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Overview: Sediment Sampling for Scour Analyses

“You must ask the question at the
scale of the process.”

e Bed Material Surface and Subsurface Sample for Scour ~Dr. Church
Analysis '

e Aligning Scour Analysis Methods with Scour Processes

— Geomorphology

— Sampling Locations
— Observations

— Methods

e Subsurface Material Sampling Methods

— Review of geotechnical boring logs, grainsize plots,
index testing, etc.

Parker ebook

A
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Aligning Scour Analysis Methods with Scour Processes

- Total Scour Analysis . Data for Scour Analysis (Module 5)
—  Contraction Scour (Module 7) —  Bed Material Samples

—  Local Scour (Module 8 and 9) «  Surface (Wolman Pebble Count)
—  Lateral Migration (Module 6) « Subsurface

- Stream Instability —  Geotechnical Samples

+ Geomorphic Assessment: Site, Reach, and Watershed « Cohesionless
—  Long-Term Degradation (Module 6) « Cohesive

« Stream Instability « Rock

+ Geomorphic Assessment: Site, Reach, and Watershed
 Hydraulic Modeling
Foundation Design
« Slope/Global Stability
«  Stream Instability
« Geomorphic Assessment: Site, Reach, and Watershed
 Etc.
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Aligning Scour Analysis Methods with Scour Processes

«  Total Scour Analysis —
—  Contraction Scour and Local Scour B / ﬁ[_“_
* (Live-Bed or Clear Water Scour)
— Lateral Migration
— Long-Term Degradation

10%

LIVE-BED SCOUR

CLEAR-WATER SCOUR

PIER SCOUR DEPTH, y,

BRIDGE
PIER

TIME

Depth of

. Scour Processes ! !
— Sediment Transport

- - — Block Dynamics

— Corrasion (hydraulic scour) «
7 NHi — Aggradation - Degradation

— Abrasion (particle impact) P ————

Evaluating Scour at Bridges Stream Stability at Highway Structures
Fifth Edition Fourth Editi
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The Geomorphology of Sediment for Scour Analyses

Fluvial Sediments
v/a ErOSIOn of@ Measurement Transport Sediment Morphological
9 /3 g
<3 7 g‘rji"f]‘gija' 2 principle mechanism caliber role
L N\
st ’%% ~ clay O
wash material
: ~ —> (upper bank
water column ; silt material)
= (suspension) ——— suspension -=—— <
el e e — — — — — B A @ o e - =
.
t-\, F’omt \\\
— _> saltation sand
e | ,
bed load trap/ raction > —1 bed material
sampler < = gravel
cobbles
Zone of deposition Zone of transport Zone of erosion boulders
e B e .d . 0. & B o p iro codie% GEAD '- ‘ ChurCh (2006)
40 O ©O O O @,Aﬂ,_,, 5
- % /\p ¢‘\ > :
;3% Deposition Conveyor belt “Erosion \_
L AA S N -
@

Bed material: material that forms the bed and lower banks of

the river and chiefly determines the morphology of the channel.
In alluvial channels, it corresponds with the coarser part of the
sediment load transported by the river, and it may move either
as bedload or as intermittently suspended load.

Schuum 1997 and Kondolf 1994
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Wentworth Grain Size Scale
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Table 2.1. Sediment Grade Scale.

Approximate Sieve Mesh Openings
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Size (per inch) Class
Millimeters Microns Inches Tyler U.S. Standard
4000-2000 - 180-160 — - Very large boulders
2000-1000 --- 80-40 --- -—- Large boulders
... O N W . N S RN PR T
500-250 - 20-10 --- - Small boulders
250-130 — 10-5 - - Large cobbles
130-64 -—- 5-2.5 — -— Small cobbles
64-32 - 2.5-1.3 - - Very coarse gravel
32-16 --- 1.3-0.6 --- --- Coarse gravel
16-8 --- 0.6-0.3 2.5 - Medium gravel
8-4 - 0.3-0.16 5 5 Fine gravel
4-2 - 0.16-0.08 9 10 Very fine gravel
2.00-1.00 2000-1000 --- 16 18 Very coarse sand
1.00-0.50 1000-500 - 32 35 Coarse sand
0.50-0.25 500-250 -— 60 60 Medium sand
0.25-0.125 250-125 - 115 120 Fine sand
0.125-0.062 125-62 - 250 230 Very fine sand
0.062-0.031 62-31 -— -—- -— Coarse silt
0.031-0.016 31-16 -— --n Medium silt
0.016-0.008 16-8 -— --- Fine silt
0.008-0.004 8-4 - - - Very fine silt
0.004-0.0020 4-2 - - - Coarse clay
0.0020-0.0010 2-1 -— --- Medium clay
0.0010-0.0005 1-0.5 - --- Fine clay
0.0005-0.0002 0.5-0.24 - --- --- Very fine clay
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Wentworth Grain

Size Scale

Table 2.1. Sediment Grade Scale.

