Geomorphic Stream Classification

“A Classification-of Natural-Rivers”, Rosgen, D.L:

Delineation of stream types in a watershed
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A stream is a portion of a fluvial system

Mountain headwater streams
flow swiftly down steep
slopes and cut a deep
V-shaped valley. Low-elevation streams
Rapids and merge and flow down
waterfalls are gentler slopes. The
common. valley broadens and
the river begins to
meander.

Zona 2
fanstq, Zone

zone 3

From Miller (1990).
©1990 Wadsworth Publishing Co.

At an even lower
elevation a river wanders
and meanders slowly
across a broad, nearly flat
valley. At its mouth it may
divide into many separate
channels as it flows across
a delta built up of river-
borne sediments and into
the sea.
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Stream Corridor Restoration: Principles, Processes, and Practices, 1998

Debris Flows
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Source | Transport | Response

We need a greater resolution on the-landscape
based on morphometry.. It must be
repraducible and measurable. \We can
communicate about a relatively complex
descriptioniin relatively simple terms.



Classification: Level 1

LONGITUDINAL, CROSS-SECTIONAL and PLAN VIEWS
of MAJOR STREAM TYPES
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Entrenchment Ratio

Moderately Slightly
ENTRENCHED ENTRENCHED ENTRENCHED
Entrenchment Ratio= 1.0- 1.4 Entrenchment Ratio= 141 - 2.2 Entrenchment Ratio = 2.2 +

STREAM TYFE STREAM TYPE STREAM TYFE

ENTRENCHMENT RATIO E

FLOOD-PRONE WIDTH

BANKFULL WIDTH

FLOOD-PRONE WIDTH FLOOD-PRONE WIDTH = WATER LEVEL
ENTRENCHME =
NT RATIO = ™5 ANKFULL WIDTH @ 2 x Max. Depth




What are the.dimensionless ratios for:the stable form

relative to the'specific reach of interest?
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Channel Slope (%) Wildland Hydrology, 1998 — modified 2006



‘Distinct Morphology by Stream Type

(i.e;;meander belt width)
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We ,need to araswer these
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Valley Type I, Youthful Topography
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A2a on Mission Falls

DELINEATIVE CRITERIA (A2)
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- A3 less than 10% Slope

DELINEATIVE CRITERIA (A3)

Cohble Bed, Highly
Entrenched, Low Width to
Depth Ratio, L ow.;
Sinuosity.

Sometimes miss-classified
as a G stream type.



Stream .Type

DELINEATIVE CRITERIA (A5)



Valley Types and Stream
-~ Classification:

A Streams

B Streams

Cand D
streams,
high

gradient

ani

Type V Early Mature

Type VI, Mature



Geomorphic Valley Fypes .

Youthful What do
William Morris
Davis (1899)
and Dave
Rosgen have
In common?

Wildland Hydrology, 1996

Wildland Hydrology, 1996

Wildland Hydrology, 1996
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~Single Threaded

_eEntrenchment 1.4 =2.2
~*Width to depth Ratio > 12
- eSipuosity >.1.2
e _-Slope 2 to 4% _
Sl _a Slope range 4 0. 10%

e sz curvnsh o) SIO 0€ less th an 2%

Channel materials: Bedrock bed with streambanks composed of boulders, cobble and grave
lope Range: .02 - .04 (Blic < .02) Entrenchment Ratio: 1.4 - 2.2
Vidth/depth Ratio: > 12



KRR PF N
Morphology -

B2c with a slope
I.ess than 2.%
" (0.002ft/ft)

Landform/solls

)

Channel materials: Boulders with smaller amounts of cobble, gravel and sand
1.4 - 2.2

Slope Range: .02 - .04 (B2c < .02) Entrenchment Ratio
Sinuosity: > 1.2

Width/depth Ratio: > 12
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‘B3 Morphology

Cobble Bed

DELINEATIVE CRITERIA (B3)
Landform/soils Marrow, mod / 1 colluvial v - g
wvium andfor alfuvium. Often
uvial [ans
Channel materials
Slope Range: .02 - .04 (B3¢, < .02) Entrenchment Ratio: 1.4 i 2

Width/depth Ratlo: > 12 Sinnosity: > 1.2 \ ;
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DELINEATIVE CRITERIA I;l'.'-"l'fI

Landform/soils: Marrow, moderately s (
ial fan, or in fawlt line v

Channel materials: Gravel dominated with lesser amounts of boulders, obble and sand

