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Technical Memorandum

Date: APRIL 18™ 2025

To: Kris Fischer, CTUIR
Liz Eastman, NPT
From: AJ Jones, P.E. W2r
Brenda Fasse, EIT. W2r
Project: Tucannon River Big Four — Floodplain Restoration Project

Subject: BOR Risk Assessment for Large Wood Design

BOR Risk Assessment

The method for the reach-scale risk assessment follows the guidance outlined in Step 4 of the Large
Woody Material (LWM) Risk-Based Design Guidelines (Reclamation 2014). This evaluation includes
assessing Public Safety Risks and Property Damage Risks associated with the placement of LWM in the
project reach. Direct outcomes of this risk assessment approach include recommendations on log-jam
design, safety factors for stability, and design floods. The risk assessment made use of general
information, professional judgement, and information about reach user characteristics provided by the
Project Sponsor, CTUIR, and coordination with the NPT and WDFW.

1 Public Safety Risk Matrix

The Public Safety Risk matrix plots two major categories: the structure characteristics of each LWM
structure versus the user characteristics for the project area (Reclamation 2014). Each category has a
number of factors that are associated with the risk of that characteristic summarized below. The project
design team assigned each factor a rating from 0 to 10, which represent low to high levels of public
safety risk. For each category, the rating assigned to each factor is summed and then averaged. The
average for each category is plotted on the matrix to determine the overall risk to the public of the LWM
structure (Figure 1).



Public Safety Risk Matrix Structure Description: LWM
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Figure 1 Public Safety Risk Matrix (Reclamation 2014).

1.1 Reach User-Characteristics

The reach user-characteristics are plotted on the Y-axis of Figure 1 and include the following four factors
for developing an average categorical risk:

e Frequency of use — This factor rates the level of use that can be expected in the project area by
floating, swimming, or other in-river activities. A reach of river that is frequently used by the public
would have a higher rating.

e Skill Level — This factor rates the level of skill and knowledge of the river reach that is anticipated by
the recreationists using the system. A reach that is frequently used by individuals with proper safety
equipment and training would receive a lower risk rating than one that is frequented by low-skilled
inner-tube recreationists.

e Access — This factor rates the risk of public safety related to accessibility to the project reach—
specifically, LWM structure. The easier the access, the higher the risk.

e Child Presence — This factor rates the risk of the project reach for the presence of children, who are
prone to investigating or climbing on LWM structures. A reach that that has easy access for children,
or is near children camps or parks, has a higher risk.

The rating evaluation for the reach-user characteristics are summarized in Table 1.



Table 1 Reach-User Characteristic Ratings.

Reach-User

Characteristics Rating Notes
The area surrounding the project reach is used by local visitors during the summer
months for fishing, and recreational activities, but direct use of the creek through the

Frequency of Use 4 project reach is minimal. The reach will primarily be used fly-fishers. A search of the
American Whitewater database revealed no documentation on rafting or kayaking
routes on Tucannon River.

Skill Level 5 Rafting is not likely to occur. Fishing will mostly be fly fishing by skilled anglers.

Access 5 The reach is readily accessible by USFS roads, but further away far from major
population centers.

Child Presence 3 This reach has limited child presence.

Average 43 Reach is primarily used by fishers and hikers. Low overall use by children and

suitability as a floatable river make public safety risk low to moderate.

1.2 Structure Characteristics

The structure characteristics include the following six factors for developing an average categorical risk:

Active Channel — This factor rates the uncertainty of physical channel migration. The magnitude of
risk is higher in anticipation of dynamic channel movement.

Outside of bend — This factor rates the location of the LWM structure design inside or outside of a
bend. A person is more likely to be forced into a structure on the outside of a bend; therefore, a
higher risk rating is associated with a structure located on the outside of a bend.

Strainer potential — This factor rates the potential for a structure to pin or entrap a person. The
more voids or protrusions a structure has, the higher the risk of entrapping an individual.

Egress potential — This factor rates the ease of avoiding the LWM structure by floating or swimming
around the structure. Structures that protrude into the channel or cause the recreationist to be
pushed into deep, quick stream currents have higher ratings.

Sight distance — This factor rates the ability for recreationist to see the structure from upstream and
have enough time to divert away from the structure. Length of approach, slope, width, and stream
velocity should all be considered when analyzing risk for this factor. An LWM structure located
downstream of a bend in a narrow channel would have a higher risk rating.

Depth x velocity — This factor rates channel approach velocity and depth to assess the safety of
standing and moving, or walking away and around, the structure. A lower rating is applied to stream
systems with lower depths and velocities where recreationists can easily avoid a structure.

At this design stage, LWM structure-specific risks were not assessed and all scores were assumed to be
5.

Based on the above, the overall public safety risk category is ranked as low to moderate.

2 Property Damage Risk Matrix

The Property Damage Risk matrix evaluates property damage risk potential for all structures within a
project reach by weighing the property/project characteristics and stream potential against each other




factors (Reclamation 2014). A rating of 0 to 10 is assigned to each of the factors associated with the two
property damage risk categories. The average for each category is then plotted on the property damage
matrix to determine the overall risk of the LWM structure (Figure 2).
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Figure 2 Property Damage Risk Matrix (Reclamation 2014).

2.1 Stream Response Potential

The property/project characteristics are plotted on the X-axis of Figure 2, and include the following five
factors for developing an average categorical risk:

e Stream type — This factor rates the stream’s sensitivity to change based on the stream type and
slope within a project reach. A project located in a response reach within an alluvial channel may
have high sensitivity and receive a high stream type rating.

e Riparian corridor — This factor rates the project reach’s ability to absorb disturbances through
natural riparian resiliency without causing harm to habitat or property. A project located in a reach
with a wide riparian corridor would be rated low compared to a stream with a relatively narrow
riparian corridor.

e Bed scour potential — This factor rates the project reach’s physical susceptibility to bed changes
based on channel material composition. Streams with highly erodible material such as sand or loose
gravel may be susceptible to great disturbance and therefore have a higher rating.



Bank erosion potential — This factor rates the project reach’s physical susceptibility to bank erosion
based on bank material composition. Channels with banks composed of highly erodible material
such as sand or loose gravel are associated with a higher risk rating.

Dominant Hydrologic Regime — This factor rates the stream’s temporal hydrologic variability. Stream
systems with evidence of high variability in their hydrograph have a much greater potential for
system response and hence a relatively lower channel stability. Higher hydrograph variability
equates to higher risk potential.

The evaluation of the five stream response factors for the project reach is provided in Table 2 with notes
describing the rational for each rating.

Table 2 Stream response potential ratings

Stream Response

Potential Rating Notes
The reach is located within an alluvial channel with bedrock outcrops and a moderate
Stream Type 5 slope (1.3%). Although the reach is considered a response reach, it has many
characteristics of a transport reach and has a moderate sensitivity to change.
The School Fire in 2005 severely burned the riparian area in the downstream half of
o ) the project area and the riparian cover has not fully recovered. In areas where the
Riparian Corridor 5 ) . L . .
floodplain has been disconnected there are problems with invasive vegetation
establishment. The riparian cover is expected to improve with the project response.
The reach is dominated by coarse gravel to cobble-sized sediment. The reach is
alluvial in nature and contains bedrock outcrops (RM 42.8) that act as a natural grade
Bed Scour Potential 4 control which limits overall bed scour and incision potential through the project
reach. Additionally, the bed is already somewhat incised, decreasing potential for
active rapid incision.
Dominant s Snow-melt dominated hydrologic regime with relatively moderate variability in peak
Hydrologic Regime flows.
. Bank erosion processes are active but very slow. Historical aerials indicate relatively
Bank Erosion - ) ) .
) 4 slow rates of channel migration and bank erosion. The well-established riparian
Potential : , .
corridor also reduces bank erosion potential.
Average 46 The average stream response potential risk is low to moderate.

2.2 Property/Project Characteristics

The property/project characteristics are plotted on the Y-axis of Figure 2, and include the following
three factors for developing an average categorical risk:

In-channel structures — This factor rates the risk of LWM based on the proximity and vulnerability of
in channel structures such as bridges, piers, docks, pumps, fish screens, and other features in the

channel.

Floodplain structures — This factor weighs the vulnerability and type of structures within the 100-
year floodplain. Projects that have multiple structures within the 100-year floodplain may be rated

high.




e Land use — This factor is used to determine the damage potential based on land use. Natural land
uses may receive a lower rating than farm land or rural residence based on the judgement of the

design team.

The evaluation of the three property/project characteristic factors is provided in Table 3 with notes
describing the rational for each rating.

Plotting of average scores on Figure 2 reveals a low property risk category.

Table 3 Property/Project Characteristics

Property/Project
Characteristics Rating Notes
There are no bridges within the project reach. A dispersed campground sits
outside of the project area. There is potential for overhead powerline relocation.
The project elements are design to not increase flood risk to infrastructure
adjacent to the project reach. A bridge is located multiple miles downstream of
In-Channel Structures 3 . ) . .
the project area with large segments of unconfined channel and floodplain
between, and therefore it has low potential of being impacted by the project
elements. The Beaver-Watson lake intake is below the project, and is the closest in
channel structure to protect under current lake configurations.
Floodplain Structures 2 The project reach has no structures within the geomorphic floodplain.
The project reach is within undeveloped WDFW private lands used for recreation
Land Use 1 L . :
and fishing. These uses mimic those of national forest land.
Average 2.0 The average property risk is low.

3 Risk-Based LWM Design Recommendations

The identified low categories of public safety and property risks have associated recommendations of
design flood and factor of safety (FOS) listed in Table 4.

Table 4 LWM risk-based design recommendations (Reclamation, 2014). Yellow highlighting calls-out the project reach.

Public Safety Risk Er:rgjgz Rick Erg\?lggsjgn FOS Sliding FOS Buoyancy FO(\)/(Ser‘Icquortnai?]Zn &
High High 100-year 1.75 2.0 1.75

High Moderate 50-year 1.5 1.75 1.5

High Low 25-year 1.5 1.75 1.5

Low High 100-year 1.75 2.0 1.75

Low Moderate 25-year 1.5 1.75 1.5

Low Low 10-year 1.25 1.5 1.25




Appendix C

Wood Habitat Structure Stability
Calculations

WHS Type #1 Large Apex Jam



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ

Latest Revision:  4/2/2025

Spreadsheet Description
- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints

2) The LWM structure will be submerged during the design event.
Negative buoyancy is uplift, positive numbers equals downward.
Ballast material remains intact and is not scoured out.

3
4
5) The uplift due to racking material is evenly dividing among all layers.

oo

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)
Input (Cells requiring input from a dropdown list)

|Output (Cells automatically updated with previously calculated values are this color)l

FBD and Equations:

Table 4 Minimum recommended factors of safety.

- _ Fiwtsdd +Fhouidara + Frod + Fplizs— » —
S R i Puskc sarty | Fropery [ stabiity T T Tpos
3 aldn
FOS, = buoyancy factor of safety Risk Rick Criteria ] ey | FOS,
High High 100-year 1.75 20 1.75
Tucannon Big Four Floodplain Restoration has a "LOW" Public High Moderate |  SOyear 15 175 15
Safety Risk Factor and a "MODERATE" Property Damage Risk High tow Ty 15 L 15
i f i 100- 1.75 ; 3
Factor. The Design buoyancy factor of safety (FOS,,) for this 'L'°“' “"'9" '2”:4:" 17_ 12:'5 ‘115
. WA oW nderate ar 5 % 5
structure is 1.75 per Table 4 "Minimum Recommended Factors of Z
Safetv” Low Low 10year 125 15 125
1. Large Wood Material Force - Dry (F) wn4)
Frwaa = Viwma * Ywood Equation 3
Viwaa = volume of dry lorge wood material
Comment: Assumed to be zero because structure assumed to be submerged during design event.
2. Boulder Ballast Force (F )
Nbouldersub zumbgr Of Sl‘)jbmerged saleas Fyowaer = Foowaersub + Fooutaerary Equation 5
rom design
d 15 i Effective diameter of submerged Froutdersub = Noowtdersup * 5 * d3outdersup * (boutder = Viw) Equation 6
ezt : boulder (ft, from spec) Nouigersub = number of submerged boulders
Y boulder 146 |b/ft3 unit weight of boulders (Table 5) dyoutdersub = effective diameter of submerged boulders
7 - - Yhoulder = Unit weight of boulders
/ water 62.4 Ib/ft®  |unit weight of water
Fyoutaerary = Npowaerary * % * dgoulrlerm'y * Yboutder Equation 7
Number of dry boulders (from detail) | Ve = number of unsubmerged boulders
Nboulderdry dboulderary = effective diameter of unsubmerged boulders
d 3 t Effective diameter of dry boulder (ft,
Ry from spec

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Large Apex Jam
20230017.1

3. Soil Backfill Force (F..i)

Y 120 Specific Gravity of bank/backfill
=l material (Table 5)
7 water 62.4 Unit weight of water
SGrouk 264 Specific Gravity of Rock (Using unit
’ weight of bedrock from Table 5)

Analyst: BF
Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025
Foout = X7 Viottsuby * Vsou + Vsottary, * ¥soit Equation 8
Vsotisub; = Leb;dbote; Nsotisub; Equation 9

Visoisuvi = Volume of submerged soil above log i
L.y = embedded length of log i

dpole; = bole diameter of log i

hsoiisuni = height of submerged soil above log i

Vsnildryi = Lebidbaleihsaildryi
Veoiaryi = volume of dry soil above log i
heonaryi = height of dry soil above log i

Vsoun = (99.2 + 18.6 + log(dso))
dso = median grain size in millimeters

4 =
Vsoil = ¥Ysat — Yw

_ (SGrock+e)yw

Vsat 158G

SGrock™
e = SGrocktYw _ 4
Ysou

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ

Latest Revision: _ 4/2/2025
4. Pile Skin Friction

F,

q
1, dpites
piles—v o

= Npttes * 0 * Apries * Lpizes (ks * tan2 0 + & * (Vwooa — )
Equation 15
Npies = number of piles
dpies = diameter of piles
Lyiies = embedded length of piles
ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and

density)

¢ = internal angle of friction of soils
Placement Excavated Method of pile placement
Method B B ' = Lygies * Vour — V) Equation 16

Pile
Placement Bed Bed or Bank
Location

(Fack Fiele :
Frat =t Equation 13
g lrte g Equation 14

Fanit

Ib/ft® | Unit weight of water
Ib/ft°> |Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.




