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LWD Installation

Current lack of LWD

Installation to form jams by
racking smaller wood

Provide pools with thermal
refugia

Help form forested
islands/channel narrowing
(shade)

Activation of side channels
Sediment storage

Lack of infrastructure in Deer
Creek allows installation
flexibility
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Force Analysis

*  Buoyancy force (F,) = weight

of displaced water:
Fr=ViTy

*  Counteracting force (F,) =
weight of log:

Fr= Vi,

* Dra force(}Fd) = combination
of the head and slope of the
stream manifesting as a

velocity acting upon the root
wad of the log:

F=%Y, CUA,,
uled = P




Pilot Project Installation and Analysis

* Pilot Location
@ Gage Location
Cross Section




Pilot Project Installation and Analysis

5/11/2015
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THE SOUTH FORK
TOLT LARGE
WOODY DEBRIS
PROJECT—AN
INNOVATIVE
PROCESS-BASED
RESTORATION
APPROACH

Elizabeth Ablow David Beedle
S.t:'ateglc Aeeor Fish and Watershed Process Advisor
(i} Seattle City Light g
Derek Marks (S::;riil: m;:iee
Timber Fish & Wildlife Manager e
([} seattle City Light

.z, Tulalip Tribes
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- KEY TAKE AWAYS FROM PILOT (2006)

* Design flow for wood placements was Q10.
o Q20 in 2007 over 80% of the LWD stayed at its original location
o Q90 in 2009 ~ 50% of the LWD was still at their 2008 locations.
o Of the wood that moved, ~ 60% was captured by d/s logjams.

* Confirmed bulk and scale of persisting jams

* Verified hydraulic information including depth associated with
flood recurrence intervals.

* Assessed location of persisting jams and wood complexes.

@) seattle City Light
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Apex Jam

15 pieces

Place to help maintain flow in RB
side channel

Layer perpendicular to lower layer
Bottom layer, rootwads face
upstream

Exact number of trees per layer
and number of layers determined
by trying to meet objectives and
maximize stability

Black, bottom layer

Yellow, next layer

Blue, top layer
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STEPS TO SUCCESS

Rootwads are Ke:
* Unique geometry provides stability
* Rootwad mass combined with full length trees reduces buoyancy

@) seattle City Light




STEPS TO SUCCESS

Using full length trees contributes
to stability.

Ny

Tree length wider than average
channel width ensures riparian
entanglement.

Longer length
reduces transport
capacity

@) seattle City Light



PR oo s SO
STEPS TO SUCCESS -~ &
Ehevaton: 356,812 <US survey foot>

Jams were stacked at least 1 or 2
layers above bank full elevation

This reduces buoyancy by creating
forces that push down on the Jam.

&) seattle City Light o



STEPS TO SUCCESS

A Closer Look of the stacked Jam above bank full

e XIS

E LiDAR point cloud
l-.'i-: . .
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Implementation Strategy

Locations where wood makes sense

# of logs

Stability — Anchoring, 100-year Flood De
Model Results

Field Verification

Permitting Typicals

Site Specific Prescriptions
AND...Flipping conventional wisdom?

od Depth"
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-
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Conceptual: Natural Anchoring
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[terative Design Process

* Crayon Sketches

e 2D HEC-RAS Model Results (Flow-Depth, Wetted Width, Velocity Etc.)
* LiDAR XS for Channel Geometry

* Layout in Arc-GIS for Structure Geometry

* Individual Piece Stability (Free Body Diagram) = Overall Jam Stability
(Through Interaction Forces)

 Guess-And-Check



Pilchuck Specifics

Bracing on
I}bulder
1

¢ WOOd Type Eiparialn
ntang ement
* Target FS = 1+

/. o
* 100yr/25yr/10yr design ) v\\ —

discharges
* Riparian Anchoring

* Interactions for stacked Rootwad |

| Bankfull

wood pieces
Edge

Oversized

Wood




Example Jam Stability Calc - Partial Channel Spanner
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Hydro In

puts

Cross Section Detail: wsk,
Forces, Boulder, Riparian Etc.

