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Agenda

Who is this guy?

What do highways have to do with river restoration?
Stability in Rivers

Natural Channel Design

Aquatic Organism Passage

Bioengineering and Large Woody Debris

A look at FHWA work on:
— U.S. Hwy 36
— County Road 47
— County Road 43 and
— Sage Creek Road



Federal Lands Highway Division Offices

Central Federal
Lands Highway
Division (CFLHD)

Serves 14 central,
western, and
southwestern
states & Pacific
Territories

https://flh.fhwa.dot.gov/

’ Western Federal Lands
: p e
- ™
. Eastern Federal Lands
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Central Federal Lands Federal Lands Highway Division
Headquarters Washington, DC




Stability

Lane’s Balance:

An understanding that a stable river carries water, sediment and debris, even
during high water, without drastic changes occurring in the depth, width,
length, or slope of the channel.

sediment size stream slope

| flat

M‘

9r.

>
ation I age®®®

Qs+ Dsp o Qy+ S

Image Source: Lane, E.W. 1955.



Channel Evolution EZE
Process

The adverse consequences of: [RLESel
e accelerated sediment :
supply,
accelerated bank erosion
rates,

Original
Floodplain

(headcutting)

WIDENING -

n (bank failure)

degradation,

aggradation from channel
disturbance,

Stream flow changes,

sediment budget changes
and

STABILIZING 2 PR
L 6 4

many other causes can lead
to channel change. ) Floodplain

Original

Image Source: Schumm Model




A River
out of
balance




Working with the river...

Flood-Prone Area Stage

— «——Bankfull
Stage

Channel Distance = Cartss!

{f=® Distas
Linear WAVELENGTH ( }.) Lin

nce
ear WAVELENGTH( ). ) ———

f¢cnnn...POOHo P00l Spacing GroroLe)

Source: Wildland Hydrology

Understand the natural stable tendencies
of rivers can accelerate the recovery
processes

Stream width is a function of:
— streamflow occurrence and magnitude
— size and type of transported sediment
— bed and bank materials of the channel

A channel can have a stable width even
though the stream is migrating laterally
at a constant annual rate

Stream channel morphology is often
described in terms of a width/depth ratio
related to the bankfull stage cross-
section



Make channels deep and flat for flood
conveyance!

~~

The Trapezoidal Channel Design

Issues:

* QOver-widened, one size fits all
design

* Interrupts typical stream processes

* Water Temperature

* Habitat Loss

 ETC.




Riparian Zone: '_lgn;
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Advantages of the
multiple stage channel

1. Vegetation establishment on the banks in
different zones due to favorable soil moisture

2. Streambank erosion rates are decreased and
rooting depth and density are increased

3. Near-bank stress is reduced because the flows
are spread-out onto the next highest level

4. During drought, the low flow channel provides
sufficient depth for fish habitat

5. During high flows, the low flow channel
maintains the sediment transport capacity

Source: Wildland Hydrology.



Advantages of the
multiple stage channel

6. Increases in the magnitude and frequency of
flood peaks can be dispersed out of channel and
onto a floodplain or flood-prone area

7. Recreational activities and trails can be created
on the floodplain and flood-prone area

8. A more natural, visually pleasing river setting

9. A decrease in flood stages for the same
magnitude flood due to improved hydraulic and
sediment transport efficiency

10.Improved habitat and ecological diversity

Source: Wildland Hydrology.



Aquatic Organism Passage

FHWA

HEC 26:
Culvert Design
for Aquatic
Organism
Passage.

Chapter

2 Fish Biclogy Fish biclegical abilities and requirements for
successiul movement.

3 Culverts as Barriers Details the types of bamers presented by
culverts that were not designed with a fish's
biolagical capacities im mind.

4 Inventery/Assessment/Prioritization Importance of the hydraulic assessmenit,
inventory and priontization of road stream
crossing projecis. Includes a discussion of
commaonly used techmigues, as well as
synthesis and recommendations for future

5 Hydrology Discussion and comparison of hydrology wused
in thie design of culverts for fish passage.
Available technigues and recommended
methods are included.

& Design Meceszary considerations for the design or
retrofit of a mew or existing roadway-stream
crossing installation.

T Current Design Procedures Dietails the cument state of fish passage
design, including design scenarios from across
the country. Cowers new installations, culvert

Jacements, and retrofits.