Approximate Sieve Mesh Openings

Size (per inch) Class
Millimeters Microns Inches Tyler U.S. Standard
4000-2000 --- 180-160 --- --- Very large boulders
2000-1000 --- 80-40 --- --- Large boulders
1000-500 --- 40-20 --- --- Medium boulders
~ so02s0 | — [ Teo0 || T = T T C — 1 " smallbouders
250-130 --- 10-5 --- -—- Large cobbles
130-64 - 5-2.5 — --- Small cobbles
64-32 --- 2.5-1.3 --- - Very coarse gravel
32-16 - 1.3-0.6 - - Coarse gravel
16-8 - 0.6-0.3 2.5 - Medium gravel
8-4 - 0.3-0.18 5 5 Fine gravel
4-2 --- 0.16-0.08 9 10 Very fine gravel
2.00-1.00 2000-1000 --- 16 18 Very coarse sand
1.00-0.50 1000-500 - 32 35 Coarse sand
0.50-0.25 500-250 --- 60 60 Medium sand
0.25-0.125 250-125 - 115 120 Fine sand
0.125-0.062 125-62 --- 250 230 Very fine sand
0.062-0.031 62-31 - -— - Coarse silt
_00310016 | 3116 | - | -~ | = Mediumsilt
0.016-0.008 16-8 --- — --- Fine silt
0.008-0.004 8-4 --- — --- Very fine silt
0.004-0.0020 4-2 --- - - Coarse clay
0.0020-0.0010 2-1 --- - - Medium clay
0.0010-0.0005 1-0.5 -- - - Fine clay
0.0005-0.0002 0.5-0.24 --- --- -—- Very fine clay
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Sediment Sampling Locations for Erosion/Scour Analysis

Contracted Section

Sample Location |,
\ . - *
N—o0 Contracted Section

Flow

Substitute Section
Sample Location
¥ IJIN-_']-' =lavation
I .

1100

216R

Bankfull Width (BFW)
— Stream
R Feference Reach
— Survey Line

Approach Section
Sample Location
| % |
Approach Section

PLAN VIEW
\_1/_/
u M L @ o ,:_:L 150
Slide 10

=SE
Adapted from HEC 18
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Mapping for Scot

Geomorphic Mapping for Scour Analysis

A

—  Geomorphic Units
—  Detailed observations at:

— Approach Section
— Contracted Section

—  Observations of
 Bedrock Characteristics

« Till, or other glacial sediments

« Large Boulders
« Bedforms
 Channel Bends

Lower Flow Regime Upper Flow Regime

———WeakBol  ——
et e

Plane Bed

Typical Ripple Pattern

Chutes and Pools

Washed-QOut Dunes

Simons and Richardson 1963

» Confluences
» Slope Changes

Field Observations and Evaluations
of Streambed Scour at Bridges

PUBLICATION NO. FHWARD 06.062

ICHOSS* VALLEY

|

DOWN-VALLEY

CHANNEL
WIDTH (W)

HEC 20 (2012)
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AND £ 5 [
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- e
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(Section 3.4.5) T fﬁ;muk - Jump
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BENDS Flow Path 7T . High Flow.,
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Point Ber
Crossing on Straight Crossing Between Bends \j‘*}’§ Crossing at Sharp Bend
Reach - Low Risk Low to Mederate Risk High Risk
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Qy, ¥ Dapostion @“’“ aniTrbitary, and Sediment Load
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CONFLUENCES &—
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w ———= Increase Stage ——= Decivase Gge Sedimentation
k< e ——— Problems
B |
L]
w
c
2
3 BACKWATER é é £ 5
8 EFFECTS OF — [ [
ALIGNMENT AND 3 H
LOCATION e i
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HIGHWAY A
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&|& erioGE DESIGN — = S - .
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e

Figure 3.3. Hydraulic, location, and design factors that affect stream stability.