Buoyancy Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Large Apex Jam
20230017.1

5. Large Wood Material Force - Submerged (F, wy<)

Fryrars = Vowses * Wavooa — W)

Vi wene = volume of submerged lorge wood maoterial
= wnit weight of wood
¥ = wnit weight af worer

Unit weight of logs

6. Lift Forces (F,)

Ib/ft°>  [Unit weight of water

C. 0.45 Lift Coefficient

g 150 ft2 Calc'd in Drag Forces

Y 62.4 Ib/ft®  [Unit weight of water

Uc 9.0 ft/s upstream velocity (from model)
32.2 Unit weight of water

Analyst: BF
Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 74t WA/ 3
T*(20p0ie) * (1/2d)? 1 3

t, = Thickness of rootwad measured in
direction parallel to trunk

= 4 times the radius of the log (4r, or

Radius of rootwad
= 2.5 times the radius of the log (2.5r,
or 1.25dpg) or 1/2 d,,, specified

L ol E
F, =Sty ‘“;:; Tt Equation 4
€, = lift coefficent
Ay = orea of large woody material perpendicuiar to flow
uy = upstream channel velocity ot design event
g = occeleration due to growity

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F tmpa +F bouiders *F soil +F pites-v) / (F Lwmss +F 1)
Frwma Ib Assumed Zero

Fhoulder Ib

Fsoil 140,891 b

Fpiles-v 32,972 Ib

Frwms -49,780 Ib

Fu -5,298 Ib

STABLE FOR BUOYANCY




Overturning Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst:
Project Number: 20230017 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

BF
AJ
4/2/2025

L — ::""J Equaticn 49 = T Stability
' Publc 53ty | Damage | DesignFlow | FOS,., |FOS P e
Risk Criteria g
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 175 20 1.75
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 50-year 15 178 15
Design Overturn Factor of Safety (FOS,etum) for this structure is 1.5 High Low 25-year 15 1.78 15
per Table 4 "Minimum Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.75 15
|1. Resistance to Overturn (MR, oz, and MD,orarion) Loy L Ay L 3 =
Driving: v v
F; 28,160 Ib Impact Forces (Calc'd in Sliding) MDoyereurn = Fi * (Y + dpury) + Fa * (%‘*‘ dbmy) + Fy (% A d”muy) +IF | *Ls
Fq 17,659 b Drag Forces (Calc'd in Sliding) Equation 46
E b Upstream Hydrostatic Forces (Calc'd in
hu S'Idlng) ditpuy = depth at the upstream side of the structure from channel bottom to
6 5 point of rotation measured perpendicular to flow
FL -5298 b Lift Forces (Assumed Zeroin Buoyancy Ls = length of structure measured parallel to flow
’ Calcs)
Y 5 ft Upstream water elevation from model MRoverturn = |Fual * (% + delpury) + | Fyassive| * (depury) + (Fy = Fy =
Depth at upstream side of structure Epites—v) * 2 + ZF Fpita—y, * Lpwy Equation 47
dubury 6 ft from channel bottom to point of rotation .
measured perp to flow Fpite—v; = A”,‘V‘fl:" Equation 48
Ls 40 ft Length of structure parallel to flow Ly = distance from pile ‘i’ to the point of rotation measured parallel to flow
FOSovercurn = ng Equation 49
Resisting:
Downstream Hydrostatic Forces (Calc'd
Fha Ib e
in Sliding)
Faeesie -15,786 b Passive Forces (Calc'd in Sliding)
Fy 118,786 b Buoyancy Forces (Calc'd in Sliding)
Lateral Resistance from Piles (Calc'd in
Foile- L
pile-v 32,972 b Sliding)
Yq 2.2 ft Downstream water elevation
Depth at downstream side of structure
dabury 6 ft from channel bottom to point of rotation
measured perp to flow
Npiles 8 Number of Piles (Design)
L 30 ft Distance from pile to the point of
. rotation measured parallel to flow.

Factor of Safety
FOS overturnon = MR overturn /MD overturn
MDoverturn 671 ,766 Ib
MRoverlum 1,916,941 Ib
[FoSEem 2850 [ STABLE FOR OVERTURN




Rotation Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst: BF
Project Number: 20230017 Calculations Checked By: AJ
Latest Revision: 4/2/2025
Spreadsheet Description
Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.
Assumptions:
1) The LWM structue behaves as a single structure under the design load.
2) The effect of soil in back of the structure is negligible.
3) The structure will be submerged during the design event
4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells requiring input from a dropdown list)
Input (Cells automatically populated from Input to Interface Tab)
|Output (Cells that are automatically updated with previously calculated values are this color) |
EBD and Equations:
FO5, pstom = % Equation 45 Table 4. Minimum recommended factors of safety
i Property | Stabiity
el s e e
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety Risk Factor Hign High 00year T 20 175
and a "MODERATE" Property Damage Risk Factor. The Design Rotation Factor of :‘9" "":’"‘e f:“a’ :: :;: ::
Safety (FOS,otation) fOr this structure is 1.5 per Table 4 "Minimum Recommended Lf: w‘; fm:r o =
Factors of Safety". Low Woderate Toyear 5 175 15
Low Low 10-year 125 15 125
|1. Resistance to Rotation (MR a0, and MD .5
MDyocation = (Fi + Fa + Fu) * (Z2522) Equation 42
Ly, = length of wood structure from tip to point of rotation measured
perpendicular to flow
L., = embedded length of wood structure measured perpendicular to flow
Lt L L i %
MRy oration = |Fra * (“2522) + Foassive * 32+ Fy =32+ D" Fyttomn, * Lo,
Equation 43
F _ Fputes—n E .
pile—-h; = v quation 44
4 Npites
Ly = distance from pile ‘i’ to the point of rotation measured perpendicular to
Slow
Driving:
L Length of wood structure from tip to point of rotation
-Sp 1 ft .
measured perpendicular to flow
L 1 it Embedded length of wood structure measured perp. to |
<P flow ‘ <‘
F; 28,160 b Impact Forces (Calc'd in Sliding) | |
|
Fq 17,659 Ib Drag Forces (Calc'd in Sliding) |
[Fim Ib Upstream Hydrostatic Forces (Calc'd in Sliding)
Resisting: = 2 TF |
Fha b Downstream Hydrostatic Forces (Calc'd in Sliding) o T ] Ly i
Fpassive -15,786 Ib Passive Forces (Calc'd in Sliding) }/7 —<
F¢ -67,045 Ib Friction Forces (Calc'd in Sliding) ‘
Foilen -30,800 Ib Lateral Resistance from Piles (Calc'd in Sliding)
Foilehi -3,850 Ib Lateral Resistance from Piles (Calc'd in Sliding)
Noies 8 Number of Piles (Design)
L Distance from pile to the point of rotation measured
phi 5 ft
perp. to flow.
Factor of Safety
FOS rotation = MR rotation / MD rotation
MD sigtion [45,819 Ib
rotation 195,414 b
STABLE FOR ROTATION Recalculate
with single
log
Summary Comments:




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.

4) Channel velocity (V) taken from hydraulic model.

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

FOS.“ : = (Fha+Fr+F pites- h+F passive| EtuliOn 41 =
Risk Damage | Design Flow | FOS,uy, | FOS,usy | £y
Risk Criteria .
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 17 0 178
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 5ll-year 15 1.78 15
Design Sliding Factor of Safety (FOSjiing) for this structure is 1.5 per High Low Liyear 15 175 15
Table 4 "Minimum Recommended Factors of Safety". T Figh Wyear 17 0 7
Low Woderate 2hyear 15 1.78 15
Low Low 1year 1.2 15 1285
|1. Drag Force (F,)
£ = 7ﬁ'”"‘"‘fjf‘;’“"n‘? Equation 19
Vg 5.00 ft Upstream water depth F, = drag force
hdebris 6 ft Debris height (incl. accumulation) cj ; dmg coef ficient
wdebris 25 ft Debris width (incl. accumulation) Avyra = area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected narmal to flow direction and the potential drift
A 150 fit? Wetted area of LWM -?_fwmf-ﬁ’a-’-"'ﬂ"
Yt 62.40 Ib/ft”_[Unit weight of water b e i
v, 9.00 ft/s Velocity from Model g‘z el d.u,e 5 jraii
e 32.20 ft/s?>  |Acceleration due to gravity
A, 150.00 ft? Debris area
Wehannel 100 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [17659 [Ib [Eqn 19

Ca_applied = (:ﬁ Cy s typically estimated as 1.0 Equation 27



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ

Latest Revision: _ 4/2/2025
|3. Impact Force (F;)

F. = ™Waebris*Vchannet*Ci* Co*Ca*Cp " Rmax
t 2+g+AL

Equation 30
F, = impact force
Waebris = Weight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Venanmer = water velocity in channel
Venannel 9.0 ftis MelsiyiiomiMods) At = time from initial velocity to zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 06 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy = coefficient of depth
Degree of No upstream Cp = coefficient of blockage
Screening or  [screening,
Sheltering flow path wider ASCE 7-05 Ruax = response ratio for impulsive loads = 0.8
Upstream than 30'

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 40'
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fo — Fpites—) Equation 31
F;=force due to frictional resistance
FLwwmd Buoyancy Calcs FerFeiass >0
Fhoulder Ib Buoyancy Calcs
Fsoi 140891 Ib Buoyancy Calcs Hbea = tan Equation 32
Fpiiesv 32972 Ib Buoyancy Calcs
Frwms -49780 Ib Buoyancy Calcs
Fo -5298 Buoyancy Calcs .
Fy = Fowms + Fiwma + FL =+ Fpowder + Fsoit + Fpites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Large Apex Jam

20230017.1

|5. Passive Forces (Fp,cqive)

EDbank

0.63

radians

Calculated for bank material (very
course gravel)

7 water 62.4 lb/it®  |Unit weight of water
7 soll 120 lb/it®  |Unit weight of soil
Previously calculated for buoyancy

3
Vsat 137 b/t | Jics
Niogssub1 3 Number of log type 1 (from detail)
Orientation1" Perpendicular Perpendicular or Parallel to flow
Leps 30 ft Length of log type 1 (from detail)
dbolet 15 ft Diameter of log type 1 (from detail)
Dsubt ft Depth of submerged soil above log 1
Dary1 ft Depth of dry soil above log 1
Ot Ib/ft*
Ovt*Len1™7sol Ib
Niogssub2 1 Number of log type 2 (from detail)
Orientationz" Perpendicular Perpendicular or Parallel to flow
Leb2 25 ft Length of log type 2 (from detail)
dbole2 1 ft Diameter of log type 2 (from detail)
Dgub2 ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
0w Ib/ft*
Ov2*Leb2™ 7 soil b
Niogssub3 7 Number of log type 3(from detail)
Orientationa" Parallel Perpendicular or Parallel to flow
Lebs 27 ft Length of log type 3 (from detail)
dboles 2 ft Diameter of log type 3 (from detail)
Dsuba 5 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
O 373 Ib/ft*
Ov3*Lleps™Vsol  |8,197 Ib

** Eqns 33 through 35 represent the case where passive forces act
along the length of a log perpendicular to flow. If log is parallel to flow,

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Fpu.\'si:': =—05% Kp * E?'ﬁv! = Lemg * dlr.l_l;‘-

. _ l+zin@
7?7 1-sin@

Oy = -Dmb! ¥ {]".nu — Ywater} + Ddry; * ¥eoil
D= depth of submerged soil above log i
Dians = depth of dry soil above fog i
Lami = embedded length of log |
ingi = diameter of log i

Equ

Equ



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Large Apex Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

|6. Lateral Resistance from Piles (F;...) g )
Foties—n = —Npiges * L-—“h;;ﬂ:l - Equation 36
Npies 8 Number of piles (Design) )
dp"es ! ft Diameter of piles (Design) :Vw_;ﬂ:m:z;o;:‘ ::rbea‘ded below potential scour depth
L 12 Embedded length of piles below IR aLp i P
= scour (Design) N ) .
YL=¥—¥ effective unit weight of soil Equation 37
Placement E d Method of pile ol O :
Method Xcavate lethod of pile placement % = diry unit weight of the soil
LD P]acement Bed Bed or Bank
Location
7 water 62.4 Ib/it>  [Unit weight of water
Y = LRIt weight of the soil
Oy, = diometer of the pile
Niwas = height above the potential scour depth the ioad is applied
s e Equation 38

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.
** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety

FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 17,659 Ib
Fhu Ib
Fhd Ib
Fi 28,160 Ib
Fr -67,045 Ib
Fpassive -1 5,786 Ib

piles-h -30,800 b

STABLE FOR SLIDING




Appendix C

Wood Habitat Structure Stability
Calculations

WHS Type #2 Medium Apex Jam



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Medium Apex Jam Analyst: BF
Project No.: 20230017 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
Spreadsheet Description
- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM
Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints
2) The LWM structure will be submerged during the design event.
3) Negative buoyancy is uplift, positive numbers equals downward.
4) Ballast material remains intact and is not scoured out.
5) The uplift due to racking material is evenly dividing among all layers.
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells automatically populated from Input to Interface Tab)
Input (Cells requiring input from a dropdown list)
|Output (Cells automatically updated with previously calculated values are this |
FBD and Equations:
Table 4. Minimum recommended factors of safety.
F i i+ F honsidars # Frodl +Fplins—e " =
FOS, = s Equation 18 Public Safety | Lroperty MLI;II)LW . T FOS
FOS, = buoyancy factar of safety el Risk Crteria ST S ani
High High 100-year 175 20 1.75
Tucannon Big Four Floodplain Restoration has a "LOW" Public High Wolerle: | -Spar 2 s ]
Safety Risk Factor and a "MODERATE" Property Damage Risk High "f"" it 15 L 18
Factor. The Design buoyancy factor of safety (FOS,) for this ::“ - High Zm"'”' 'l?_" f:; 1]'15
structure is 1.75 per Table 4 "Minimum Recommended Factors of = at — = -
Safaty” Low Low 10year 125 15 125
1. Large Wood Material Force - Dry (F, wng)
Frwara = Viwma * Ywooa Equation 3
Viwas = volume of diry lorge wood material
Comment: Assumed to be zero because structure assumed to be submerged during design event.
2. Boulder Ballast Force (F )
Number of submerged boulders - ;
Nbouldersub (from design) g Fyoutder = Fpoutaersun + Fboulderm'y Equation 5
d ft Effective diameter of submerged Foowaersup = Nyoutdersuv * * d3outdersu * (Vooutaer = ¥w) Equation 6
e boulder (ft, from spec) Noouiersus = number of submerged boulders
S 146 Ib/ﬂs unit weight of boulders (Table 5) drouldersub = effective diameter of submerged boulders
n 5 Jhoulder = Unit weight of boulders
7 water unit weight of water
Fyourderary = Npouraerary * % % dgoulderdry * Yboutder Equation 7

