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Purpose of Training Module

Washington State
Department of Transportation

L

SR X MP XX.XX NAME OF CREEK Creek (WDFW ID):

Preliminary (or “Final” if this is final) Hydraulic Design ° Replace previous train i ng modules

« Comprehensively cover most recent PHD/FHD
template

» Focus on purpose of individual sections and how
they inform design

oy  Template and checklist
P e e T e e * Note: module does not cover everything in PHD

ENGINEER OF RECORD, TITLE
Certification FPT##-#xasz
COMPANY/OFFICE el I lp a e
Engineer of Record: For PHDs, engineer of record should be WSDOT State Hydraulics Engineer,
[For PHDs revised or prepared by DB, engineer of record should not be WSDOT State Hydraulic

Engineer. For FHDs, if consultant/DB is stamping the pians, they will be the EOR and not WSDOT
State Hydraulics Engineer.

LIST OF CONTRIBUTING ENGINEERS, GEOMORPHOLOGISTS, AND BIOLOGISTS
WITH TITLES, COMPANY/OFFICE

SR XX MP X2 NAME Creek
Preliminary Hydrsulic Design Report
Hydreulics Report Templste v2022-10 MONTH YEAR
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Template History

Scour update to
template and

PHD began as a
memo called a Name change Hydraulics Maior t late  Mai : >
o t lat Hydraul
PBOD “Preliminary from PBOD to Manual a‘%rp(f:tf ae ajzrpggg T el aLlJuplgate 3
Basis of Design” PHD Update ~
Ever-evolving
. document
2013 2018 2019 2020 2021 2022 2023
Change from
memo to report
Minor template updates periodically
adding information

format
*Hydraulics Manual also being updated periodically —

should be consulted during PHD / FHD development
A
v WSDOT 5



PHD/FHD Purpose

* Document design decisions

* Place where multiple disciplines (and
comanagers) can go

* lllustrates how design meets or does
not meet guidelines

7> WSDOT 6




PHD/FHD Expectations

Use most recent template as it is
written

— Approval from HQ Hydraulics
required for any modifications to
template

— Respond to all prompts

Use checklist while writing and
performing QC

Use alongside Hydraulics Manual
Think critically, tell the story
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PHD/FHD Sections | .

v/ ’ Department of Transportation

SR X MP XX.XX NAME OF CREEK Creek (WDFW ID):
Cove r Preliminary (or “Final” if this is final) Hydraulic Design
Report

Introduction

Watershed and Site Assessment
Hydrology

Water Crossing Design
Hydraulic Analysis

Floodplain Evaluation

Scour Analysis il ae s

Certification FPT##-##H##
COMPANY/OFFICE

S CO u r C o u n te rm e a S u res Engineer of Record: For PHDs, engineer of record should be WSDOT State Hydraulics Engineer.

For PHDs revised or prepared by DB, engineer of record should not be WSDOT State Hydraulic
i For FHDs, if is ing the plans, they will be the EOR and not WSDOT

f ; u m m a ry State Hydraulics Engineer.

LIST OF CONTRIBUTING ENGINEERS, GEOMORPHOLOGISTS, AND BIOLOGISTS
f WITH TITLES, COMPANY/OFFICE

Choose an item SR XX MP X.XX NAME Creek

. Preliminary Hydraulic Design Report

A p p e n d I Ce S Hydraulics Report Template v2022-5 MONTH YEAR

7> WSDOT 8
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Cover Page

Purpose:

Key ltems:

Lessons
Learned:

7> WSDOT 9

Clearly identify site, authors,
PHD/FHD template version,
review stage

Certification numbers
Photograph

Prime consultants should be
author and be reviewing
subconsultant’s work

- Washington Stat
ashington State
V’ Department of Transportation

SR X MP XX.XX NAME OF CREEK Creek (WDFW ID):
Preliminary (or “Final” if this is final) Hydraulic Design
Report

Photograph of the creek should include the inlet or outiet WITH water flowing in the creek. If there is no water in the creek
at the time of the site visit and no photo is availabic, please contact HQ Hydraulics.
ENGINEER OF RECORD, TITLE
Certification FPT##-#H#
COMPANY/OFFICE

Engineer of Record: For PHDs, engineer of record should be WSDOT State Hydraulics Engineer.
For PHDs revised or prepared by DB, engineer of record should not be WSDOT State Hydraulic

i For FHDs, if is ing the plans, they will be the EOR and not WSDOT
State Hydraulics Engineer.

LIST OF CONTRIBUTING ENGINEERS, GEOMORPHOLOGISTS, AND BIOLOGISTS
WITH TITLES, COMPANY/OFFICE

Choose an item. SR XX MP X.XX NAME Creek
Preliminary Hydraulic Design Report
Hydraulics Report Template v2022-5 MONTH YEAR




A

¥ Project Location - . N,
% R
® il Post Marker i

1 Introduction L

Bogachie!

* Document project location and N
Purpose: : :
summarize design strategy and
proposed hydraulic width
* Project vicinity figure aEl 4
Key Items: : Y19 NV B
J’:)‘;‘*(‘, /0990269
e
Lessons « Design deviations should be N
Learned: mentioned here (if applicable) N

\‘\

US 101 MAY CREEK

I ")? mﬁ‘::.‘;.“ ety PROJECT VICINITY
S

XL5220
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~—H

2 Watershed & Site Assessment

* Summarize existing conditions at both a

Purpose: .
P watershed scale and local site scale.

» Reference reach

«  Bankfull width concurrence
* Longitudinal profile

* FUR

« Sediment

Key Items:

Lessons «  Wildlife Connectivity should not change
| earned: minimum hydraulics recommendation.

* Heavily document channel morphology,
especially in step-pool systems.

