keep water out of excavation pit (pumped).  Permit later allowed armoring sand 
bank with 8-ton layered, launchable RSP (mounded toe concept).     Site 59  CA  Mad River  11 Feb 1992 
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Photo C-69.  Loader-mounted dispenser holds 20' wide x 250' long roll of RSP-fabric.  View from pit 
bottom.  12-oz/sqyd nonwoven needle-formed geotextile, ultraviolet stabilized, made from virgin and 

recycled plastics (tinted green from pop bottles).  Specially designed Z-fold pattern (by Racin) 
on pit bottom gives extra length of RSP-fabric to fall into anticipated scour holes with rocks 

as undermining occurs.     Site 59  CA  Mad River  11 Feb 1992 
 
 

 
 

Photo C-70.  Four-man team positioned and sewed RSP-fabric.  From top to bottom of bank, one 
continuous prayer seam was stitched with nylon thread.  Seam strength >= RSP-fabric strength of 300-lb 

grab tensile strength was achieved.  Stitched seams are required in this (and similar) severe setting of 
river currents and ocean tides.     Site 59  CA  Mad River  11 Feb 1992 
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Photo C-71.  Z-folding RSP-fabric in bottom of pit.  Southerly U/S view, Mad River right background.  
Layered design: RSP-fabric, 1.5' Backing No.2, 10'-15' high special 8 ton launch rock mixture fills pit 

(mounded toe).  Same layers on highway slope with 10' thick launch layer.  Sand dune below vista point 
at southerly end of permitted emergency bank protection eroded in next 2-years, see Photos C-74, C-75. 

Site 59  CA  Mad River  11 Feb 1992 
 
 

 
 

Photo C-72.  Thin sand layer on Backing No. 2 protects rubber tires of equipment during turning 
movements, prevented rubber tires from getting chewed-up by angular rocks of backing layer.  Southerly 

view in pit.  Sand layer is not needed to protect RSP-fabric from backing or outside layers of rock, 
because Caltrans specifies RSP-fabrics to survive normal riprap construction, via specified toughness 

values.     Site 59  CA  Mad River  11 Feb 1992 
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Photo C-73.  Inspecting special rock mixture, 8-ton maximum.  Northerly D/S view, Mad River at left.  
Large launch rocks were placed individually by rubber-tired loaders.  Although mixture is designed to 
launch, some interlock is needed.  Excavated pit (at sea level) was pumped after storms due to seepage 

from high river stages and above-normal tides.     Site 59  CA  Mad River  11 Feb 1992 
 
 
 

 
 

Photo C-74.  Mad River RSP facility after 2 years.  U/S southerly view.  Mad River and ocean sand spit at 
right, Mckinleyville / US 101 vista point marked by arrow.  Layered riprap built in pit : RSP-fabric, 

Backing No. 2, and special launchable 8 ton rock mixture (mounded toe concept).  Covered with sand 
layer and revegetated naturally.     Site 59  CA  Mad River  May 1994 
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Photo C-75.  Southerly limit of 1992 RSP project and remainder of dune below vista point.  View normal 
to bank.  Vegetation did not resist erosive forces of river and ocean.  Two logging railroad ties (5 feet 
below trees) cast shadows on vertical sand bank.  Eroded dune below vista point parking lot.  Second 

emergency permit granted to armor 1000 feet U/S of 1992 RSP project limit. 
Site 59  CA  Mad River  May 1994 

 
 

 
 

Photo C-76.  Dumping rock down 14-foot bank, normally not done, sizes segregate.  Northerly view.  
Rock berm at toe keeps RSP within limits, Backing protects RSP-fabric.  Backing was placed from 

bottom to top of bank.  Layered design: Z-folded RSP-fabric, 1.5' Backing No.2, 14' high special 4 ton 
launch mixture.     Site 59  CA  Mad River  May 1995 
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Photo C-77.  RSP leading edge notched into bank.  View normal to bank.  Two men are 50 feet apart, plan 
view length (width this view) of leading edge.  Base width (directly into photo) of leading edge is 42 feet, 
3x wider than rest of base.  For 1995 job, 1992 launch rock sizes were reduced 1 class to 4 ton maximum. 

    Site 59  CA  Mad River  May 1995 
 
 
 

 
 

Photo C-78.  Leading edge of layered, launchable 4-ton RSP after 9 months.  D/S northerly view. 
River at low flow rate.  Ebb tide 1400 PST, low at 1515 PST minus 0.7-foot.  Some localized erosion at 

RSP-sand interface.  Logs and debris drifted ashore, not due to local bank erosion. 
Arrow shows 30-inch high z-scale.     Site 59  CA  Mad River  15 Feb 1996 
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Photo C-79.  West-turn RSP at mouth of Mad River after 3 years.  Northerly view from vista point, center 
horizon Trinidad Head.  West-turn built in 1992, same launchable  layered design as in pit, see Photos 
C-71, 72 & 73.   Moonstone Beach bluff is nearest natural rock outcrop, 3.8 miles north of vista point.     