Nboulderdry

Number of dry boulders (from detail)

dboulderdry

Effective diameter of dry boulder (ft,
from spec

Nbouiderary = Number of unsubmerged boulders

dyoulderary = effective diameter of unsubmerged boulders

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project:
Project No.:

3. Soil Backfill

Tucannon Big Four Floodplain Restoration - Medium Apex Jam
20230017

Force (F..i)

Specific Gravity of bank/backfill
7sol 120 bt | Haterial (Tablg5)
Y water 62.4 Ib/ft® |Unit weight of water
sG 264 Specific Gravity of Rock (Using unit
. : weiaht of bedrock from Table 5)

Analyst: BF
Calculations Checked By:  AJ
Latest Revision:  4/2/2025

_yn ,
Fsont = X' Vsoitsub; * Vsoit + Vsottdry; * Vsoit

Vsoitsub; = Leb;@pote; Rsoitsun;
Vsosubi = volume of submerged soil above log i
L. = embedded length of log i
doie = bole diameter of log i
hsonsubi = height of submerged soil above log i

Vsoutary; = Leb;poteMsoitary;
Vioitaryi = volume of dry soil above log i
hsoinaryi = height of dry soil above log i

Ysonr = (99.2 + 18.6 x log(ds,))
dsp = median grain size in millimeters

r =
Ysoit = Vsat — Yw

_ (SGrockte)

Vsat Py

SGrock*]
o = SGrocktry 4
Yson

Equation 8

Equation 9

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Tucannon Big Four Floodplain Restoration - Medium Apex Jam

Analyst: BF

Project:
Project No.: 20230017 Calculations Checked By: AJ
Latest Revision:  4/2/2025

4. Pier Log Friction

2 L dya,
— Nyites = 10 * dyites * Lpites(Ks * tan 8 = 0" + L2+ (Yiyo0a — Yaw))

F,

piles—v
Equation 15

Npiles = number of piles

dyites = diameter of piles

Lyiies = embedded length of piles

ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and

density)
¢ = internal angle of friction of soils

0" = Lpties * (Ysat — Yw) Equation 16

oo T Equation 13
g Hemithe _y Equation 14

Fauit

Ib/® |Unit weight of water
Ib/ft® |Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F, wy<)
= Viwses * (Favooa — ¥ ) Equation 2

Frowms

Wi = woiumme of submenged lorge wood matenial
Fhroeg = AL weight of wood'
Fo = unit weight of woter

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Vow = 7%, *wA / 3
TT*(2dpote) * (1/2dp)° 1 3

t, = Thickness of rootwad measured in
direction parallel to trunk

= 4 times the radius of the log (4ry or

wy =
Radius of rootwad




Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Medium Apex Jam Analyst: BF
Project No.: 20230017 Calculations Checked By: AJ
Latest Revision:  4/2/2025
d Diameter of rootwad of log type 3 = 2.5 times the radius of the log (2.5r
3 L (from detail) or 1.25dy) or 1/2 d,, specified

7 wood 33.0 Ib/ft® |Unit weight of logs
Yo 62.4 Ib/ft> |Unit weight of water

Fy = — St

6. Lift Forces (F,) L d

€ = iift coefficient
Ay = ored of large woody material perpendicular to flow

Equation 4

C. 0.45 Lift Coefficient u, = upstream channel velocity at design event
Avwm 75 2 Calc'd in Drag Forces 0 = 0CCRieration. e fo grovity

Vw 62.4 Ib/ft® |Unit weight of water

U, 7.0 ft/'s  |upstream velocity (from model)

g 32.2 ft/s?> |Unit weight of water

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F tmpa *F boutders +F soit *F pites-v) / (F Lwms +F )
Frwma Ib Assumed Zero

Fboulder Ib

I:soil 45,286 Ib

I:piles-v 22,106 Ib

FLwms -11,685 Ib

F. -1,602 b

Summary Comments:




Overturning Calculations

Project:
Project Number:

Tucannon Big Four Floodplain Restoration - Medium Apex Jam
20230017

Analyst: BF
Calculations Checked By:  AJ

Latest Revision: _ 4/2/2025
Spreadsheet Description
Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.
Assumptions:
1) The LWM structure behaves as a single structure under the design load.
2) The effect of soil in back of the structure is negligible.
3) The structure will be submerged during the design event
4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells requiring input from a dropdown list)
Input (Cells automatically populated from Input to Interface Tab)
|Output (Cells automatically updated with previously calculated values are this color) |
FBD and Equations:
P Table 4. Minimum recommended factors of safety.
FOS, e piirn = Equation 49 =
y ML g Public Safety Property mh’ FOS
& Damage Design Flow | FOS,, FO5 —
Risk e i ey by | EOSC
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 1.75 20 175
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 5Q-year 1.5 1.75 15
Design Overturn Factor of Safety (FOS,,erturm) for this structure is 1.5 High Low 25-year 1.5 1.75 15
per Table 4 "Minimum Recommended Factors of Safety". Low High 100-year 1.75 20 1.75
Low Moderate 26-year 1.5 1.78 15
1. Resistance to Overturn (MR and MD,.i00) Low Lot Iy Lo ha =
Driving: Y. Y.
F 7,073 Ib  [Impact Forces (Calc'd in Sliding) MDoseram = Fit (o) + Fa (G o) + B (3 + ity ) + 1Rl L
Fq 5,341 Ib Drag Forces (Calc'd in Sliding) Equeation 3o
F Upstream Hydrostatic Forces (Calc'd in
hu Ib Slidin ) diipur, = depth at the upstream side of the structure from channel bottom to
- g = point of rotation measured perpendicular to flow
FL -1.602 b Lift Forces (Assumed Zero in BUOYanCY Ls = length of structure measured parallel to flow
’ Calcs)
Y. 5 ft Upstream water elevation from model MRoverturn = Fial * (5 + ddiury ) + [ Ppassive| * (Adiury) + (Fy = F =
Ls n .
Depth at upstream side of structure Fpites-v) =5 + B Fyite—v; * Lpvi Equation'dz
Gl ft from channel bottom to point of rotation B )
measured perp to flow i Equation;a3
L. 40 ft Length of structure parallel to flow Ly, = distance from pile ‘i’ to the point of rotation measured parallel to flow
S
FOSpperturm = jpeeeceert Equation 49
Resisting:
Downstream Hydrostatic Forces (Calc'd
Fig Ib i
in Sliding)
s -3,806 Ib Passive Forces (Calc'd in Sliding)
Fp 54,105 Ib Buoyancy Forces (Calc'd in Sliding)
Lateral Resistance from Piles (Calc'd in
o 22,106 Ib Sliding)
Yq 2.93 ft Downstream water elevation
Depth at downstream side of structure
Chitsay ft from channel bottom to point of rotation
measured perp to flow
Noiies 6 Number of Piles (Design)
L 7 ft Distance from pile to the point of
el rotation measured parallel to flow.
Factor of Safety
FOS overturnon = MR overturn /MD overturn
MDgvertum 112,815 Ib
MR overturn 672,020 Ib

STABLE FOR OVERTURN




Rotation Calculations

Project:
Project Number:

Tucannon Big Four Floodplain Restoration - Medium Apex Jam
20230017

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.

Assumptions:

1) The LWM structue behaves as a single structure under the design load.
2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells that are automatically updated with previously calculated values are this color) |

FBD and Equations:

FOS, iy = vt i, Equation 45

MCrararian

Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety Risk Factor
and a "MODERATE" Property Damage Risk Factor. The Design Rotation Factor of
Safety (FOS,otation) for this structure is 1.5 per Table 4 "Minimum Recommended

Factors of Safety".

|1. Resistance to Rotation (MR

MDrotation =
Ly, =

and MD

(Fi+ Fy + Fy) « (222222) Equation 42

length of wood structure firom tip to point of rotation measured
perpendicular to flow
L.y, = embedded length of wood structure measured perpendicular to flow

n
Lss+ L L &
MRrocation = |Fra * (“Z=22) + Fyassive * ~22 + Fr =L+ ) Fyitgon, * Lyn,
i
Equation 43
Fpite—n; = Sotié Equation 44
i Npites
L,y = distance from pile ‘i’ to the point of rotation measured perpendicular to
Sflow
Driving:
L Length of wood structure from tip to point of rotation
sp 13 ft )
measured perpendicular to flow
L Embedded length of wood structure measured perp. to
-ebp 7 ft
flow
F; 7,073 Ib Impact Forces (Calc'd in Sliding)
Fd 5,341 Ib Drag Forces (Calc'd in Sliding)

Upstream Hydrostatic Forces (Calc'd in Sliding)

Resisting:

Fha Ib Downstream Hydrostatic Forces (Calc'd in Sliding)
Fpassive -3,806 Ib Passive Forces (Calc'd in Sliding)

F¢ -25,000 Ib Friction Forces (Calc'd in Sliding)

Foiie-h -23,896 Ib Lateral Resistance from Piles (Calc'd in Sliding)
Fpile-hi -3,983 Ib Lateral Resistance from Piles (Calc'd in Sliding)
Npiles 6 Number of Piles (Design)

i i to flow.

Distance from pile to the point of rotation measured

Factor of Safety
FOS rotation = MR rotation /MD rotatlon
MDmnon [124,146

VR otation 773,227
STABLE FOR ROTATION

Summary Comments:

Analyst: BF
Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025
Table 4. Minimum recommended factors of safety.

Public Safety | Fropery Stability FOS e
Rt | D | oetgnrlor | FOSum | FOSms | S,
High High 100-year 175 20 175
High Moderate 50-year 15 1.75 15
High Low 25-year 15 1.75 15
Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.75 15
Low Low 10-year 125 15 125




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Medium Apex Jam Analyst:
Project No.: 20230017.1 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.

4) Channel velocity (V) taken from hydraulic model.

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

BF

AJ

4/2/2025

FOS.‘ i = [Fhd+F r+Fpiles. i\+.l'i assine | Equalion 41 =
i ot PubicSaety | PP | SSMU | e (o POS aten
Risk Damage | DesignFlow | FOS,u, | FOSiny | pog
Risk Criteria e
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 178 20 178
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate fil-year 15 178 15
Design Sliding Factor of Safety (FOSjiing) for this structure is 1.5 per High Low year 15 175 15
Table 4 "Minimum Recommended Factors of Safety". - High pr— T 70 =
Low Moderate 28year 15 178 15
Low Low 10year 1.5 15 125
|1. Drag Force (F,)
Fy= 7“”'“‘:1' YurUE Equation 19
Vg 5.00 ft Upstream water depth & = drag force
hdebris 5 ft Debris height (incl. accumulation) cj ; d'rni coef ficient
wdebris 15 ft Debris width (incl. accumulation) Auna = area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected normal to flow direction and the potential drift
Anwm 75 ft? Wetted area of LWM accumulation
Y 62.40 Ib/ft"_|Unit weight of water S A RN
A 7.00 ft/s |Velocity from Model 3‘: el e £ ey
e 32.20 ft/s> |Acceleration due to gravity
A, 75.00 ft? Debris area
Wehannel 100 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withi
Fq [5341 [Ib [Eqn 19

Cua

—4 Cy is typically estimated as 1.0 Equation 27

Ca—applied = 7757




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Medium Apex Jam Analyst: BF
Project No.: 202300171 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

|3. Impact Force (F;)

F. = ™Vaebris*Vehannet*Ci*Co*Ca*Ch*Rmax
t 24 g AL

Equation 30
F; = impact force
Waebris = Weight of debris

lb/ft>  |Unit weight of wood g = acceleration constant due to gravity

g ft/s2  |Acceleration due to gravity Venaner = water velocity in channel
Vehannel 7.0 fi's VelocityiiemiiModel At = time fiom initial velocity to zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 06 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy4 = coefficient of depth
Limited Cy = coefficient of blockage
Degree of
s . upstream ) _ .
creening or 1 creening ASCE 7-05 Ruax = response ratio for impulsive loads = 0.8
Sheltering .
flow path 20
Upstream .
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 40'
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —lbea * (Fo — Fpites—) Equation 31
F, = force due to frictional resistance

Buoyancy Calcs FeFeitgev 20
Fhoulder Ib Buoyancy Calcs
Fsoi 45286 Ib Buoyancy Calcs Hpea = tan D Equation 32
Fpiles-v 22106 Ib Buoyancy Calcs
Frwms Buoyancy Calcs
Fo Buoyancy Calcs )

Iy = Fowms + Fowma + I+ Phoutder + Isoit + Ppites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Medium Apex Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

|5. Passive Forces (Fp,cqive)

Calculated for bank material (very

bank neE radians| ;. rse gravel)
Fpu_rsine =-05« Kp % 2?65'1 . I'ﬂ'-"i ® li“-'h‘j Equ
7 water 62.4 Ib/it®  |Unit weight of water S 5
= u
Y so 120 Ib/it®>  |Unit weight of soil P sing 4
Previously calculated for buoyancy
3
sat 137 /™ | oies Ty = Deuny * (Foat — Vivster) + Dty # Voot Equ
Niogssub1 & Number of log type 1 (from detail) Dy = depth of submerged soil above log |
Orientation;” |Perpendicular Perpendicular or Parallel to flow Doy = depth of dry soil above fog i
Lebi 20 ft Length of log type 1 (from detail) Lomi= embedded length of log 1
dbole1 1 ft Diameter of log type 1 (from detail) g = diameter of fog i
Deubt ft Depth of submerged soil above log 1
Dyt ft Depth of dry soil above log 1
Ovt Ib/ft*
Ovt*Leb1™7sol Ib
Niogssub2 5 Number of log type 2 (from detail)
Orientation,” |Parallel Perpendicular or Parallel to flow
Leb2 27 ft Length of log type 2 (from detail)
dbole2 1.5 ft Diameter of log type 2 (from detail)
Dsub2 & ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
Ow 224 Ib/ft*
Ov2*Lep2 Vsoil |1,976 b
Niogssub3 4 Number of log type 3(from detail)
Orientationa" Perpendicular Perpendicular or Parallel to flow
Lebs 15 ft Length of log type 3 (from detail)
dboles 0.5 ft Diameter of log type 3 (from detail)
Dsubs ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w Ib/ft
0v3*Lens™so Ib

** Eqns 33 through 35 represent the case where passive forces act



Sliding Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Medium Apex Jam

202300171

|6. Lateral Resistance from Piles (F;...)

