Watershed Hydrology & Sediment Dynamics

Sediment Transport in Stream Assessment and Design
Monday, July 31, 2023
Patrick Belmont

“It is hard to imagine that a transport estimate made in the absence of a sound
understanding of watershed history and dynamics would be of much use at all.”




Great diversity in channels and watersheds...
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..emerging from complex interactions

HYDROECOLOGY ECO HYDROLOGY

Wheaton et al., 2011




How much and what type of sediment
IS being delivered to this channel?

What information do you need
to answer those questions?

Is sedlment supply a BIG number or SMALL number?
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Hydrology matters...



Land use matters...




1

1)

g

- = S s 5 = g o e o - {7 a0
a7ogp ) : £ 3

i

B

Yed0on
recr

g 000
=1

td

wymme



Storage matters...
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Grain size matters

Flotation load
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Figure 7.1. Categories of transported materials in a stream




Grain size matters...
Coarse and fine load often have different sources/transport paths

Floodplains preserve old channel deposits + overbank

Banks and levees made of suspended load

Floodplain

Bed and lower point bars made of bed material load



Grain size matters...
Coarse and fine load often have different sources/transport paths

All else held constant,
aggradation on the bed causes...




Grain size matters...
Coarse and fine load often have different sources/transport paths

All else held constant,
aggradation on the floodplain...

So while the sources may be independent,
effects on channel morphology and hydraulics are linked

Big implications for habitat: Rachelly et al., 2020



How can we |STOP] erosion?

This is not always the right question to ask.
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The simple, key questions...

How much and what type of sediment is supplied?
How do flow and supply change over time and with distance downstream?

How many distinct ‘reaches’ are there along my stream?

In what ways might each reach adjust to changes in flow or sediment supply?



A few key messages up front...

In many cases, all that is needed/feasible is to know if supply is a big # or small #

Measuring channel behavior, morphology and bed characteristics will inform your

understanding of supply and ‘sensitivity’

Sometimes you need numbers, but good numbers don’t come easy

Spatial and temporal variability over wide range of scales, Interactions of
many non-linear processes

Develop conceptual model of reach types, sources, sinks, connectivity...
...then measure/model key rates

Multiple independent and semi-redundant estimates often needed

May need to know locations, mechanisms, and rates of erosion and deposition
Size matters...boulders, cobbles, gravel, sand, mud play distinct roles
Models can be useful and/or misleading
Examine and consider implications of hydrologic non-stationarity
Many new tools available, none are comprehensive or bullet-proof



Insightful books for watershed analysis
and stream restoration
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TODAY

TOMMORROW

Roadmap
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Forget rates. What can we learn from basic form-process relationships?

Channel form/dynamics. (Dis)Continuity. Hydro-geomorphic Assessments.

Basic Reconnaissance
With a tight budget, what do you really need to know?

Case studies in sediment supply, transport, and morphodynamics

Hydrologic analysis and non-stationarity
Targeted modeling and metrics. Stationarity Assumption?

Push-button Geomorphology
The geek approach. What computer models can and can't tell you.

Basin-average erosion rates: The cosmo method
Millennial-scale landscape rates of erosion.

Reservoir and pond sedimentation rates
Time- and space-integrated measurements that may be useful.

Watershed Sediment Budget
Tools and techniques for robust constraints on sources and sinks.



How would you describe
- these channels?




Stages of a Watershed Assessment

Stage 1 Data Compilation (description and mapping)

» Evaluate watershed context

* Determine landscape units
» Assess river character

Stage 2 Data Analysis
» Define and interpret River Styles
» Explain contemporary character/behavior
» Assess river history

Stage 3 Predict future river structure
Stage 4 Prioritize watershed management issues

Stage 5 ldentify target conditions for river




River Styles Hierarchy

Watershed Watershed area determined by drainage divide. Determines
atershe the boundary conditions within which rivers operate.