Velocity |Depth Discharge

Design Discharge |(ft/s) (ft) (CFs)

Q100 11.2 6.7 2000

025 9.2 3 4000

Q10 8.2 4.2 2800

Summary Output
I

Log
Length [Diamete |Weight

! |Log ft) r (ft) ilb) F§ V FS H FSM |V F HF Interactions
} |Logi 100.00 1.33| 4584.28 1.04 2.20 3.59 0.00( 352 057.40(Log4, Logs, Logh
! |Log2 100.00 1.33| 4584298 1.0 2.22 3.56 0.00| 52743.72|Log4, Logs, Logh
3 |Log3 100.00 1.33| 458429 1.00 2.09 3.45 0.00| 49 255.85|Logd, Logd, Logh
i |Log4 100.00 1.33] 458428 1.16 714 3.38) 143578 24 35337 |Logy
" |Logs 100.00 1.33| 4584.28 1.16 7.14 3.38| 1,435.78| 24 353.37|Logy
} |LogG 100.00 1.33| 458428 113 716 3.200 1,180.45| 24 174.85|Logy
¥ |Log¥ 100.00 1.33| 458428 295 4.81 611|117 841 87| 81223 38|Log8, LogS, Log10
0 |Logd 100.00 1.33] 458428 1.85 227 422 731134 51111.858|Leg 11, Log 12
1 |Log® 100.00 1.33| 4584.28 1.85 2.54 481 7,311.34| 65111.86|Log 11, Log 12
2 |Login 100.00 1.33| 458428 1.77 237 4.34| §,543.32| 61238.15|Log 11, Log 12
3 |Logi1 100.00 25017 85017 18.32 63.89 201.58|17,008.25| 112 583.50
4 |Log12 100.00 250(17 95017 18.32 63.89 201 58|17 ,008.25| 112 533.50
3
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Free Spreadsheet Tool Available From