Method

Pile Placement
Location

Npies 6 Number of piles (Design)

dpiies 1 ft Diameter of piles (Design)

Lpies 12 Embedded. length of piles below
scour (Design)

Placement

Excavated Method of pile placement

Bed Bed or Bank

7 water

62.4 Ib/ft>  |Unit weight of water

Analyst:
Calculations Checked By:
Latest Revision:

- 5 e Ferdpitaskp

Foguiin =N
pile-% dler higaathpie

Neiwes = number of piles
Ly =length of pile embedded below potential scour depth

Ye=Ve— Ve effective unit weight of soil
¥ = dry unit weight of the soil

Y = LRt weight aof the soil
i, = diameter of the pile

Nioas = height above the potential scour depth the load is applied

_ l+sing

K, ~ 1-sing

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

BF
AJ

4/2/2025

Equation 36

Equation 37

Equation 38

** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety
F OS sliding = (F hd +F f+F piles-h +F passive) / (F d+F hu +F i)
Fq 5,341 Ib
Fhu Ib
Fhd Ib
Fi 7,073 Ib
Fr -25,000 Ib
Fpassive -3,806 Ib
piles-h -23,896 b

STABLE FOR SLIDING




Appendix C

Wood Habitat Structure Stability
Calculations

WHS Type #3 Margin Jam



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam
Project No.: 202300171

Spreadsheet Description

- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:

1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints

2) The LWM structure will be submerged during the design event.

3) Negative buoyancy is uplift, positive numbers equals downward.

4) Ballast material remains intact and is not scoured out.

5) The uplift due to racking material is evenly dividing among all layers.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)

Input (Cells requiring input from a dropdown list)

Output (Cells automatically updated with previously calculated values are this color)

FBD and Equations:

Frwmd +Fhuldars + Frail +Fpilas—o

FERG = [FownztEr| b e

FOS, = buoyancy foctor of safety

Tucannon Big Four Floodplain Restoration has a "LOW" Public
Safety Risk Factor and a "MODERATE" Property Damage Risk
Factor. The Design buoyancy factor of safety (FOS,) for this

structure is 1.75 per Table 4 "Minimum Recommended Factors of
Safatv”

1. Large Wood Material Force - Dry (F; wuq)

Fruwsa = Viwnd * Fuwood Equation 3
Vowms = wolume of dry lorge wood material

Comment: Assumed to be zero because structure assumed to be submerged during design event.

2. Boulder Ballast Force (F,.14.0)

Number of submerged boulders

Nbouldersub (from design)

d ft Effective diameter of submerged
el boulder (ft, from spec)

Y boulder 146 Ib/ft®  |unit weight of boulders (Table 5)

7 water unit weight of water

N Number of dry boulders (from detail)
boulderdry

Effective diameter of dry boulder (ft,

d ft
boulderdry from spec

Analyst: BF
Calculations Checked By: AJ
Latest Revision: __ 4/2/2025
Table 4. Minimum recommended factors of safety.
Stability
Public Safety | Froperty : FOS,
: Damage | DesignFlow | FOS,pue: | FOSpmmey st
Hek Risk Criteria ! FOS s
High High 100-year 175 20 175
High Moderate Slkyear 15 1.78 15
High Low 2year 15 75 15
Low High 100-year 1.75 pdi} 178
Low Moderate 25-year 15 1.75 15
Low Low 10-year 125 5 125
Fyowrder = Fooutdersuv + Fooutaerdry Equation 5
Fyoutdersup = Npoutaersun *% * djourdersup * (Vpoutder — Vi) Equation 6
Niouidersur = NUmMber of submerged boulders
dbourdersub = €ffective diameter of submerged boulders
Jbouider = Unit weight of boulders
Fyowraerary = Npoutderary * % 2 dgoxlldel‘dv'y * Yboulder Equation 7

Nioulderdry = NUmMber of unsubmerged boulders

dyoulderdry = effective diameter of unsubmerged boulders

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Margin Jam

20230017.1

3. Soil Backfill Force (F..;)

Specific Gravity of bank/backfill

" 3

Vsl 120 /™ | material (Table 5)

7 water 62.4 Ib/ft2  |Unit weight of water

sG 264 Specific Gravity of Rock (Using unit
aeE : weight of bedrock from Table 5

Analyst:
Calculations Checked By:
Latest Revision:

_yn '
Fsoit = X Vsoitsub; * Yeoir + Vsoudry, * ¥soil

Vsoitsub; = Leb;Abote; Nsoitsub;
Visoitsubi = volume of submerged soil above log i
Lep; = embedded length of log i
dpoler = bole diameter of log i
hsoisuni = height of submerged soil above log i

Vsnildryi = Lebidbnleihsaildryi
Veoitaryi = volume of dry soil above log i

hsoitary = height of dry soil above log i

Vsoit = (99-2 + 18.6 ~log(dso))
dsp = median grain size in millimeters

Vioit = Vsat — Yw

Vear = (SGrock+e)yw
sat 1te
o = SGrockhw _ 4

Ysoi

BF
AJ

4/2/2025

Equation 8

Equation 9

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam Analyst: BF
Project No.: 202300171 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

4. Pile Skin Friction

2 + , Apites
ttes * T * Apites * Lpgres(Ks * tan <0 « 0" + =222+ (Viyooa — Yw))

Fpites—v = Np
Equation 15

Npites = number of piles

dpiies = diameter of piles

Lpiies = embedded length of piles

ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and
density)

¢ = internal angle of friction of soils

0" = Lyites * (VYsat — V) Equation 16

o= Uﬂrn::l]-n- Equation 13
g Lkt Equation 14

Full

Ib/i® | Unit weight of water
b/ |Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F, wys)
= Vewses * (Frvooa — %) Equation 2

Frwms

V) pones = wolurme of submernged lorge wood matenial
P = Lt weight of wiood'
Fow = LNt weight off worter

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 4, "W/ 3
TT*(2ote) * (1/2d)?/ 3

t = Thickness of rootwad measured in
direction parallel to trunk

= 4 times the radius of the log (4r, or 2*dpe)

W =
Radius of rootwad




Buoyancy Calculations

Project:

Project No.:

Tucannon Big Four Floodplain Restoration - Margin Jam

20230017.1

drug ft

Ve 33.0 Ib/ft®

Diameter of rootwad of log type 3
(from detail)

Unit weight of logs

Yo 62.4 Ib/ft®

Unit weight of water

6. Lift Forces (F;)

Factor of Safety

FOS, = (F Lmpa *F boutders *F soit F pites-v) / (F Lwms +F 1)
FLwmd Ib Assumed Zero

Fboulder Ib

Fooi 18,115 Ib

Fpiles—v Ib

Frwms -9,958 b

F. -314 Ib

C. 0.45 Lift Coefficient

ALwm 20 ft2 Calc'd in Drag Forces

Vw 62.4 /it [Unit weight of water

U, 6.0 ft/s  |upstream velocity (from model)
g 32.2 ft/s> |Unit weight of water

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
= 2.5 times the radius of the log (2.5r, or
1.25dpe) Or 1/2 d,, specified

F= —7“"'"""?"*'”5 Equation 4
£} = lift coefficient

A, e = oved of large woody material perpendicular to flow

wy = upstream chonnel velocity at design event

§ = occeleration due to grovity

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

STABLE FOR BUOYANCY

Summary Comments:




Overturning Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam Analyst:
Project Number: 20230017 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

BF
AJ
4/2/2025

DS iira = ::""J Equation 43 = rr—s Stability
o Pk ¥ | Damage | DesignFiow | FOSuay | FOSimme | Fogo
Risk Criteria turring
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 175 20 1.75
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 50-year 15 178 15
Design Overturn Factor of Safety (FOS,etum) for this structure is 1.5 High Low 25-year 15 1.78 15
per Table 4 "Minimum Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25year 1.5 1.75 15
|1. Resistance to Overturn (MR, oz, and MD,orarion) Low Low 10 year L 15 L
Driving: v v
F 5,632 I [impact Forces (Calc'd in Sliding) MDaveran = Byt O doury) + o« (4 Aoy ) + P+ (G4 ity )+ il e
Fq 3,924 Ib Drag Forces (Calc'd in Sliding) Equationd6
F b Upstream Hydrostatic Forces (Calc'd in
hu Slldlng) ditpury = c.'leprh at the npsn‘em‘n ride‘ of rﬁe structure ﬁ'am channel bottom to
- - point of rotation measured perpendicular to flow
FL 314 b Lift Forces (Assumed Zero in BUOyanCy Ls = length of structure measured parallel to flow
Calcs)
Yo 3 ft Upstream water elevation from model MRovercun = |Fual * (5 + ddbury) + |Fpassive| * (ddpury) + (Fo — L =
Depth at upstream side of structure Fyttess) = 5+ 51 Fyecy, * Lpvi Equation'47
dupury 2 ft from channel bottom to point of rotation -
measured perp to flow Fyite-v, =fﬁif§:} } , ) ”E‘;“‘;;’" s
Ls 13 ft Length of structure parallel to flow L, = distance from pile ‘i’ to the point of rotation measured parallel to flow
FOSoverturn = ;:g: Equation 49
Resisting:
F b Downstream Hydrostatic Forces (Calc'd
hd A
in Sliding)
Faeesie -34,887 b Passive Forces (Calc'd in Sliding)
Fy 7,843 Ib Buoyancy Forces (Calc'd in Sliding)
Fo b Lateral Resistance from Piles (Calc'd in
A Sliding)
Yq 2.35 ft Downstream water elevation
Depth at downstream side of structure
dabury 4.5 ft from channel bottom to point of rotation
measured perp to flow
Npiles 1 Number of Piles (Design)
Lo 27 ft Distgnce from pile to the point of
rotation measured parallel to flow.

Factor of Safety
FOS overturnon = MR overturn /MD overturn
MDovertum 45,976 Ib
MRovertum 210,011 Ib
[FoSEm 457 [ STABLE FOR OVERTURN




Rotation Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam Analyst: BF
Project Number: 20230017 Calculations Checked By:  AJ
Latest Revision:  4/2/2025
Spreadsheet Description
Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.
Assumptions:
1) The LWM structue behaves as a single structure under the design load.
2) The effect of soil in back of the structure is negligible.
3) The structure will be submerged during the design event
4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells requiring input from a dropdown list)
Input (Cells automatically populated from Input to Interface Tab)
Output (Cells that are automatically updated with previously calculated values are this color)
EBD and Equations:
- Table 4. Minimum recommended factors of safety.
g = MAraiation S Public Safety | DroPerty iy FOS e
FOS, wztiom M Coatarian Equaetion 45 1'{‘.5. Da';‘m;ge Deélgrr Flow | FOSuumg | FOSmpumey = i el
High High 100-year 175 20 1.75
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety Risk Factor High Moderate 50-year 15 175 15
and a "MODERATE" Property Damage Risk Factor. The Design Rotation Factor of High Low 25-year 1.5 1.75 15
Safety (FOS,otation) for this structure is 1.5 per Table 4 "Minimum Recommended Low High 100-year 75 20 1.78
Factors of Safety"_ Low Moderate 25-year 1.5 1.75 15
Low Low 10-year 125 2 i1 1.25

|1. Resistance to Rotation (MR ,satio, aNd MD.oa4ian)

MDyotation = (F; + Fg + Fy) + (“2522) Equation 42
Ly, = length of wood structure from tip to point of rotation measured
perpendicular to flow
L.y, = embedded length of wood structure measured perpendicular to_flow

eb,

Lo+ Ly L Ls 3
MRy oration = |Fna * (prp) * Fpnssiue ® Tp =+ Ff *: Tp = o Z Fpile—hi ® Lpni
L
Equation 43
Fpite—n; = Zpttes—n Equation 44
L Npites
Ly = distance from pile ‘i’ to the point of rotation measured perpendicular to
Sflow
Driving:
L 4 Length of wood structure from tip to point of rotation
Sp 0 ft .
measured perpendicular to flow sy
Embedded length of wood structure measured perp. to il
Leop 2 @ flow,
i 5,632 Ib Impact Forces (Calc'd in Sliding)
Fq 3,924 Ib Drag Forces (Calc'd in Sliding)
Fhu b Upstream Hydrostatic Forces (Calc'd in Sliding)
Resisting:
Fhg b Downstream Hydrostatic Forces (Calc'd in Sliding)
F passive -34,887 Ib Passive Forces (Calc'd in Sliding)
F¢ -6,127 b Friction Forces (Calc'd in Sliding)
Fpieh b Lateral Resistance from Piles (Calc'd in Sliding)
R pilechi b Lateral Resistance from Piles (Calc'd in Sliding) |
Npites Number of Piles (Design) i _,<
L 27 it Distance from pile to the point of rotation measured
phi
Factor of Safety
FOS rotation = MR rotation /MD rotatiol
MDrotation [320,131 Ib
rotation 593,525 Ib
STABLE FOR ROTATION

Summary Comments:




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.