Topographic unit determined on the basis of local relief,
valley slope and morphology. Defines the valley-setting.

Landscape Unit

Length of channel with a characteristic assemblage of
geomorphic units.

Instream and floodplain landforms (pools, bars, levees,
backwaters, etc.) that reflect distinct form-process associations.

Uniform patches of flow and substrate material within a
geomorphic unit.

Microhabitat Isrl(rjei)\;ir(:l]ual elements (e.g., logs, rocks, gravel patches) within a

Geomorphic Unit




Many other classification schemes out there

TABLE 1 | Temporal Change Is Investigated at Different Spatial
Scales
Spatial Scale Characteristics
Catchment Land cover/land use (LCLU)
Land topography
Landscape unit  LCLU and sediment production
Land topography and sediment production
Rainfall and groundwater
Segment Valley setting
Channel gradient
River flows and levels
Sediment delivery
Riparian corridor and wood production
Channel planform, migration, and features
Channel geometry

Sediment transport

Riparian vegetation, aquatic vegetation, wood

Rezach

Grabowski et al. 2014 10°-10" km

107102 years




Many other classification schemes ~ut there

dune-ripple

1-riffle

AHNHEL TYPE
Cascade Bedrock
Cobble-boulder Boulder Riock

‘“ertically oscillaiory Random Irreguilar

Diominant { £ (bars, Girains, banks Bedforms (steps, Grains, banks Boundaries (bed
roughness pools), grains, pools), grains, and banks)
elements =, sinuosity, banks banks

Dominant sediment  Fluvial Jbank failure  Fluvial, bank failure  Fluvial, bank failure, Fluial, hillslops, Flurvial, hillslope, Flurvial, hillslope,
SOLINCEs debriz flows debris flows debris flows debris flows

Sediment storage ; Owerbank, bedforms Cverbank Beadforms Lee and stoss sides  Pockets
elemants j of flow

obeinachons

Typical confinemant  UngAnfined Unconfined ‘Jariable { Confined

Typical pool spacing b0 7 St 7 =1
h channel widths)

Codiunial
‘farigble

‘iariable

Grains

Hillskope, debris
flows

Bed

Confined

Unknown




River Styles Hierarchy

N
Watershed

Watershed area determined by drainage divide. Determines
the boundary conditions within which rivers operate.

Topographic unit determined on the basis of local relief,

Landscape Unit valley slope and morphology. Defines the valley-setting.

‘,

Length of channel with a characteristic assemblage of
geomorphic units.

Instream and floodplain landforms (pools, bars, levees,
backwaters, etc.) that reflect distinct form-process associations.

Uniform patches of flow and substrate material within a
geomorphic unit.

Microhabitat Isrl(rjei)\;ir(:l]ual elements (e.g., logs, rocks, gravel patches) within a

Geomorphic Unit




What are the different parts of the watershed?

Which detachment, transport, deposition processes are occurring where?
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How well connected Is the system?

Where are complete or partial barriers?
How has/might connectivity change?
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River Styles Hierarchy

Watershed area determined by drainage divide. Determines
the boundary conditions within which rivers operate.

Watershed

Topographic unit determined on the basis of local relief,

Landscape Unit valley slope and morphology. Defines the valley-setting.

o T Ny
River Style

Length of channel with a characteristic assemblage of
geomorphic units.

Instream and floodplain landforms (pools, bars, levees,

Geomorp hic Unit backwaters, etc.) that reflect distinct form-process associations.

N

Uniform patches of flow and substrate material within a
geomorphic unit.

Microhabitat Isrl(rjei)\;ir(:l]ual elements (e.g., logs, rocks, gravel patches) within a




What are the different parts of the river network?