7> WSDOT



2.1 Site Description

« Barrier status and impact to fish life

* Is the crossing a failing structure or CED
« Maintenance/Repair history

* Flood history

« Total length of habitat gain

F |

7> WSDOT 12



2.2 Watershed and Land Cover

» Size and location of watershed
* Major tributaries

« Topography

 Land Cover

« Prevailing land uses

7> WSDOT




2.3 Geology and Soils

UNNAMED TRIBUTARY ~ Qgt

> -
| -~ \
S - |
| y
\ o
-~ /
Ny / UNNAMED TRIBUTARY TO MCCORMICK CREEK
- / TO MCCORMICK CREEK SR 16 MP 1463
SR 16 MP 14 63 | WOFW 991939
WOFW 991939 .
- Gga
age

Soll Map Unit

P

L J
-
(=
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2.4 Fish Presence in the
Project Area

« Species identified
« Sources
— Spawner Surveys
— WDFW Fish Passage Database
— RSFS data
— Scoping Reports
— Scoping bios




2.5 Wildlife Connectivity

« PHD and FHD summarize wildlife
connectivity information provided by
others.

— HQ Hydraulics does not make the
decision to increase structure
width to accommodate

7> WSDOT



2.6 Site Assessment

« 2.6.1 Data Collection
« 2.6.2 Existing Conditions

e 2.6.3 Fish Habitat Character and
Quality

« 2.6.4 Riparian Conditions, Large Wood,
and Other Habitat Features

7> WSDOT 17




2.7 Geomorphology

« 2.7.1 Reference Reach Selection

« 2.7.2 Channel Geometry

( *See Module 9: Refaence Reachesj

g

— 2.7.2.1 Floodplain Utilization Ratio (*See Module 10: BankfulWVidthJ

e 2.7.3 Sediment

« 2.7.4 Vertical Channel Stability

« 2.7.5 Channel Migration

7> WSDOT
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3 Hydrology

Purpose:

Key Items:

Lessons
Learned:

7> WSDOT

Summarize hydrology methodology
explored and which is selected for
design.

Clearly document available hydrologic
data and why method was chosen

WSDOT using 2080 100yr, when
practicable

Don’t just jump right to MGSFlood or
USGS Regression, do some background
research

Mean recurrence

imterval (MRI) {years)

2

10

25

50

100

500

Projected 2080 100

USG5 regression
equation (Region 3)
(cfs)

EREERE

(cfs)

LEREERE



4 Water Crossing Design

Purpose:

Key Items:

Lessons
Learned:

7> WSDOT

Documents design methodology and
decisions

4.1 Channel Design
4.2 Minimum Hydraulic Opening
4.3 Streambed Design

Existing site conditions should all be
documented previously and referred to
throughout this section as the basis for
making design decisions

*See Module 4: Hydraulic
Design Process

Ny

4 Water Crossing Design ...
41 Channel Design.............

41.1 Channel Planform and Shape ..........

4 1.2 Channel Alignment .
41.3 Channel Gradient ...

4.2  Minimum Hydraulic Opening ..................

421 Design Methodology
422 Hydraulic Width ...
423 Verical Clearance...
424 Hydraulic Length ...

425 Future Comidor Plans ...

426 Sirnucture Type.......
4.3 Streambed Design ........
431 BedMaterial ............
4.3.2 Channel Complexity

20




4.1 Channel Design

» Describe proposed channel shape,

FUZEE! alignment, and gradient

« Channel shape (provide justification) e
&
« Gradient (meeting WAC, WCDG, owmes e w5 | es e v

MATCH EXISTING

and HM slope ratio)

Key Items:

731 > —
Il BN P
FINISHED GRADE 2r L !

STREAMBED MATERIAL %

 Avoids extreme bends into and out
. " (SEE NOTE 1) =<
Lessons of structure if possible g™

Learned: «  Success of this section relies heavily
on clear explanation/ justification for
basis of design.

7> WSDOT 21




4.1.1 Channel Planform
and Shape

« HM Section 7-4.3 Channel Cross Section E=3
— Mimic reference reach
— Highly modified systems
* Designed channel shape
« Or to match adjacent reach
 Documentation
— Description of proposed shape 7
— Channel shape justification — X\, é\&
« Comparison to reference reach 0 R 0

Station Relative to Thalweg (ft)
— Meander amplitude assessment (if
needed)

to Thalweg (ft)

«

Relative

| —Proposed Surface
— STA B+77 (BFW 3)
‘ —— STAB+10(BFW 2)

Elevation

—STA
——STA7+66 (BFW 1)
——STA 3+00

7> WSDOT 22




4.1.2 Channel Alignment

B TRANSITION TO MATCH
EXISTING CHANNEL ENG|

PC 6+34.06 TO PC 6#54.06‘ [PC
" | |
- | f

—cur __

* Grading length and limits

* Any realignment proposed?

» Sinuosity

» Description of any constraints
that drove the previous items

/. APPROXIMATE DAYLIGHT LIMITS
A /' (SEE NOTE 1)

ikl
ity

J(L.‘c\"

[ N
<1 'END_CULVERT
“1 - PC 545453

R ST
(SRS ~
N ~
~
o e

PC 2+40.00
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4.1.3 Channel Gradient

* Proposed channel gradient
» Slope ratio
—  Within 25% of reference reach?

» Brief degradation and aggradation
summary

— Reason to prevent long-term
degradation?

7> WSDOT

4.1.3 Channel Gradient

What is the slope ratio? How does the slope compare to what would be found on the site
naturally? If it is different, why is it different? Is long-term degradation/aggradation expected? If
so, how much? Is there a reason to contain the long-term degradation?

* Keep aggradation/degradation discussion brief here and just summarize results. Refer to
Section 7.2 for further details. Detailed discussion and analysis for how it was quantified
should be discussed in detail in Section 7.2.

24



4.2 Minimum Hydraulic Opening

- MINIMUM HYDRAULIC OPENING
----------- STRUCTURE FREE ZONE

 4.2.1 Design Methodology

SFZ WIDTH
. . ' 1 HYDRAULIC WIDTH 1 | [FFE HEIGHT
® 4-2-2 Hyd rau Ilc Wldth I |—2— HYDRAULIC [DESIGN FLOOD ELEVATION >,
' ! : e
* 4.2.3 Vertical Clearance I S o
 4.2.4 Hydraulic Length
Table 7: Velocity comparison for X-foot structure
Location 100-year Projected 2080 100-

. welocity (ft's ear veloci 5

* 4.2.5 Future Corridor Plans Referenoe reach (STA XH#00 e v
Upstream of structure [STA XH+X)
Any other locations that are relevant
Through structure (STA XHAK)

° 4.2.6 Structure Type Downstream of structure (STA XG0

7> WSDOT 25




4.2.1 Design Methodology

Present design methodology:

Purpose: _ _
— stream simulation

- CO nfl n ed b r d g e Bankfull width: refer to Section 2.7.2
Floodplain utilization ratio (FUR): refer to Section 2.7.2.1
Slope ratio of proposed channel to the existing channel” refer to Section 4 1.3

— unconfined bridge
. . Length of the proposed crossing: refer to Section 4.1.2
— hyd raulic deS|gn »  Footprint of the fill

s Report elevation of existing roadway and height above proposed channel thalweg.
Very large embankments (long crossings) are more likely to be clear span hridge
rather than buned structure.