4) Channel velocity (V) taken from hydraulic model.

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

FOS.‘ i = (Fha+Fr+F pites- h+F passive| Equslion 41 =
Risk Damage | DesignFlow | FOS,uu; | FOSpmney | pig
Risk Criteria .
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 178 0 118
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate S0-year 15 175 15
Design Sliding Factor of Safety (FOSjiing) for this structure is 1.5 per High Low year 15 175 15
Table 4 "Minimum Recommended Factors of Safety". Low High e 7 0 175
Low Moderate 25-year 15 1.78 15
Low Low 10-year 1.5 15 1.28
|1. Drag Force (F,)
F, :7ﬁ'°'ﬁ"‘;r‘;"*'ug Equation 19
Vg 3.00 ft Upstream water depth £, = drag force
hdebris 5 ft Debris height (incl. accumulation) cj ; drai coef ficient
wdebris 15 ft Debris width (incl. accumulation) Ay = area of wetted debris based on the upstream water surface
Debris Shape | Triangle elevation projected normal to fow direction and the potential drift
Awwm 75 ft? Wetted area of LWM accumulation
Yt 62.40 Ib/ft”_[Unit weight of water L i
v, 6.00 ft/s Velocity from Model gL: i d'm i
e 32.20 ft/s?>  |Acceleration due to gravity
A, 75.00 ft? Debris area
Wehannel 75 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [3924 [Ib [Eqn 19

Cq.. C. is typically estimated as 1.0 Egquation 27

=il
applied = 1" g3



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

|3. Impact Force (F;)

F. = ™debris*VchannetCi*Co*Ca*Cp " Rmax
.~

Equation 30
2xg=At

F; = impact force

Waebris = weight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Vehamel = water velocity in chanmel
Vehannel 6.0 fis MelsiyiiomiMods) At = time from initial velocity to zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 06 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
Co 0.8 Coefficient of orientation
C, = coefficient of depth
Limited Cy, = coefficient of blockage
Degree of
Screening or e Ryax = 1€S, ari 2 Isive loads = 0.8
L screening, ASCE 7-05 max = Fesponse ratio for impulisive loads = 0.
Sheltering |
flow path 20
Upstream -
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 30"
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fo — Fpites—) Equation 31
F;=force due to frictional resistance
Frwmg Buoyancy Calcs ForFrige >0
Fhoulder Ib Buoyancy Calcs
Feoi 18115 Ib Buoyancy Calcs Upeu = tan @ Equation 32
Fpies-v Ib Buoyancy Calcs
Frwms Buoyancy Calcs
Fo Buoyancy Calcs )
Iy = Iowms + Fowma + I+ Foowder + Fsoit + Ipites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Margin Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

|5. Passive Forces (Fp,cqive)

Calculated for bank material (very

bank ueE radians| 1 rse gravel)
3.85184 Fpm‘sir: :_O'S*Kp‘z?apg ‘ng“dlug‘- Equ
7 water 62.4 lb/it®  |Unit weight of water . i+sin® o
Vsol 120 Ib/>  |Unit weight of soil P~ ising e
Previously calculated for buoyancy
3
Vsat 137 Ib/ft calcs Oy = Dsnb; Ed {]".nu = Viwater) + Ddry! * Yenil Equ
Niogssub1 2 Number of log type 1 (from detail) D, = depth of submerged seil above log |
Orientation;” |Perpendicular Perpendicular or Parallel to flow Diany = depth of dry soil above lag i
Lept 27 ft Length of log type 1 (from detail) Lomi = embedded length of log i
dbole1 1.5 ft Diameter of log type 1 (from detail) i = digmeter of fog i
Dsub1 3 ft Depth of submerged soil above log 1
Dary1 ft Depth of dry soil above log 1
Ovt 224 Ib/ft*
Ovt*Lept™7soi 18,115 Ib
Niogssub2 4 Number of log type 2 (from detail)
Orientationz" Perpendicular Perpendicular or Parallel to flow
Leb2 15 ft Length of log type 2 (from detail)
dbole2 0.5 ft Diameter of log type 2 (from detail)
Dgub2 ft Depth of submerged soil above log 2
Danye ft Depth of dry soil above log 2
0w Ib/ft*
Ov2*Leb2™ 7 soil Ib
Niogssub3 2 Number of log type 3(from detail)
Orientationa" Parallel Perpendicular or Parallel to flow
Lebs 27 ft Length of log type 3 (from detail)
dboles 15 ft Diameter of log type 3 (from detail)
Deub3 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w Ib/ft*
0v3*Leba™7soll Ib

** Eqns 33 through 35 represent the case where passive forces act



Sliding Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Margin Jam

202300171

|6. Lateral Resistance from Piles (F;...)

Method

Pile Placement
Location

Npies Number of piles (Design)

dpites Diameter of piles (Design)

L Embedded length of piles below
[LED scour (Design)

Placement

Excavated Method of pile placement

Bank Bed or Bank

7/ water

62.4 Ib/it>  [Unit weight of water

Analyst:
Calculations Checked By:
Latest Revision:

Em Sepusdpianty

Fopa =N %
il e Moagtlpie

Neies = number of piles
Ly, = length of pile embedded below potential scour depth

Ye =¥~V effective unit weight of soil
¥ = dry unit weight of the soil

Y = LRIt weight of the soil
Oy, = diometer of the pile

Niwas = height above the potential scour depth the ioad is applied

_ l4uing

K  1-sing

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

BF
AJ

4/2/2025

Equation 36

Equation 37

Equation 38

** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety
FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 3,024 Ib
Fhu Ib
Fhd Ib
Fi 5,632 Ib
Fr 6,127 Ib
Fpassive -34,887 Ib
piles-h b

‘1

STABLE FOR SLIDING




Appendix C

Wood Habitat Structure Stability
Calculations

WHS Type #4 Channel Spanning Jam
w/ Salvaged Trees



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees

Project No.: 202300171

Spreadsheet Description

- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:

1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints

2) The LWM structure will be submerged during the design event.

3) Negative buoyancy is uplift, positive numbers equals downward.

4) Ballast material remains intact and is not scoured out.

5) The uplift due to racking material is evenly dividing among all layers.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)

Input (Cells requiring input from a dropdown list)

Output (Cells automatically updated with previously calculated values are this color)

FBD and Equations:

Frwmd +Fhuldars + Frail +Fpilas—o

FOS, =
e |Fwnz+Fi|

FOS, = buoyancy foctor of safety

Equation 18

Tucannon Big Four Floodplain Restoration has a "LOW" Public
Safety Risk Factor and a "MODERATE" Property Damage Risk
Factor. The Design buoyancy factor of safety (FOS,) for this
structure is 1.75 per Table 4 "Minimum Recommended Factors of

Safatv”

1. Large Wood Material Force - Dry (F; wuq)

Frwsea = Viwwd * Ywooa
Vowms = wolume of dry lorge wood material

Equation 3

Comment: Assumed to be zero because structure assumed to be submerged during design event.

2. Boulder Ballast Force (F,.14.0)

Number of submerged boulders

Nbouldersub (from design)

d 25 ft Effective diameter of submerged
el : boulder (ft, from spec)

Y boulder 146 Ib/ft®  |unit weight of boulders (Table 5)

7 water unit weight of water

N Number of dry boulders (from detail)
boulderdry

noutdercry 25 ft Effective diameter of dry boulder (ft,

from spec

Analyst: BF
Calculations Checked By: AJ
Latest Revision: __ 4/2/2025
Table 4. Minimum recommended factors of safety.
PubliSaety | GURCEY | ook Fiow | FOS ey | FOS ey | 05
Risk Criteria Someamany
High High 100-year 175 20 175
High Moderate Gl-year 15 1.78 15
High Low Zyear 15 175 15
Low High 100-year 175 20 178
Low Moderate 25-year 15 1.75 15
Low Low 10-year 125 15 125
Fyowder = Foowtaersuv + Fpoutderary Equation 5
Fyoutdersub = Npoutdersun *% * djoutgersup * (Vooutder = Yw) Equation 6
Nioutdersus = Number of submerged boulders
dboutdersub = effective diameter of submerged boulders
Yhoulder = Unit weight of boulders
Fyowtaerary = Noowderary * % o dzgwulderdry * Yboulder Equation 7

Nbooulderdry = NUmber of unsubmerged boulders

dboulderdry = effective diameter of unsubmerged boulders

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel
20230017.1

Project No.:

3. Soil Backfill Force (F..;)

Spanning Jam w/ Salvaged Trees

Specific Gravity of bank/backfill

" 3

Ysol Ay o/ft™ | material (Table 5)

Vwater 62.4 Ib/ft® |Unit weight of water

SG 264 Specific Gravity of Rock (Using unit
rock : weight of bedrock from Table 5)

_yn .
Fsoit = 2 Vsoitsub; * Ysour + Vsoitdry, * ¥soit

Vsuilmbi = Lebidbaleihsailsubi
Visoitsubi = volume of submerged soil above log i
Lep; = embedded length of log i
dporer = bole diameter of log i
hsoisuni = height of submerged soil above log i

Vsottary; = Lev;dbote;Nsoitary;
Veoitaryi = volume of dry soil above log i
hsoitaryi = height of dry soil above log i

Vson = (99.2 + 18.6 « log(ds,))
dso = median grain size in millimeters

i, s
Vsoit = Vsat — Yw

Vony — SGrocx ey
sat 1te

o = SSrockrw _ 4
¥soit

Analyst:
Calculations Checked By:
Latest Revision:

BF
AJ

4/2/2025

Equation 8

Equation 9

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations
Analyst: BF

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees
Project No.: 202300171 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

4. Pier Log Friction

2 + , Apites
ttes * T * Apites * Lpgres(Ks * tan <0 « 0" + =222+ (Viyooa — Yw))

Fpites—v = Np
Equation 15

Npites = number of piles

dpiies = diameter of piles

Lpiies = embedded length of piles

ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and
density)

¢ = internal angle of friction of soils

0" = Lyites * (VYsat — V) Equation 16

Foap = Tt Equation 13
g oMkl Equation 14

Fauit

Ib/i® | Unit weight of water
b/ |Unit weight of wood

Assumptions:

*ke=1
** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the

associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.
**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F, wys)

Frwss = Vawas * Wawooa — Yl
V) pones = wolurme of submernged lorge wood matenial
P = Lt weight of wiood'
Fow = LNt weight off worter

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 4, "W/ 3
TT*(20ote) * (1/2d)?/ 3

t = Thickness of rootwad measured in
direction parallel to trunk

= 4 times the radius of the log (4r or

Wy =
Radius of rootwad




Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees Analyst: BF
Project No.: 202300171 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
d i Diameter of rootwad of log type 3 = 2.5 times the radius of th.e. log (2.5r or
e (from detail) 1.25d40) OF 1/2 dyy, Specified

Y wood 33.0 Ib/At® |Unit weight of logs
Vw 62.4 /it [Unit weight of water
. = I Equation &
6. Lift Forces (F;) ) ) b
€, = lift coefficent
A,y = ove of large woody material perpendicular to flow
C|_ 0.45 Lift Coefficient wy = upstream chonnel velocity gt design event
ALwm 420 ft2 Calc'd in Drag Forces g = arceleration oue tn gravity
Vw 62.4 /it [Unit weight of water
U, 8.3 ft/s  |upstream velocity (from model)
g 32.2 ft/s> |Unit weight of water

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F Lmpa *F boutders *F soit F pites-v) / (F Lwms +F 1)
FLwmd Ib Assumed Zero

Fboulder Ib

Fooi 72,586 Ib

Fpiles—v Ib

Frwms -23,379 Ib

F. -12,464 Ib

Summary Comments:




Overturning Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees Analyst:
Project Number: 20230017 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

BF
AJ
4/2/2025

DS iira = :::::ﬁ Equation 43 = rr—s Stability
' P | Damage | DesignFiow | FOSuawy | FOSummer | Fogm
Risk Criteria turring
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 175 20 1.75
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 50-year 15 178 15
Design Overturn Factor of Safety (FOS,etum) for this structure is 1.5 High Low 25-year 15 1.78 15
per Table 4 "Minimum Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.75 15
|1. Resistance to Overturn (MR, oz, and MD,orarion) Low Low 10 year L Lz L
Driving: v v
F 15488 [Ib__[Impact Forces (Calcd in Sliding) MDaveran = Byt O doury) + o« (4 Aoy ) + P+ (G4 ity )+ il e
Fq 41,548 Ib Drag Forces (Calc'd in Sliding) Equationd6
F b Upstream Hydrostatic Forces (Calc'd in
hu Slldlng) ditpury = c.'leprh at the npsn‘em‘n ride‘ of rﬁe structure ﬁ‘am channel bottom to
- - point of rotation measured perpendicular to flow
FL -12.464 b Lift Forces (Assumed Zero in BUOyanCy Ls = length of structure measured parallel to flow
! Calcs)
i 7 ft Upstream water elevation from model MRoverturn = |Fual * (5 + ddbury) + |Fpassive| * (ddbury) + (Fy = Fy =
Depth at upstream side of structure Fyttess) = 5+ 51 Fyecy, * Lpvi Equation'47
dubury 6 ft from channel bottom to point of rotation -
measured perp to flow Fpito—y; = et Equation 48
Ls 40 ft Length of structure parallel to flow L, = distance from pile ‘i’ to the point of rotation measured parallel to flow
FOSoverturn = :;g: Equation 49
Resisting:
F b Downstream Hydrostatic Forces (Calc'd
hd Qg
in Sliding)
Faeesie -139,796 b Passive Forces (Calc'd in Sliding)
Fy 36,743 Ib Buoyancy Forces (Calc'd in Sliding)
Foto 6,161 b Iéi;?;zslgl)ReS|stance from Piles (Calc'd in
Yq 5.92 ft Downstream water elevation
Depth at downstream side of structure
dabury 6 ft from channel bottom to point of rotation
measured perp to flow
Npiles 10 Number of Piles (Design)
L 40 ft Distance from pile to the point of
. rotation measured parallel to flow.

