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This project is funded in part by WA Dept. of Ecology (Grant # SEASPC-2325-CLoCD-00006)
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Channel Migration Zones (CMZ) are areas in a
floodplain where a river or stream channel can be
expected to move naturally over time.

» Overall goal is to better understand the current and future
patterns of erosion and flooding along the Lower Elwha River, Indian
Creek, and Little River systems to incorporate risk-informed decisions
into various planning processes to benefit public safety,
infrastructure, and aquatic and riparian ecology.

» The Elwha River is a shoreline of statewide significance under the
Shoreline Management Act (SMA).

» The removal of two dams in the Elwha River has dramatically
affected the river environment downstream and at the delta.

» A detailed CMZ delineation gives planners and resource managers
science-based reach scale information necessary to establish
jurisdictional boundaries; better protect people, development, and
natural resources from flood and erosion hazards.

» Shoreline use and development activities are regulated locally by
the Clallam County Shoreline Master Program (SMP), which
establishes limitations and requirements specific to CMZs.
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Overview Nov 21 2024

Delineate a detailed CMZ for the Lower Elwha River, Indian Creek, and Little River
for the 100-year timescale.

» Predict areas that are at risk of erosion along creeks and rivers in this timeframe

Project Background
CMZ mapping approach
Study methods

Draft CMZ delineation
Q&A and discussion
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Flooding and Erosion Nov 2, 2024 R

Flooding — inundation from
high river flows.
The FEMA 100-year floodplain
is a standard definition of risk
area
* 1% chance in a given
year

Erosion — removal and
transport of soil or rock by
river processes.

* Bank erosion
e Channel avulsion

* Mass wasting
Channel Avulsion along Hot Springs Road, Upper Elwha (1/12/2016) Natural Systems Design @
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Considerations of the Elwha River Nov 21 2004

Flow and sediment transport regimes
Geomorphic reach setting

Dam operation and removal

Ongoing channel evolution

Existing infrastructure

Natural Systems Design



Elwha River — Upper (RM 13-11)
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Elwha River — Delta (RM 2-0)
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Wide river delta with active and historic channels
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Channel Migration Zone (CMZ) S ovat, 2024 [

Detailed CMZ delineation protocol
Rapp and Abbe (2003) for 100-year study lifespan

Study methods

Community and Co-Manager outreach

Historical mapping and analysis A Framework for Delineating

Channel Migration Zones

Hydraulic modeling (2D)
Geomorphic reach delineation November 2003

Ecology Publication #03-06-027 (Final Draft)

Field reconnaissance
Detailed CMZ delineation

- Pt
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7 Department of Transportation “n | 'u') ‘& \
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Study Area A o1 2078

Elwha River

Geomorphic Reaches
» Valley confinement

» Slope
» Channel planform
4

Topographic/Geologic controls
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Data Sources M E oo 1020 B

Topography (2018 LiDAR)
Historical maps and aerial imagery (1873-2023)

Surface geology

Landslides

Hydrology (USGS 12045500)

Highways, levees, critical infrastructure

Field observations

Anecdotal records
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Hydraulic Analysis
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Delineating Elements of a Channel Migration Zone



Channel Migration Zone (CMZ)

B 1930 Active Channel [ 1950 Active Channel [l 1960 Active Channel
1970 Active Channel [ 1980 Active Channel [ 1990 Active Channel
B 2000 Active Channel === Historical Migration Zone = = Avulsion Hazard Zone

=+ == Erosion Hazard Area (Erosion Setback + Geotechnical Setback)
I Disconnected Migration Area === Final CMZ Delineation

A Framework for Delineating Channel Migration Zones (Rapp and Abbe, 2003)

Clallam Co. | Elwha CMZ

Nov 21, 2024 1o

The CMZ boundary delineates the area in which
channel processes will occur over a specified
period of time: 100 years

®m Historical Migration Zone (HMZ)
® Avulsion Hazard Zone (AHZ)