. . . s Channel stability, including potential aggradation or degradation: refer to Section 7.2
Key ItemS ¢ ConCISer summarize des'gn *  Channel migration: refer o Sections 2.7.5 and 4.1.1

method and reason it was used " Clmaleresiience
Lessons - Don't dive into design parameters,
Learned: stick with just methodology

7> WSDOT 26




4.2.2 Hydraulic Width

*  Minimum hydraulic width

Table 7: Velocity comparison for X-foot structure

— Greater of two equations below Location — Projected 2050 100-
. . . . . velocity (fif's)  year velocity (ft/s)
« Any iterations of width due to velocity ratio, Reference reach (STA X0WX)
lateral migration, floodplain connectivity, R
channel processes, etc. Through siructure [STAXKERK)

Downstream of structure (STA M0

« Final minimum hydraulic width used for design

Wivo = 1.2*W; + 2 feet
Wiyo = 1.3" Wy,
Where

Wyyvo= width of hydraulic opening
W= BFW

7> WSDOT 27




4.2.3 Vertical Clearance

Table 9: Vertical clearance summary

Parameter Downstream face  Upstream face

* Present all potential vertical clearance values ofstnienra Lot smictir

(both reCO m m e n d ed a n d req u i red ) ;:‘:;::fsir‘:::::d(::ound elevation within hydraulic width (ft)

100-year WSE (ft)

* Determine required and recommended 2L W

m i n i m u m Stru Ctu re IOW Ch O rd g ive n CO n Strai nts Recommended/Required maintenance clearance (ft) Typically 6 or 10 Typically 6 or 10

Required minimum low chord, 100-year WSE + freeboard (ft)
Required minimum low chord, 2080 100-year WSE + freeboard
(ft) if discussion in section states not practical to meef freeboard
at 2080 100-year flow delete this row.

......... MINIMUM HYDRAULIC OPENING Recommended/Required minimum low chord, highest streambed
ground elevation within hydraulic width + maintenance clearance
=smemememe= STRUCTURE FREE ZONE (ft)

Required minimum low chord (ft) sefect highest of above

AR AR REQUIRED low chords
PR RIS SUIRY Sy SRl WAy S SRy Sole S Sy SRl St Sy Sl Shls Sy SRy Sy S CTE Recommended minimum low chord (ft) select highest of all
7 \g. the above RECOMMENDED and REQUIRED low chords; delete
fesssssssssssssssssssssssssssssnns , — row if all the above are required
SFZ WIDTH

' SFZ HEIGHT
I HYDRAULIC WIDTH

t —¥— HYDRAULIC [DESIGN FLOOD ELEVATION

‘1 \_MAINTENANCE
A LEARANCE
e

[. " |—CBE
DETERMINED THALWEG O
BY SCOUR

YORAULIC DESIGN
FLOOD FREEBOARD

7> WSDOT 28




4.2.4 Hydraulic Length

* Document length recommendation based on structure type / size

Bridge structure
recommended?

No length Determine max.
recommendation hydraulic length

Note: long culvert criteria
(length : span > 10)

yes

7> WSDOT 29




4.2.5 Future Corridor Plans

* Request any plans from Region PEO
« If plans exist, describe how structure is forward-compatible

4.2.6 Structure Type

e  Structure recommendation:
— No structure type

— Bridge structure Need description on WHY a
— Buried structure } specific structure is recommended

7> WSDOT 30




*See Module 11;: LWM &

4-3 StreambEd DESign Module 12: Streambed

Design

* Present proposed material size and

Purpose: channel complexity features

Low flow channel will be directed
by the engineer in the field.

» Clear comparison of observed and

Key ltems: proposed bed material
« PHD conceptual complexity sketch
 FHD detailed complexity design s SRS -

 LWM within structure must be
approved by HQ Hydraulics

Table 10: Comparison of observed and proposed streambed material

Sediment Observed Proposed Meander bar
size diameter for diameter (in) diameter (in)
design (in] (if applicablie)
Dy

Lessons « Fox and Bolton 75" percentile wood Do

Learned: are targets Do

Diga

7> WSDOT 31




*See Module 12:
Streambed Design

4.3.1 Bed Material

« Section 7-4.7 of Hydraulic Manual
 Two Methods
— No Constraints
« Match existing (within 20% of D50)
— Constraints
* Risk assessment
«  WSDOT Standard Specification Materials
—  Minimum 30% streambed sediment
— Constructible ratios

7> WSDOT 32




4.3.2 Channel Complexity

*See Module 11: LWM
and Habitat Features

Describe anticipated channel morphology
— Proposed elements outside of structure
— Proposed elements within structure

« Document Fox and Bolton 75t percentile
wood targets

— Include stream length within structure
— These are goals

* Document proposed design and how it
compared to targets

* Proposed layout, stability of complexity
features, restoration plan, and other

7> WSDOT 33




*See Module 6:

9 Hydraulic Analysis Modeling with SRH-2D

_—

Mesh Module 7
196.0

TAVA L,
14N ANAN AV AVAVAVAVAVA A RTIS Y
A AVAVAVVS VAN ATAVAVAVAY: NAVAVAVAVAVAYAS: S

£E =
g&%‘%{%s‘iwima%mmg

R N R R NAA AR

191.0 EAE T VAV N AVAVAVAVAVAV N AN AVAVAVAVAVAVAVAY )
A VAT et 5 VAV MVAVAY )
B e SRS LA A YOI
H 1810 st AR VAP A YA AT 0 T VAV VA NNV AV AVAVAVAVAVAZ) NN AV N AVAN b g
. escribe moael development an . Hile e e D A T
L1710 i EE B R R R R AN OGO LT
R T R R A A AN R R R K AATACR ]
. [ . R RS 00 RN AR AL
166.0 N S e e RS RS
. e TR R DOoo e L
results e SN
151.0
146.0
I LR AR i
e AN Vil Vi
P e R R OO T AT AT
A A A e I N PR B OO e iy COAVAYavAV v Timy 15 e
R A R S O T A A e e S s o -
hw’;‘wmm'ﬂm‘ﬂnnﬂuuunmﬂ- ATt SN e e ggg,;ggsgiﬂmmmnm il
E5
Vi,

V]

A AR AR e e AR SR a0
NISAAAN NN AN AN A e
A i SRR
}IAAALAAAAAAALAAA"?‘éeﬁgﬁw

. . . N IR i
« Topographic information and REEEORDR e PO

Key Items: sources

* Mesh, materials/roughness,
boundary conditions, ”

« Existing, natural, and proposed ,
conditions results

SR166 CL
170 |

DS 1+60 (H)
DS 2432 (G)
DS 3+36 (F)
US 6+08 (D)
US 6+70 (C)
US 7+48 (8)
US 8+65 (A)

Structure 4+90

140

135

Elevation (ft)

130

125

Lessons * Make sure hydraulic results match
Learned: throughout document

110
1+00 2+00 3+00 4+00 5+00 6+00 7+00 8+00 9+00 10+00

 Document modeling assumptions st




5.1 Model Development

« 5.1.1 Topography and Bathymetric Data

 5.1.2 Model Extent and Computational Mesh

Mesh Elevation (ft)
4457

Vehicle bridge
4417 upstream face
43717

* 5.1.3 Materials/Roughness 4357

4297

 5.1.4 Boundary Conditions

e 5.1.5 Model Run Controls

 5.1.6 Model Assumptions and Limitations

7> WSDOT



5.2/5.3/5.4 Existing/Natural/
Proposed Conditions

Table 13: Average main channel hydraulic results for existing conditions

* Natural conditions only for unconfined Wy Crosssecoon | Zgear Tingeas | S0gen

. . parameter DS XX+XX (A)
e  Minimum show results for: oo v
— Existing 2yr, 100yr, and 500yr e

US X¥+XX (F)

— Natural/Proposed 2yr, 100yr, 2080 100yr, oe

DS XX+XX (B)
and 500y|" DS XX+XX (C)
Max depth (ft) = Structure (D) NA NA NA
. US XX+XX (E)
« Cross section summary tables U5 BTG
* Profile %%E%
«  100-year velocity map e R
US XX+XX (F)
« Appendix H for more detailed results oo T
0s Fpem
Structure (D) NA NA NA
US XX+XX (E)
US XX+XX (F)
US XX+XX (G)

Average
shear (lp/SF)

Main channel extents were approximated explain methodology (e g, by 2-year event
water surface top widths, inspection of the topographic grade breaks, combination, Elsé"l.l

7> WSDOT 36




6 Floodplain Evaluation |-seeModue 16: FRA

!_ ________ ———— 5623400185 | “ LEGEND
1 6623400191 1 ! ? E:z::: \[;V: sf
* Document the floodplain changes '+ | | @ | o | Change WSE (ft)
Purpose: : b 6623400181 | & ‘f i B <-1.00
; 6623400189 | i i I -1.00- 050
| : | -0.50 - -0.20
: | o o 1] -0.20 - -0.10
B o ¢ Existing I -0.10-0.10
. : Sk ' 10-0.
-  FEMA special flood hazard area - e | 020000
Key |temS pr S : : g A | - os0-1.00
 Changes to WSEL (PHD only) Y. S |- o
. . 7;____-_ | 77*--__ { ; : L :arcel Boundary
— Profile and plan figures e S |2, e
___________ ' i |
s 6623400242
N |
Lessons » Clearly describe changes to sz
Learned: floodplains FeA znex
ey

6623400233

- el
v WSDOT e R 7 |




7 Scour Analysis

 Document scour analysis and
assumptions

Purpose:

« Scour training/certification in
development

« Total Scour

Lateral migration
Long-term degradation
Contraction scour
Local scour

Key Items:

Elevation (feet)

Lessons .
Learned: .

Follow the template!
lterative, interdisciplinary process

7> WSDOT

170

160

150

140

130

120

110

100

90

80
4250

4500

*See future scour
certification

Ny

Potential

Equilibrium/Regrade
Slope Catch Point

5.5' Potential
Degradation

Noaltpt -

AT 6' Potential
L ' Degradation
Assumed Potential

Equilibrium/Regrade
Slope

=

=

=

o

Assumed Base Level Control E

Occurs Downstream o3

(See Figure 11) &

4750 5000 5250 5500 5750 6000
Station Along Proposed Alignment (feet)
— 20XX LIDAR

—&— Average Slope

Proposed Profile

6250 6500

—— WSDOT 20XX Topographic Survey

6750




7 Scour Analysis

* lterative scour analysis process
— PHD uses MHO/SFZ

— Intermediate SFZ Analysis (if not
known at PHD)

— FHD uses final configuration
« Key terminology (refer to HM glossary)
— Scour Design Flood
— Scour Check Flood
— Total Scour
FHWA Hydraulic Toolbox required

7> WSDOT 39




7.1 Lateral Migration

«  With respect to structural elements
- PHD

— Primarily assumed “not-low” unless
detailed geotechnical data supports
assessment of no lateral migration
anticipated

- FHD

— See template bullet list for lateral
migration variable and evaluations
required

 Future HM updates

v» WSDOT

7.1

Lateral Migration

Describe lateral migration risk within the project reach and at the crossing, at minimum based
on the variables and evaluations below:

The presence of non-erodible soils based on available geotechnical data. This can
be accomplished through geotechnical bore logs, hand augers, or other approved
soil investigation methods.