Factor o S_afety
FOS overturnon = MR overturn /MD overturn
MDoverturn 1 ,094,61 7 Ib
MRovertun 2,192,568 Ib
[FoSem|2:000 [STABLE FOR OVERTURN




Rotation Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees Analyst: BF
Project Number: 20230017 Calculations Checked By:  AJ
Latest Revision:  4/2/2025
Spreadsheet Description
Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.
Assumptions:
1) The LWM structue behaves as a single structure under the design load.
2) The effect of soil in back of the structure is negligible.
3) The structure will be submerged during the design event
4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells requiring input from a dropdown list)
Input (Cells automatically populated from Input to Interface Tab)
Output (Cells that are automatically updated with previously calculated values are this color)
EBD and Equations:
Table 4. Minimum recommended factors of safety.
FOS oy o= Mot Equation 45 Publi Property Stability FOS,
Polatten = gp— 9 st Damage | Design Flow | FOS.uewy | FOSimmy | pog 27,
High High 100-year 175 20 175
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety Risk Factor High Molletata e 1.5 .55 i
and a "MODERATE" Property Damage Risk Factor. The Design Rotation Factor of tegh Lo G s L4 3
Safety (FOS,qtion) fOr this structure is 1.5 per Table 4 "Minimum Recommended Low High 100-year 1.75 20 1.7
Factors of Safety". Low Moderate 25-year 1.5 1.75 15
Low Low 10-year 1.25 15 1.25
|1. Resistance to Rotation (MR ,satio, aNd MD.oa4ian)
MDyotation = (Fy + Fy + Fp) + (222222) Equation 42
Ly, — length of wood structure firom tip to point of rotation measured
perpendicular to flow
Ly, = embedded length of wood structure measured perpendicular to flow
Ly ¥ I L L &
MRyacasion = |Pra * (Z25722) + Fyaeive * =32+ F # =32+ > Fito-n,* Lon,
7
Equation 43
F _ Tpues—n E %
Pila=T; — quation 44
L Npiles
Ly = distance from pile ‘i’ to the point of rotation measured perpendicular to
flow
Driving:
L Length of wood structure from tip to point of rotation
Sp 5 ft .
measured perpendicular to flow .
Embedded length of wood structure measured perp. to T
Lebp 10 ft i
ow
Fi 15,488 Ib Impact Forces (Calc'd in Sliding)
Fd 41,548 Ib Drag Forces (Calc'd in Sliding)

Upstream Hydrostatic Forces (Calc'd in Sliding)

Resisting:
Fhg b Downstream Hydrostatic Forces (Calc'd in Sliding)
Fpassive -139,796 Ib Passive Forces (Calc'd in Sliding)
F¢ -28,707 b Friction Forces (Calc'd in Sliding)
Foie-n -6,161 I Lateral Resistance from Piles (Calc'd in Sliding)
Foiie-hi -616 Ib Lateral Resistance from Piles (Calc'd in Sliding)
Npies 10 Number of Piles (Design)
Distance from pile to the point of rotation measured
Lon i i to flow.

Factor of Safety

FOS rotation = MR rotation /MD ratalron
MDW,,on 427,766 Ib

rotatlon 801,549
STABLE FOR ROTATION

Summary Comments:




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.

4) Channel velocity (V) taken from hydraulic model.

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

FOS jaing = FM”-HF:J“ M_F — Equation 41 -
e ot | T [ 5 T T Tran
Risk Damage | DesignFlow | FOS,uy, | FOS,osy | £y
Risk Criteria T
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year i 0 175
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Woderate Gl-year 15 178 15
Design Sliding Factor of Safety (FOSjiing) for this structure is 1.5 per High Low Vyear 15 175 15
Table 4 "Minimum Recommended Factors of Safety". Vo Figh e 7 T =
Low Woderate 2hyear 15 1.78 15
Low Low 1yzar 1.5 15 125
|1. Drag Force (F,)
F, :7ﬁ'°'ﬁ"‘;r‘;"*'ug Equation 19
Vg 7.00 ft Upstream water depth F, = drag force
hdebris 5 ft Debris height (incl. accumulation) cj ; drai coef ficient
wdebris 60 ft Debris width (incl. accumulation) Ayyna= area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected normal to fow direction and the potential drift
Awwm 420 ft? Wetted area of LWM accumulation
Y 62.40 Ib/ft"_[Unit weight of water i ikl N
v, 8.25 ft/s Velocity from Model gL: el i i £ ey
e 32.20 ft/s?>  |Acceleration due to gravity
A, 420.00 ft? Debris area
Wehannel 50 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [a1548 [Ib [Eqn 19

A (:ﬁ C, is typically estimated as 1.0 Equation 27



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

|3. Impact Force (F;)

o= TWdebris*Vchannet*Ci*Co*Ca*Cp*Rmax
=

Equation 30
2+ g+At

F, = impact force
Waenris = Weight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Verannet = water velocity in channel
Vehannel 8.3 ft/s MelocityiiomiMedel At = time fiom initial velocity fo zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 06 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy = coefficient of depth
Limited Cyp = coefficient of blockage
Degree of
s . upstream ] ] )
creening or | reening ASCE 7-05 Riyax = response ratio for impulsive loads = 0.8
Sheltering .
flow path 20
Upstream -
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 30"
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fy — Fpites—) Equation 31
F,=force due to frictional resistance
Frwwmg Buoyancy Calcs ForFiesv >0
Fhoulder Ib Buoyancy Calcs
Feoi 72586 Ib Buoyancy Calcs Jr—— Equation 32
Fpiles-v Ib Buoyancy Calcs
Frwms Buoyancy Calcs
F Buoyancy Calcs .
Iy = Iywms + Fowma + L+ Foowder + Isoit + Fpites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees

Project No.:

20230017.1

|5. Passive Forces (Fp,cqive)

EDbank

0.63

radians

Calculated for bank material (very
course gravel)

7 water 62.4 lb/it®  |Unit weight of water
7 soll 120 lb/it®  |Unit weight of soil
Previously calculated for buoyancy

3
Vsat 137 b/t | Jics
Niogssub1 6 Number of log type 1 (from detail)
Orientation1" Perpendicular Perpendicular or Parallel to flow
Leps 27 ft Length of log type 1 (from detail)
dbolet 15 ft Diameter of log type 1 (from detail)
Dsubt 3 ft Depth of submerged soil above log 1
Dyt ft Depth of dry soil above log 1
Ovt 224 Ib/ft*
Ovt*Lept™ 7ol |54,344 Ib
Niogssub2 4 Number of log type 2 (from detail)
Orientationz" Perpendicular Perpendicular or Parallel to flow
Leb2 13.3 ft Length of log type 2 (from detail)
dbole2 0.8 ft Diameter of log type 2 (from detail)
Dsub2 5.75 ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
Ow 429 Ib/ft*
Ov2*Leny™ /sl 18,243 Ib
Niogssub3 2 Number of log type 3(from detail)
Orientationa" Perpendicular Perpendicular or Parallel to flow
Leb3 ft Length of log type 3 (from detail)
Aboles ft Diameter of log type 3 (from detail)
Deub3 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w Ib/ft*
0v3*Leba™7soll Ib

** Eqns 33 through 35 represent the case where passive forces act

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Fpm‘sine =—05% Kp * E?'ﬁw = Lemg * dJr.lle‘-

= 1+=in
hin = 'l—sl:n:
Oy = D:mb! * (Your — Yiwarer) + Ddrﬂ ¥ ¥eail
Do = depth of submerged soil above log |
Dani = depth of dry soifl above fog i
Lomi = embedded length of log [
ingi = diameter of log i

Equ

Equ



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam w/ Salvaged Trees Analyst:
Calculations Checked By:
Latest Revision:

Project No.:

202300171

|6. Lateral Resistance from Piles (F;...)

Method

Pile Placement
Location

Npies 10 Number of piles (Design)
dpjies 0.8 ft Diameter of piles (Design)
’ Embedded length of piles below
Lpies S i scour (Design)
iacClicls Excavated Method of pile placement

Bed Bed or Bank

7/ water

62.4 Ib/it>  [Unit weight of water

- 5 e erardpilarkp

Foein =—Noitee
pile-% dler higaatipie

Neies = number of piles
Ly =length of pile embedded below potential scour depth

Ye =V Ve effective unit weight of soil
¥ = dry unit weight of the soil

Y = LRIt weight of the soil
g, = diometer of the pile

Niag = Meight above the potential scour depth the load is applied

_ 14sin@

K,  1-sing

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

BF
AJ

4/2/2025

Equation 36

Equation 37

Equation 38

** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety

FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 41,548 Ib
Fru b
Fra b
Fi 15,488 Ib
Fr -28,707 Ib
Fpassive -1 39,796 Ib

piles-h -6,161 Ib

STABLE FOR SLIDING




Appendix C

Wood Habitat Structure Stability
Calculations

WHS Type #5 Channel Spanning Jam



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Spreadsheet Description
- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints

2) The LWM structure will be submerged during the design event.
Negative buoyancy is uplift, positive numbers equals downward.
Ballast material remains intact and is not scoured out.

3
4
5) The uplift due to racking material is evenly dividing among all layers.

oo

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)
Input (Cells requiring input from a dropdown list)

|Output (Cells automatically updated with previously calculated values are this color)l

FBD and Equations:

Table 4 Minimum recommended factors of safety.

- _ Fibdd * Fhunuistars+ Faoi + Flias— - =
HOS— |Feawnts+Fil Equation 18 Public Safety Pmputyw Elesrgnm‘?:%w FOS, FOS, FOS anen
3 aldn
FOS, = buoyancy factor of safety Risk Rick Criteria ] ey | FOS,
High High 100-year 1.75 20 1.75
Tucannon Big Four Floodplain Restoration has a "LOW" Public High Moderate |  SOyear 15 175 15
Safety Risk Factor and a "MODERATE" Property Damage Risk High tow Ty 15 i v
i f i 100- 1.75 ; 3
Factor. The Design buoyancy factor of safety (FOS,,) for this Low High 1bear ! 1 L
. M Low Moderate 26ymar 15 175 15
structure is 1.75 per Table 4 "Minimum Recommended Factors of Z
Safaty” Low Low 10year 125 15 125
1. Large Wood Material Force - Dry (F) wn4)
Frwaa = Viwma * Ywood Equation 3
Viwaa = volume of dry lorge wood material
Comment: Assumed to be zero because structure assumed to be submerged during design event.
2. Boulder Ballast Force (F )
Nbouldersub zumbgr Of Sl)jbmerged saleas Fyowaer = Foowaersub + Foouwiaerary Equation 5
rom design
d 25 i Effective diameter of submerged Fyoutdersub = Nooutdersun * = * d3outdersun * (Voutder = Yiw) Equation 6
ezt : boulder (ft, from spec) Nouigersus = number of submerged boulders
Y boulder 146 |b/ft3 unit weight of boulders (Table 5) dyourdersub = effective diameter of submerged boulders
3 A ; Yhoulder = Unit weight of boulders
/ water 62.4 Ib/ft®  |unit weight of water
™ .
Fyowtaerary = Npoutaerary * Fiai dlgwnzderdry *Vboulder Equation 7
- Noouiderdry = numb b d bould
Number of dry boulders (from detail) hagaeriy ~RUMOER Of UNSHAMErOed boTIde]S
Nboulderdry dbouiderary = effective diameter of unsubmerged boulders
d 25 it Effective diameter of dry boulder (ft,
iy ) from spec

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project:
Project No.:

Tucannon Big Four Floodplain Restoration - Channel Spanning Jam
20230017.1

3. Soil Backfill Force (F..i)

Ve 120 Specific Gravity of bank/backfill
! material (Table 5)
7 water 62.4 Unit weight of water
SGroek 264 Specific Gravity of Rock (Using unit
) weight of bedrock from Table 5

Analyst:
Calculations Checked By:
Latest Revision:

_yn ,
Fsot = X Visoitsub; * Vsour + Vsoitary, * Vsoit

Vsoitsub; = Lev;@pote; Nsotisub
Vioisusi = Volume of submerged soil above log i
L.y = embedded length of log i
dyorer = bole diameter of log i
Asonsuni = height of submerged soil above log i

Vsotary; = Lebipote;Rsontary,
Vsoitaryi = volume of dry soil above log i
hisoitaryi = height of dry soil above log i

Ysou = (99-2 + 18.6 * log(dso))
dsg = median grain size in millimeters

R, e
Vsoil = ¥Vsat = Yw

_ (SGrockt+e)tyw

Vsat 1¥8

SGrock™
e = SGrocktYw _ 4
Ysou

BF
AJ

4/2/2025

Equation 8

Equation 9

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

4. Pier Log Friction

2 dpile
g ttes 70 dpttes * Lpites (s + tan20 07+ 8282 (0 — )

‘piles—v

-,
Equation 15

Npiles = number of piles

dpies = diameter of piles

Lyiies = embedded length of piles

ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and
density)

¢ = internal angle of friction of soils

6" = Lyjies * (Wsur — Yw) Equation 16
(et 5
Yiat =°‘1—+‘* Equation 13
golndte Equation 14

Fuit

Ib/ft® | Unit weight of water
Ib/it®_|Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F; wu<)
= Voweses * (Wavooa — ¥iwd Equation 2

Frowms

Wi = volume off submenged lorge wood morenial
P = WAL weight of wood'
P = WAL Wweight of woter

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 7% "W/ 3
T*(20poie) * (1/2d)? 1 3

t, = Thickness of rootwad measured in
direction parallel to trunk

4 times the radius of the log (4r, or

Radius of rootwad




Buoyancy Calculations

Project:

Project No.: 20230017.1

Tucannon Big Four Floodplain Restoration - Channel Spanning Jam

drws

" wood 33.0

Ib/ft®

Diameter of rootwad of log type 3
(from detail)

Unit weight of logs

Ve 62.4

Ib/ft®

Unit weight of water

6. Lift Forces (F,)

C. 0.45 Lift Coefficient

g 225 ft? Calc'd in Drag Forces

Y 62.4 /it |Unit weight of water

U, 7.0 ft/s  |upstream velocity (from model)
g 32.2 ft/s?> | Unit weight of water