Slope Range: .02 - .04 (Bdc < .02) Entrenchment Ratio: 1.4 - 2.2

Width/depth Ratio: > 12 Sinuosity: = 1.2

colluvial valleys, occasionally on well vegetatec

A
Slope 2-4%

‘B4c Isivery
common
Slope < 2%



Often may have numerous cobbles present but
‘D50 <.64mnT |




THE MORPHOLOGICAL DESCRIPTION

B5 Stream Type




DELINEATIVE CRITERIA (B6)

andform/soils: Narrow, moderately steep valleys with gentle sloping sideslopes. Soils either
residual, alluvial and/or colluvial

hannel materials: Silt/Clay with lesser amounts of sand

lope Range: .02 - .04 (BSc, < .02) Entrenchment Ratio: 1.4 - 2.2

/idth/depth Ratio: > 12 Sinuosity: > 1.2

B6
Not very
commaon
ut present
In steep

loess
country



s B6 forming on
——— RPalouse.

Not Common



c: Stream Type

. Morphoiegy
Classu; Pool: lefle

. I\/lorphoJogy
% WeII Attached

Floodplaln
* CS*"’C4 and C5 are |
e some of the mést
common stream types_'




Valley Fype VHI:
Multiple Terraces

Common valleys for C type streas, sometime Es. Howevr, D, F,
and G types can be found depending on stream and riparian
conditic
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DELINEATIVE CRITERIA (C1)

andform/soils: Broad, gentle gradient structural controlled alluvial valleys.

hannel materials: Bedrock bed with alluvial banks (cobble, gravel and sand).
Slope Range: < .02 (Clc- .001) Entrenchment Ratio: » 2.2
fidth/depth Ratio: »12 Sinuosity: =1.2

el
Bedrock ‘control

cobbles and
boulders present

Not a common
type.






THE MORPHOLOGICAL DESCRIPTION

The C4 Stream Fype is a
Key Stream Type for
almonids.




C4-Morphology, very. ecammon,
very important on the landscape

THE MORPHOLOGICAL DESCRIPTION




C5 Sand Bed

DELINEATIVE CRITERIA (C5)
Landform/soils: Broad, gentle gradient allu
depositional such as lac an.

Channel materials: Predominantly sand bed a ank i ‘casional gravel and silt/clay.
Streambanks may contain finer particles than bed material.

Slope Range: < .02 (CSc- .001) Entrenchment Ratio: > 2.2

Width/depth Ratio: >12 Sinuosity: >1.4




DELINEATIVE CRITERIA (C6)

andform/soils: Broad gentle valleys. plains, and deltas. Depositional soils (alluvium), associ-
ated with cohesive materials from riverine and lacustrine process. Often
associated with tidal influence deltas, marshes and other wetland complexes.

‘hannel materials: Silt-clay predominates, however many of these C6 stream types are associate
with a high organic component including peat.

slope Range: < .02 (Céc- .001)(.0001 more common) Entrenchment Ratio: > 2.2

lidth/depth Ratio: >12 (generally lowest of C's) Sinuosity: >1.4

C6 Morphology

Usually. very
gentle slopes
often associated
with lacustrine
valley
development



DELINEATIVE CRITERIA (D4)

andform/soils: Moderately steep glacial valleys, alluvial fans, narrow fluvial mountain valleys
and terraced valleys in coarse alluvium. Can occur in gravel splays, and coar
delta deposits

channel materials: Gravel bed with smaller quantities of cobble, Typical is a bi-modal distribution|
of sands. Stream bank materials generally finer than bed, actively eroding

Slope Range: < .04 Entrenchment Ratio: N/A (not incised)

Width/depth Ratio: > 40 Sinuosity: Low, channel slope = valley slope



Braided (DA )

~ Anastomosed
Mature natural stable type
braided stream ‘with
multiple low width to
depth ratio channels, most
highly. biologically*
productive per linear
| stream distance. Often
e found in estuaries,
g lacustrine bed very flat

DELINEATIVE CRITERIA (DA4-DAG)

Landform/soils: Broad gentle valleys and deltas. Wetland environments with stable island Val I e S an d O ut I ets to
olte i sitional soils

Channel materials: 1€ mate 4), sand (DAS), to sili/clay (DAS)
"eal * Ver)

ry common with these streams. Iakes

Slope Range: < 005 (average closer to .0001) nirenchment Ratio: N/A (not incised)
Width/depth Ratio: Highly variable Sinuosity: Highly variable




Braided
Anastomosed

DELINEATIVE CRITERIA (DA4-DA6)

Broad gentle valleys and deltas. Wetland environments with stable island
often cohesive banks mixed with organic material. Depositional soils.

