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Talk outline:

Introduction and scientific background - Tim

Construction and engineering — Mark
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Bank erosion along rivers 1s a common problem that
regularly threatens roads, property and infrastructure
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Unfortunately, traditional bank protection techniques
involve the use of non-native materials and structures
that can severely impact aquatic habitat and riparian
connections to the river.
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a ‘normal’ year. When |
exceptional floods occur, such |
as the February 1996 flood, |
$20M of road damage |
occurred in Gifford Pinchot |

National Forest alone.
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The simplification of
northwest rivers
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Forest river valleys once consiste
a complex mosaic of channels % ,— e
wetlands, and uplands. ~ - =
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River Simplification
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We have transformed complex systems ...

(a) Healthy Forest River Corridors

Anastomosing Systems:
¥, multiple narrow channels with low width to depth ratios
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(b) Degraded Forest River Corridors
Channelized and Braided Systems:
single wide, shallow channel with high wickth to depth ratio




What does physical
complexity mean to
salmon?
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Salmon Redds are linked to hydraulic
gradients driving hyporheic flow

0 m 20 m 0 mn
A. Elevation (m) 2.00 1.50 1.00 0.50 0.00
Baxter and B. Vertical hydraulic gradient -0.22 012 -0.02 0.08 0.18
Hauer 2000 C. Specific discharge (cm/s) -0.06 -0.04 -0.01 0.01 0.04
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Quilcene River ELJ
October 2002
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ELJs Can Provide Multiple Habitat Benefits

Hydraulic refugia

Habitat and refugia (pools, cover)

Forest refugia (long-term erosion protection)
Enhancement of hyporheic flow

Creation and maintenance of side channels
Sediment retention

Spawning riffles

Nutrient source (retain detritus & drift)
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e W

ELJs provide superior fish habitat
(e.g., Beamer & Henderson 1998; Peters et al. 1998, 2001;
Ple e\ et al. 2001 USACE 2001, ...)

USFWS bank protection habitat comparison (Peters 2001)

1. Only LWD stabilized sites (large quantities of LWD)
consistently had greater fish densities than control areas

2. Riprap and riprap with LWD had reduced fish densities

3. Reduced fish densities at rock deflectors during the spring and
summer, greater during the winter

4. Adding LWD to riprap had little benefit to fish

. Adding LWD to rock deflectors provided some benefit to fish

)
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Logjam
“hard points”
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Wo® Natural logjams form stable “hard points” that provide S
' long-term forest refugia on floodplains that are 7
___frequently “rec cl” b channel mig ratlon -

Logj am “hard pomts” led to the 1dea
of “Englneered Logj ams”

' .‘_z ! s “‘d A\
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Elements of Engineered
Logjam Technolog

N A
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An ELJ design process ...

Watershed and reach
analysis encompassing
project site to understand
hydrology, sediment
supply, channel dynamics
and 1dentify opportunities
and constraints.

Identify potential natural
models from reference
basin and project site.
Determine appropriate
type, number, location,
and size of ELJ structures.
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Engineering analysis of key
members and complete ELJ
structure, including critical
shear stress, bed scour,
design drag, and
cumulative force balance.

Develop final design
plans and specifications,
including necessary
actions for construction to
protect natural resources
and water quality.
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Construction of ELJ
structures that restore
natural conditions and
processes to system.
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rootwad  base

¢ F_~ normal resistance provided by bed

T F_ ., buoyant forces of displacement (submerged volumes)

¢ F_ weight of tree bole

k moments ac
B | tree bole tilt
f(y.2,x)  tree bole tag
g(v,z,x) water surfac

channel bed

(© 2000 Tim Abbe,



| |Model of log beam fixed at both ends that — PSME
is impacted by a boulder 1/4 the channel . ALRU
width (L/4 where L = length of log span ), — PISI

o ) 3 :
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Tree & rootwad 'bulldozer”