River Styles™ tree developed for NSW, Australia

Valley-settings and River Styles

Confined valley setting

Partly-confined valley setting

|
no
flocdplain
pockets

bedrock,
boulder,
gravel

waterfalls,
cascades,
rapids

steep
headwater

no
Noodplain
pockets

bedrock,
boulder,
gravel

cascades,
rapids,
boulder
bars

gorge

accasional sinuous or
floodplain spumred
pockets valley

hedrock,
gravel,
sand

charnel along
valley margin
{50-00%,)

I
compound
floodplain,
point bars,

banches

pools,
riffles,
glides/runs

occasional
floodplain
pockets

discontinuous
floodplain

YOU decide
how to divide up
the river network!

bedrock-controlled meandering

relatively straight
of irreqular

valley

channel along
valley margin

(10-20%)

poagls,
riffles,
cutofs

planform-
controlled

floadplain

sand sheets,
lateral bars,
islands,
floadchannels

| —

low sinuosity

controfled
discontinuous discontinuous

Unconfined Alluvial valley

setting

na channel!
discontinuous channel

continuous
chalnnel

type of discontinuous 1 channel

channel

high
sinuosity

low-
moderate
sinuosity

mudisand texture
on valley floor

aclive

/\

laterally

chain of ponds, mod-high
stable

intact valley fifl, instability
floodout, ]
disconfinuous
sand bed

planform-

floodplain gravel! sand/!
mud

cascades,
boulder bars,
poals, islands, lateral bars,

avulsion
channels

low
sinuosity
boulder

bed

boulders
! |

' | T |
pool-riffle, lateral bars, lateral bars, sand sheels,
funs, sand sheets, chuta nset features,
benches, levees, channels, swampy low
backswamps sand sheets, flow channal
floodchannels floodchannels

mid-channe|
bars, levees

low-moderate low-moderate low sinuosity channelised
sinuosity sinuosify sand fine graine i
gravel bed

compound  sand sheets,
floodplain,  point bars,
point bars, bhenchas,
islands, cutoffs,
pool-riffle levees

palaeo-channels,

ba ckswamps,

meandering meandering multi-channel

gravel bed  sand bed

gravel sand

l—l__l

L |
up to

3 channels >3 channels

low-high

moderate-high
i sinuosity

sinuasity

mad stable

instalbilits-'
d

mu gravel mud/sand

poolkrifile, swampy ponds)

pools & low
flow stringers,
flat floodplain

poals,
point benches, runs, islands,
point bars, chute
cutoffs, channals,
backswamps  palaeo-
cha?nels

meandering wandering fine grained
fine grained gravel bed anabranching

multi-
channel
helt, flat
flocdplain

sand belt

Brierley et al., 200




Visual representation
of NSW River Styles

Which river styles are you working on?

These are each different
‘process domains’

Different ecological functions
hydro-geomorphic processes
sensitivities to change
potential for recovery

Confined valley
setting

Partly-confined
valley setting

Alluvial
valley setting
(Discontinuous
channel)

Alluvial
valley setting
(Continuous

channel)




What'’s in a

name”?

Fryirs and Brierley, 2018

iver 7]
procedural convention -
tree verbose

Partly-confined
valley setting
(10-85 % of channel Partly

abuts valley confined
bottom margin)

degree of lateral
confinement planform-
(planform-controlled controlled

10-50% confined)

planform
descriptor

descriptor

constrained

river planform
(# channels, sinuosity,
lateral constraint)

geomorphic units
instream and floodplain)

bed material texture
bed

Key

add existing

or new term

g
convention -
abbreviated

(1) define valley bottom margin

3 \ (1) determine degree of

lateral channel confinement

of either channel bank Fp - floodplain

lengths
against valley bottom margin Tr - terrace

lanform
descriptor

(1) measuré river planform

pea

compulsory must
haves

not compulsory -
use if splitting
or more detail

Resultant verbose and
abbreviated names

Partly confined
PC

Partly confined,
planform-controlled

PC_PC

Partly confined,
planform-controlled,
low sinuosity,
terrace constrained

PC_PC_LSin_TrCS

Partly confined,
planform-controlled,

low sinuosity,

terrace constrained,
discontinuous floodplain

PC_PC_LSin_TrCS_

¥ DcFp

Partly confined,
planform-controlled,

low sinuosity,

terrace constrained,
discontinuous floodplain,
gravel bed

g PC_PC_LSin_
TrCS_DcFp_Gbed



TYPES OF MARGIN CONTROL OR CONSTRAINTS
Bedrock

A common -
tax O n O m y f O r TYPES OF ANTHROPOGENIC MARGIN
describing rivers o=