HEC 20 (2012)
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Bed Material Sampling

Alluvial Sediment Sampling: Resources
« WSDOT Resources
« Hydrology and Hydraulics training website:
« https://wsdot.wa.gov/engineering-standards/project-management-
training/training/hydraulics-hydrology-training
+ 2022 Fish Passage and Stream Restoration Design Training Module 8:
Geomorphic Assessment for Stream Crossings by Cygnia F. Rapp, LG. 2022
« https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassa
geTraining/8-Geomorphic-Assessment-of-Stream-Crossings.pdf

7 WSDOT

2022 Fish Passage and
Stream Restoration Design
Training

Module 8: Geomorphic Assessment
for Stream Crossings

Cygnia F. Rapp, LG
Geomorphologist
December 20, 2022

L. : :
Image Source: Casey Kramer

A
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https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassageTraining/8-Geomorphic-Assessment-of-Stream-Crossings.pdf
https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassageTraining/8-Geomorphic-Assessment-of-Stream-Crossings.pdf
https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassageTraining/8-Geomorphic-Assessment-of-Stream-Crossings.pdf
https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassageTraining/8-Geomorphic-Assessment-of-Stream-Crossings.pdf

Surface Sediment Sampling: Grain Size Distribution of Clastic Sediment.
The Wolman Pebble Count

. Purpose: Measure and characterize the grain size distribution of the surface of fluvial sediment
deposit in a geomorphically active river at approach and contracted sections.
— Sample from single geomorphic unit, preferably coarser material near the center of the channel T i
—  Sample dry sediment. VY
. Particle selection must be random.
\/

—  Tape method (preferred)
—  Grid method (use to stay within a single geomorphic unit)
— Random-walk / Step-toe method (not recommended) FHWA
. Sampling Plan:
— Atleast 110 particles should be measured per sample, and an additional measurement should
be taken for each sand particle.
— At least 2 grain size distribution samples should be collected for each section
. Measure the medial axis of each particle.
— Not the longest axis, not the shortest, but the medial axis.
—  Gravelometer preferred measured medial axis.
—  Must include an estimate of the % of sand on bed S e
« Visual estimate of % sand on bed conducted in the field. C b
« Sand particles to be recorded as <2 mm in the particle count, but additional @\ QQ%\
measurements must be added to the sample.
. Observe fabric or texture of surface gravel for:
—  Imbrication Bunte and Abt 2001

—  Gravel clusters

;o
6‘——’ A (length) —>

oo Lo SO
O IR gs O

Bunte and Abt 2001

A
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Grain Size Distributions

Probability Distribution Function (PDF) Cumulatively Distribution Function (CDF)
18 D100 - =—f§ = = = u
D95
16 90 .
D84
80
14
D75
. 70 u
12 § Sand Gravel Cofgbles Boulders
> %0 >4 . 1 <
€10 C D5
5 gy
= 40
E
6 3 30 m
D25 =
4 20
D16
5 10
1 | £
L. v. .y v
0
0 83$
. 8 113 16 22.6 32 453 64 90.5 128 181 256 362 512 1024 1 8.01%12.6 25.9 50.0 K 261 1000

particle diameter (mm) particle diameter (mm)
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Sub-Surface Bed Material Sampling:

Grain Size Distribution of Clastic Sediment.
Bulk Sampling

. Appropriate method for sampling fluvial clastic sediment in subsurface alluvial deposits.

. Remove surface layer of sediment
—  Thickness of removed layer equal to the D100 of the surface material
. Sample Volume:

—  Note that statistical validity may require impractical sample volumes.

Nominal Maximum Particle Size Sample Weight
2 1mn. (50 mm) 45 lbs. (20 kg)
Yain. (19 mm) 15 1bs. (7 kg)
Y4 1n. (6.3 mm) 2 ¥ 1bs. (1 kg)

Slide 15



Grain Size Distributions

Red Cabin Creek Bed Characterization

100

90

80

70

60

50

40

30

Cumulative Percent Finer Than

20

10

-0

Downstream of Hamilton
Cemetery Rd Upstream of SR 20 Downstream of SR 20
Surface Subsurface Surface Subsurface Surface Subsurface
in in in in in in
0.7 0.1 0.4 0.1 0.3 0.1
2.2 1.1 0.9 0.7 0.5 0.4
5.2 3.8 2.2 1.6 0.9 0.7
124 5.2 7.3 2.6 1.8 1.8

Sediment Size (inches)

—@— Cumulative % Finer (Surface) (Ham-Cem Rd)
—@— Cumulative % Finer (Surface) (Upstream Xing)

Cumulative % Finer (Surface) (Downstream Xing)

= ® = Cumulative % Finer (Subsurface) (Ham-Cem Rd)
- ® = Cumulative % Finer (Subsurface) (Upstream Xing)

Cumulative % Finer (Subsurface) (Downstream Xing)

A
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Armoring Ratio

dSOSurface

Armoring Ratio =

50subsurface

Borah 1989

Parker ebook

A
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Legacy Sediment

Snoqualmie River near Carnation, WA.