& Case Studies/Design Examples Case studies and/or basic examples of culvert

design, installation and retrofit have been

3 Construction/Maintenanc

1ﬂl Monitoring itori 5
Ia-,emr-_-n'r_ or reh'nﬁ'r_-..
11 Future Research Meeds Recommendations based on literature review
and perceived gaps in cument knowledge.



Aquatic Organism Passage
Passage Assessment Process

NATIONAL INVENTORY
AND ASSESSMENT
PROCEDURE :

For Identifying Barriers to
Aquatic Organism Passage
at Road-Stream Crossings

United States Department of Agriculture Forest Service
National Technology and Development Program
7700—Transportation Management

November 2005F; Figure V-1.

Does the crossing structure currently
simulate stream conditions
{width, gradient and substrate}?

Criteria: Inlet width > Yes
o R bl
bankfull ———p Resembles

natural channel
Streambed Channel No perch natur nr

Substrate width <  or oulet
throughout =

=l
=
L

= jump

Does the crossing structure meet regionally defined,
species-specific thresholds?

Criteria that may be useful in defining passability:
Inlet width to active channel or bankfull width ratio
Perch or outlet drop
iti Slope Yes
E?;;::;S::e Backwater or residual inlet depth {low flow depth in crossing _>ﬁ§1ii1:i{tgisns
for analysis greater or equal to low flow depth in adjacent channel) ade for
: Inlet gradient qug{te or .
species analysis species
% blockage
baffles / weirs (undetermined)
See figures V-2 and V-4 for examples of regional criteria

Indeterminate using regional criteria

Passable
Passage Use FishXing software to model crossing conditions
conditions hydraulics and compare to species capabilities adequate for
inadequate analysis species
for analysis
species Indeterminate by model
{weirs / baffles / some fords) /

Field Study / Direct Observation/Mathematical Modeling




Bioengineered Streambanks

 The Stream bank is not a rigid
structure to be built in place, but Riparian Functions
a dynamic system that is naturally
resilient.

* Plant roots stabilize the soil while
streambank vegetation provides
wildlife habitat and helps to
dissipate flood velocities.

Wildlife habitat

* Bioengineering techniques I e sonans o
i N CI u d e p | a Ci ] g Iogs an d ro Ot g\r'i;:;ad cover . « i sedmenf from ‘runoﬂ.
wads in strategic locations, rapid S i et S
establishment of shrubs in the cooler Waler tempersture
active channel through live SR — QA e
branch layering, and bank S oo s

1 s Organic food supply P : =7 RN ¢ ' streamban
p rotect I O n a n d fI OOd p I a I n for aquatic invertebrates

wetland restoration with specially
selected plantings and native
seed mixes.

Image Source: The Practical Streambank Bioengineering Guide, 1998



Bioengineered Techniques

Rootwad Installation
Brush/Tree Revetment
Post Plantings
Fiberschines

Brush Trench

Brush Mattress

Brush Layer
Vertical Bundles

Living Cribwalls
Brush Layering
Engineered Log Jams
Etc!!!



ROOTWAD WITH FOOTER: SECTION
[Wuort te srals]

partialy eml ot
fan inte river bobtom

Dry Seazon Water Lavel

TREE REVETMENT: SECTION VIEW

(M2t ta scake)

Second Eow of
Esvetmant Added

LIVE STAKES

[Weit 2 scake]

Triangular Spacing

Live Staies
0TS SR sxbenial
o dry season water vl

Cocanut Balls

ROOT WAD WITH FOOTER: PLAN VIEW

(Mot ta szak)

Floadplain

=

P

i
—
e

BALUSH LAYERING: FILL METHOD
[ot = scale]
E
Mor3: Asated, Eated cendilien g
af plant matkrial & not
reardsantache of 1 Tine
al Instalation

Live Cuttings
' - 2" Diameter

OHW,
or Barikful

LIVE POSTS

[Wert £e scaie)

satee rovied, leafesl canat
materinl is mob represes =
thne of ineLallation

Cry Season Water Level

isting wegetation,
lantings, or soil
inenfjinsaring techniques

Compacted Fill
Matarial




Woody Debris f
has a Multitude of Benefi

*Bank Stabilization
*Aquatic Habitat
*Energy Dissipatio



Too Much Woody Debris?