Stopbank
Constructed levee

[Embankment

INSTREAM GEOMORPHIC UNITS
Sculpted, erosional geomorphic units
Bedrock step (waterfall)

Step-pool

Run (glide, plane-bed)
Forced riffle

Forced pool

[Bank-attached geomorphic units

_ateral bar (alternate or side bar)

Scroll bar

Point bar

Tributary confluence bar (channel junction bar, eddy bar)
Ridge

Chute channel

Ramp (chute channel fill)

Bench

Point bench

Ledge

Point ledge

[Boulder berm

Concave bank bench

Compound bank-attached bar

Forced bank-attached bar
FLOODPLAIN GEOMORPHIC UNITS
(Occasional floodplain

Discontinuous floodplain

Floodplain (alluvial flat)

Levee

Crevasse splay

Floodchannel (back channel)

Flood runner

Backswamp (distal floodplain, floodplain wetland, floodplain lake)
Floodplain sand sheet

BED MATERIAL TEXTURE

Bedrock

Boulder

(Cobble

Fryirs and Brierley, 2018

ht 0/10.1371/journal.po

CoLv
EBk
BkRe
RaRd
Rd
Pip
Crt
Ea

BrSt
SPo
Cc
Rp
Ru
FoRi
FoPo
PPo

PHo

LaBa
ScBa
PtBa
TCBa
Ri
CCh
Rp

Be
PtBe
Le
PtLe
BBrm
CCBe
CBABa
FBABa

OccFp
DcFp
Fp

Lv
CSp
FFCh
FRu
BSw
FpSs

Br

PLANFORM TYPES
Headwater
Gorge

Canyon
Braided
Meandering
Wandering
Low sinuosity
Anastomosing
Anabranching
Chain of ponds
Valley fill
Swamp
Floodout

Canal

Mid-channel geomorphic units
Alluvial riffle

Alluvial pool

Longitudinal bar (medial bar)
Transverse bar (linguoid bar)
Diagonal bar (diamond bar)
Expansion bar

Island

Boulder mound

Bedrock core bar

Sand sheet

Gravel sheet

Forced mid-channel bar (pendant bar, wake bar, lee bar)
Compound mid-channel bar
Alluvial riffle

Alluvial pool

Longitudinal bar (medial bar)
Fine-grained sculpted geomorphic units
Sculpted lateral bar

Sculpted longitudinal bar
Sculpted point bar

Sculpted run

Sculpted pool

Palaeochannel (prior channel, abandoned, ancestral channel)

Ridge

Swale

Valley fill (swamp, swampy meadow)
Meander cutoff (neck cutoff, billabong)
Ox bow

Chute cut-off

Floodplain channel anabranch (secondary or flood channel)

Gravel
Sand

Fine grained

Hw
Gge
Cyn
Braid
Meand
Wan
LSin
Anast
Anbr
CoP
VFi
Swp
Fout

Cnl

ARi
APo
LoBa
TBa

FMcBa
CMcBa
ARi
APo
LoBa

SLaBa
SLoBa
SPtBa
SRu
SPo

FpPc
FpRi
FpSw
Vi
FpMCu
FpOx
FpChCu
FpCab




Begin to classify channel network
with these primary gradients...

Valley confinement
River longitudinal profile

Flow accumulation



Valley confinement

Partly Conflned

90-50%: margin controlled
10-40%: planform controlled

g

<.