 An advance glaciolacustrine unit
with local till lenses acts as a channel
spanning bedrock sill.

 The coarse clasts remain partially
embedded and increase the ability of
the unit to resist erosion.

 The unit serves as vertical grade
control not just for the river, but also
for the surrounding landscape.

A

v WSDOT =

d

" |
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Geotechnical Borings

y : A\

Geotechnical borings are typically drilled off to one side Geotechnical borings are generally focused on

of the channel, where the work minimizes impacts to structure foundation design. Borings typically

traffic and worker safety. advance through 5 feet of subsurface between
each 18" SPT sample.

7WSDOT ! Slide 19




Geotechnical Sampling Methods

RIFIE

XL-4134-Z
-90 -G-0183
H2B-36p-12 ys.o-55.0

Standard Penetration Test Shelby Triple-tube
(SPT) video "Undisturbed” Core Barrel
o Sampler

ZWSDOT Slide 20



https://www.youtube.com/watch?v=q4HD3-1bh3A
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GRAIN SIZE ANALYSIS SUMMARY FOR A-563P-22

Sheet 1 of 1

Job No: XL5950
Project: Advanced Geotechnical Scoping For Fish Passage: SR 303/Unnamed to Hoot Creek (930408)
-] - - <
Depth | Sample = _— Test | MC Moist Density | Specific (Gravel| Sand | Fines Dy | Dy | Dy | Dy | Doy
E ffeet) | Mo uscs Desaription Date | (o) |- | P | P! i) | Gravity | (%) | (%) | (%) | Cc | G | (mm) | (mm)| (mm) | (mm) | mim)
®| 150 D8 SC-SM SILTY, CLAYEY SAND 94322 | 23 | 20 | 14 8 274 | 58 | 532|411 38 | 142 [1.217|0.203|0.142 |0.033 | 0.008
M| 240 D-8 M SILTY SAND 91322 | 20 | nfa | nia | NP 268 | 26 | 823|151 | 67 | 28 |1.477|0.245(0.278|0.176 [0.108
US Sieve Opening In Inches | US Sieve Numbers Hydrometer Analysis
- 4" #4 #10 #40 #200
100 —_——— %
80 ToS——
go
- 70
£
5 \
@
=< 60
>
om
$ 50
£
w
= 40
@
o
@
2w “—0\
20 "‘.\.\
B g .
i T
- _'m‘—-ﬂ———m._ .
B B — |
0 5 < 3 ¥ 10 8 5 4 3 2 1 B 5 4 3 2 D1 8 ) 4 3 2 001 8 5 2 3 o 0.001
Grain Size In Millimeter
Gravel Sand
Sit Clay
Coarse | Fine Coarse Medium | Fine

Slide 21



@ WSDOT

GRAIN SIZE ANALYSIS SUMMARY FOR A-563P-22

Sheet 10of 1
Job No: XL5950
Project: Advanced Geotechnical Scoping For Fish Passage: SR 303/Unnamed to Hoot Creek (930408)
E=J . - .. -
Depth | Sample S e Test MC Moist Density | Specific |Gravel| Sand | Fines Dy | D Dy | Dy | Dy | Dy
E (feet) | Mo uscs Desecription Date | (3 | L[ FH| P (bsifr) | Gravity | () | (%) | 20 | O | @ [ imm| immy | im | mm) | mmy | me)
®| 160 D-6 5C-SM SILTY, CLAYEY SAND eq3zz [ 23 | 20 | 14 ] 274 | 58 | 532|411 | 38 | 142 [1.217|0203| 0,142 |0.033 | 0.008 | 0.004
| 240 D-g SM SILTY SAND e4322 | 20 | wia | mia | NP 288 | 26 |823 151 | 67 | 28 |1477|0.245|0.278 0176 (0106 | 0013
US Sieve Opening In Inches | US Sieve Mumbers Hydrometer Analysis
3 LTS 4 #10 #40 #200
100 I-Le____:_____%
]
a0
E 70
k=2
)
= @
==
[4a]
5 0
h= m\ .
ic
= 40 )
i}
(&)
= .
2 a0 o
e
0 Lo
—m_ B ‘.L__i_ L
& iy | o
10 "I!]——.E.__m_ —®
TR
o 5 4 3 2 0 8 5 4 3 2 1 g E 4 3 2 D B 5 4 3 2 o001 8 5 4 3 2 0.001
Grain Size In Millimeter
Gravel Sand
Sik Clay
Coarse | Finea Coarse Medium | Fine