Site 59  CA  Mad River  May 1995 
 
 
 

 
 

Photo C-80.  Trailing edge localized erosion beyond layered, launchable 8 ton RSP-sand interface. 
D/S northerly view beyond west-turn bank, ocean at left.  Local scour limit is 100 yards D/S and 25 yards 

to right.  After 4 years, RSP has halted northward migration of river mouth, 
protecting Clam Beach and US 101.     Site 59  CA  Mad River  15 Feb 1996 
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Photo C-81.  RSP tied to natural rock outcrops.  1996 D/S impinging view.  A, B, and C mark sites of 
1993 Photos C-82, C-83, and C-84 respectively.  Grizzly Creek (at bottom) flows (to left) into Van 

Duzen.  Silhouetted fisherman (right of C) sits where Creek thalweg was in 1993, on 5-foot thick gravel 
bank from Creek watershed.  Van Duzen turns left around point bar (shadow at left below A). 

Site 56  Van Duzen River  15 Feb 1996 
 
 

 
 

Photo C-82.  Toe stabilized with 4 ton RSP-class, upper bank is 1 ton.  U/S view, near A in Photo C-81.  
Arrow (near top center) marks rail of former bridge over Grizzly Creek, (replaced in 1996), gravel bar 

and Grizzly Creek inflow (top right of center).  Van Duzen opposite bank point bar (by upper right edge). 
    Site 56  Van Duzen River  3 Feb 1993 
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Photo C-83.  Leaning alders stressed by recent high water events.  Normal to bank view, near B in Photo 
C-81, D/S is to left.  Observers at join with riprapped bank (left) and natural rock outcrop (right).  
Ordinary high water is near base of 30-inch high by 5-inch wide z-scale, where alders are vertical. 

Site 56  Van Duzen River  3 Feb 1993 
 
 
 

 
 

Photo C-84.  Level line between observers' hats is near highest observed water (1964).  U/S view, near C 
in Photo C-81.  Grizzly Creek thalweg flows through gravel bar into Van Duzen (behind right observer).  

Grizzly Creek State Park campground (above gravel bar) was submerged about 7 feet in 1964 floods.     
Site 56  Van Duzen River  3 Feb 1993 
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Photo C-85.  Failed banks and channel invert protection.  U/S view.  Steep channel grade, undersized CA 
1/2 ton RSP-class gap-graded, no intermediate sizes for interlock, no backing material.  Woven-tape 

geotextile (slit-film) marked with arrows, inappropriate as RSP-fabric on banks.  Water behind 
RSP-fabrics must drain quickly back into channel. 

Site 60  CA  Grizzly Cr.  2 May 1995 
 
 

 
 

Photo C-86.  Woven-tape geotextile (slit-film), inappropriate as RSP-fabric on banks. 
Close-up view.  Typical permittivity of this particular slit-film is about 0.06 per second 

(about 5 gallons per minute per square foot).  Recommended minimum permittivity for RSP-fabric is 
0.5 per second (about 37.5 gpm / sqft).     Site 60  CA  Grizzly Cr.  2 May 1995 
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Photo C-87.  Repaired channel with CA 1-ton RSP-class and oversized rock allowed.  D/S view. 
"ROAD GRADE" about 6 %.  Channel grade transitions from 2.5% (at 30-inch high  z-scale marked with 

arrow) to about 21% past upper (closest) downdrain.  Concrete anchors for cable-stays are below the 
bench hinge point of the lower downdrain (left edge of image).  Both downdrains are 18-inch steel pipe. 

Site 60  CA  Grizzly Cr.  2 Feb 1996 
 
 

 
 

Photo C-88.  Downdrain extends below and beyond top of riprapped channel sides.  U/S view of "closest" 
downdrain seen in Photo C-87.  1V:2H side slope.  Nonwoven needle-formed RSP-fabric was wrapped 

over Backing No. 2 RSP-class.  Soil and erosion control planting mixture held by RSP-fabric, 
would  erode vertically down into rock voids if not there.     Site 60  CA  Grizzly Cr.  2 Feb 1996 
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Photo C-89.  Sediment fan in stilling pool behind gabion weir grade control structure.  D/S view just 
above the lower downdrain seen in Photo C-87.  6'-2" tall observer is standing on weir crest. 

Channel drop into dissipater / stilling pool is steeper than 21 %.  Channel invert has smaller rock, 
about 1/4 ton RSP-class, spread on top of 1 ton RSP and oversized rock mixture. 

Site 60  CA  Grizzly Cr.  2 Feb 1996 
 
 

 
 

Photo C-90.  6'-2" tall observer on stable +8-ton rock near end of channel.  U/S view. 
Contrast to Photo C-85.  30-inch high by 5-inch wide z-scale (marked with arrow at bottom center of 

image) is D/S of lowest concrete cutoff.    Site 60  CA  Grizzly Cr.  2 Feb 1996 
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