Bank and Channel Complexity
Reduces Velocities & Erosion




ip Rap Reduces Complexity and
Opportunities for Riparian Vegetation




Reinforced Streambanks

* Prior to roadway construction
rivers and streams generally
meandered back and forth along
smooth, sinuous paths, the width
of these meanders varying
primarily due to valley slope.

* However, when man-made
structures such as bridges and
culverts are placed along stream
channels, this natural pattern is
interrupted as the streams are
forced to flow around tight bends
or through narrow constrictions.
In cases like this, protecting the
roadway embankment through
solely natural channel design can
be a tough sell...




Structure Desigh and Replacement

;
Higher Span
Longer Span

Burid Riprap Riparian I\/Irgin

Benefits:

Accounts for Natural
Channel Conditions

Removes Unnecessary
Channel Constrictions

Promotes Riparian
Connectivity

Accommodates Aquatic
and Terrestrial Passage
Through Crossing.



Project Highlights

* Colorado Flood Recovery (Large AOP and River
Restoration)

— US Highway 36 from Lyons to Estes Park
— County Road 47
— Larimer County Road 43

 Wyoming Sage Creek Project (Small Scale AOP)
— Big Sandstone Creek
— Little Sandstone Creek
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+ Large Drainage Area
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Excessive Rainfall

A= s

Colorado Flood Event, 9-16 September 2013
Annual Exceedance Probabilities (AEPs) for Worst Case 7-day Rainfall
>1/10

Colorado Flood Event, 9-16 September 2013
Annual Exceedance Probabilities (AEPs) for Worst Case 24-hour Rainfall
<> 1/10 Hydrometeorological Design Studies Center
1150 - 1110 OfficeNo:AHydlroologic _Deve;x;ptmen(, 'rl‘lat'io:a:!l V\_Ieat(he;Service —1/50 - 110
“‘r”P ©1/100 - 1/50 ationa ceanic an mospheric ministration ©1/100 - 1/50
©1/200 - 1/100 ©1/200 - 1/100
@ 1/500 - 1/200 § ©1/500 - 1/200
4 Created 24 September 2013 @ 1/1000 - 1/500
Precipitation frequency estimates are from NOAA Atlas 14, Volume 8, Version 2. @< 1/1000

o“EQ
= A http://www.nws.noaa.gov/ohd/hdsc/
=
> Created 17 September 2013 @ 1/1000 - 1/500 3 /
Precipitation frequency estimates are from NOAA Atias 14, Volume 8, Version 2 @< 1/1000 i
Rainfall values come from 6-hour multi-sensor data

‘y
Rainfall values come from 6-hour multi-sensor data

Hydrometeorological Design Studies Center
Office of Hydrologic Development, National Weather Service

National Oceanic and Atmospheric Administration
http://www.nws.noaa.gov/ohd/hdsc/




U.S. Highway 36

* An ambitious goal! * Construction Estimates:
— Redesign and Build 2.5 miles — 50 Million Dollars
of US 36 for flood resilience — 24-48 Months to complete

while improving stream
function and maintaining

traffic to flood impacted
communities.

: : Actuals:
— In a six month period over A8
200,000 cubic yards or rock — 20 Million Dollars
excavation and blasting, — 9 Months

roadway armorment, stream
restoration, drainage
improvements, and roadway
structural section were
completed.



Embankment Armoring

 We can protect the road...

— Backlill with &7 af
./ native material

— Non-grouted keyed riprap

— Non-grouted riprap

See Typical Section Riprap filter — | % foe protection
for structural section -

! ol ..
Geotextiie —' L - — Existing ground
.r !!"uf! f Ir"-'ﬁ

8" fmax.
ar depth
to bedrock




Embankment Armoring

* We can protect the road and improve floodplain and
river function!

