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Unstable Stream
Systems

® Wide spread in ——
Mississippi due to various™ = .. -
channelization works e

® Much studied since the
1940s with special
emphasis in the 1970s-
1990s

® Evolution described by
Conceptual Channel
Evolution Models
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Channel Morphological
Equilibrium
*

sediment size stream slope

I cogarse

After Lane (1955)
USDA-ARS National Sedimentation
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Conceptual Channel Evolution
R Y/ [o]e (=]

h<h,
= direction of bank or
“h bed movement
_\F
Stage Il. Channelized Stage lll. Degradation Stage IV. Degradation and Widening
h<h, h<h, h>h,
floodplain terrace

D ADLAD. 0

slumped material

Stage V. Aggradation and Widening Stage VI. Quasi Equilibrium
>h, h<h,
terrace terrace
T bank
h / bankful

'

slumped
material

NA

N~ aggraded material

aggraded material

Stage Il

primary
knickpoint

precursor

knickpoint Stage VI

cconcon p .

knickpoint

After Simon & Hupp (1986)

oversteepened reach aggradation zone

- 3 v
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aggraded material
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Channel Adjustment Processes

Stage I. Sinuous, Premodified h. = critical bank height
h<h
— : = direction of bank or

® Stage I I I ::h bed movement

® Rapid incision caused

Oy m I g ratl n g ﬁiahgce Il. Channelized ﬁia:‘ie lll. Degradation ﬁ:t‘ar\‘gce IV. Degradation and Widening

floodplain |terrace

Knickpoints : T T
AWl

¢ Bed materlal maln slumped material
SO u rce Of Se d I m e nt ﬁtage V. Aggradation and Widening Stage VI. Quasi Equilibrium

| >h, h<h,
LIRS

terrace terrace

L
Iumped = .
A — material A /

aggraded material aggraded material

Stage Il

primary
knickpoint

precursor
knickpoint

knickpoint

aggradation zone




Channel Adjustment Processes

Stage |. Sinuous, Premodified h. = critical bank height
h<h
[ ) — ¢ = direction of bank or
A bed movement
Stage IV I

® Reduced bed erosion

Stagel. Crannelized  Stage . Degradtor St . Decradetion s Widein
® Bank mass failure T“ T T
N/ N/
® Bank material main N~ e
source Of SEdiMeNt  sugev: agsradeionsnsviseng

terrace terrace

-~
_\f
slumped
material

aggraded material

Stage Il

primary
knickpoint

precursor

knickpoint Stage VI

kmckpomt

< oversteepened reach

USDA ARS National Sedimentation

aggradation zone
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Channel Adjustment Processes

Stage V

Bed deposition

Continued bank mass
fallure

Bank material main
source of sediment

Stage I. Sinuous, Premodified
h<h,

h. = critical bank height

= direction of bank or

ﬂh bed movement
Y

Stage Il. Channelized Stage lll. Degradation Stage IV. Degradation and Widening
h<h, h<h, h>h,

floodplain terrace

N LRSI

slumped material

Stage V. Aggradation and Widening Stage VI. Quasi Equilibrium
h>h, h<h,
terrace terrace
1‘ 1 bank
I \ v = banul 1
slumped
A material A
N~ aggraded material ~ aggraded material
Stage Il )
primary
knickpoint
Stage Il
Stage IV
top bank Stage V

precursor
knickpoint

secondary
knickpoint

oversteepened reach

al Sedimentation

aggradation zone aggraded material

:



Channel Adjustment Processes

Stage |. Sinuous, Premodified h. = critical bank height
h<h,

® Stage VI 5 e e "

A
Y

® Long-term

mor hOIO IC Stage Il. Channelized Stage lll. Degradation Stage IV. Degradation and Widening
p g h<h, h<h, h>h,

floodplain terrace

equilibrium : ; :
DD R L
® Small amounts of et sumped ratral

erosion & deoosition

Stage V. Aggradation and Widening Stage VI. Quasi Equilibrium
h<h,

terrace terrace

B bank
\ _Y A{fff;énkwi?ifba
slumped
material A

aggraded material

Stage Il

primary
knickpoint

precursor
knickpoint

secondary
knickpoint

< oversteepened reach aggradation zone

o

aggraded material




Use of CCEMSs

® Assess the geomorphic o TALE )

state of the channel PR _1/
f. e
network .f ( 2 ,

= \g B g'
% ] A PR
e 3o a e i vzl
5 Acaneh/ o ¢ im
® Target stream 7 Pemmgy 1 ¥

stabilization

® CANNOT provide a . | -
guantitative analysis: N L g,

;
\

® How much, where & e
when 9 lm, ¢

= ]
=2
g
N e
l""\.L .:l ?'.:'-"i"l:ll' .1-\._
L A
I =
] "\\I
‘ -~
1)
5 1“1
A >_}_ 1o, 1
‘.,ﬁ;l'-i""

-
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NSL Tools (1)

®* Rapid Geomorphic el 3 e e |

Assessments (RGA)s: B
e e o3
. . i kw;"_} ' : ‘, a EA
® Uses diagnostic e
criteria of channel form e

n u . | = ! L M vt
w i'ln ! . | l 3
(I T S (L = J
6. Stream bank invtabdlity (Percent of each bank foilieg)
2 1 nin‘-v’h; s | e | ososs | teiees |
Lan ’ ! " ) e | 1
— | S| - 2. .. {
channel Processes Y T T
7. Established ripaeian weady-vegetative cover (Each bask)
sien | O s | oo |
4 ‘ 4 :
2 ! i (1)