A

950% passing
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GRAIN SIZE ANALYSIS SUMMARY FOR A-563P-22 Sheet 1 of 1
Job No: XL5950
Project: Advanced Geotechnical Scoping For Fish Passage: SR 303/Unnamed to Hoot Creek (930408)
5 | Depth | Sample P L Test MC Maist Density| Specific |Gravel| Sand | Fines Dy | D | D Dy | Dy | Dy
E (est) Mo | uscs Description Date | (3 | L[ FH| P (bsifr) | Gravity | () | (%) | 20 | O | @ [ imm| immy | im | mm) | mmy | me)
® 160 D-6 | SC-SM SILTY, CLAYEY SAND aqzzz [ 23 | 20 | 14 | s 274 | 52 |532| 411 | 38 | 142 |1.217|0.203 0.142 (0.033 | 0.008 | 0.004
o 24.0 D-8 SM SILTY SAND o132z [ 20 | wia | ma | WP 288 | 26 823|151 | 67 | 28 |1477|0.345|0.278 (0,176 |0.108 | 0012
US Sieve Opening In Inches | US Sieve Mumbers Hydrometer Analysis
> I 2 #10 #40 #200
100 e
-:______:‘E‘———____ D100 g PEEER
. — D95
90
|
0 D%‘(‘)
D75
JE, 70 - 70 i
g 5 Sand Gravel Collbles  Boulders
80 ) |
= o 60 >4 '. 4_
m >
5 0 B
c < 5 D50
= 40 Y—
© \ x 40
2 [0)
@ -
a ¥ o % 30 [ |
N = D25
20 .
u e S 20
g e 3 D16
10 __-ﬂ__ﬂ——m_ e 10
R |
— N |
o g 2 3 2 o 8 5 4 3 2 1 g £ 4 3 2 D1 & g 4 3 2 oo1 & 5 4 3 2 0.0l 0 . . v wv v
Grain Size In Millimeter 8.092.6 25.9 56053!826.1 1000
p— — particle diameter (mm)
Sik Clay
Coarse | Fine Coarse Medium | Fine

A
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Modified Slake Durability Index

Keaton and Mishra 2010 - BEFOREPRLTC
ASTM D4644-08 SAMPLETEST INFORMATION |

Huobe Mo, HT-2-20 Slake Durability nidex: 81.7 %

Sample No.: C-28 Water Temperature Awg.- 19.9C*

Sample Type: | CORE (ROCK) Water Temperature Range: | 19.8- 2001 C°

Sample Depth: | 11110 111.5 feet Matural Water Content: 16.5 %

Test Date: 232021 Ret Fragment Appearance: | Typs 2

Classification: | SILTSTONE

TEST DEFINITIONS (ASTM D45644)

Appearance of Retained
Type Fragments

| Virtually unchanged

3 Consists of large and
small fragments

3 Consists exclusively of
small fragments

A
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Geotechnical Properties Boring logs