Conﬂned

>90% interacting with confining margins

Unconfined

<10% interacting with cm



Confinement tells you more than any other metric
about channel constraints and adjustment capacity

confined partly confined valley setting laterally unconfined
valley setting valley setting

margin-controlled . planform-controlled

W
J—y
| W
l\»..r
-\_\-\_\-\-\-\_\_\__'f'_\_\_\‘_\-\_\-\\_‘_‘—\—.:—l"

transition between valley settings
---=--«-«« transition between River Styles
potential confining margin (valley bottom margin)
active confining margin
floodplain

O’Brien et al., 2019




Confinement tells you more than any other metric
about channel constraints and adjustment capacity

All have the same channel/valley ratio!

.@. Valley and channel measures
p—

valley bottom width: 400 m valley bottom width: 400 m
valley length: 1000 m valley length: 1000 m
channel width: 40 m channel width: 40 m
channel length: 1000 m channel length: 2200 m
channel contact: 900 m channel contact: 850 m

valley bottom width: 400 m
valley length: 1000 m
channel width: 40 m
channel length: 1800 m
channel contact: 0

Confinement metrics Confinement metrics Confinement metrics

O’Brien et al., 2019

confinement: 0.90 confinement: 0.41

confinement: 0
channel width:valley bottom width: 0.10 channel width:valley bottom width: 0.10

channel width:valley bottom width: 0.10




Confinement tells you more than any other metric
about channel constraints and adjustment capacity

Grande Ronde Tucannon

confned _ 4% *total stream length = 3402 km *total stream length = 1108 km

partly confined

1000 1250 1500

h (km)*

partly confined

I

20 kilometers

Middle Fork John Day Upper Salmon

)
= margin-
controlled

margi-
33%

controlled

planform- o
controfled o

20%

aterally
unconfined

siream length (km)”

O’Brien et al., 2019

10 kilometers




River Styles Hierarchy

Watershed area determined by drainage divide. Determines
the boundary conditions within which rivers operate.

Watershed

Topographic unit determined on the basis of local relief,

Landscape Unit valley slope and morphology. Defines the valley-setting.

o~ N

Length of channel with a characteristic assemblage of
geomorphic units.

River Style

Instream and floodplain landforms (pools, bars, levees,

Geomorp hic Unit packwaters, etc.) that reflect distinct form-process associations.

Uniform patches of flow and substrate material within a
geomorphic unit.

Hydraulic Unit

\ -

Microhabitat Individual elements (e.g., logs, rocks, gravel patches) within a

Stream.



Second tier characteristics for classification
Indicators of channel behavior

Assemblage of geomorphic units that make up areach
Channel planform

Bed material texture



Metrics of
channel
planform

4 (a) Number of channeis 3

single

E:::E;EEE:

AN

— —

yp to 3 (wandering)

.—o-'-"? "_'_'_H"::::- =anll
o=
_:: >

———

> 3 (braided)

——

.-i""'q'hh\--u---'_;",,..-'-:~-_:I

‘Z“:T;?*-—jr

;\J&\ e

>3 tanastﬂmsmg ! anabranching)

(b) Sinuosity

NDegrees of 5inuusgg/
(modified from e, 1985)

e ——— e ———
o —_

i

1-1.05 (straight)

1.06-1.30
(low sinuosity)

NS

1.31-3.0
{sinuous { meandering)

Types of sinuosity
{from Ghurch, 1992)

SiNUoUS

a;:=\
l/"L
irregular meanders (passivea)
AVAVEVEFZA NG
A/ W/}

regqular meanders

NIY )

tnrfJ.laus meaanders

confined pattemn

(c) Lateral stability

Meander growth and shift

franslation / downstream
progression

L Wl

7 e "" }-. e
et {

rotation b

chute cutoffs

Avulsive behavior

1=t order avulzion

whnlesals

thahr.'e.g shift

Degree of braiding
(from Schumm, 1985)