The evaluation of historical/existing conditions vs expected future conditions with
the proposed stream design. Primarily, the analysis will evaluate what the
expected lateral migration will be in the future based on how the stream may
adjust over the life of the structure. This evaluation shall refer to Section 2.7.4
and 7.2, which includes the determination of whether the site is considered
aggrading or degrading and how will that change in future conditions as the
stream develops its natural equilibrium gradient.

The evaluation of the dynamic physical process of stream sinuosity and channel
meandering capabilities in consideration of the proposed design. The information
[from this evaluation is used to predict the streams migration pattern based on the
proposed design.

The evaluation of the existing and proposed hydraulic models and the evaluation
of the potential effects of the shear stvess and velocity of the stream in
consideration of the proposed design and how it relates to the expected future
condition of the stream. This information is used to predict the streams scour and
bank erosion potential with the proposed design and assess changes in stream
characteristics between existing and proposed conditions.

If a scour countermeasure (i.e., rock revetment) is required to protect against
lateral migration, conduct a geometric evaluation of where the stream may move
laterally and determine angles of attack of the stream in relation to the various
infrastructure components. This evaluation is to determine the spatial extents of
scour protection needed based on the potential for lateral migration.

At the PHD stage, the risk to lateral migration in relation fo the structure is assumed to occur
(i.e., not a low risk) uniess detailed geotechnical data (i.e., competent bedrock, geotechnical
evaluation for soll erodibility, stream power vs. soil erodibility, etc.) is available to support the
assessment of no lateral migration being anticipated over the life (75+ years) of the proposed

structure(s)



7.2 Long-term Degradation

« Aggradation not included in total scour
« Document
— Methodology used

170

Potential
Equilibrium/Regrade
Slope Catch Point

— ldentification and justification for e T o
1 1 o0 Dlegra ation [ A _‘;, r.f-"".
base level control determination ‘ o AT
« Geotechnical data may reduce long- o j \d

term degradation

20

Equilibrium/Regrade

Assumed Base Level Control Slope

Occurs Downstream
(See Figure 11)

SRXXX MP XXX

80
4250 4500 4750 5000 5250 5500 5750 6000 6250 6500 6750
Station Along Proposed Alignment (feet)
= 20XX LiDAR ——WSDOT 20XX Topographic Survey

—&— Average Slope

Proposed Profile
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7.3 Contraction Scour

«7.3 Contraction Scour

Describe type of contraction scour (e.q., clear-water or live-bed) and how much contraction scour
is expected for the scour design flood and scour check flood. Use the results of the hydraulic
(Section 5.4) analysis and proposed geometry based on the recommended minimum hydraulic
opening or structure free zone or

 PHD - utilizes MHO
« Potential update if SFZ identified different than MHO
- BB - final structure
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7.4 Local Scour

- PHD, SFZ, FHD
« Determine appropriate components of total scour and evaluate

7> WSDOT

Pier scour
Abutment scour
Bend scour
Wall scour

Etc.

7.4 Local Scour

Describe type and amount of local scour (e.g., pier scour, bend scour, abutment scour, efc.) for
the scour design flood and scour check flood. Use the results of the hydraulic analysis (Section
5.4) and proposed geometry based on the recommended minimum hydraulic opening or

structure free zone or fil@lStructure

Examples of various local scour components are provided below. Designer needs to
determine the most appropriate types of scour at the crossing and correctly apply
equations applicable to the site.

43




7.5 Total Scour

« Document scour at each specific infrastructure component
« Migration potential — scour relative to thalweg

* No migration potential — scour relative to ground at base of
infrastructure component

Table 17: Scour analysis summary (Author to provide additional tables for various infrastructure
components. Coordinate with Geotechnical and Structural Engineer to make sure all locations where total

scour is needed are provided.)

Calculated Scour Components and Total Scour for SR X NAME Creek

ECoNdESOn Scour check flood

flood
Long-term degradation (ft) XX XX
Contraction scour (ft) XX XX
Local scour (ft)? XX XX
Total depth of scour (ft)° XX XX

a. Author to provide additional rows explaining what components of local scour (e.g., pier, wall, bend, abutment, efc.) are included.

b. For channels that are anticipated to laterally migrate, depth of total scour should be applied to the thalweg elevation of the
proposed channel to determine the total scour elevation at each infrastructure component (e.g., structure, walls, roadway
embankments, scour countermeasure, etc.). If risk of lateral migration is low over design life of the infrastructure component,
use existing ground elevations af base of infrastructure component.
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8 Scour Countermeasures

Purpose:

Design calculations and extents

« PHD
Key ltems: — Anticipated need or not
— Approximate extents

— Design following HEC-23
— FHWA Hydraulic Toolbox calculations

»  Coordinate with HQ Hydraulics
— LWM key pieces within structure
— Informs SFZ determination

Lessons
Learned:

. Determine need for scour countermeasures

Figure 7-9

Scour Countermeasure Design for Water Crossing Structures with Deep
Foundation and No Calculated Abutment Scour

Bridge Span
wall wall

Minimum Hydraulic Opening

\ | ‘| Deep Foundation
\ | “— Long Term Degradation |,
A Scour Countermeasure + Contraction Scour
Deep Foundation
| LJ ]-. (Buried Rock Revetment)

(Minimum)

. Scour Countermeasure
[Buried Rock Revetment])
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9 Summary

7> WSDOT

Table 18: Report summary

Stream crossing category
Habitat gain

Elnokfull width

Floodplain utilization rstio (FUR)

Channel morphalogy

Hydrology/design fiows

Channel geometry

Channel slope/gradient

Hydraulic width

\ertical clearance

Crossing length

Structure fype

Substrate

Channel complexity

Floodplain confinuity

Scour

Channel degradation

Channel degradation

Element

Total length
Reference reach found?
Design BFW
‘Concurrence BFW
Flood-prone width
Average FUR
Existing

Proposed

100 yg flow

2080 100 yg flow

2080 100 yg used for design

Dry channel in summer
Existing

Proposed

Existing culvert

Reference reach

Proposed

Existing

Proposed

Added for climate resilience
Required freeboard

Required fresboard applied to
100 yr, or 2080 100 yr

Maintensnce clesrance
Low chord elevation
Existing

Proposed
Recommendstion
Type

Existing

Proposed

Coarser than existing?
LVWM for bank stability
LV for habitat

LW within structure
Meander bars

Boulder clusters
‘Coarse bands

Mobile wood

FEMA mapped flcodplain
Latersl migration
Floodplain changes?
Analysis

Scour countermeasuras
Potential?

