BENDWAY WEIRS,
ROCK VANES, BANK

BARBS, & J-HOOKS
{All are redirective methods}



BENDWAY WEIRS (BW):
Upstream angled, levetrested
(flat, typical height is 1 ft above

base flow), rock sills, designed to
work as a system to realign the
thalweg to a position off the strean
ends of the weirs, & reduce flow
velocities within the welr field.



ROCK VANES/
BANK BARBS



According to Janine Castro, who
wrote the NRCS manual chapters on
ROCK VANES & BANK BARBS, all
specifications are exactly the same fc
both, except that ROCK VANES are
constructed of extremely large
boulders that do not adjust, and
BANK BARBS are built using well-
graded, seltadjusting stone.



Physical Difference:
Between Bendway
Weirs & Rock

Vanes/Bank Barbs



Differences between Bank Barbs & Bend
‘Weirs: pictured are Bank Barl
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Here are Bendway Weirs on the same river.
longer, way lower (1 ft above base flow), 70
degree upstream angle from the bank.

Photo by Wayne Klnney <
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BENDWAY WEIRS vs. ROCK VANES/
BANK BARBS

A LEVEL -CRESTED (flat) A SLOPED-Range 10to 1, to 12 to 1

A ANGLED -upstream 70 degrees A ANGLED - upstream 30 degrees
from a line tangent to the bank from a line tangent to the bank

A LENGTH -determined by how A LENGTH -determined by height

much river flow needs to be (crest) at bank end, vane slope
controlled & by realigned angle, & bathymetry at river end
thalweg location of RV/BB

A HEIGHT - lower than any flow A HEIGHT - varies by designer,
that can erode the bank, usually anywhere from 1/2 bank full stage
1 ft above the base flow (typical to bankfull stage
low-flow, or 80% excedence)
water surface elevation Mini case study: 3 of 4




Rock Vanes (again)

Mini case study: 4 of 4
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BENDWAY
WEIRS




Bendway Weir Theory

Flow over the top of the weir is slowed due to roughness, &
redirected perpendicular to the longitudinal axis of the welir

Flow




Bendway Weirs were invented by
Tom Pokrefke for use on large
navigable rivers. Typical lengths
used on Mississippl River
navigation projects were 800 to
1,500 ft., constructed of 5,000 Ib.
graded stone. The crest elevation Is
set at-15 ft Low Water Reference
Plane (LWRP), so that 9 ft draft tow
boats can navigate over them.



Looking DS at a
partially drained
movable-bed coal
model of the Middle
Mississippi River
(Dogtooth Bend).
Note new location of
thalweg off the
stream ends of the
Welrs.




Secondary River Currents

Unrevetted Bend Revetted Bend
Bendway Weir installed Bendway Weir effects
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Movable-bed coal
model. Looking
DS, no Bendway Z
Weirs, time lapse ; -* R . I 5e
photography with N e N . -
confetti on surface B N BNl
of water (white
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flow
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outer bank
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Movable-bed Model. pumsmm—m

Looking DS, Bendway i i Bt . -

Weirs installed.

Currents are more

evenly distributed.
Note flows do not cross
over to outside of bend

e ™.




How Do Bendway Weirs Work?

A Water flowing over the weir is redirected at an angle
perpendicular to the longitudinal axis of the weir.

A With weirs angled upstream the erosive flow (energy) is directed
away from the outer bank and toward the inner part of the bend.

A Strong secondary currents (helical flow) in bend are broken up.
Roughness of the weir itself slows velocity of water traveling over
the tops of the weirs by approximately 50%!!

A A set of weirs are designed to act as a system to capture, control,
and redirect current directions and velocities through the bend
and into the downstream crossing.

A Last weir In system can aim flow (and channel thalweg) where
you need it.



DEPTH (LWRP=0)

8 & § 8 8

Mississippl
River model
test. Cross
section
comparison
shown here.
40 ft of

deposition in
the deepest
part of the

channel, scou

on the inside
of the bend




| Velocities taken on

. the Mississippi
River. Velocity

| isovels are in meters

not feet
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B flow is left to right. Model is drained,

A system of Bendway Weirs, seen
here in a physical movable -bed model,

te scour areas.
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BENDWAY WEIRS ARE ENERGY
MANAGEMENT & THALWEG
MANAGEMENT TOOLS, THEY DO NOT
PROVIDE TOTAL BANK STABILIZATION !