® Erosion Hazard Area (EHA)
® Disconnected Migration Area (DMA)

CMZ = HMZ + AHZ + EHA - DMA

Natural Systems Design



Historical Migration Zone (CMZ) T v 020 [

Nov 21, 2024

Bedrock ::'}._._?'T : R

Outcrop The area the channel has occupied over the

course of the historical record (1875 — 2023)
m Active channel (unvegetated area) only

B Based on aerial imagery, topography, field
observations

1930 Active Channel |l 1950 Active Channel [l 1960 Active Channel

1970 Active Channel 1 1980 Active Channel | | 1990 Active Channel

2000 Active Channe| =~ we=w=e== Historical Migration Zone =— =" Avulsion Hazard Zone
= =« Erosion Hazard Area (Erosion Setback + Geotechnical Setback)

Disconnected Migration Area ~ === Final CMZ Delineation

A Framework for Delineating Channel Migration Zones (Rapp and Abbe, 2003)
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Avulsion Hazard Zone (AHZ) S v, 2004 [

The areas of river landscape, located outside of
the HMZ, at risk of channel occupation

B Informed by topography, hydraulic modeling

B Accounts for 2 m range of vertical bed
instability

1930 Active Channel [l 1950 Active Channel [l 1960 Active Channel

1970 Active Channel 1 1980 Active Channel | 1990 Active Channel

2000 Active Channe| =~ we=w=e== Historical Migration Zone =— =" Avulsion Hazard Zone
= =« Erosion Hazard Area (Erosion Setback + Geotechnical Setback)

Disconnected Migration Area ~ === Final CMZ Delineation

A Framework for Delineating Channel Migration Zones (Rapp and Abbe, 2003)
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Avulsion Hazard Zone (AHZ)
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Erosion Hazard Area (EHA)

1930 Active Channel [l 1950 Active Channel
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2000 Active Channe| === Histori
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A Framework for Delineating Channel Migration Zones (Rapp and Abbe, 2003)
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Nov 21, 2024 9

Area outside the HMZ and AHZ which may be
susceptible to bank erosion

EHA = Erosion Setback (ES) + Geotech. Setback (GS)

®  Alluvial valley bottom erosion rate based on
reach averages from 1939 — 2023

m  Bluff erosion rates calculated at point locations
where bluff erosion has occurred (Fox Point,
Ranney reach)

m  Overlaid mapped landslides (DNR mapping)

m  Bedrock bluffs act as restrictive material (DNR
mapping and field observations)

Natural Systems Design



Erosion Hazard Area (EHA) ST v 2024 [

A Framework for Dellneatmg Channel Mlgratlon Zones (Rapp and Abbe 2003)

Geotechnical Setbacks (GS) account for
natural adjustment of hillslopes that have
been over-steepened by river erosion

m Part of the EHA

Over-steepened hillslope along west
side of Lower Elwha River valley

cmz >
GS - ES :
I I
geo-technical | erosion I
setback I setback I
- Pl -€ 1
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Disconnected Migration Area (DMA) S v, 2024 (R

Indicates the impact of

structures by delineating the areas in which
they prevent channel migration; not part of
regulatory CMZ

m Federal Levee

m US-101

®  Ranney Well facilities
®m NOT Place Rd. Levee

1930 Active Channel |l 1950 Active Channel [l 1960 Active Channel

1970 Active Channel 1 1980 Active Channel | | 1990 Active Channel

2000 Active Channe| =~ we=w=e== Historical Migration Zone =— =" Avulsion Hazard Zone
= =« Erosion Hazard Area (Erosion Setback + Geotechnical Setback)

Disconnected Migration Area ~ === Final CMZ Delineation

A Framework for Delineating Channel Migration Zones (Rapp and Abbe, 2003)
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Disconnected Migration Area
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Channel Migration Zone (CMZ)