_—
7w WSDOT LOG OF BORING A-259p-21 Shest 1072
Advanced Work on Fish Barmiers: SR 302/Goodnough
Project Creek (105 K051518a) Job Number: XL5050  Roufe & MP Range: SR 302 MP 16.15- 18.15 - 5 5
Northing: 7637607 feet Latitude: 47380750 deg. o Wilson, Jamie (#2041} / Henderson, Danny (#2742) @ ,‘\gj/ o Moisture Content (%) % Blows/6" § g § a | 5
Easfing: 1,114,090 8 fest Longitude: -122 624868 deg. Start Card- RE20740 Well Tag: EMM-382  Instrument- 1" PVC = S E Fines Content (%) © (N bpf) ';, 2 Lab Material Description S g o
Elevation: 45.3 fest Collector: Region Survey Driling Methog: Casing Advancer Hole Diam.: 4 in % E a PenngéI?\? ResmtancSeP("Il?}I%WSIﬂ) I?Ir;?doltjget; % %_ Tests § £
Horizontai/Vertical Datum: 1/ NAVDSS pment: _ CME 45 (ID:9C44) Rod Type:_HQ o ﬁ 'e’ ING 3| E o)
Started:  April 27, 2021 Completed: Aped 20, 2021 Hammer Type: _Autohammer Historic Efficiency:_88.3% - 0 20 40 60 80 100 @ See Note 4
—a—— ]
m i ] : 3 L
- = >~ B EER '-me 2 SILTY SAND WITH GRAVEL, subangular, very loose, X X
E[ 3 |,| voswecommenn | mowe & E 5 T ) : (%) P51 GS.AL | dark brown, wet, homogeneous. - I
£ | B | B | ity O (g £ LA Material Description ] B ERi : Rec0.6 X
Bl 2 |e PN SoTN,  |PedDua|f| B 5 | < i : ; : | :X
[+ g o 3 p— - :
S ’. N z = : ®© : g - SILTY SAND WITH GRAVEL, subrounded, loose, dark :Z K
- 5 o1 [ . =
L [y o 10 154 o0 |11 i : : : ©) brown gray, wet, homogeneous, trace organics (wood). — Y X
T I AN HEAG : : : : Rec=0.5' N
T . wied 4 i -1 _/ SILTY SAND WITH GRAVEL. subanguiar, dense. gk | [ | | 4 i :Z
5 0 ! H ; . %] ©=A | grayish brown, moist, homogeneous. = A L N K
| I ; LM g | — SILTY GRAVEL WITH SAND, subangular, loose, gray, 3 I
L A 1 ©) i : wet, homogeneous. - Y ¢
o glLT\f SAN? uWITH GRAVEL, subangular, dense, dark : I Rec=0.5' I K
rown, moist. hromogeneous. - i il 2 -
. SILTY SAND WITH GRAVEL. subsnguir, medium | [ 1 ; 56 SILTY GRAVEL WITH SAND, subrounded, very loose, I K
dense, dark brown, moist, homogenecus. - Wl 20—_16 3) dark gray, wet, homogeneous. — I K
] Rec=0.8' X .
= m -
I 2 SILTY SAND WITH GRAVEL, subangular, very loose b o
i *x i.. o5| “amAL d.atk brown, wet, homogeneous. e F b § K
Recel & Y -1 3 e
1 3 r -
3 . == SILTY SAND WITH GRAVEL, subrounded, loose, dark 5 SILTY GRAVEL WITH SAND, subangular, loose, dark I X
15— op = brown gray. wet, homogensous, trace organics (wood). [— a 3 D9 -
1 Recs . 1 ®) gray, wet, homogeneous, trace organics (wood). r X Z
L = Rec=0.7"
] P
[ 2 o7| sea | SILTY GRAVEL WITH SAND, subangular, loose, gray. £ [ L 4 : £ 4 ™ | ST B x K
1 o AC "% | wet. homogeneous rob & 3 ; 252 Bkl e i POORLY GRADED GRAVEL WITH SILT AND SAND, Z
T ‘ o SILTY GRAVEL WITH SAND, subrounded, very loose. | 1 25_—79 : : f (28) ‘ subangular, dense, dark gray, wet, stratified. B x X
20 2 oa dark gray, wet, homogeneous. — I Rec=0.8" I
ReceD.5 — 7 T
T N - -drilled through 6inch cobble at 26ft K
T ; SILTY GRAVEL WITH SAND, subangular, loose, dark i l
1 : 2 oX gray. wet. homogenecus, trace organics (wood) F .
] 3 m:nr ________________________ | I
r ; s POORLY GRADED GRAVEL WITH SILT AND SAND, -‘
25— P ¥ =5 o8| GSAL | subangular, dense, dark gray, wet, stratfied. —
: £ o Recel.5 1]
T P ~drilied hrough Binch cobble af 267 I
T ' T p— % SILTY SAND WITH GRAVEL WITH COBBLES, i ¥
J R & O 1% o11| os,.a | subangular, dense, dark olive brown, wet, L M
r | i H i o homogeneous. 11
- 7, T T Rec=l 3 X
H T i i i - N SILTY SAND WITH GRAVEL, subangular, dense. dark | 4
* e, olive browm. wet, ho [ ]
i
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Angle of Repose

Phi = ® = "Angle of repose”

N1g0 from SPT ¢
(blowsl/ft) (©)
<4 25-30
4 27-32
10 30-35 . o st el
30 35-40 IR _ g '-"!""'"'-':":ff'j.'i'r.'-i.
50 38-43 i S

GDM Chapter 5:
Correlation between N1s0 and phi for granular soils

e
#
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Geotechnical Properties

ESU 1 (Fill): ESU 1 represents fill that was placed during construction of SR 16 and SR 302.