= 5%

Character of braiding
{from Schumm, 1985)

—
bars and isiands

f‘_{ﬁf_—g "'“%
‘@

masthy islands
diverse shape

—

masily islands
long and narmow




Interpretations from
channel planform

= streampower (W/m2)

valley streampower (W/m2)

. 0.42 |
wv,bf-900 D

0.1 ranastomosing

0.01 == ' : :
0.1 1 10 100
median bed sediment particle size (mm)

Kleinhans, 2010
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Modes of adjustment vary considerably
for different river types

Table 32.1 Reach-scale channel type and degrees of freedom for morphologic change. (+ =likely; p = possible;
— =unlikely)®

Channel type Channel change

Grain size Width & depth Bedforms Stream gradient (sinuosit}-'.-"ele\-'atiun)h
A

Colluvial

Bedrock

Cascade /
Step-pool --/p
Plane-bed —/p
Braided +/+
Pool-rittle +/+
Dune-ripple ) +/+

pautfuod

pauyuodun

“Modified fromMontgomery and Buffington(1997). Response potential for each channel type is discussed elsewhere (Montgomery and
Buffington, 1997; 1998; Buffington ef al., 2003).

hC'hanges in stream gradient may occur via altered sinuosity or incision/aggradation that alter the absolute elevation change across a
reach. Slashes in the table distinguish these two responses.

“Fluvial incision/deposition is possible, depending on the degree of colluvial fill.

‘!Changes in channel depth can occur via pool fill/scour.




Armoring allows gravel bed rivers
to adjust transport rates
to changes in sediment supply

Surface Dgq ®
Subsurface Dgy O
Bed Load Dgy O

E
o
N
7p)
£
A
O

Granitic

R® =0.38 p<0.0001 Mixed Lithologies
o ’ Metasedimentary

Volcanic/Sedimentary @

Mueller and Pitlick, 2013

I I I
10° 10 104
Bed Load Concentration
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Flash-flood  Rainfall Rain-on-snow/ Snowmelt Glacial-feed
Snowmelt

Vazquez-Tarrio et al., 2020



Tools for geomorphic assessments

https://riverscapes.xyz/

TABLE 1

all W R Trik '
WValley-bottom exiraction ool {V-BET)

Valley bottom confinement tool (VBCT)

Fluvial comidor malkit {FCT)
TerEx inolhox (termoe and floodplain
mapping)

River ,l'l'.' _r:"r."r.'

Fluvial comidor alkit {RCT)

Geomaorphic network and analy sis toolkit

(GMAT)

Beaver restoration assessment tool (BRAT)
Che oo Fpleic wwnirs

Geomaorphic wnit tool (GUT)

Geomaorphic wnit survey {GUS)

Suppan vector machine classifier (SVMc)

Hydmdynamic maodeling

Bed marerial rexnire
Digital grain size project (DGSP)
BASEGRAIN
Digital Gravelometer
Topographic analysis tooks (TAT),
including ToPCAT

River behavior

Some of the available miomated and semi-auiomated tools for the geomaorphic analysis of nivers

Website or download page

hittp:#rcat i verscapes. xyz/Documentatio nVersion_ 10V BET . itml

hittp:fconfine ment ivescapes. Xyz

https:#github com/EVS-GIS/Fluvial-Corridor-TooThos-A e GIS

hittps: fgonr. wsw. edw] ahahe Imaont_labresounoes

htps: ¥ github comEVE-GIS/Flu vial-Corfdor-Too box-AcGIS

hittp:#'gnat riverscapes xy #
hittpdhrat. iverscapes xy 2

hittp:# gut riverscapes. xyz/

e fiormn vers. ow' geomar phic-units-survey -and-c lassific ation- system-gus

wite sensing software for example,
nition hitp:/fwww. ecognition. comy/,
ORFEQ hitps:/www. orfeo- toolbooor gl