® Enables assignment of ETTTEETTE T
stages of channel CSEEEEaE i
evolution e D e
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NSL Tools (Il)

® Models

® BSTEM - Bank stability & toe erosion
model

® RVR-Meander - Toolbox for river meander
assessment and design

® CONCEPTS - Stream-riparian corridor
evolution model

“’a”‘?“ USDA-ARS National Sedimentation

Laboratory



Watershed

BSTEM - Bank Stabllity & Toe

2D wedge &

cantilever failures

Erosion Model

Input bank geometry and flow conditions

Wark through all 4 sections thea hit the “Run Bank Geometry Macro™ button,
1) Seloct EITHER Option A or Opten 8 lor Bark Poofile ard scdar the dats in e relresct boe- colls in e

sincrabve cpton am Sroned 15 e srmcketion snd msy Se lelt Sk ¥ desired.
2) Erder Dok reatotiel rpor INCr0e0es §f bank s 3 0no reateriel & Aeips 10 dhige 1 D several lyors)
3) M Sark s suSmenged thies sdect e appesprits charmel Sow slvsion 20 Inciude confinkyg presure
00 LAV HOSION ATOUTL GTWMIWSS 501 10 BN Slvarior Dalow T Dark Do

Hydraulic toe erosion
Bank protection

Vegetation effects
through RipRoot

Bank material
properties and
vegetation
assemblage

Ta onsure Dark ool 8 COTECE YOu 0ON viow § Dy cioking the View Bank Geometry buen

A Do 00 et Beyond alant
: of shox sutioce,
B - bank edgo
P - veasics of on bark
(00 Dredil of 4020 pace

|
|

!

Ostion A - Drirw i detados barnk Optica B - Enter  bianie *eight and anghe, it e
2000 using e S0ees Delcw 1 model wi getdrale o bane grolie Q-fop of o
3 v ¥ Rl - ek of sicps on bak 426
X Cpriom A  Cgtie [ ro trsakcs ol siore then
Sution Elevation 0 @8 Aoy
Paimt im) im) Top l S0 @) npt bank meght (M) ' . points) .
ot V- tase Of b é
AR 0 e [T00  b) meu bane angle () W - ond point figzicaly mid point
& 8141 | S0 .8 ,  otcrornal] | » ’
c 825 458 | 1.0 £) ek Dok Lod oegh (m) R ) :
7] 537 437 o . ‘
£ 542 4.08 [ 1505 9)mzut bank e angle () ’
F & B0 374 raterial ‘ - 1 s
G 872 3.42 q fane peglie My oweetang
. 8B3 S0 f 1% Dk Seclf ) & Iy cozuatnd, |
[ BB 275 [ 550  input shaor murtace sngle ] Do she sufoce pnergoenca pod |
J 208 247 Ve e arrpatidre betedon corts
K 14 Z 10 BaraQ )
L 223 154 Bank layer thickness (m) 170 shear 3794 ORI0 5070 20T
] 241 152 = wvabon of T Nat 2w o A hodaomal sedton s |
N 2 17 /W 2008 1T DE gowlan of 1 poesl nudt be
o T8 38 S30 Line % G0 O A ey MeSdags Wit
P L 87% _ 2% st [ 100 400 r Aszhy.
Q ELL 0.0 - o
R 1200 z o2 [ 100 o  E
s 10.29 10 Fy
T 45 10 Laper 3 1.00 0 3 ~
L} 1004 008 :
v 10.69 0.00 apers [100 | 1 4
y "neK 000 -
Lape S I E.' ! ‘.!
Show oo gnmco slav | ----- =
Laywr
Shair surlace angle I z

Charne! paramotens

r—_ et feech angis (m)
[ pateoch sope (mim)
l_ I"p A concontstion (kg/<g)
I_ oA slavaion of flow (M)
[ Ispatcustion of fow (1)

View Bank
Geometry
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RVR Meander

® 2D model of meander
hydrodynamics, bed
evolution, and e X I o
migration ' |

® GIS based: ArcGIS |
9.30r10 ‘

® Assess existing or
design new meander
planform

® Design discharge,
valley slope,
roughness, channel L T
dimensions & bank

sl SICARS National Sedimentation

Physic
aE Processes
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CONCEPTS — CONservational
Channel Evolution and Pollutant

CONCEPTS simulates IJJ@QWSL §<¥§1¢1@m

to loadings of water and sediments, and to instream
structures ® Channel geometry
® Bed & bank

material properties

¢ .y“‘é‘,,':-., d A .
Bendway weir = S S

® Loadings of water
and sediments

® OQutput

‘17 Streambankq R - R i ks i
4~ erosion N ‘ : v ® Changesin
N, T channel geometry

® Time series of
hydraulic variables
and sediment vi

USDA ARS Natlonal Sedlmentatlon
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Stream Restoration/Stabilization
e psTem  AASSESSMent

® Local impact of bank protection on bank
erosion

® RVR Meander

® Reach scale impact of bank protection on
channel planform

® CONCEPTS

® Reach scale impact of bed and bank
protection on channel evolution and sediment

“’a“?:sh?" ! USOA-ARS National Sedimentation
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Quantifying Bank & Bed Material
Resistance

® Grain size analysis

® Bulk density

® Soil erodibility

® Soil shear strength

® Soil water distribution

_'.';"Shear

USDA-ARS National Sedimentation
Laboratory

Watershed
Physical

Processes




Watershed : - . "
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