Simple example of embedded rootwad, assuming a neutrally

160000 buoyant snag with 2m radius rootwad subjected to 2m deep
- flow with velocity of 3 m/s. Grawvel substrate.
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Examples of ELJ design analysis
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wood stability: longevity

110 year old Dyea piles

1.0 - - 1 - 1.0
M(t)=M(0)ek(t-to)
D(t) = 2[V(t)/(xL)]0.5 ]
0.8 + +0.8
| diameter ]
| k = 0.006
0.6 % mass \ 0.6
M) | k = 0.006 T DM
M(e) | D(o)
0.4+ diameter +0.4
k=0.031 1
% mass
0 40 80 120 160 200
time in years
R(o) = initial log radius
R(t) =log radius at time t
D(0) = initial log diameter
D(t) = log diameter at time t
M(o) = initial log mass
M(t) = log mass at time t
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2-D modeling modeling with an orthogonal grid

What are different scenarios regarding relationship
of location,size, & spacing of rough obstructions
(i.e., ELJs) & flow deflection & re-attachment?

permeable portion of
log jam structure

erosion

deposition impermeable portion
epositi

of log jam structure

orthogonal grid of finite
difference model

T.B. Abbe 9/14/00 /finiteDifModelConceptl.cnv



Unregistered HyperCam Unregistered HyperCam
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Select appropriate structures based on
objectives, opportunities, and constraints

Natural Log Jam Analogs for Engineered Log Jam (ELJ) Types

Bankfull Bench Jam

Meander Jam

Flow-Deflection Jam Bar Apex Jam

O) 2000 TimAbbe, = - v oricnrenirs vors o
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Examples of ELJ design analysis ...

Sl B " S J?Sﬂ*ucfur'e siting

[~

Black-top road is
where Forest Road 23
washed out in 1996

Cispus River
Site B, RM 19,
October 1999
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Wood Budgets
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project reach
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Williams River during flow -
submerging structures by 2 m. == L4
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Basic ELJ Design Process

Establish a clear set of goals

Identify opportunities and constraints to achieve goals

Physical understanding of the river and site
geology, hydrology, hydraulics, geomorphology

Select appropriate types of ELJ structures

Select appropriate size and location for ELJs

Coordinate with permitting agencies

Complete engineering analyses

Complete engineering designs and specifications

Coordinate construction logistics

Implement adaptative management plan
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Washington ELJ Project Sites: 1995-2002
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Example ELJ Projects which incorporated
bank and/or bridge protection or grade-
control as a principal objective.

Year River Sponsor

1995 Cowlitz Private landowner

1998 N.F. Stillaguamish  State, County, Federal
1998/2001 North Creek State

1999-2002 Elwha Tribe, State

1999 Cispus B & C Federal

2000 S.F. Nooksack Tribe, State

2001 Cispus A Federal

2002 Methow Private landowner

2002 Quilcene Tribe, Private landowner
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The 1998 North Fork
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“Bank-full” discharge and stage relative | °

to 1998 N.F. Stilly ELJ structures. Iy

30000

|

25000 + —— Q at Arlington (Gage 12167000)
I R bankdfull Q at Arlington Gage

| Estimated Q at Hazel
20000 + ~bankfull Q at RM 21

15000 +

discharge (cfs)

10000 +

L1

5000 +

ELJs were submerged 8 times in WY99
(4 more times between 10/1/99 and 12/31/99). As of
May 2000 the 5 ELJs remain intact and have thus
far been successful in meeting project objectives.

(a) dSeptember.d

Tim Abbe 1998

Herrera Environmental
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‘North Fork Stillaguamish River ELJ#1, . __g @ see o o . | (a) September, 1998

North Fork Stilly ELJ #1: 1998

As-built structure
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.;'E,""."._.t.:me” 8 ﬁ.’
North Fork Stllly ELJ #1 1998
Bankfull stage

Herrera Environmental  Consultants copyright 2006 ABEAIEN0L Lid



(c) June,1999

North Fork Stilly ELJ #1: 1999
After 8 peak flows equal or exceeding bankfull stage
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Flotsam Trapping Efficiency of Engineered Log Jams
North Fork Stillaguamish River, 1998-1999

Displacement distance of tagged logs, 9/1/98-9/1/99

tagged logs deposited tagged logs deposited
on ELJs downstream of C-Post
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1998: pre-existing conditions
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- S o - .