E S U S ESU 1 at SR 16 is generally characterized as medium dense to very dense silty SAND with gravels and dense to very dense silty GRAVEL with sand. ESU 1 at SR
302 is generally described as loose well graded SAND with trace gravels, very loose to dense silty SAND with gravel, and loose silty GRAVEL with sand.

ESU 1 was observed to be approximately 24 feet thick in test boring A-259p-21, approximately 80 feet thick in test boring A-260p-21, and approximately 65 feet

E N g | nee |"| N g thick in test boring A-261p-21.

ESU 2 (fan deposits): ESU 2 represents fan deposits, which consist of fluvial sediments locally deposited where streams emerge from confining valleys.

St ra ti g ra p h i C ESU 2 is generally characterized as dense silty SAND with gravel and cobbles, dense to very dense silty SAND with gravel, and dense poorly graded GRAVEL with
silt and sand.

ESU 2 was observed to be approximately 15 feet thick in test boring A-259p-21 (SR 302). ESU 2 was not encountered in test borings A-260p-21 and A-261p-21

U . t (SR 16).
n I S ESU 3 (Vashon-age advance glacial outwash): ESU 3 represents advance glacial outwash, which are well-graded fluvial sediments that were locally deposited
by meltwater streams, and then overridden by ice during the advance of the Vashon glaciation.

ESU 3 is generally characterized as medium dense to very dense silty SAND with gravel and very dense well graded SAND with silt and trace gravel.

ESU 3 was only encountered in test borings A-260p-21 and A-261p-21 (SR 16). ESU 3 was observed to be approximately 10 to 12 feet thick in test boring A-261p-
21. In test boring A-260p-21, ESU 3 extends from approximately elevation 124 feet to the maximum depth of exploration at 106 feet.

ESU 4 (advance glaciolacustrine deposit): ESU 4 represents a Vashon-age fine-grained, laminated to massive glaciolacustrine deposit that is correlative with the
Lawton Clay. This material was deposited in proglacial and lowland lakes and later overridden and overconsolidated by glacial ice. This material has been known to
lose strength when unloaded or exposed in excavations. Additional information on this geotechnically challenging material is available in the Geotechnical Design
Manual.

ESU 4 is generally characterized as a very stiff to hard, SILT and LEAN CLAY with sand.

ESU 4 was only encountered in test boring A-261p-21 (SR 16). ESU 4 extends from approximately elevation 133 feet to the maximum depth of exploration at 119
feet.

ESU 5 (pre-Vashon nonglacial deposits): ESU 5 represents pre-Vashon age sediments that includes nonglacial deposits.

ESU 5 is generally characterized as very dense sandy SILT, very dense silty SAND, very dense silty SAND with gravel, very dense silty GRAVEL with sand, and
very dense well graded GRAVEL.

ESU 5 was only encountered in test boring A-259p-21 (SR 302). ESU 5 extends from approximately elevation 7 feet to the maximum depth of exploration at -34
feet.

A
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Geotechnical Tools and Resources

WSDOT Geotechnical Design Manual

https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/manuals/geotechnical-design-manual

« Chapter 4: Soil and Rock Classification
« Chapter 5: Engineering Properties of Soil and Rock

« Chapter 15: Abutments and Retaining Walls
ISRM Suggested Methods for Rock Mass Characterization

NHI Soils and Foundations Workshop

A
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https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/manuals/geotechnical-design-manual

ediment Sampling Summary

US 101 / Elwha River Bridge
Subsurface Profile

§ 13,5 MIN, B, OF PAVT SEAT
TFET LR SIER 4
AK. OF PAVT SEAT L 5TA, B2+60,00 BlIER 1 ' ' L 5TA, E5tEa, 3
GR, ELEV, 237.51 L ATED, 5E.’E\?.+z-1é.’ﬂ5>
L STA B0+B0.00 EUH%? e""“Tm GR. ELEV. 242.33
GR, ELEV, 232,65 LEV. T3
260 260—
EXISTING GROUND LINE = _ _ _ _ _
ALONG LEFT CURB LINE '|I _ _ —_ — =i = = = = = =
—240 = = = — — [ — — — = — 40—
T — ] | e ——
S — = |4 B
— _ {100 YR MR -
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ESU 1 - Existing Fill: ESU 1 was observed in drilled borings H-6p-17, H-13-17, and H-14p-17, H-15-17, H-16p-17, and H-17p-17 from the current ground surface to a
depth of 6 to 47 feetbelow the ground surface, ESU 1 is characterized primarily as very loose to medium dense wellgraded gravel with sand, well graded sand
with gravel, silty sand with gravel, and silty gravelwith sand.

