
SHOW  THE  

DUCK  CREEK  

STABILIZATION  

VIDEO  



 COMBINATIONS  OF  RESISTIVE 

& REDIRECTIVE  METHODS:  

CASE  STUDY- Duck  Creek  East  of  

Eastern  Avenue,  Davenport, Iowa  

Constructed June-July. 2008 
 

 Longitudinal  Peaked  Stone  Toe  

Protection  {LFSTP}  with  interspaced  
Short  Bendway  Weirs  &  Locked  Logs  



20-30 

degrees 

LPSTP with Bendway 

Weirs & Locked Logs 

modified from:  

www.E-SenSS.com 

Bendway Weirs at 

intervals, keyed into the 

LPSTP.  BW designed 

to act as a system to 

realign the thalweg & 

reduce velocities near 

the LPSTP 

Locked Logs 



FROM  DOWNSTREAM  
LOOKING  UPSTREAM  

AT  THE  THALWEG  
ALIGNMENT  



From DS looking US @ thalweg trace. 

CONSTRUCTION-DUCK CR. E. OF EASTERN AVE.  PIX BY DERRICK 7 -1-2008 



    3  YEARS   

AFTER  PROJECT  

COMPLETION  

 Looking US to DS  

Photos: Brian  Stineman 

SEPTEMBER  2011 



3 YEARS LATER-From DS bend looking US.  All stable & fully 

functional. Great diversity & complexity of vegetation. 

3 YEARS LATER-DUCK CR-BRIAN STINEMAN 9 -2011 



3 YEARS LATER -Looking US in the bite of the bend @ Bendway Weirs  

& Locked Logs providing hyd. roughness & habitat 

3 YEARS LATER-DUCK CR-BRIAN STINEMAN 9 -2011 



3 YEARS LATER-Looking US @ no-mow riparian corridor that 

connects two forested areas.  Fully functional!!  

3 YEARS LATER-DUCK CR-BRIAN STINEMAN 9 -2011 



THE  SECRET  TO  BANK  

STABILIZATION:   

MAKE  THE  BANK  THAT  IS  

PROTECTING  SOMETHING 

TOUGHER  & HYDRAULICALLY  

ROUGHER   THAN  THE  

OPPOSITE  BANK   

(OPPOSITE  BANK  SHOULD  BE  

SMOOTHER  &  WEAKER)  



ñCarhengeò 

War Eagle 

Creek, AR 

THE  GOOD OLE  DAYS !! 



BEWARE  OF  

FOUNDATION  

DEPENDANT  BANK  

STABILIZATION  

METHODS !!!  
If the foundation is erodeable, the bank protection method 

might have to be toed down (excavated) to the level of 

maximum anticipated scour (at least below the thalweg 

elevation), then add a factor of safety. 



Looking DS @ failed gabion baskets.  A good meander on 

those baskets!!  Foundation is important with this method!!! 

CATTAURAGUS CR @ HAUK  ROAD  DERRICK  12 -8-2011 



Introduction  to 

Longitudinal  Peaked  

Stone  Toe  Protection  

(LPSTP) 



LONGITUDINAL  PEAKED  STONE                           

TOE  PROTECTION  {LPSTP}  

ÅDescription:  A continuous stone dike placed longitudinally at, or slightly 

streamward of, the toe of the eroding bank.  Cross-section is triangular.  The 

LPSTP does not necessarily follow the toe exactly, but can be placed to form 

a "smoothed" alignment through the bend.  Smoothed alignment might not be 

desirable from the environmental or energy dissipation points of view .  

Amount of stone used (1 ton/ lineal ft, 2 tons/ft, etc.) depends on depth of 

scour at the toe, estimated stream forces (impinging flow) on the bank, and 

flood durations and stages. 

 

ÅTie-backs are short dikes connecting the LPSTP to the bank at regular 

intervals.  Tie-backs are usually the same height as the LPSTP or elevated 

slightly toward the bank end, and are keyed into the bank.  If tie-backs are 

long they should be angled upstream to act as bendway weirs.  



Mid-project keys (red lines) are 

perpendicular to high flow & 

connect the tie-back to the bank 

Tie-backs (blue 

lines) will 

connect the 

LPSTP to the 

key.  The key, 

sometimes 

called the key 

root, is dug into 

the bank. 