Landform/soils:

The materials vary from vel (DA4), sand (DAS), to silt/clay (DAG)
Peat and other organic materials are very common with these streams.

Channel materials:

Slope Range: < 005 (average closer to .0001)  Entrenchment Ratio: N/A (not incised)

Width/depth Ratio: Highly variable Sinuosity: Highly variable

Stehekin
Anastomosed

June 21, 1927 - third of three.

IS your river.an .
. anastomosed braided
ssystem or inva highly
perturbed braided
condition?

-andform/soils:

Channel materials:

slope Range: <.04

[Width/depth Ratio:

Braided
Aggraded

DELINEATIVE CRITER (D4)

fans, narrow fluvial mountain valley:

Moderately steep glacial valleys, alluv
Can occur in gravel splays, and coars

and terraced valleys in coarse alluviu
delta deposits.

Gravel bed with smaller quantities offiobble. Typical is a bi-modal distributior
of sands. Stream bank materials gengally finer than bed, actively eroding
ent Ratio: N/A (not incised)

: Low, channel slope = valley slope

Entrenc

> 40 Sinuosi



- E Channel. Morphalogy(at bankfull)
Upper Sanpoil River, WA, ER =19, Average Depth 3.1 feet

| A_ver_ag_e Width, 16, Average slope-0.002 ft/ft, Valley type X

e 4
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DELINEATIVE CRITERIA (E3)

Landform/soils: Broad, gentle to moderately steep alluvial valleys.

Channel materials: Cobble dominated with fewer accumulations of gravel and sand. Stream ban
have gravel/sand matrix mixed with dense root mats/organic material. Very
stable.

Slope Range: < .02 (E3, 02-.04) Entrenchment Ratio: > 2.2

Width/deoth Ratio: < 12 Sinuosity: = 1.5 (less if E&)

E3 Channels
Not Common
but present In
high mountain

meadows



E4 Stream Type

THE MORPHOLOGICAL DESCRIPTION

THE MORPHOLOGICAL DESCRIPTION

E5 - Colorado

E5 - Wisconsin

| E5-Colorado




THE MORPHOLOGICAL DESCRIPTION

ES - Colorado

ES5 - Wisconsin

E5 - Colorado




THE MORPHOLOGICAL DESCRIPTION

DELINEATIVE CRITERIA (F4)

F Channel I\/Iorphology

nghly Entrenched >1. 4

L

ngh Wldth to Depth

. Ratlo > 12
‘Slopes < 2.0%(0.02ft/ft);

F_bSlopes, 216 4%



THE MORPHOLOGICAL DESCRIPTION

F4 - Colorado

Crab Creek




G Stream Types ~Entrenchment Ratio < 1.4 :-. .ﬁ_. '*__,,'I:{

Width Depth Patlo < 12-* _
THE MORPHOLOGICAL DESCRIPTION e, 5 ,f

| Smu05|ty> k7 2 A e
| '“ Slope Ds 4t% Vel B 0 W -' “
" \Gic Slopes <2%. Common Qn-nAg '
d_andscape Schumm Stage It Rapld

Channel adjustment

o

L et b 1

' ;"."Floodplain

Floodplaln
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DELINEATIVE CRITERIA (G2)



THE MORPHOLOGICAL DESCRIPTION

DELINEATIVE CRITERIA (G4)
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Channel Evolution Model
Schumm. Harvev Watson (1984); '

= Bankfull @)

Stable\FIoodeain- Qs 17~ TerraCel

_“_ |nCISI(ﬁ = Qm /(I—Ieadcuttmg)

11 W|den|ng¥r\ Mank Fallure)
i

| ;%0_/ Stabilizing

| __ | _ ' Lt ~/Deposition

\/ 'Stable ,—Terrace—, |

2 A | .\_F\Ioodplam \/—/_/ L EETERE 2

Ql ; . Modified by W. Barry
' Southerland, 2003




Floodplain Abandonmer
i

WBS, 2002 WBS, 2002

Schumm ;
Channel BHR =Top of the
Evolution : Bank / Bankfull
Model and o B Height. Thisis a
Bank Height [Presns e e Mecasure of the
Ratio (BHR) | SN degree of incision

WBS, 2002
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A) |"

Bank-height ratio s T\ Loves Bank g
g 3 : Bank Bankfull Max Bankfull Depth
This variable Is a S Do
field .f"—
measurement

that determines Cowest Bank Height

L
Bankfull Max Bankfull Depth

the degree of H D
channel Incision.