ESU 2 - Delta Deposits: ESU 2 was observed in borings H-5-17, H-7-17, H-8-17, H-9-17, and H-10-17 from the existing ground surface or mudline in the river to a depth
of 11 to 22 feet. ESU 2 was also observed in boring H-6p-17 below ESU 1 to a depth of 41 feet below the ground surface. ESU 2 is characterized primarily
as very loose to medium dense well graded gravelwith sand, poorly graded sand, and silty sand with gravel. Intermittent cobble and boulder sized particles
are also present throughout ESU 2.

ESU 5 - Basalt Bedrock: ESU 5 was observed in all borings except H-17p17 below ESU 2, ESU 3, and ESU 4 to the finaldepth of the borings. ESU 5 is characterized
primarily as very weak to moderately strong basalt rock.. Discontinuities are moderately spaced and in fair condition. Discontinuities are generally close to very widely
spaced and in poor to good condition.

A
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The end.

Thank you.
Questions?
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References: Module 5

WSDOT Resources

. WSDOT Hydraulics Manual:
o https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/manuals/hydraulics-manual
. WSDOT Geotechnical Design Manual
o https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/manuals/geotechnical-design-manual
. Hydrology and Hydraulics training website:
o https://wsdot.wa.gov/engineering-standards/project-management-training/training/hydraulics-hydrology-training
. Fish Passage and Stream Restoration Design Training Slides:

o Module 8: Geomorphic Assessment for Stream Crossings by Cygnia Rapp

o https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassageTraining/8-Geomorphic-Assessment-of-Stream-Crossings. pdf
o Module 9: Site and Reach Assessments and Reference Reaches by Garrett Jackson and Cygnia Rapp

o https://wsdot.wa.gov/publications/fulltext/Hydraulics/hhtraining/FishPassageTraining/9-Site-and-Reach-Assessments.pdf

Other Resources

. HEC 18: https://www.fhwa.dot.gov/engineering/hydraulics/library arc.cfm?pub number=17&id=151
. HEC 20: https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif12004.pdf
. HEC 23

- Volume 1: https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09111.pdf
- Volume 2: https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09112.pdf
. HDS 6: https://www.fhwa.dot.gov/engineering/hydraulics/pubs/nhi01004.pdf
. Bunte and Abt 2001

. Sampling Surface and Subsurface Particle-Size Distributions in Wadable Gravel- and Cobble-Bed Streams for Analyses in Sediment Transport, Hydraulics, and Streambed Monitoring. USDA Forest Service Rocky
Mountain Research Station General Technical Report RMRS-GTR-74 May 2001

. https://www.fs.usda.gov/research/treesearch/4580
. California Water Boards: THE CLEAN WATER TEAM
. https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/522c.pdf
. Parker ebook:
. Spreadsheet: http://hydrolab.illinois.edu/people/parkerg/excel_files.htm
. Presentation:_http://hydrolab.illinois.edu/people/parkerg/powerpoint lectures.htm
. FHWA: Standard Method of Test for Determining Riprap Gradation by Wolman Count
. https://highways.dot.gov/sites/fhwa.dot.gov/files/docs/federal-lands/materials/field-materials-manual/12936/flh-t-521.pdf

. Church, Micahel A., D. G. McLean, and J. F. Wolcott. "River bed gravels: Sampling and analysis, Sediment Transport in Gravel-Bed Rivers CR Thorne, JC Bathurst, RD Hey, 43—-88." (1987).Wolcott and Church 1991
. ASTM Slake Durability D 4644 — 04 Standard Test Method for Slake Durability of Shales and Similar Weak Rocks
. Keaton, Jeffrey R., and Su K. Mishra. "Modified slake durability test for erodible rock material." In Scour and Erosion, pp. 743-748. 2010.

. ISRM Suggested Methods for Rock Mass Characterization
. NHI Soils and Foundations Workshop
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