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
= 2.5 times the radius of the log (2.5r,
or 1.25dpge) or 1/2 d,,, specified

ook g IS
Ing

F== Equation 4

£, = iift coefficient

Ay = oved of large woody material perpendicular to flow
uy = upstream channel velocity ot design event

g = occeleration due to growity

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F tmpa *F boutders +F soit +F pites-v) / (F Lwms +F 1)
Frwmd Ib Assumed Zero

Fboulder |b

Feoi 29,833 b

I:piles-v |b

Frwms -4,588 Ib

F. -4,807 Ib

Summary Comments:




Overturning Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst:
Project Number: 20230017 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

BF
AJ
4/2/2025

DS iira = ::""J Equation 43 = T Stability
’ Public S3fely | Damage | DesignFlow | FOS,, |FOSmee, | o =
Risk Criteria turring
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 175 20 1.75
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 50-year 15 178 15
Design Overturn Factor of Safety (FOS,etum) for this structure is 1.5 High Low 25-year 15 1.78 15
per Table 4 "Minimum Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.75 15
|1. Resistance to Overturn (MR, oz, and MD,orarion) Low Low 10 year L Lz L
Driving: v v
F 13,141 I [impact Forces (Calc'd in Sliding) MDaveran = Byt O doury) + o« (4 Aoy ) + P+ (G4 ity )+ il e
Fq 16,024 Ib Drag Forces (Calc'd in Sliding) Equationd6
Upstream Hydrostatic Forces (Calc'd in
Fhu Ib S'Idln ) diipuy = depth at the upstream side of the structure from channel bottom to
- g - point of rotation measured perpendicular to flow
F, -4 807 b Lift Forces (Assumed Zeroin BUOyanCy Ls = length of structure measured parallel to flow
L ; Calcs)
Yy 7.5 ft Upstream water elevation from model MRovercurn = |Faal = (5 + dyury) + | Fpassive| * (ddvury) + (B = i =
Ls n " .
Depth at upstream side of structure Foites—v) * 5+ Zif Fpite-v, * Lovi Equation37
dubury 6 ft from channel bottom to point of rotation Futies .
measured perp to flow Fpite—v; = N o Equation 48
L 40 ft Length of structure parallel to flow L, = distance from pile ‘i’ to the point of rotation measured parallel to flow
'S
FOSoverturn = :;g: Equation 49
Resisting:
Downstream Hydrostatic Forces (Calc'd
Fha Ib e
in Sliding)
Faeesie -50,720 b Passive Forces (Calc'd in Sliding)
Fy 20,438 b Buoyancy Forces (Calc'd in Sliding)
E. b Lateral Resistance from Piles (Calc'd in
A Sliding)
Yq 6.2 ft Downstream water elevation
Depth at downstream side of structure
dabury 6 ft from channel bottom to point of rotation
measured perp to flow
Npiles 3 Number of Piles (Design)
L 40 ft Distance from pile to the point of
. rotation measured parallel to flow.

Factor of Safety
FOS overturnon = MR overturn /MD overturn
MDoverturn 525,926 Ib
MRoverlum 809,222 Ib
[FoSEem |54 [STABLE FOR OVERTURN




Rotation Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam
Project Number: 20230017.1

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.

Assumptions:
1) The LWM structue behaves as a single structure under the design load.
2) The effect of soil in back of the structure is negligible.
3) The structure will be submerged during the design event
)

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells that are automatically updated with previously calculated values are this color)

FBD and Equations:

FOS, iy = St Equation 45

rolaiicn
MOrararian

Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety Risk Factor and
a "MODERATE" Property Damage Risk Factor. The Design Rotation Factor of Safety
(FOS, tation) for this structure is 1.5 per Table 4 "Minimum Recommended Factors of
Safety".

|1. Resistance to Rotation (MR a0, and MD,

Factor of Safety

MDyotation = (Fi + Fq + Fy) * ((2222) Equation 42
Ly, = length of wood structure from tip to point of rotation measured
perpendicular to flow
L.y, = embedded length of wood structure measured perpendicular to flow

n
Lok L L L,
MRy ocation = |Fna * (WTEDP) + Fpassive * 92111.1 * % + Z Fpi!e—hi * Lphi
i
Equation 43
Fpite—n; = Zpuiasin Equation 44
i Npites
L, = distance firom pile ‘i’ to the point of rotation measured perpendicular to
flow
Driving:
Length of wood structure from tip to point of rotation
Lep 15 ft :
measured perpendicular to flow
Embedded length of wood structure measured perp. to
Lehp 27 ft
flow
F; 13,141 Ib Impact Forces (Calc'd in Sliding)
Fd 16,024 b Drag Forces (Calc'd in Sliding)
Upstream Hydrostatic Forces (Calc'd in Sliding)

Resisting:
Fha Ib Downstream Hydrostatic Forces (Calc'd in Sliding)
Fpassive -50,720 Ib Passive Forces (Calc'd in Sliding)
F¢ -15,968 Ib Friction Forces (Calc'd in Sliding)
Foiie-n -5,391 Ib Lateral Resistance from Piles (Calc'd in Sliding)
Fite-hi -770 b Lateral Resistance from Piles (Calc'd in Sliding)
Noies 7 Number of Piles (Design)

Distance from pile to the point of rotation measured

Loni i i to flow.

Fos rotation = MR rotation /MD 7015[/0/7
MDW,M [612,467 Ib

MR ctation 950,034
STABLE FOR ROTATION

Summary Comments:
drag and impact forces assumed to be acting in the center of the log, so the length from here
to the point of rotation is shorter than the overall length of the log. (20 feet versus 40 feet).

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
Table 4. Minimum recommended factors of safety.
: Stability
Public Safety | FroPErly : FOS,

3 Design Fiow | FOS, FOS, i
Risk D‘:‘?‘;De oot banz borey | FOS, o
High High 100-year 175 20 175
High Moderate S0-year 1.5 1.75 15
High Low 25-year 1.5 1.75 15
Low High 100-year 75 20 1.75
Low Moderate 25-year 1.5 175 15
Low Low 10-year 1.25 15 1.25

S




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.
4) Channel velocity (V) taken from hydraulic model.
)

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

Fosﬁ“d‘.w = }'h_‘i‘F(+F:_‘h‘f i\+.." 15 54 et EtuliOn 41 =
et Pulesaty | Pty | iy T T T
Risk Damage | DesignFlow | FOS,uy, | FOS,uy | £y
Risk Criteria ——
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year i 0 175
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate Gl-year 15 178 15
Design Sliding Factor of Safety (FOSjiing) for this structure is 1.5 per High Low Byear 15 175 15
Table 4 "Minimum Recommended Factors of Safety". Tt High Mg 7 70 Em
Low Moderate 26-year 15 178 15
Low Low 10-year 125 15 1.25
|1. Drag Force (F,)
£ = 7ﬁ'”"‘"‘fjf‘;’“"n‘? Equation 19
Vg 7.50 ft Upstream water depth F, = drag force
hdebris 5 ft Debris height (incl. accumulation) cj ; dmg coef ficient
wdebris 15 ft Debris width (incl. accumulation) Avyra = area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected narmal to flow direction and the potential drift
Awwm 225 ft? Wetted area of LWM accumulation
Yt 62.40 Ib/ft”_[Unit weight of water b e i
v, 7.00 ft/s Velocity from Model g‘z el d.u,e 5 jraii
e 32.20 ft/s?>  |Acceleration due to gravity
A, 225.00 ft? Debris area
Wehannel 75 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [16024 [Ib [Eqn 19

Ca—applica = (:ﬁ C, is typically estimated as 1.0 Equation 27



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

|3. Impact Force (F;)

) TWdebris*Vchannet*Ci*Co*Ca*Cp*Rmax
L=

Equation 30
2xg+At

F, = impact force
Waenris = Weight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Venanmer = water velocity in channel
Vehannel 7.0 ft/s MelocityiiomiMedel At = time fiom initial velocity to zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 06 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy = coefficient of depth
Limited Cyp = coefficient of blockage
Degree of
s . upstream ) . .
creening or | reening ASCE 7-05 Ruax = response ratio for impulsive loads = 0.8
Sheltering .
flow path 20
Upstream -
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 30"
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fo — Fpites—) Equation 31
F;=force due to frictional resistance
Frwmg Buoyancy Calcs ForFinss >0
Fhoulder Ib Buoyancy Calcs
Fsoi 29833 Ib Buoyancy Calcs Hbea = tan Equation 32
Fpiles-v Ib Buoyancy Calcs
Frwms Buoyancy Calcs
F Buoyancy Calcs .
Iy = Iowms + Fowma + I+ Foowder + Fsoit + Ipites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

|5. Passive Forces (Fp,cqive)

Calculated for bank material (very

oank 0.63 radians| 1 rse gravel)
3.85184 Fpu.\'si:': =—05% Kp - E?'ﬁv! y Lemg * dlr.l_l;‘- Equ
7 water 62.4 Ib/ft®  [Unit weight of water . _ 1+sing =
Vsol 120 Ib/>  |Unit weight of soil P = g 4
Previously calculated for buoyancy
3
Vst 137 Ib/ft calcs Oy = -Dmb! x {]".nu — ¥water) + Ddry; ¥ Yeoil Equ
Niogssub1 3 Number of log type 1 (from detail) D= depth of submerged soil above log i
Orientation1" Perpendicular Perpendicular or Parallel to flow Dy = depth of dry soil above fag i
Lept 27 ft Length of log type 1 (from detail) Lomi = embedded length of log 1
dbolet 1 ft Diameter of log type 1 (from detail) gy = diameter of fog i
Dsubt 3 ft Depth of submerged soil above log 1
Dary1 ft Depth of dry soil above log 1
Ovt 224 Ib/ft*
Ovt*Lept™7soi 18,115 Ib
Niogssub2 1 Number of log type 2 (from detail)
Orientationz" Parallel Perpendicular or Parallel to flow
Leb2 13.3 ft Length of log type 2 (from detail)
dbole2 2 ft Diameter of log type 2 (from detail)
Dsubz 2 ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
Ov2 149 Ib/ft*
Ov2*Lep2"Vsoil  [468 Ib
Niogssub3 4 Number of log type 3(from detail)
Orientationa" Perpendicular Perpendicular or Parallel to flow
Lebs 13 ft Length of log type 3 (from detail)
dboles 1 ft Diameter of log type 3 (from detail)
Dsubs 2 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w 149 Ib/ft*
Ova*Lleps Vsol  |7,753 Ib

** Eqns 33 through 35 represent the case where passive forces act



Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Channel Spanning Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

|6. Lateral Resistance from Piles (F ...) - — ;
Fomer-n = —Npies * e e Equation 36
Npies 7 Number of piles (Design) )
oies 1 ft Diameter of piles (Design) N = number of piles )
Ly =length of pile embedded below potential scour depth

Embedded length of piles below

Lpies S i scour (Design)

Vo=V Y effective unit weight of soil Equation 37

iacClicls Excavated Method of pile placement % = diry unit weight of the soil

Method

Pile Placement

" Bed Bed or Bank
Location

7 water 62.4 Ib/it>  [Unit weight of water

Y = LRIt weight of the soil
Oy, = diometer of the pile
Niwas = height above the potential scour depth the ioad is applied

_ l4uing

= et Equation 38

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.
** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety

FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 16,024 Ib
Fru b
Fra b
F, 13,141 Ib
Fr -15,968 Ib
Fpassive -50,720 Ib

piles-h -5,391 Ib

STABLE FOR SLIDING




Appendix C

Wood Habitat Structure Stability
Calculations

WHS Type #6 Strainer Jam



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam

Project No.: 20230017.1

Spreadsheet Description

- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:

1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints
The LWM structure will be submerged during the design event.
Negative buoyancy is uplift, positive numbers equals downward.
Ballast material remains intact and is not scoured out.

The uplift due to racking material is evenly dividing among all layers.

2

3
4
5

oo

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)

Input (Cells requiring input from a dropdown list)

|Output (Cells automatically updated with previously calculated values are this color)l

FBD and Equations:

Fiw'sid + Fhouiderst Froil +Fpiins—s

FOS, =

|Fewmds #FL|

FO5, = buoyancy factor of safety

Equation 18

Tucannon Big Four Floodplain Restoration has a "LOW" Public
Safety Risk Factor and a "MODERATE" Property Damage Risk
Factor. The Design buoyancy factor of safety (FOS,,) for this
structure is 1.75 per Table 4 "Minimum Recommended Factors of

Safetv”.

1. Large Wood Material Force - Dry (F) wn4)

Frwsea = Viwsd * Ywood
Viwaa = volume of dry lorge wood material

Equation 3

Comment: Assumed to be zero because structure assumed to be submerged during design event.