Modified from:  

www.E-SenSS.com 

Longitudinal Peaked 

Stone Toe Protection 



Longitudinal Peaked Stone 

Toe Protection (LPSTP) 
As-built  

After a couple of high 

flow events stream has 

scoured at the toe & 

stone has self-adjusted 

Sediment has deposited 

landward of the LPSTP 



Johnson Creek, MS.  Pre-project 

rapidly eroding near-vertical bank 

{rural, sand bed, slope < 1%, pool-

riffle -pool, meandering, incised} 

Mini case study: 1 of 3 



Mini case study: 2 of 3 

Johnson Creek, MS.  As-built 

protection consists of Longitudinal 

Peaked Stone Toe protection 

(LPSTP) applied at 1 ton/ lineal foot 



Johnson Creek-LPSTP one year 

later (note volunteer willow growth) 

Mini case study: 3 of 3 



Functions and Attributes  of       

Longitudinal Peaked Stone Toe Protection  

ÅResists the erosive flow of the stream, only stabilizes the toe, does not 
protect mid and upper bank areas. 

Å"Smoothed" longitudinal alignment results in improved flow near toe. 
ÅSuccess depends on ability of stone to launch into scour hole. 
ÅBank grading is not needed (existing vegetation is not disturbed). 
ÅWeight of stone (loading of toe) might resist some shallow-fault 

geotechnical bank failures. 
ÅCaptures alluvium & upslope failed material on bank side of structure. 
ÅGood where outer bank alignment makes abrupt changes, where the 

bank must be built back out into the stream (realignment of channel, or 
construction of a backfilled vegetative bench or terrace for habitat 
improvement and/or velocity attenuation), where a minimal continuous 
bank protection is needed, or where a ñfalse banklineò is needed. 

ÅWorks well in combination with other methods (Bendway Weirs, or 
bioengineering within the stone {joint planting, Bent willow poles} or 
immediately behind stone {Live Siltation, Living Dikes}, & in mid to 
upper bank areas {brush layering, Slit Brush Layering, Live Staking, 
rooted stock or container plants}). 



Longitudinal Peaked Stone 

Toe Protection {installed 

1977, picture taken Sept 

2003} at Batapan Bogue, 

Grenada, MS.   

LPSTP has launched as 

intended (note steep angle 

of repose), armored the 

scour hole as expected, & 

mature vegetation is 

assisting with overall bank 

stability  



A  bank  protection  

project  should  start  

&  end  in  stable  

(usually  depositional)  

areas. 



Protection starts late & ends 

early, resulting in erosion at 

both ends of project 

FEMME  CREEK,  ST. LOUIS AREA, MO . 



KEY  ALL  

STRUCTURES  

INTO  THE  BANK  



9 Mile Run - April 2007 

Flanked perpendicular grade control structure.  

Water should be flowing over this structure. 



A key has one main function:  to 

connect bank protection (or a 

river training structure) to the 

rest of the world, & not let the 

river ñflankò (get behind) the 

improvement or protection works. 



Mid-project keys (red lines) are 

perpendicular to high flow & 

connect the tie-back to the bank 

Tie-backs (blue 

lines) will 

connect the 

LPSTP to the 

key.  The key, 

sometimes 

called the key 

root, is dug into 

the bank. 

20-30 

degrees 

Key design for continuous 

bank protection, modified 

from:  www.E-SenSS.com 

Both the 

upstream & 

downstream 

keys should 

be angled 20 

to 30 degrees 

to high flow.  

All keys are 

vegetated and 

soil choked 

Longitudinal Peaked 

Stone Toe Protection 



On the landward end (away 

from the stream), all keys 

need to tie into roughness, or 

a higher elevation, or 

hopefully both!!  Elevation 

can be determined by flow 

(Q-10, Q-100, etc.) 



Looking US on Harland Creek, Tchula, MS at smooth 

LPSTP (1.5 tons/ft) with correctly angled downstream 

key with deposition (free bank protection) right where 

the photographer is standing.  Installed Aug 1993. 



The key itself should be heavily vegetated 

with adventitious rooting poles or rooted 

stock plants so as to slow velocities over the 

key.  Slow water on the overbank means less 

chance of flanking.  Vegetation is designed 

to act like a Living Dike & can be closely 

spaced adventitious rooting poles, or rooted 

stock plants, or both.  In some cases the 

length of the key can be extended with 

vegetation alone.  



The upstream key on Chenunda 

Creek, Wellsville NY.  The key is 

angled 30 degrees to dominant 

(high) flow.  This same angle 

should be used for the 

downstream key. 



Construction 9/20/2006.  Looking at angle of key 

to stream flow.  More stone will be added & then 

soil choked so the landowner can grow a lawn. 

Pix by Derrick 



Dump truck load level full of Sandbar & Streamco 

Willow, & Ruby Red osier dogwood, (1,500 poles total). 