BY THEMSELVES, NONE OF THE
REDIRECTIVE RIVER TRAINING
STRUCTURES PROVIDHOTAL BANK
STABILIZATION.

DURING EXTREME, LONG DURATION,

HIGH ENERGY FLOW EVENTS SOME
BANK SCALLOPING CAN OCCUR.




LITTLE BLUE RIVER,

Over 9 miles of river constructed-

20002006
Using Bendway Weirs for thalweg
realignment & to effectively reduce the
rirver 0s width .t
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BENDWAY WEIR CROSS SECTION B-B

Existing Edge or Bank
of Creek or River

Welir
detalls

BENDWAY WEIR PLAN VIEW

Top of Weir Length
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Existing Ground

Total Length of Bendway Weir I
BENDWAY WEIR CROSS SECTION A-A

Wildhorse Riverworks Ine.




Looking DS with the river on a 40,000
cfs flood. Note thalweg is streamward
of the ends of the Bendway Weirs

Mini case study: 1 of 3

Martin - Jueneman Site
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Bendway Weirs (BW) on the Little Blue .
Ri ver, BWOoOs wor ki ng
Phil Balch of Wildhorse Riverworks, Inc,
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Mini case study: 2 of 3 Martin- Jueneman Site
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Deposition between Weirs from one brankfulliﬂoifv
6/2002 on the Little Blue River, pix Phil Balch



Mini case study: 3 of 3 Martin- Jueneman Site

Natural Vegetation established on deposition 9/2002




FISH COMMUNITY
RESPONSE TO
BENDWAY WEIR
INSTALLATION AT ONE
SITE ON THE LITTLE

BLUE RIVER, KS.



Pre-Project
2,000 feet long -

1 6.0 —ve i j=ta

SPECIES Number CPUE

Longnose gar 1 1.16

River carpsucker 3 3.49
Nitrates = 5,539 |bs Channel catfish 1 1.16
Common carp 1 1.16
Smallmouth 1 1.16
buffalo

5 Species, 7 Individuals




SPECIES Number

Longnose gar 6

. '_ PostProject 2006

Ch | catfish 47 INnbi
annel catfis Krainbill South

Common carp 21

Flathead catfish 17
Freshwater drum 6
Quillback 12
Gizzard shad
Fathead minnow
Suckermouth minnow
Emerald shiner
Sand shiner
Red shiner
Bluntnose minnow
Bullhead minnow
Mosquitofish 0.9

Bluegill 2.9

Orangespotted sunfish 4.8

18 Species, 1704 Individuals



10 YEARS LATER-Great
grh of several species
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HEMI WETLAND (HALF
WET 1T HALF LAND)
CREATION BETWEEN
BENDWAY WEIRS ON
THE REPUBLICAN
RIVER



Wonderful diversity & complexity within the Bendway We
fleld (hemrwetlands). Republican River, Clay County, K
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CASE STUDY- NEOSHO
RIVER, ALLEN COUNTY,

Constructed May-July 2000

Using Bendway Weirs for thalweg realignmen
& bank erosion reduction



Neosho River Project Specification:
A River is 260 ft wide, gravelsand bed

A Project is 2,200 ft long, Outer bank is 25 ft tall, bank
eroded 178 ft laterally In 6 years time

A 11 Bendway Weirs, are all 70 ft long, spaced 210 ft

apart & constructed of n
ungraded stone

A First set of velocities (March 15, 2001) water was 6 f
over the weirs, second set of velocities (Mar 16, 2001)
water was a measured 12 ft over the top of the weirs!!

A Velocities were measured with floating oranges



CONSTRUCTION

DRAWINGS -
NCae | hree views of a
Bendway Weir &
key (veg not
shown).

CONSTRUCTION DRAWIN
THE NEOSHO RIVER,

I_Ohgitudinol Cross Section
- Bendway Weir



Pre-Project. Looking upstream at the neasvertical eroded bank
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1 year later. Looking DS at the Neosho River on the flood

1YEARLATER-NEOSHO RI VER @ -8BIKBYHHRBALGH 5/01



2 YEARS LATER NEOSHO RI VER @ -BIE B\FF{E-IIR B/ﬁ_SH 9/2002



HIGH WATER'I
LETOS GE 1
VELOCITIES

(We have a sack of orange
& time on our hands)



0 200 400 800 800 1000
 e— e ——————————

Neosho River, Allen County, Kansas
6 ft of water over weirs (estimated)
Top water velocities within the weir
field never exceeded 1.00 ft/second