PROPOSED REFAIR TYPICAL SECTION




Where the River Meets the Road

Along stretches of North St. Vrain Creek and the Little Thompson River,
the cooperative U.S. Highway 36 project is shifting the road away from
the streams into blasted canyon walls and bioengineering tiered river
channels to accommodate varying flow levels—each with improved
connection to the floodplain. The goal? A better road, healthier streams
and a more resilient system.,

Banks

constructed to

facilitate debris 100-YEAR FLOW

BE S0 dimant LT s o e R

capture in order . BANKFULL FLOW
to promote plant 4, § g cars Average ronel) | oo v N

BASE FLOW

Root wad -
bank stobilization

EXISTING
GROUND

3 / \ Road surloce | Rock foli /

Roadbed safety ditch

Geotextile barrier
Non-grouted riprap filter Riprap: Rock or other
Grouted riprap: Keyad into material vsed to armor a
bedrock and filled with soil streambank or sireambed
to promote plant growih from scour and erosion




.S. Highway 36

]

MOUNTAINIRD)

L S—

clound Imagery

BING Aerial Maps
[ (<) 2010 Microsoft Corporation an s data suppliers

Ny

%
1ca nowd®

September 2013
Project: CO ER U.S. 36 Repair and Reconstruction 1 inch = 200 feet Figure 2:
Legend: Site 3-5 Pre and Post Comparison

@ MILEPOINTS

100 200 Feet
== Construction Limits [___| Boulder Parcel Boundaries | | 17950_sites (Historic Sites)
£ @ US36 Project Sites =—— Toe of Fill
Stares of ©

| IS E—

|:| Larimer Parcel Boundaries
——— STREAMS

Centerline Transition
Federal Highway Administration-
Central Federal Lands

Date: December 2013
0 0.02 0.04 Miles
IS S |
Highway Division Edge of Pavement «=++===+ Top of Cut

Boulder County, CO

Approximate Roadway Location.
z < Subject to change.

—— LOCAL_ROADS



S. Hwy 36; Saint Vrain River
Post Flood




.S. Hwy 36; Little Thompson River
Post Flood-2013







County Road 47
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County Road 47




Important Lessons from U.S. Hwy 36
and County Road 47

Recovery actions typically follow a rapid schedule. (Strike while the
iron is hot mentality)

Without watershed master plans; long-term goals for river
restoration can be hard to identify quickly.

Identify restoration opportunities that coincide with repairs to
maximize efficiency.

Traffic Control can be difficult. Sections of roadway were left over
widened so that traffic could be accommodated. These areas
could receive additional restoration at a later date.

Collaborate, collaborate, collaborate... Many people will be
involved throughout process. Establish mutual goals and

understand that not all conversations go as smoothly as you would
like.



Larimer County Road 43

Another ambitious goal! Construction Estimates:
« Redesign and Rebuild a majority of Larimer County — 100 Million Dollars
Road 43 for flood resilience while improving stream — 3-5 Years to complete

function and maintaining traffic to flood impacted
communities with 1 hour delays and allowable longer Actuals:
closures. — 50 Million Dollars

— 2 Years

Project length of 10 miles

— 5 miles of complete reconstruction

— 3.5 miles of heavy reconstruction

— 1.5 miles of spot repair and surfacing (overlay)

Major Scopes of Work
— Earthwork, rock excavation and blasting (250,000 CY)
— Bridge construction (11 bridges)

— Riprap armorment construction (50,000 CY, from onsite
generated rock)

— Drainage
— Hot Asphalt Concrete Pavement (30,000 tons)
— Stream Restoration



Larimer County Road 43




* Multi-stage channel
through crossing. N

* Floodplain reconnection

A BV, Main
e Channel

Bridge - Increased Opening Size

Source: AYERS, Big Thompson Master Plan




Numerous River Crossing...

Notes:

-River Restoration Areas are conceptual. Detailed plans will be submitted
in seperate application.

-NWP 14: Proposed Fill totals 18,589 Square Feet (0.43 Acre)

-Box Culvert 1 would be removed: 1,285 square feet (0.029 acre)

NWP,14
3708Square Feet

NWR,3 4 3 -
1_0]36_Squa‘re‘ Feet ¢ New Box/Bridge for Roadway/River Realignment \\&/_/‘//
Box/Bridge replacement of CMP,1 (River avulsion) NWP.27;

22204Square Feet NWE 27
X 61625Square Feet:

1176Square Feet :
Box/Bridge replacement of CMP. 2
NWR,14
8981Square Feet
Roadway Fill for Roadway/River, Realignment

133Squ
New Box/Bridge for Roadway!/|

Project: CO Emergency Relief Larimer County Road 43 Repair and Reconstruction qure 6:
1 inch = 200 feet County Road 43:

‘ River Crossings (post-flood) :l West Creek (OHWM Pre Flood) ===+ Toe of Fill Waters of the U.S. Assessment
[E River Crossings (pre-flood) [ Tributary Transition 0 100 200 Feet
S E—

m Date: July 2014
! Roadway Fill (Pre-Flood) River Restoration Area =e===x Top of Cut y

0.04 Miles N Larimer County, CO

E WUS Impacts m Staging_Stockpile Area = 1= Alternative River Centerline
I —|
Stargs of ® [ North Fork Big Thompson (OHWM Pre Flood) === Centerline Non-FS Land
Federal Highway Administration- :l Miller Fork (OHWM) Edge of Pavement US Forest Service Owned Land

Central Federal Lands

Highway Division |: Devil's Gulch (OHWM) Construction Limits BING Aerial Maps
(¢) 2010 Microsoft Corporation and its data suppliers

Backaround Imagery:




Bridge 3

Notes:

-River Restoration Areas are conceptual. Detailed plans will be submitted
in seperate application.

-NWP 14: Proposed Fill totals 18,589 Square Feet (0.43 Acre)

-Box Culvert 1 would be removed: 1,285 square feet (0.029 acre)

NWP,14
3708Square Feet

NWR,3 4 3 -
1_0]36_Squa‘re‘ Feet ¢ New Box/Bridge for Roadway/River Realignment \\&/_/‘//
Box/Bridge replacement of CMP,1 (River avulsion) NWP.27;

22204Square Feet NWE 27
X 61625Square Feet:

1176Square Feet :
Box/Bridge replacement of CMP. 2
NWR,14
8981Square Feet
Roadway Fill for Roadway/River, Realignment

133Squ
New Box/Bridge for Roadway!/|

Project: CO Emergency Relief Larimer County Road 43 Repair and Reconstruction qure 6:
1 inch = 200 feet County Road 43:

‘ River Crossings (post-flood) :l West Creek (OHWM Pre Flood) ===+ Toe of Fill Waters of the U.S. Assessment
[E River Crossings (pre-flood) [ Tributary Transition 0 100 200 Feet
S E—

m Date: July 2014
! Roadway Fill (Pre-Flood) River Restoration Area =e===x Top of Cut y

0.04 Miles N Larimer County, CO

E WUS Impacts m Staging_Stockpile Area = 1= Alternative River Centerline
I —|
Stargs of ® [ North Fork Big Thompson (OHWM Pre Flood) === Centerline Non-FS Land
Federal Highway Administration- :l Miller Fork (OHWM) Edge of Pavement US Forest Service Owned Land

Central Federal Lands

Highway Division |: Devil's Gulch (OHWM) Construction Limits BING Aerial Maps
(¢) 2010 Microsoft Corporation and its data suppliers

Backaround Imagery:




LCR 43 Post Floo
Bridge 3




LCR 43 Post Flood
Bridge 3

‘ v‘S %4




LCR 43 Post Flood Bridge 4

Notes:

-River Restoration Areas are conceptual. Detailed plans will be submitted
in seperate application.

-NWP 14: Proposed Fill totals 18,589 Square Feet (0.43 Acre)

-Box Culvert 1 would be removed: 1,285 square feet (0.029 acre)

NWP,14
3708Square Feet

NWR,3 4 3 -
1_0]36_Squa‘re‘ Feet ¢ New Box/Bridge for Roadway/River Realignment \\&/_/‘//
Box/Bridge replacement of CMP,1 (River avulsion) NWP.27;

22204Square Feet NWE 27
X 61625Square Feet:

1176Square Feet :
Box/Bridge replacement of CMP. 2
NWR,14
8981Square Feet
Roadway Fill for Roadway/River, Realignment

133Squ
New Box/Bridge for Roadway!/|

Project: CO Emergency Relief Larimer County Road 43 Repair and Reconstruction qure 6:
1 inch = 200 feet County Road 43:

‘ River Crossings (post-flood) :l West Creek (OHWM Pre Flood) ===+ Toe of Fill Waters of the U.S. Assessment
[E River Crossings (pre-flood) [ Tributary Transition 0 100 200 Feet
S E—

m Date: July 2014
! Roadway Fill (Pre-Flood) River Restoration Area =e===x Top of Cut y