Allowed?

Value
XK LF
Yes/No
XXft
XX At
XX ft

XX (add two values if
different for US/DS)

See link

See link

X gls

XX cfs

YIM (elaborate if used for
width but not freeboard,
etc.)

Yes/No

See link

See link

X%

X X%

XXX

Xit

XX ft

Yes/No

KXF

100 yy/2080 100 g
Recommended/Required
xft

See link

XX f

XXt

YesiNo

See link
See link
Yes/No
Yes/No
Yes/No
Yes/No
#

#

#
Yes/No
‘Yes/No
YesiNo
Yes/No

See link
*Yes/No/Determined at

Report location

2.1 Site Description

2.7.1 Reference Reach Selection
2.7.2 Channel Gaometry

2.7.2 Channel Geometry

2.7.2.1 Floedplsin Utilizstion Ratio
2.7.2.1 Floodplain Utilizstion Ratio
2.7.2 Channel Geometry

4.3.2 Channel Complexity

3 Hydrology and Pask Flow Estimates
3 Hydrology and Pesk Flow Estimates

3 Hydrology and Pesk Flow Estimates

3 Hydrology and Pesk Flow Estimates
2.7.2 Channel Geometry

4.1.1 Channel Planform and Shape
2.8.2 Existing Conditions

2.7.1 Reference Reach Selection
4.1.3 Channel Gradient

2.6.2 Existing Conditions

4.2.2 Hydraulic Width

4.2.2 Hydraulic Width

4.2.3 Vertical Clearance

4.2.3 Vertical Clearance

4.2.3 Vertical Clearance
4.2.3 Vertical Clearance
2.6.2 Existing Condifions
4.2.4 Hydraulic Length
4.2.8 Structure Type
4.2.8 Structure Type
2.7.3 Sediment

4.3.1 Bed Material

4.3.1 Bed Material

4.3.2 Channel Complexity
4.3.2 Channel Complexify
4.3.2 Channel Complexity
4.3.2 Channe! Complexity
4.3.2 Channel Complexity
4.3.2 Channel Complexity
4.3.2 Channel Complexity
8 Floodplsin Evalustion
2.7.5 Channel Migration

6 Floodplain Evslustion

7 Scour Analysis

8 Scour Countermeasures

7.2 Long-term Aggradation/Degradation of

the Channel Bed

7.2 Long-term Aggradation/Degradstion of

the Channel Bed
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* Do not delete unused appendices,
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lAppendices

Do nof revise appendices lettering, s0 we can keep consistent between PHDs. If an appendix is
not used simply add a note to the fly sheet that it was nof used or is not applicable to this
crossing. Add additional appendices below standard list if needed.

Appendix A: FEMA Floodplain Map

Appendix B: Hydraulic Field Report Form

Appendix C: Streambed Material Sizing Calculations

Appendix D: Stream Plan Sheets, Profile, Details

Appendix E: Manning's Calculations

Appendix F: Large Woody Material Calculations

Appendix G: Future Projections for Climate-Adapted Culvert Design
Appendix H: SRH-2D Model Results

Appendix I: SRH-20 Model Stability and Continuity

Appendix J: Reach Assessment (This is only used if a Reach Assessment already exists and
has been validated by the hydraulic/hydrology staff to include as an Appendix)

Appendix K: Scour Calculations
Appendix L: Floodplain Analysis (FHD ONLY?)
Appendix M: Scour Countermeasure Calculations (FHD ONLY)
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Appendix A: FEMA Floodplain
M a p National Flood Hazard Layer FIRMette © FEMA Legend

4T°626.10°N SEE FIS REPORT FOR DETAILED LESEND AND INDEX MAP FOR FIRM PANEL LAYOUT

Without Base Flood Elevation (BFE)
Zone 4, V.43

With BFE or Depth zase A€ 40, 4K, Ve, A%

HAZARD AREAS Regulatory Floodway

0.2% Annual Chance Ficod Hazard, Arcas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile Zone X

g Future Conditons 13 Aol
Ghance Flood Hazard Zare
1 Area with Reduced Flaod Risk du to

OTHER AREAS OF Levee. See Notes. Zans *

FLOOD HAZARD | Area with Flood Risk due to Leveazemm o

Area of Minimal Flood Hazard Zans x
Effective LOMRs

Area of Undetermined Flood Hazard zane o

Channel, Culvert, or Storm Sewer
Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
Water Surface Elevation

Coastal Transect

Base Flood Elevation Line (BFE)

Limit of Study

Jurisdiction Boundary

Coastal Transect Baseline

Profile Baseline

Mydrographic Feature

HAZARD,

53045C0750E
eff. 6/20/2019

Digital Data Available

No Digital Data Available
MAP PANELS Unmapped
@ The pin displayed on the map is an approximate
point selected by the user and does not represent

an authoritative property location.

This map complies with FEMA's standards for the use of
digital flood maps I it is not void as described
The basemap shown complies with FEMA's basemap
scowacy standards

The fiood hazard information is derived diroctly from the
sutharitative NFHL web services provided by FEMA, This map
was exported on 9/25/2019 a1 5:56:-40 PM and doés not
reflect changes or amendments subsequent to this date and
time. The NFHL and effective information may change or
become suporseded by new data over time.

This map image is veid If the one o more of the following map
slsrments flood zone label

8 s Neijouei Meyp: Gillielraeiyery, Beie isiresiid fogond, scale bar, map creation dais, community Mentiers,
FIRM panel number. and FIRM effective date. Map images for

N S S S cct 1 G‘OOD unmapped and unmodernized areas cannot be used for

0 250 500 1,000 1,500 2,000 regulatary purposes.