1999 peak flows >= bkf
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. L < . iy

flows >=bkf
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= bkf

17 peak flows >

2001
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Construction Engineering,
Costs, and Implementation

e e
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Interdisciplinary Team Approach
*Geomorphology

*Hydraulics

*Hydrology

*Riparian condition

*Aquatic habitat

*Permitting implications
*Landscape architecture

*Cost estimating
*Construction eng

- Y

ineering
= i "': .. -
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Construction Considerations
Standard Construction
Large Heavy Equipment Projects
Time of Year
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Design Considerations

«Safety
Infrastructure Protection

*Location

*Access (construction, maintenance, monitoring)
*Constructability (flow diversion, materials)
*Risk Assessment

*Factor of Safety

&
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More Construction Considerations
Similar to other conventional heavy equipment construction
(grading, excavation, logging, rigging, structural)
Makes some otherwise unbuildable projects buildable

= "‘-}"‘. B

A -
TN
.
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Access and Location

(©) 1999 Tim Abbe TractorYokeLogYardingCispusl999.ipg
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Temporary channel diversions

| August 27,2001 [HEEEE Ve TR B
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Access and Equipment

tracker log loader

bucket excavator with hydraulic thumb
bulldozer (DS)
skidder

Caws

— e : - o e = photo: F@Ac:y Drry 730098 0
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ELJ Applications in River Engineering

Bank and road protection
flow deflection and revetment structures
Bridge protection
retention of hazardous debris
channel alignment
Limiting channel incision
grade control
Flood peak reduction
through upstream flood wave diffusion
atment




. County (SMA)

. Fish and Wildlife (HPA)

. Ecology (TMDLs, 401)

. US Army Corps (404)

. NMFS, USFW (ESA)

. NMFS (Magnuson-Stevens Fisheries Conservation Act)
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Self-mitigating solutlo

\
are a win-win for us al

Ry R ™
. Tl r »
N 4 d‘ -r - L - ! ¥

Herrera Environmental Consultants copyright 2002



Herrera Environmental Consultants copyright 2002



€—— U.S. Highway 101 —»
Top width of rock
surface approx. 20 ft. Existing riprap revetment
Large logs with rootwads (typ.) buried

in rock structure and laid on river bed and
bank behind rock structure, filled with smaller rock

Optional placement of woody
debris and gravel to extend structure

Length of rock groin approx. 75 ft.

Smaller logs racked

on upstream face
and held in place by Length between structures approx. 250 ft.

key logs protruding
from structure
PLAN VIEW

Plant with native trees Top of existing riprap
and shrubs - revetment

Platform of woody debris
and 6 to 8 inches of topsoil

Channel bed elevation

Smaller logs racked i
on upstream face  Toe of structure 3 to 5 feet H:)‘?K:ﬁf;ﬁr;p'ap
below channel bottom 9

SECTION VIEW Not to scale




North Fork Stillaguamish River ELJ Project: 1998 - 1999

98.4% of the tagged logs used in the ELJs remained after 8 peak flows
equal or exceeding bankfull stage

Four of the five ELJs (1, 2, 4, & 5) experienced a net gain in wood debris,
with no detected change in ELJ #3

s

ELJs 3

-200% -100% 0% 100% 200% 300% 400%  500%

percent change in number of logs
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Why we don’t like cable?



Cable is:

1. Not natural

2. Not sustainable

3. Can threaten the integrity of a
structure if improperly used

4. A potential liability w.r.t to
human safety