The Thalweg hit the P
bank a measured <7,
150 ft DS of BW#11 ’A{

g T

ll
/

The Thalweg left the g
bank a measured 200 ftf =~ 3# & 2
US of BW#1 s TR

¢t

’
Fe

Data collected
March 15, 2001

Mini case study: 1 of 3
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Data collected
March 16, 2001

Mini case study: 3 of 3



CATTARAUGUS
CREEK @ SAVAGI
ROADI
CONSTRUCTED
OCT 2004



B endway . SR Looking DS in project
S V7, bend, high water on Catt
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SAME FLOW AS PREVIOUS BENDWAY WEIR PICTURE.
Looking US at Rock Vane #2, high water, Catt Creek at Savage
Rd. 11/4/2004. Rock Vane backs up water in the bend at this flo

w1 .
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- Pix by Mayer
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SINGLE
STONE
BENDWAY
WEIRS



CHAUTAUQUA CREEK ICE DAMAGE
REDUCTION PROJECT 1 Near 1ts mouth
@ Lake Erie, Westfield, NY.

A Severe scour from ice and high flow
velocities on‘the right'descending bank had
resulted in an overwidened section of
stream.

A Mid -channel sediment bars, mouth of creek
@ Lake Erie clogged

A No holding areas or habitat for steelhead

A A heavily used public fishing section of the
Stream



DRILLING & PEGGING
TOE STONES &
SINGLE STONE

BENDWAY WEIRS
WITH METAL RODS
INTO BEDROCK



Dave Spann of
Chautauqua County Soll
& Water Conservation
District with a 7.5 ft
long, 2.5 inch diameter
bar. Dave did
everything from writing
the grant to providing
extraordinary project
management. On time
and under budget!!!!




Construction

June 2006.

Drilling solid
stone




Looking upstream
at the
SINGLE-STONE
BENDWAY WEIRS
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A high water
flow event.
Mar 14, 2007
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submerged Bendway Weirs




Mar 14, 2006. Looking DS. Close
- submerged Bendway Weirs
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~ Pix by Joe Galati




16 MONTHS AFTER
CONSTRUCTION
NOV. 2007/
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Hydraulic Improvements Due to

Bendway Weirs
Meposition occurs on the outer bank of the bend

A/elocities are reduced near the outer bank

A-low is generally parallel with the outer bank of tl
bend

AThe deepest section of the river (thalweg) is mov
from the outside of the bend to an alignment off tr
stream ends of the Bendway Weirs



Looking US at two low on Irish
Gulf (Boston, NY). Note cut bank on inside of ben




REAL WORLD
DESIGN
REVIEW #1



Design as .

received. .

problems?



What is
the
thalweg




Extend one _
BW add one
BW, extend
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Functions of Bendway Welirs

One of the few bank protection methods that changes direction of flow and that flow
redirection can be predicted (even DS of the project).

The reduction in stream forces within the weir field usually results in some sediment
deposition within the weir field.

The reduction in stream forces immediately adjacent to the bank, combined with
sediment deposited on the outer bank, can benefit volunteer or bioengineered
vegetation.

Bank erosion is usually reduced, but not completely. Some species will use bare and
vertical bank surfaces (both aquatic and terrestrial). A wellvegetated stable bank is
not always the natural condition in many stream systems.

Aquatic diversity and complexity is increased (depths, substrates, velocities), edge
length is increased. Dr. Fischenich stated the most diverse bathymetry he had ever
witnessed from manmade structures (Harland Creek 1994)

LWD can be naturally recruited (or placed) between Bendways, and especially
Immediately DS of the last Bendway Weir in a series

Costs are competitive or lower than many traditional methods.
Blends well with other bank protection methods.

Weirs can at times be retrofitted to existing projects to reduce concentrated flow.



The way | like to build Bendway Weirs,:slightly

uneven crest close to base flow ele\}éftldfl}}iNote
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Possible Bendway Weir Applications

A Where current sets, and possibly the thalweg, must be realigned
(typically flow into a bridge opening or hydraulic structure).

A The stream needs to be realigned to reduce impacts of stream ener
on downstream objects/bends. Even small "bank sags" or "elbows"
can be mitigated with short Bendway Weirs.

A Where the thalweg needs to be moved from its present location
(excessive scour at the toe of a continuous structure).