B 1930 Active Channel [ 1950 Active Channel [l 1960 Active Channel
1970 Active Channel [ 1980 Active Channel [ 1990 Active Channel
B 2000 Active Channel === Historical Migration Zone = = Avulsion Hazard Zone

=+ == Erosion Hazard Area (Erosion Setback + Geotechnical Setback)
I Disconnected Migration Area === Final CMZ Delineation

A Framework for Delineating Channel Migration Zones (Rapp and Abbe, 2003)

Clallam Co. | Elwha CMZ

Nov 21, 2024 23

The CMZ boundary delineates the area in which
channel processes will occur over a specified
period of time: 100 years

®m Historical Migration Zone (HMZ)
® Avulsion Hazard Zone (AHZ)

® Erosion Hazard Area (EHA)
® Disconnected Migration Area (DMA)

CMZ = HMZ + AHZ + EHA - DMA

Natural Systems Design



Draft CMZ Delineation

Draft CMZ Maps

Clallam Co. | Elwha CMZ
Nov 21, 2024
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Relative Elevation Model
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Relative Elevation Model
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Relative Elevation Model
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Relative Elevation Model
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Relative Elevation Model
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Relative Elevation Model
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Relative Elevation Model
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Relative Elevation Model
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Draft CMZ Mapping ST v, 2024 R

Questions?
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Project Team Contact Information Nov a1, 2024 [

Clallam County DCD

Rebecca Mahan Rebecca.mahan@clallamcountywa.gov
(360) 417-2322

Natural Systems Design

Tim Abbe, PhD, LEG, LHG tim@naturaldes.com
(206) 681-8697

Aaron Lee, MS, PE aaron@naturaldes.com
(360) 797-5913
Olivia Vito, MNR olivia@naturaldes.com

(360) 477-4848

Natural Systems Design
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Considerations of the Elwha River Nov 21 200

Flow and sediment transport regimes
Geomorphic reach setting

Dam operation and removal

Ongoing channel evolution

Existing infrastructure
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Elwha River Nov a1 2020 IR

(a) Lower Elwha Rlver at ka 4.0 Ritchie et al,, 2018

Anabranching

Meandering ' (Island-braided) Braidgd
o e [ ?%
® 4 gl f‘%‘?
K T ) @ ?? f%
" — g R ‘ﬁ??&@
EXPLANATION | N\ cgﬁ’? % @? Y 4
¢ Trees and shrubs 5 % e %P = »?' ?P??
= Woody debris I ?@ = %t? &

Large wood influences stream morphology by slowing water
and redirecting flow.

Anabranching planforms are characterized by channel splits
around vegetated islands.

_ _ . , , The Elwha River is continuing to adjust from dam removal.
Logjams can increase stability and persistence of island/bars.
In the first 5 years...

65% of reservoir sediment eroded (19Mt)
90% transported to Strait, expanding the delta
10% deposited in River — ;_,\@Wems =2 @



CMZ Mapping — Next Steps

Update or Remove

1.

Conduct draft CMZ mapping for
Elwha R,, Little R., Indian Cr.
(ongoing)

Collect input from Co-Managers,
Community, and Stakeholders

(ongoing)

Revise draft CMZ maps
(early 2025)

Presentation of final CMZ maps
(Spring 2025)

Historical Channels - Elwha River
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Invitation for Feedback! Nov 21 2024

Interactive mapping session - Today

Online Questionnaire
Website link: https://www.clallamcountywa.gov/1827/Elwha-River-Channel-
Migration-Zone-Delin

REMOVE?

QR Code to take ‘
Questionnaire

Natural Systems Design


https://www.clallamcountywa.gov/1827/Elwha-River-Channel-Migration-Zone-Delin
https://www.clallamcountywa.gov/1827/Elwha-River-Channel-Migration-Zone-Delin

Clallam Co. | Elwha CMZ

Hydraulic Analysis ov 21, 2024 [

HEC-RAS 2D hydraulic model

* Water surface elevation, depth, velocity output

* Peak flow analysis of Elwha River, Little River, and Indian Creek

* 2018 and 2014 LiDAR-based terrain

* Hydraulic roughness characterized by Manning’s n-value (accounts for engineered logjams)

STATIC TIDE EL.