Vertical Force Analysis

° Net Buoyancy Force Lift Force
USFS — Based on Free-Body Diagram
MWSE 0.0 0.0 0.0 0 0 F_ (Ibf) 790
JWSAHThw| 136.2 9.6 145.8 4,584 9,096 Vertical Force Balance
Sample Multi-Log Structure Spreadshect developed by VThalweg | 00 0.0 00 0 0 Fg(Ibf) | 9,006 |4
Michael Rafferty, P.E. Total 136.2 9.6 145.8 4,584 9,096 Fy_(Ibf) 790 )
Single Log Stability Analysis Model Inputs Wy (Ibf) | 4584 |W¥
SiteID | Structure T, Structure Position | Meander |_Stati 4, (1) ] RW, (fts) Soil Ballast Force Fon(b1) | 196 |V
ite ructure Type ructure Position eander ation L o/Wer | Uges (Tt/S = & K T,
V, [ Vet e (0 Fuy (I
e Channel S| Mid-Channel Mid-channel Outside | 80+00 6.70 6.38 14.80 Soll ary (ft) | Voat (ft) | Voon (ft) | Foon (IbF) wy (I 0
Bed 0.0 0.0 0.0 0 Fav(bf) | 5106 |V
- Bank 0.0 2.3 2.3 196 < Fy (Ib 0
Multi-Log Layer Log ID Proposed Cross-Section and Structure Geometry (Looking D/S) U
Structures | Key Log | Log! s Total 0.0 2.3 2.3 196 Sy 1.00 ]
WSE i
Channel Geometry Coordinates | ¢ Horizontal Force Analysis
Proposed X (ft) y (ft) 504 & Drag Force _ ]
Fidpin 1B | 000 | 50277 | ., —— A Arp [ Aw Fr. Coi Cw Co Fp (Ibf) Horizontal Force Balance
Top LB 2870 | 501.40 ‘E 0.21 2.26 0.98 0.00 1.57 43,269 Fp (Ibf) | 43,269 |>
500 Fp (Ibf) 472 €
Toe LB 33.52 | 500.60 . . L
Thoel =0 439520 108 AY S Passive Soil Pressure Friction Force Fe (Ibf) 0
alwe g N
= 11750 29920 X Soil Kp Fp (Ibf) Ly (ft) p Fr (Ibf) Fuwu (Ibf) 0
loe]RE =T > 496 Bed 481 0 2.00 0.87 0 Fan (IbT) | 94,894 |«
e 80 | 506.20 0 5 50 7 100 125 150 175 Bank 481 472 4.00 0.87 0 T Fp(Ibf) | 52,097 | €
Fidpin RB | 127.20 | 506.90
| Wood Species | Rootwad | Ly (ft) | Drs(ft) [ Lew (ft) | Dew (ft) [ yra (I0/F6) [ yrge (10/5E) |
| Hemlock, Western | Yes | 1000 | 133 | 200 | 399 | 314 | 410 | = . Mment Force Balane
Driving Moment Centroids Resisting Moment Centroids Moment Force Balance
Structure | 6 (deg) | B(deg) | Define Fixed Point Xz (ft) V1 () | Yo () | Yrmax () | Aqp (FE) crg (ft) c (ft) cp (ft) crw (ft) Cooit (ft) | cran (ft) cp (ft) M, (1bf) | 2,707,908 | &
Geometry | 89,0 0.7 Root collar: Bottom | 120.00 | 50050 | 499.15 | 503.12 129.37 52.3 14.4 49.0 52.3 99.3 0.0 99.0 M, (Ibf) | 9,718,479 | &
*Distances are from the stem tip Point of Rotation: Rootwad Q
Soils Material vs (Ib/) [ v's (IL/FE) | (deg) [Soil Class| Lyem (7t) | domax (Ft) | diavg (ft)
Stream Bed Small Cobble 136.4 84.9 41.0 4 0.00 0.00 0.00 Anchor Forces
Bank Gravel/cobble 137.0 85.3 41.0 4 1.90 1.80 1.09 Additional Soil Ballast Mechanical Anchors
Typical Single Log Free Body Diagram Log Orientation (Plan View) | Vaary (ft)) | Vawet (ft') | Casoit (ft) | Favson (I6f) | Fanp (Ibf) | Type Cam (ft) Soils F am (Ibf)
- | | 0 0 Custom#1|  5.00 Bank 100,000
Y M 0
/ N Boulder Ballast
/- e Position | D, (ft) | car(ft) | Viay () | Vewer (ft) [ Wi (Ibf) | Fi,(Ibf) | Fo, (Ibf) | Faye (Ibf) | Fau (IbF)
/ /~—Root Collar Crown Lrs o~ Behind 0 0
/ / LF = Above 0 0
D 2l ~/ Above 0 0
/,/ Centroid- ~/
,’/ //
4 /
2 y
/ ~— Tree Stem Crown )
% e Channel Sg Mid-Channel Key Log LogID Log1 Page 3
7D Interaction Forces with Adjacent Logs
_/Drs n
b ol FNJ N Bt Applied Forces from other Logs
. ’ ¢, ki Rotation Log ID Position Link cw (ft) [ Fwy (Ibf) | Fwy (Ibf) | Fwy (Ibf) Fwu (Ibf)
" ‘o Log4 Above Gravity 50.0 479 24,353 0 0
" Log5 Above Gravity 50.0 479 24,353 0 0
Log6 Above Gravity 50.0 393 24175 0 0
0 0




LWD Jam Anatomy (Cross-Section View)

Wood stacked
above 100-year
flood

100-year flood
elevation

Channel
Bottom




Channel Spanning Jam Anatomy — Conceptual Drawing
(Site-Specific Typical)

. Plan View

Wood stacked Cross Section
above 100-year

E -
——————— )
100-year flood
*Typical Q-100 Depth = 5ft-8ft y .
*Structure Not Expected to Exceed 25% of elevation

Bankfull Cross-Sectional Area




Conceptual: Field Fit Channel Spanning Jam on Boulder Feature
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Lessons Learned, thus far

£ Hydraulic modeling is a valuable tool for increasing stability

A variety of methods/factors can result in jam stability

e Work with gravity and against buoyanecy

& * Natural analogs can inform conceptual designs at the site scale

2= « Mobile woody debris is a necessary ingredient for project success g

s * Regulated rivers may be slower to respond to treatments

+ + Helicopter LWD projects can be incredibly cost-effective
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