LS VT BETH

7> WSDOT




Appendix B: Hydraulic Field

Report Form

Project Number:

Site Visit 2 Field Report

WWSDOT |

Hydraulics e Tonear

Section Siream Name

Time of Departure:

- - P repeaey ==

7 WSDOT Pm‘EI:Nracm)Eject Complexity Field Form _ H

Hydraulics | -
Section [T e

Site Visit Type:

7 WSDOT

Site Visit 3 Concurrence Form

Frepared By:

Project Name:

Date

Hydraulics

Stream Name

WDFW 1D Number:

Section [FEwve

State Route/ WP

WDFW ID Number. Tributary to Weather.
‘State Route/MP ‘Township/Range/Section/ % Section; Prepared By:
County: Purpose of Site Vistt VIRIA:

Meeting Location

Anicipated Level of Compiexty:
lowd  Medium: O High: O
Additional Notes:

Bankrull

Location

Width

include in Average?

Attendance List:

Tn Water Work Window

Name [o] izati Role

General insucions
The followiing elements of projects should be discussed before the production of a Preliminary Hydraulic Design by
members of WSDOT and WDFW to identify the level of complexity for each site, and corresponding communication
and review. While certain elements may be categorized as indicators of a low/medium/high complexity project, these
are only and newly acquired information may change the level of complexity during a project. The

Quservations:
Describe measurements, locations, known history, summarize on site

Reference Reach.

pattern, slope.

Describe location, known history, summarize on site discussion, appropriateness, bankfull measurement, geomorphic

ultimate documentation category for a given site is up to both WSDOT and WDFW, considering both site
characteristics and synergistic effects.

Discuss the following elements s they apply to the project. Rank each element as low, medium, or high in
complexity. The assigned level of complexity determines the appropriate agreed upon review from WDFW (see
accompanying document, coming soon). Ultimately, WSDOT needs to acquire an HPA from WDFW for fish passage
projects and the agreed upon communication and review of project elements will contribute to efficiencies in the
permitting process.

Additional Notes:

Average Bankfull Width: Concurrence Reached: Yes: [ No: O
Reference Reach Location and Moranoiogy.
f Reach hol Concurrence Reached: Yes: [] No: O

Bankfull Width & Bankfull Depth:
Describe who was involved, extents collection oecurred within.

Levels of Complexity Follow up/Observations

Category Project Elements Low | Med | High

Data Collection:
Describe site conditions, channel geomorphology (shape, spacing of features, gtc), habitat type and location, flow
splits, LWM location and quantity, etc. Provide a sketch showing location of data collected.

Pebble Counts:
Describe location of pebble counts if available.

Photos:
Any relevant photographs placed here with descriptions.

7> WSDOT

Channel realignment

Fabitat Connectiv

Habitat Connectivity Memo: Received or In Process ] Requested (] Not Requested (]

Additional Notes:

Stream grading extents

Expected stream movement

‘Additional Information Requested by Comanagers:




Appendix C: Streambed
Material Sizing Calculations

Sediment Gradations
Streambed Mixes

100 _ 0
-=-Bathurst Bed Mobility /

=+=Design Sediment Mix
80 {
-=Pebble Count
70 - 1
60 {

Percent Filter
oW
(=]

7> WSDOT 51




Appendix D: Stream Plan
Sheets, Profile, Details
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Appendix E: Manning’s
Calculations

Table 4A-2  Manning’s Roughness Coefficients for Stream Channels

Stream Channels | Manning's n
Minor streams (surface width at flood stage less than 100 feef):
1. Fairly regular section:

a.  Some grass and weeds, little or no brush 0.030-0.035
b. Dense growth of weeds, depth of flow materially greater than weed height 0.035-0.05
c. Some weeds, light brush on banks 0.035-0.05
d. Some weeds, heavy brush on banks 0.05-0.07

e. _Some weeds, dense willows on banks 0.06-0.08

f. For trees within channel, with branches submerged at high stage, increase all above values by 0.01-0.02
2. Irregular sections, with pools, slight channel meander; increase values given in 1a-e above 0.01-0.02

3. Mountain streams, no vegetation in channel, banks usually steep, trees and brush along banks submerged at

high stage:
a. _ Bottom of gravel, cobbles, and few boulders | 0.04-0.05
b. Bottom of cobbles, with large boulders 10.05-007

Floodplains (adjacent to natural streams):
1. Pasture, no brush:

a._ Short grass [0.030-0.035

b. _ High grass | 0.035-005
2. Cultivated areas:

a.  Nocrop 0.03-0.04

b. Mature row crops 0.035-0.045

c. _Mature field crops 0.04-0.05
3. Heavy weeds, scattered brush 0.05-0.07
4. Light brush and trees

a._ Winter [0.05-0.06

b.  Summer | 0.06-0.08
5. Medium to dense brush:

a. Winter 0.07-0.11

b.  Summer 0.10-0.16
6. Dense willows, summer, not bent aver by current 0.15-0.20
7. Cleared land with tree stumps, 100 to 150 per acre:

a. _ Nosprouts | 0.04-0.05

b. With heavy growth of sprouts | 0.06-0.08
8. Heavy stand of timber, a few down trees, little undergrowth:

a.__ Flood depth below branches | 0.10-0.12

b. Flood depth reaches branches [0.12-0.16
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Appendix F: Large Woody
Material Calculations

I WSDOT Large Woody Material for stream restoration metrics calculator I
State Route## & MP  |SR 515 MP 3.57 Key piece volume 1.310 |yd?
Stream name Panther Creek Key piece/ft 0.0335 |per ft stream
length of regrade” 414 |ft Total wood vol. fit 0.3948 |yd * ft streom
Bankfull width 9.5 |ft Total LWM® pieces/ft stream 0.1159 |per ft stream
Habitat zone” Western WA
Diameter
at Total wood
midpoint Volume Qualifies as key | No. LWM volume
Log type (ft) 1L hift) 4 [‘yd’ﬂug}‘ Rootwad? piece? pieces r‘yd"}
A 2,00 30 349 yes yes 11 38.40
B 1.50 25 1.64 yes yes 15 24.54
C 1.50 20 131 yes no 13 17.02
D 1 20 0.58 yes no 16 931
E 1.0 & 017 yes no 13 227
F 0.00 0.00
G 0.00 0.00
H 0.00 0.00
[} 0.00 0.00
] 0.00 0.00
K 0.00 0.00
L 0.00 0.00
M 0.00 0.00
N 0.00 0.00
o] 0.00 0.00
P 0.00 0.00