Pix by Derrick 



A  MID -PROJECT  

KEY  ON  

CHENUNDA  CREEK  
Vegetated & soil-choked 

stone key is perpendicular 

to high flow (& the bank) 



Place granular filter, 

or use a self-filtering 

stone 

Detail for key 

Flow 



VEGETATE  THE  

KEYS  TO  MAKE  

THEM  

HYDRAULICALLY  

ROUGHER 



Place Willow Poles against one 

or both sides of trench  
Detail for key 

Flow 



Construction 

9/19/2006.  

Digging a mid-

project key 

perpendicular 

to the bank.  

Some veg 

(willow poles) in 

place 
Pix by Derrick 



Place stone in trench  
Detail for key 

Flow 



Construction 9/19/2006.  Looking at key. Butt ends of willow & 

dogwood poles down deep. 

Pix by Derrick 



Choke stone with 

gravel-cobble (white 

areas) & water in 

Detail for key 

Flow 



Backfill and overfill  

with native soils, then 

compact (some 

settling will still occur)  

Detail for key 

Flow 



Construction 9/21/2006.  Key stone is now soil-choked. 

Pix by Derrick 



Seed 

DONE 

Detail for key 

Flow 



2.75 YEARS LATER-Lush growth from unrooted poles on mid-project key. 

 2 YEARS 9 MONTHS AFTER CONSTRUCTION-CHENUNDA CR.-DERRICK 6 -18-09 



DESIGN  CONSIDERATIONS  FOR  LPSTP  KEYS  

ÅLPSTP must be deeply keyed into the bank at both the upstream and 
downstream ends and at regular intervals along its entire length.  
Charlie Elliottôs spacing rules-of-thumb for keys in flat-sloped sand 
bed water bodies:  50 to 100 ft intervals on smaller streams, 1 to 2 
bankfull widths on larger waterways.   

ÅKeys at the upstream and downstream ends of LPSTP should not be at 
a 90 degree angle to the LPSTP structure, but at 20 to 30 degrees to 
HIGH FLOW.   

ÅKeys should go far enough back into the river bank so river migration 
will not flank the key and the LPSTP. 

ÅKeys should be vegetated if possible.  Key length can be extended with 
vegetation in some cases.   

ÅVolume of material per ft of key should equal or exceed the volume of 
material per ft in the LPSTP 

ÅMinimum key width should be two times the D-100 of the stone used  



LSTP - CHAPTER  4:   

 

Filters 



7 year old 

riprap 

without filter 

fabric allows 

for natural 

plant 

colonization. 

Spring 

River, AR 



Filter fabric could prove problematic with over-launching of stone (shown), 

interferes with root architecture, plus roots can ñrunò on filter & open up overlaps 

Arkansas 



Thoughts on Filters  

            A filter has at least three tasks:  prevent loss of 

underlying fine bank materials due to piping, 

extrusion, or erosion; allow water to drain from the 

bank thus preventing the buildup of excessive 

hydrostatic pressure; and to prevent bank 

stabilization materials from sinking into the 

underlying substrate.  A trained soil scientist, 

geologist, and/or geotechnical engineer is needed to 

perform an analysis of the stability and erodability 

of bank materials and determine what, or if any 

filter is required.  



Different Types of Filters  
ÅSelf-filtering stone - Designed with a specific gradation that has a component 

that acts as a granular filter. Typically 10% to 15% of the gradation is either 
less than 4 inches in diameter, or less than one pound in weight, depending on 
how the stone is specified.  When placed on-site the smaller stones fall through 
the interstices and cover the substrate, essentially acting as a granular filter. 

ÅGranular filters - Progressively larger diameter layers of (possibly) sands, 
gravels, and/or rock. 

ÅGeotextile filters:  Non-Woven - has a thickness, similar in appearance to felt, 
dull finish, fibers can be seen but don't form a pattern. 

ÅGeotextile filters: Woven - slick and shiny, has a discernable weave (a pattern 
similar to a cotton shirt), designed with a specific size of opening to allow the 
passage of water, but not the underlying bank material.  When looking through 
a section of used filter light should be visible.  If no light can be seen the filter 
has been "blinded", in other words the filter has been clogged by the bank 
material.  It can also be blinded by deposition from the stream side. 

ÅIs a filter needed?? - gravels, cobbles, bedrock and some clays usually do not 
require a filter.  Always always consult with a learned geotechnical expert!!! 



FILTER  TYPES,  

&  THE  FOLLY  

OF  BIG  STONE  

BY  ITSELF  



No filter with large stone 

Big stones alone will not 

work well for bank 

protection, the stream water 

will flow between the gaps 

in stones (interstices) & 

erode the underlying soil. 

In-situ soil 



BIG DITCH ï OREGON, OHIO - DERRICK  11-30-2011 

Large stone as bridge protection.  Voids will allow water to flow 

through & under stone protection.   No filter size stone 