It is Calculated: | \
by dividing the  [ERIRS | e s

A
; Bank Max Max Bankfull Depth
MaxXimum Hoe ot

i Depth

bankfull depth =

into the height of & |
the IOWeSt ban k_ % Lowest Bank Height

Bank 4 | Max Bankfull Depth
Height Max |
Bankfull |
i Depth |
¥

=BHR = 1.0 (Stable)

=BHR=1.1

(MModerately
Unstable)

=BHR =145 (Unstable)

=BHE =

1.63

(Highly
Unstable)



2y BHR > 1.2,
Why B H R’? ' early incision
1 begins to

show impacts

BHR ~ 1.05 .  ';_mm___4i

L STAG

~ “Wenas Stream




Channel Succession
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Aquatic Habitat Response to Stream-Type Change

o | 1| 1 [ 1 | 1
o | | [ 1 [ 1 [ 1

Substrate
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Pool Quality
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Pot. Treat. .Opt. Low.Banks.(<8 1t.).Low
Grad. Rosgen Str. Typ. & Schumm

2 - CEM Stage .- A
Schumm Rosgen Treatment Typical
' ' Strategies: Practices
| Stable Cand E - Maintain Spot Treat.
- & Watershed (W/S) | Soil Bio,
meandering | Pischarge (Qw), Stakes,

streams | & Sediment (Qs) | fascines,
[ Maintain riparian | Rooted stock
Whole Plant




Pot. Lreat. Options Low Banks, (<3 ft.),.Low
Gradient, Rosgen Stream Type'& Schumm

, CEM Stage
Schumm Rosgen | ' Treatment Typical
_ Strategies = ° Practices
Stage 11 E & Gc [Reduce WIS Qw | Channel re-
Do Al Type |&Qs. Mayneed |alignment and;
cutting and: to'raise the grade C:o_ntrol.
widening ' channel and Use soHl
reconnect bioengineer-ing
fleodplain, only with other
Increase sinuosIty: |stability:
(K) and improve | practices
riparian




Pot.. Treat. Options-Low Banks (<8.ft.),
Low Gradient, Rosgen Stream Type &
Schumm CEM Stage

' Schumm. | Rosgen Treatment . . Typical
et al. Strategies Practice

Early Stage |F Type |Reduce W/S Qw. |Grading with -
11 & Qs. May need to | long term toe

widening | excavate (shape) a | protection

following flood plain & Soil

downcut | banks for to obtain | hjoengineer-ing
. prOteCthn -+ & whole p|ant

transplants




Pat. Treat. Options Low:Banks (<8 ft.), Low Gradient,
Rosgen Stream Type & Schumm CEM Stage

Schumm
et.al.

Late Stage
1] of .-

Widening.

Rosgen

F & Bc

~Treatment
Strategles

Maintain existing
WIS, Qw & Qs.
May need to grade
for. more flood = °
plain andshape
panks for toe
protect. & riparian
improvement”

Typical
Prac_tice

Grading w/
long term toe
protection and
needed soil bio.
no independent
soil-bio.



Pot..Treat:-Options-Low Banks (<8:ft.),
Low Gradient, Rosgen Stream Type &

Schumm CEM Stage
Schumm - | Rosgen Treatment Typical
et al./ ' Strategies Practice
Stage |V F& Bc [Maintain - ... | Minor.grading -
Deposition existing W/S and needed soil
% Qw & Qs; sol | bioengineer-ing

bio. to improve
riparian




Pat. Treat. Options Low Banks, (<8 1t.),
Low: Gradient, Rosgen Stream Type &
Schumm CEM Stage

Schumm Rosgen Treatment - Typical
et al. Strategies Practice
Late Stage C&E ‘‘Maintain; Minor grading
1V _ _ existing W/S . |and needed soil
Deposition | QwW & Qs; soil | bioengineer-ing
bioengine-
leringto ©
Improve
riparian




Pat. Treat. Options Low Banks, (<8 1t.),
Low: Gradient, Rosgen Stream Type &
Schumm CEM Stage

Schumm | ‘Rosgen: Treatment . - Typical
et al. Strategies Practice
Stage V' C & E | Maintain existing Spot treatment
AWIS Qw & Qs; - | wi'fascine, live
Maintain riparian .. |stake w/ rooted
corridor; May need | stock or
isolated soil grasses
"I bloengine-ering to. °
Improve riparian
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Thankyou. Questions, please?

Who’s your Mommy now?
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