Variety of software are available for example,

SRH-2D hitpsywww, ushr g ovtse/tec e fie e nce sfcomip uter 5 20 sofitw ared meode | ssrh2d!

index himl

hittps: fdbuscomb e-usgs. githuh. io/DGS_Project/
hittps: Shasement. ethz chidownload Aoo k'haseg rmin. hitml
hittp:ffw wow _sedimetrics com’

hittp:ftat. fiverscapes. Xy’

Morphaological change—Geomorphic change  hittp:f'ged. riverscapes xyz/

detection (GCD)

Key related papers

Gilbent, Macfardane, and Wheaton {20 16)

Fryirs et al. (2016)
OBrien et al (2019

Rou, Alber, Benrand, Vawdor, and Fiégay (2015)

Clubb etal (2017)
Stowt and Belmont { 2014)

Roux et al. (2015)

Macfarlane, Gilbert, et al. (2017);
Macfarlane, Wheaton, et al. {2017)

Bangen, Wheaton, Bowwes, Bouwes, and Jordan
{2014)
Wheaton et al. (201 5)

Belledi of al. {(2017)

Bellett of al. {2017)
Demarchi, Bizzi, and Piégay (2016, 2017)

Wyrick and Pasiemack {2016
Wyrick, Senier, and Pasiemack (2014)

Buscombe (2013)
Dietert and Weithrecht { 2013)
Graham, Rice, and Reid { 2005)

Brasington, Vericat, and Rychkov (2012)

Wheaton, Brasingion, Darby, and Sear (30100
Wheaton et al. {2013)

Fryirs, et al., 2019




Tools for geomorphic assessments

TABLE 1 (Continued)

Tool Website or download page Key related paper/s
Channel migration toolbox https:fMortress . wa.gov/ecy/publhications/Summary Pages/ 1406032, html Lege, Heimburg, Collins, and Olson (2014)
Planform statistics https:frepository . need. umn. edwbrowser phpfeurent=author& author=37 &dataset_id=135
Measures of channel width and centrelme EwvWidth: Pavelsky and Smith (2008)

(RivWidth, ChanGeom, RivMap, PyRIS)  http//uncglobalhydrology .orgfivwidth/ Fisher, Bookhagen, and Amos (2013)
Chan(Geom: Isikdogan, Bovik, and Passalacqua (2017)
https:f'www burchfisher.com/data. himl Schwenk, Khandelwal, Fratkin, Kumar, and
RivMap: Foufoula-Georgou (2017)
http//hive.ece.utexas.edu/rescarch/mvamapy/ Monegagha, Zolezz, Giineralp, Henshaw, and

https:/f'www. mathworks . com/matlabeentral/fileexchange/58264-nvmap-nver Tubino (2018)

morphodynamics- from-anal ysis-of- planforms

PyRIS:

https:fgithub.com/fmonegagha/pyns
SCEEAM Rowland et al. (2016)
Google carth engine https:fearthengine.google.com/ Gorelick et al. (2017)

Downstream patterns of rivers and controls

Longitudinal profile—ArcMap stacked profile httpsfwww.arcgis.com/index. html -

tool
Network Profiler Tool https:/riverscapes. github.io/Network Profilerf/ -
Geospatial modeling environment http//www.spatialecology.com/gme/ Beyer (2012)

Catchment area—ArcMap flow accumulation httpf/www.arcgis.com/index.html -
tool
Gross stream power http//brat.nverscapes. xyz/ Macfarlane, Gilbert, et al. (2017); Macfarlane,
Wheaton, et al. (2017)

Note: This is not intended o be an exhanstive list of all available tools, rather a guide to direct the reader to the tools identified in Figures 2b and 3, and mentioned in the text. All websites were accessed June 17, 2019,

Fryirs, et al., 2019
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Rapid Assessment vs Contextual Analysis