INFLOW
INDIAN CR.

. INFLOW
INFLOW A LITTLE R.
ELWHA R. Natural Systems Design
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Elwha River — Dam removal Nov 21, 2024

https://images.seattletimes.com/wp- https://www.opb.org/article/2022/08/02/elwha-river-transformed-10-years-after-
content/uploads/2015/06/alelwhadampic21.jpg?d=1020x793 dam-removal/

B. Dammed

East et al., 2018



Elwha River — Dam removal Clalam o. | Ehuna cvz [

Annual Rates of
Erosion, Transport and

\ Deposition
—_— \ Nearshore Deposition l [5
5 km § 5.4 Mt P 0

Estuary

A Marine Dispersal
N

L 90% transported to Strait, expanding the delta
10% deposited in River

Lower River

Mainstem 0.98 Mt

Floodplain 0.
oodplain 0.54 Mt USGS River Gauge

12046260 -Illl

, ‘ 18.9 Mt B
Middle River imbalance =-1.1 Mt
Mainstem 0.38 Mt (-6%)
Floodplain 0.24 Mt
Erosion of Lake Aldwell —
3.2 Mt - -
Tributary Sediment Supply .
0.18 Mt __ Inthe first 5 years...
I 65% of reservoir sediment eroded
Net sediment flux i H
during first five E;%S;O&?f Ealia Milie y—— I . - (19Mt)
years of dam —
removal
(
1Mt g5 mt Upstream Sediment Supply

Source Flux Sink 1.2 Mt e :
atural Systems Design
o Water Year ‘W —
Ritchie et al., 2018



Elwha River — Role of Large Wood

Anabranching

Clallam Co. | Elwha CMZ

Nov 21, 2024 >3

Meandering (Island-braided) Braided
@ . %‘P / ?q\ % @ ( @i ?;P =) & \ ?P
& ? e T T s T / \ 2
ﬁ %;' - ‘?;? ¢ ¢ o 8
\ L ‘3??@ T2 .- R
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% L [
EXPLANATION ? T l& 'y ¢
¢ Trees and shrubs % % T ‘gm‘? ?‘P T T
we  Woody debris i 2 ?@P > &}9‘? C%P f? ¢

Large wood influences stream morphology by
slowing water and redirecting flow.

Slope (m/m)

A Burge 2005
o Kellerhals et al 2002
0.1 r 0 Leopold and Wolman 1957
u A Elwha no ELJs
:\ Anabranching Threshold
RS - — — - Braiding Threshold
TS Braided 4 Elwha with ELJs
. o —~ = Lemhi
o ranching.
0.01 + T
- O U\ Iy
B O ~
[ - DA FE——
' Single thread o>~ %o
L o o o S~
NA ‘-.k‘ N
A b o B N
a =~ ~
0.001 + S ! ~—
0.0001 - -+ T+ -+
1000 10000 100000 1000000 10000000
Dimensionless formative discharge (Q*)

Elwha without
logjams

Elwha with
logjams
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Flooding and Erosion ST v 2024 [

Lower Elwha River, 2016

_______
-----

AN

1/

Flooding — inundation from high river flows.

The FEMA 100-year floodplain is a standard definition
of risk area
* 1% chance in a given year

1

AN
Natural Systems Design
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Elwha 4 - Velocity
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Elwha 3 - Depth
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Draft CMZ Delineation

LITTLE RIVER

Clallam Co. | Elwha CMZ
Nov 21, 2024
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Draft CMZ Delineation

INDIAN CREEK
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Indian Creek 1 - Velocity
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