A Where the hydraulic width to depth ratio (W/D) of a stream needs to
be reduced in an economical & environmentally compatible manner
(to Improve sediment transport, reduce existing channel
overwidening).

A Can be retrofitted into an existing project to solve specific local
problems and/or increase overall project performance.



Ways To Construct Stone Bendway Welr

A From barges (2 methods)
- Use bottom dump barge (hinged in middle)

- Use bulldozers or dragline to push rock off barge
and into river

A End dump method (build key, then dump rock off key into
river forming a wide "road like" weir)

On Streams and Smaller Rivers:
A Machine-built (2 methods)

-Bui | d-Iliirkoeadd key from t c
working from key, construct remainder of welrr.

- Working from point bar, dig key, construct key,
then weir



Indicators That a System of
Bendway Weirs Are Working

A Outer bank between weirs is stable and vegetated

A Failed material is not removed from base of eroded bank

A Sediment is deposited

A "Dogbone" shaped de
midpoints of weirs at t

on outer bank after high flow events

positional patterns formed between
ne upper end of the weir field

A Typically deeper pools are found between weirs at the lower

end of the bend

A Point bar scoured, and at times a vertical face scoured on
the point bar (usually from mid-bend to downstream end of

nend)

A In some cases lovelevation mud flats are deposited between

pank ends of weirs



Where Bendway Weir Use Could Prove Problematic

A In cobble or gravel bed streams the redirective effects of
Bendway Weirs are limited in the downstream direction due
to the resistance of the bed materials not allowing the
channel thalweg to be relocated by stream energy redirectec
by the weirs (which is a main objective of Bendway Weir
use).

A In tight radius bends, caution is advised when radius to
width (R/W) is less than 4 to 1!!!

A In bends with an arc angle greater than 60 degrees (LPSTP)
might have to be placed between BW)

A In narrow streams (baseflow water width is less than 20 ft).
A Where point bars are tall and built of cobble or gravel

A Very few Bendway Weir projects in high velocity,
supercritical flow, or steepsloped stream systems.



Some Bendway Welir Design Rules of Thumt

A No impinging flow into the proposed area of the weir field.

A A defined channel crossing is usually required upstream of the project
bend. The upstream bend should be stable.

AMust have the ALuxury of Spaceo
the object to be protected

A Bendway Weir crest height can typically be set equal to 1 ft above the
water surface elevation at base flow (typical low flow) with a tolerance
of plus or minus one foot

A Need to lay out the thalweg relocation required for the project
throughout entire project and US and DS of the project. This
Asmoothedo thalweg alignment sh
performance goals

A Stream ends of Bendway Weirs should be just short of the anticipated
relocated thalweg alignment






LITTLE BLUE RIVER,

Using Bank Barbs for nearbank

velocity reduction & to effectively

reduce the ri1ve
ratio by approximately 2/3




from John

NOTES:

(Johnson et al, 2001) thot venes M C C u I

!. Experiments have shown

force llow away frormn the channel
bonk, reducing velocities and

sheor stresses ol he boenk, ond WWW_ E -Se nSS . CO m

increase velocities in the center
of the channel

2. Iypically, a=20"-30"

n n
J. Two or more structures provide
greater fllow control thon o single

structure.

4. The suggested distonce

between structures (with relatively

gentie bend curvalure) is twice ar Care
the chaonnel width
(d = 2W).

Typical upstream angled
Bank Barb/Rock Vane
\ _




—’i KEY WIOTH |~
lq VANE WIDT, ‘

FLOW LINES

PIAN VIEW

POLE PLANTING
Raising vane height 15¢cm (6 in) above AHW /_KOP//ONAI)

elevation will provide additionol hydroulic control.
108 \
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BOULDERS, ROCK /
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1\ " 7erRACE

KEY

Relatively large, flat fooler rocks should

be ploced os deep os the deepest

anticipoted scour along the thalweg, or
2 vone rock diometers below the vone
rocks, whichever is grecler.

TYPICAL VANE BANK
KEY DETAIL

Inordinate
scour can be mitigated by plocing o
slone or geolextile under loyment, or by

using self—launching (groded) stone.

© 2004 SAUX

\_ FILE: VANEXY

(WITH POLE PLANTING)

from John
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UPSTREAM ANGLED BANK BARBS

Looking downstream




UPSTREAM ANGLE BANK BARBS

Thalweg shows that Rising Limb 40,000 cfs flood




UPSTREAM ANGLED BANK BARBS