Rapid Assessments:
Aim to be repeatable, quantitative, and representative
Limited ability to discern cause of problems in complex systems
Often require frequent sampling, large number of sites

Contextual Analysis:
Aim to attain comprehensive, holistic understanding of the system
Often difficult to quantify components
Can guide assessments, monitoring, measurements for sed budget

JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION

Vol. 51, No. 2 AMERICAN WATER RESOURCES ASSOCIATION April 2015

CAN RAPID ASSESSMENT PROTOCOLS BE USED TO JUDGE SEDIMENT
IMPAIRMENT IN GRAVEL-BED STREAMS? A COMMENTARY"

Thomas E. Lisle, John M. Buffington, Peter R. Wilcock, and Kristin Bunte®



TODAY

TOMMORROW

Roadmap

L <

o]
gu—

Forget rates. What can we learn from basic form-process relationships?

Channel form/dynamics. (Dis)Continuity. Hydro-geomorphic Assessments.

Basic Reconnaissance
With a tight budget, what do you really need to know?

Case studies in sediment supply, transport, and morphodynamics

Hydrologic analysis and non-stationarity
Targeted modeling and metrics. Stationarity Assumption?

Push-button Geomorphology
The geek approach. What computer models can and can't tell you.

Basin-average erosion rates: The cosmo method
Millennial-scale landscape rates of erosion.

Reservoir and pond sedimentation rates
Time- and space-integrated measurements that may be useful.

Watershed Sediment Budget
Tools and techniques for robust constraints on sources and sinks.
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Reach 3

Laterally unconfined, occasional confining terraces
Valley widens, well developed (and connected) floodplain

NORTH FORK CABLE CREEK, OREGON

in bedforms

Much gravel deposition and heterogeneit
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Some history on the landscape we’ll be
examining this afternoon

Explanation

— |_atest Quaternary fault (where
fault movement has occurred In
the past 15,000 years) - Most
likely to generate future
earthquakes

—— Quatemary fault (15,000 - 1,600,000 years)
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Long profiles of EF, SF Little Bear and
other drainages of the Bear River Range

logan2; spikes removed; smoothing window=500m; contour=12.192m

Logan
_ Blacksmith Fork North
Blacksmith Fork South
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Longitudinal profiles extracted with Stream Profiler Tool: geomorphtools.org
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Your assignment for this afternoon:

Work in groups of 3-4

The Logan River Watershed is being targeted for a major
watershed restoration project with the goal of restoring
cutthroat and brown trout habitat.

Utah DNR has requested a map illustrating the

different reach types that occur along the river. This info
will be used to determine which sites to prioritize for further
monitoring and restoration.



Your assignment for this afternoon:
1. Obtain paper maps, GIS and/or Google Earth data

2. Peruse the data for 30 min. Identify points/areas of interest along the channel
and throughout the watershed.

3. Spend ~30 min delineating distinct reaches of the mainstem Logan River along

our tour route. Delineate distinct River Styles and describe each reach wirt:
1. valley confinement
2. number of channels, sinuosity
3. slope and/or discontinuities in the long profile
4. notable sediment sources and sinks
5. other relevant attributes (e.g., D50, slope)

Turn in by 5pm:
1. Paper map showing reach breaks

2. Answers to questions at each stop and brief descriptions of each
River Style



Questions we’ll discuss at each stop

(1) Which erosional processes do you see evidence for? What is conveying sediment
to the channel? Amount and type of sediment supplied?

(2) Is there a clearly defined bankfull channel? How deep is it?

(3) Which geomorphic units do you see?

(4) Is the bed armored? Does bed material move at channel filling flow? How
does t, compare to t.?

(5) Is there evidence of coarse suspended load (ittle in the bed, but deposits of fine gravel or

sand in sheltered locations or within bars)?

(6) How sensitive is this reach to changes in flow and/or sediment supply?
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