2. Boulder Ballast Force (F

N Number of submerged boulders
bouldersub (from design)

d 25 it Effective diameter of submerged
. : boulder (ft, from spec)

7 boulder 146 Ib/ft®  |unit weight of boulders (Table 5)

7 water 62.4 Ib/ft®  |unit weight of water

N Number of dry boulders (from detail)
boulderdry

Effective diameter of dry boulder (ft,
Gooutdercry 2 ft from spec

Nooutderary = Number of unsubmerged boulders
dbouiderary = effective diameter of unsubmerged boulders

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
Table 4 Minimum recommended factors of safety.
ity
Public Safety | Croperly | Stabil FOS
" Damage | DesignFlow | FOS,.,. |FOS .. i
fek Risk Criteria ! FOSmeamns
High High 100-year 175 20 175
High Woderate S0-year 15 1.75 15
High Low 26-year 15 1.75 15
Low High 100-year 1.75 20 175
Low Moderate 25-year 15 1.75 15
Low Low 10year i25 1.5 128
Fyowrdaer = Fooutaersu + Fooutaerary Equation 5
Fpowtaersup = Nooutdersup * % * diowidersub * (Vboutder = Viv) Equation 6
Nyoutdersur = NUMber of submerged boulders
dyoudersub = €ffective diameter of submerged boulders
Yhoulder = Unit weight of boulders
Fyowtaerary = Npoutaerary * % % dlgwnzderdry * Vboutder Equation 7



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam

Project No.:

20230017.1

3. Soil Backfill Force (F..i)

Ve 137 Specific Gravity of bank/backfill
! material (Table 5)
7 water 62.4 Unit weight of water
SGroek 264 Specific Gravity of Rock (Using unit
) weight of bedrock from Table 5

Analyst: BF
Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025
Fsou = X7 Viottsuby * Vsou + Vsoitary, * Vsoit Equation 8
Vsottsub; = Leb;@bote; Nsotisub Equation 9

Vioisusi = Volume of submerged soil above log i
L.y = embedded length of log i

dyorer = bole diameter of log i

Asonsuni = height of submerged soil above log i

Vsotary; = Lebipote;Rsontary,
Vsoitaryi = volume of dry soil above log i
hisoitaryi = height of dry soil above log i

Ysou = (99-2 + 18.6 * log(dso))
dsg = median grain size in millimeters

R, e
Vsoil = ¥Vsat = Yw

_ (SGrockt+e)tyw

Vsat e

SGrock™
e = SGrocktYw _ 4
Ysou

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By:  AJ
Latest Revision: _ 4/2/2025

4. Pier Log Friction

2 dpile
g ttes 70 dpttes * Lpites (s + tan20 07+ 8282 (0 — )

‘piles—v

- N,
Equation 15

Npiles = number of piles

dpies = diameter of piles

Lyiies = embedded length of piles

ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and

density)
¢ = internal angle of friction of soils

6" = Lyjies * (Wsur — Yw) Equation 16

szﬂmHl]-p\. Equation 13

T: 142

s:%h—l Equation 14

Ib/ft® | Unit weight of water
Ib/it®_|Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F; wu<)
= Voweses * (Wavooa — ¥iwd Equation 2

Frowms

Wi = volume off submenged lorge wood morenial
P = WAL weight of wood'
P = WAL Wweight of woter

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 7% "W/ 3
T*(20poie) * (1/2d)? 1 3

t, = Thickness of rootwad measured in
direction parallel to trunk

4 times the radius of the log (4r, or

Radius of rootwad




Buoyancy Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam

Project No.: 20230017.1

drwa ft

7wood 330 |b/ft3

Diameter of rootwad of log type 3
(from detail)

Unit weight of logs

T 62.4 Ib/ft>

Unit weight of water

6. Lift Forces (F,)

C. 0.45 Lift Coefficient

g 120 ft? Calc'd in Drag Forces

Y 62.4 /it |Unit weight of water

U, 12.0 ft/s  |upstream velocity (from model)
g 32.2 ft/s?> | Unit weight of water

Analyst: BF
Calculations Checked By: AJ
Latest Revision: _ 4/2/2025
= 2.5 times the radius of the log (2.5r,
or 1.25dpge) or 1/2 d,,, specified

ook g IS

s Equation 4

=
£, = iift coefficient
Ay = oved of large woody material perpendicular to flow
uy = upstream channel velocity ot design event
g = occeleration due to growity

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F tmpa *F boutders +F soit +F pites-v) / (F Lwms +F 1)
Frwmd Ib Assumed Zero

Fboulder |b

Fsoil 1 02,936 Ib

I:piles-v |b

Frwwms -12,477 Ib

Fu -7,535 Ib

Summary Comments:




Overturning Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam Analyst:
Project Number: 20230017 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

BF
AJ
4/2/2025

DS iira = :::::ﬁ Equation 43 = rr—s Stability
' Pk ¥ | Damage | DesignFiow | FOSuay | FOSimme | Fogo
Risk Criteria turring
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year 175 20 1.75
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Moderate 50-year 15 178 15
Design Overturn Factor of Safety (FOS,etum) for this structure is 1.5 High Low 25-year 15 1.78 15
per Table 4 "Minimum Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.75 15
|1. Resistance to Overturn (MR, oz, and MD,orarion) Low Low 10 year L Lz L
Driving: v v
F 22528 [lb__[Impact Forces (Calc'd in Sliding) MDaveran = Byt O doury) + o« (4 Aoy ) + P+ (G4 ity )+ il e
Fq 25,115 Ib Drag Forces (Calc'd in Sliding) Equationd6
F b Upstream Hydrostatic Forces (Calc'd in
hu Slldlng) ditpury = c.'leprh at the npsn‘em‘n ride‘ of rﬁe structure ﬁ‘am channel bottom to
- - point of rotation measured perpendicular to flow
FL -7.535 b Lift Forces (Assumed Zero in BUOyanCy Ls = length of structure measured parallel to flow
’ Calcs)
Yo 6.75 ft Upstream water elevation from model MRovercun = |Fual * (5 + ddbury) + |Fpassive| * (ddpury) + (Fo — L =
Depth at upstream side of structure Fyttess) = 5+ 51 Fyecy, * Lpvi Equation'47
dubury 3 ft from channel bottom to point of rotation -
measured perp to flow Fpito—y; = et Equation 48
Ls 40 ft Length of structure parallel to flow L, = distance from pile ‘i’ to the point of rotation measured parallel to flow
FOSoverturn = :;g: Equation 49
Resisting:
F b Downstream Hydrostatic Forces (Calc'd
hd A
in Sliding)
Faeesie -231,142 Ib Passive Forces (Calc'd in Sliding)
Fy 82,925 Ib Buoyancy Forces (Calc'd in Sliding)
Fo b Lateral Resistance from Piles (Calc'd in
A Sliding)
Yq 5.35 ft Downstream water elevation
Depth at downstream side of structure
dabury 3 ft from channel bottom to point of rotation
measured perp to flow
Npiles 9 Number of Piles (Design)
Lo 27 ft Distgnce from pile to the point of
rotation measured parallel to flow.

Factor o S_afety
FOS overturnon = MR overturn /MD overturn
MDoverturn 681 N 134 Ib
MRovertun 2,502,607 Ib
[FoSEm |67 [ STABLE FOR OVERTURN




Rotation Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam Analyst:
Project Number: 20230017 Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.

Assumptions:

1) The LWM structue behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells that are automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safiety.

BF
AJ

4/2/2025

y i : : Property Stability
FOS, siasion = pmitiin Equaticn 45 PR | Damage | DesignFlow | Fos

FOS e,
FOS,mmurns

High High 100-year 175

20

1.75

Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety Risk Factor High Moderate S0-year 15

175

15

and a "MODERATE" Property Damage Risk Factor. The Design Rotation Factor of High Low 2o-year 15

175

15

Safety (FOS,otion) fOr this structure is 1.5 per Table 4 "Minimum Recommended Low High 100-y=ar 175

20

1.78

Low Moderate 25-year 15

1.75

15

Factors of Safety".

Low Low 10-year 125

15

1.25

|1. Resistance to Rotation (MR a0, and MD a5

MDyotation = (Fi + Fq + Fru) * ((2222) Equation 42
Ly, = length of wood structure firom tip to point of rotation measured
perpendicular to flow
L.y, = embedded length of wood structure measured perpendicular to flow

n
By L
+ Fpnsswe *%‘l’ Ff *: ;p +2prle—hi *Lphi
i

L+ Loy
MRy-otqtion = %)

Fpa * (
Equation 43

Tpites—n 2
Fpiie—n; = % Equation 44
pties

Ly = distance from pile i’ to the point of rotation measured perpendicular to

flow
Driving:
Lep 40 ft

Length of wood structure from tip to point of rotation
measured perpendicular to flow
Embedded length of wood structure measured perp. to e
flow |
Fi 22,528 Ib | t F Calc'd in Slidi |
| mpact Forces (Ca c' in : | ing) _ |
Fq 25,115 Ib Drag Forces (Calc'd in Sliding) f <
Fhu Ib Upstream Hydrostatic Forces (Calc'd in Sliding) |
|

Resisting:
Fha Ib Downstream Hydrostatic Forces (Calc'd in Sliding)
F sassive -231,142 Ib Passive Forces (Calc'd in Sliding)

Fy -72,085 Ib Friction Forces (Calc'd in Sliding)

Fpien -70,005 Ib Lateral Resistance from Piles (Calc'd in Sliding)

Foile-ni -6,364 Ib Lateral Resistance from Piles (Calc'd in Sliding)

Npies 11 Number of Piles (Design)

L 25 ft Distance from pile to the point of rotation measured
phi

Factor of Safety

FOS rotation = MR rotation /MD rotation
MD rotation 952,855 Ib
rotation 3,191,841 Ib

STABLE FOR ROTATION

|Summary Comments:




Sliding Calculations

Project: Tucannon Big Four Floodplain Restoration - Strainer Jam Analyst: BF
Project No.: 20230017.1 Calculations Checked By: AJ
Latest Revision: _ 4/2/2025

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.

4) Channel velocity (V) taken from hydraulic model.

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

FOS gsgtng = [aarFyPpliesicé Foaistvel :::: i Equation 41 P :
i) Public Safety | CoPery | Stability FOSu,
Risk Damage | DesignFlow | FOSuae; | FOSimmsy | Fpg """
Risk Criteria "
Tucannon Big Four Floodplain Restoration has a "LOW" Public Safety High High 100-year i 0 175
Risk Factor and a "MODERATE" Property Damage Risk Factor. The High Woderate Gl-year 15 178 15
Design Sliding Factor of Safety (FOSjiing) for this structure is 1.5 per High Low Vyear 15 175 15
Table 4 "Minimum Recommended Factors of Safety". Vo Figh e 7 T =
Low Woderate 2hyear 15 1.78 15
Low Low 1yzar 1.5 15 125
|1. Drag Force (F,)
F, :7ﬁ'°'ﬁ"‘;r‘;"*'ug Equation 19
Vg 6.75 ft Upstream water depth £, = drag force
hdebris 5 ft Debris height (incl. accumulation) cj ; drai coef ficient
wdebris 15 ft Debris width (incl. accumulation) Ay = area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected normal to fow direction and the potential drift
Awwm 120 ft? Wetted area of LWM accumulation
Y 62.40 Ib/ft"_[Unit weight of water L i
A 12.00 ft/s |Velocity from Model gL: el e g et
e 32.20 ft/s?>  |Acceleration due to gravity
A, 120.00 ft? Debris area
Wehannel 60 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [25115 [Ib [Eqn 19

A (:ﬁ C, is typically estimated as 1.0 Equation 27
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|3. Impact Force (F;)

F, = ™Waebris'Vchannei*Ci*Co*Ca+ChRmax
t 2+g+AL

Equation 30
F, = impact force
Waepris = weight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Verannet = water velocity in channel
Vehannel 12.0 ft/s MelocityiiomiMedel At = time fiom initial velocity fo zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 06 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy = coefficient of depth
Limited Cy = coefficient of blockage
Degree of
s . upstream ) ) )
creening or | reening ASCE 7-05 Riyax = response ratio for impulsive loads = 0.8
Sheltering .
flow path 20
Upstream -
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 30"
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fy — Fpites—) Equation 31
F,=force due to frictional resistance
Frwmd Buoyancy Calcs ForFaimsy >0
Fhouider Ib Buoyancy Calcs
Feoi 102936 Ib Buoyancy Calcs Jr—— Equation 32
Fpies-v Ib Buoyancy Calcs
Frwms -12477 Buoyancy Calcs
Fo -7535 Buoyancy Calcs .
Iy = Iywms + Fowma + L+ Foowder + Isoit + Fpites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.
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|5. Passive Forces (Fp,cqive)

Calculated for bank material (very

oank 0.72 radians| 1 rse gravel)
Fpm‘sine =—05= KP * E?'ﬁp! ¥ me * dif-l.l_i‘- Equ
7 water 62.4 Ib/ft®  |Unit weight of water § o Lsing 5
= u
Y so 137 Ib/it®>  |Unit weight of soil P i ine 4
Previously calculated for buoyancy
3
Vsat 148 Ib/ft calcs Oy = D:mb! i (]"m.t —Yiwiiter) + Ddrﬂ ¥ Yeoil Equ
Niogssub1 6 Number of log type 1 (from detail) Do = depth of submerged soil above log |
Orientation;” |Perpendicular Perpendicular or Parallel to flow Dy = depth of dry soil above log i
Leb1t 27 ft Length of log type 1 (from detail) Lomi = embedded length of log i
bole 1 ft Diameter of log type 1 (from detail) Oiogi = diameter of fog i
Dsubt 3 ft Depth of submerged soil above log 1
Dyt ft Depth of dry soil above log 1
Ow 255 Ib/ft*
Ovi*Lept™7sol  |41,362 b
Niogssub2 11 Number of log type 2 (from detail)
Orientationz" Perpendicular Perpendicular or Parallel to flow
Leb2 10 ft Length of log type 2 (from detail)
dbole2 1 ft Diameter of log type 2 (from detail)
Dsub2 5.75 ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
Ow 489 Ib/ft*
Ov*Leby Vso1 53,830 Ib
Niogssub3 2 Number of log type 3(from detail)
Orientationa" Parallel Perpendicular or Parallel to flow
Lebs 13 ft Length of log type 3 (from detail)
Aboles 1.75 ft Diameter of log type 3 (from detail)
Dsuba 2 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w 170 Ib/ft*
Ov3*Leps™ 7soi 819 Ib

** Eqns 33 through 35 represent the case where passive forces act
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|6. Lateral Resistance from Piles (F;...)

Method

Pile Placement
Location

Npies 11 Number of piles (Design)

dpites Diameter of piles (Design)

L 13 Embedded length of piles below
pies scour (Design)

HEEEEL Excavated Method of pile placement

Bed Bed or Bank

7/ water

62.4 Ib/it>  [Unit weight of water

Analyst:
Calculations Checked By:
Latest Revision:

- 5 e erardpilarkp

Foein =—Noitee
pile-% dler higaatipie

Neies = number of piles
Ly =length of pile embedded below potential scour depth

Ye =V Ve effective unit weight of soil
¥ = dry unit weight of the soil

Y = LRIt weight of the soil
g, = diometer of the pile

Niag = Meight above the potential scour depth the load is applied

_ 14sin@

K,  1-sing

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

BF
AJ

4/2/2025

Equation 36

Equation 37

Equation 38

** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety
FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 25,115 Ib
Fhu Ib
Fhd Ib
Fi 22,528 Ib
Fr -72,085 Ib
Fpassive -231,142 Ib
piles-h -70,005 b

STABLE FOR SLIDING