No. of key Total No. of Total LWM

pieces LWM pieces volume Iﬂm

Design 26 B& 915
Targets 14 48 163.4
surplus surplus deficit
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Appendix G: Future Projections
for Climate-Adapted Culvert
Design ey e

Stream Name: Panther Creek
Drainage Area: 467 ac u

Projected mean percent change in bankfull flow:

1051 A

2040s: 14.3%
2080s; 19.8%
SE 200
Projected mean percent change in bankfull width:
2040s: 6.8%
2080s: 9.4% sE
Projected mean percent change in 100~year flood: §¥an
2040s; 266% e
2080s; 32.7%
Projected percent change in bankfull Projected percent change in 100—year
width flow
25 10
£ . | .
= - —e =
P s [
.
Mean change: 32.7
10 e 9.0 25 s
g .
: . g ¢
. H
3 o

Black dots are projeetions from 10 separate models

The Washington Department of Fish and Wildlife makes no guarantoe concerning the data’s content, accuracy. precision, or
completeness. WDFW makes no warranty of fitness for u particular purpose and assumes na Hability for the data represented here.
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Appendix H: SRH-2D Model
Results

‘‘‘‘‘‘
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Appendix I: SRH-2D Model
Stability and Continuity

Monitor Line Flow Rate (Q) Monitor Point Water Surface Elevation (WSE)
70
255
60
a0 250 ~
r =
&
T 40 c 2451 il
m o
& = ~
© 301 . s
: —— PC-100yr - Q(ft3/s) - LN1 & 2404
—— PC-100yr - Q(ft3/s) - LN2
207 —— PC-100yr - Q(ft3/s) - LN3
TE=RS =t —— PC-100yr - Water_Elev _ft - PT1
S==EPOAGT =) - L 2357 —— PC-100yr - Water_Elev_ft - PT2
7 = Egiggyr A ngglsi _ t:z —— PC-100yr - Water_Elev_ft - PT3
-100yr - Q(R3/S) - —— PC-100yr - Water _Elev_ft - PT4
01 PEALOOVE - ERESM) - LT 2307 — pc-100yr - Water_Elev_ft - PTS
T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Time (hrs) Time (hrs)
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Appendix J: Reach Assessment

Site and Reach Assessment

Chico Creek At SR 3

- State of T
(7 ’ Emironmental and Enginesring Servica Contsr
7 Enviommental Serces Oce
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Appendix K: Scour Calculations

Scour Design / Check Flood Event Hydraulic Toolbox Contraction Scour Computation

Parameter value Units

‘Average Depth Upstream of Contraction 1s1it
D50 0.06]mm
‘Average Velocity Upstream 165|ft/s
Results of Scour Condition
Critical velocity above which bed material of size D and smaller will be transported &l Mesh Elevation (ft}
Contraction Scour Condition Clear Water
of Water 60[F 436.0
Slope of Energy Grade Line at Approach Section 0.004|ft/ft
Discharge in Contracted Section 15.39]cfs 4345
Discharge Upstream that is Transporting Sediment 14.94|cfs
Width in Contracted Section 6[ft 433.0
Width Upstream that s Transporting Sediment 501it
Depth Prior to Scour in Contracted Section 1.51|ft 431 5

62.4b/ft"3
165/1b/ft"3 yrvey)
Diameter of the smallest nontransportable particle In the bed material 0.075|ft
Average Depth in Contracted Section after Scour 058t
Scour Depth -0.93|ft
Recommended Scour Depth 1 093t
Scour Design / Check Flood Event Hydraulic Toolbox Abutment Scour Computation
Parameter value Units
Scour Condition Compute|
Scour Condition Location Type a (Main Channel)
Abutment Type Vertical-Wall Abutment
Unit Discharge, Upstream in Maln Channel (q1) 2.49|cfs/ft
Discharge in Constricted Area (q2) 2.57|cls/ft
D50 0.06|mm
Upstream Flow Depth 151f
Flow Depth prior to Scour 1.8]ft
|Resuits of Live Bed Method
q2/ql 1.03
Average Velocity Upstream 1.65[ft/s
Critical velocity above which bed material of size D and smaller will be transported 4.68|ft/s
Scour Condition Live Bed
Scour Condition a (Main Channel)
Factor 139
Flow Depth including Contraction Scour 0.63|ft
Maximum Flow Depth including Abutment Scour 1.38|ft
Scour Hole Depth -0.42[f
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Appendix L: Floodplain Analysis
(FHD ONLY)
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Appendix M: Scour
Countermeasure Calculations
(FHD ONLY)

Figure 7-8 Scour Countermeasure Design for Water Crossing Structures with Deep
Foundation and Calculated Abutment Scour

Bridge Span
Wall wall

Minimum Hydraulic Opening

+«— OHW or BFW

\‘| Deep Foundation

Scour Countermeasure Long Term D.egradation N Scour Countermeasure
| Deep Foundation (Buried Rock Revetment * Conl\:r.ac_tlon scour (Buried Rock Revetment
with Apron) (Minimum) with Apron)
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PHD/FHD Checklist

General Format

* Use checklist to assist in guiding
content of each section

— Still use Hydraulics Manual!!!
« Upload files to WSDOT PWise
— F|na| PHD Cover Page
. SR/MP/Creek Title Correct
_ Flnal FHD Cover photograph shows water in the creek channel
« Good tool for QC of reports

Table of Contents, Figures, and Tables updated

All Figures that require a North Arrow, Flow Arrow, and Scale Bar have them
Al Figure numbers have been updated in the text

All Table numbers have been updated in the text

No bookmark errors

All highlighted text deleted

Footers updated

Draft watermark

oooooooon

PDF created with bookmarks of headings, so reader can quickly jump between sections

Names updated

Lower right corner title/date/etc. updated
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Introduction
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Vicinity Map included
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Summary of Key Items

« Created to document design decisions and justification
* Follow the template!

* Use the Hydraulic Manual!!!

— PHD/FHD template and checklist do not take the place of official
guidance documents
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