0.04 Miles N Larimer County, CO

E WUS Impacts m Staging_Stockpile Area = 1= Alternative River Centerline
I —|
Stargs of ® [ North Fork Big Thompson (OHWM Pre Flood) === Centerline Non-FS Land
Federal Highway Administration- :l Miller Fork (OHWM) Edge of Pavement US Forest Service Owned Land

Central Federal Lands

Highway Division |: Devil's Gulch (OHWM) Construction Limits BING Aerial Maps
(¢) 2010 Microsoft Corporation and its data suppliers

Backaround Imagery:




LCR 43 Post Flood
ridge 4




LCR 43 Post Flood

Bridge 4




LCR 43 Post Flood
Bridge 4




LCR 43 Post Flood
Bridge 4




LCR 43 Post Flood
Bridge




LCR 43 Post Flood-2016
ridge 4 —Bioengineering and AOP




LCR 43 Box Culvert

b ¥
NWP 27
3467Square Feet -
Box Culvert 1 Removal and Roadway, Realignment § & 807508quareFeet

Box Culvert 1

NP.27
quare Feet

A
/ 8981Square Feet
Roadway Fill for Roadway/River Realignment




LCR 43 Box Culvert




LCR 43 Post Flood-2016
oad and River Flip Flop




LCR 43 Embankment Armoring




Wyoming Sage Creek Project
Big Sandstone Creek

CREEK ROAD — BIG SANDSTONE STREAM CROSSING
STA. 3370+69.21
DETAIL A — PLAN VIEW
NTS
ONSTRUCT STREAMBANK WITH EY PIECES (TYP)
ANGULAR RIPRAP WITH CUBIC DIMENSION EMBED ANGULAR RIPRAP WITH
OF 24"—-30". FILL VOIDS AND INTERSTICIAL CUBIC DIMENSION OF 24". EMBED
SITES WITH NATIVE STREAMBED MATERIAL HALFWAY INTO STREAMBED MATERIAL
MEETING TABLE 1 GRADATION. MAINTAIN MIN. APPROX. SPACING 8'—12
4" WIDTH BETWEEN PIPE AND EDGE ONSTRUCT INVERTED V WEIR
OF STREAMBED. SEE X—SECTIONS E & D. WITH ANGULAR RIPRAP HAVING

AN 24" — 38" CUBIC DIMENSION AT
OUTLET. SEE X—SECTION C.

ILL IN EXIST PLUNGE
K J POOL WITH NATIVE
f / Q STREAMBED CHANNEL
PLACE NATIVE STREAMBED MATERIAL. SEE
CHANNEL MATERIAL. SEE TABLE 1 = - ~
(8

TABLE 1 FOR GRADATION.
FOR GRADATION. T

FLOW . . STREAMBED

e - - 2 RECONST
WIDTH=40"3"

AT INLET WITH ANGULAR
RIPRAP 24"—36"CUBIC
DIMENSION. SEE X—SECTION C.
LOW POINT AT WEIR(TYP)

2.5" BELOW BANKS

CONSTRUCT INVERTED V WEIR ; d J

LASS 5 RIPRAP ON

CLASS 5 RIPRAP ON FILL SLOPE AROUND PIPE OUTLET
FILL SLOPE ARQUND PIPE INLET TO Q100 WSE. FP—03 SECT 251

TO Q100 WSE. FP—03 SECT 251 -
SEE X—SECTION B 20" 20 3 20 SEE SesERTIoN -
POOL RIFFLE POOL RIFFLE o
LENGTH OF STREAMBED PooL
- RECONSTRUCTION=100" =
NOTE: — TABLE 1 — ROCK GRADATION AND CROSS SECTIONS B, C, D & E

ARE ILLUSTRATED ON THE FOLLOWING SHEETS
— DESIGN IN PIPE BASED ON ASSUMED PIPE LENGTH OF 90’

SHEET 1 OF 3




Big Sandstone Creek

SAGE CREEK ROAD — BIG SANDSTONE STREAM CROSSING
STA. 3370+69.21
NTS

WEIR CROSS SECTION
AT INLET/OUTLET OF PIPE
(PIPE AND FILL SLOPE DELETED FOR CLARITY)

WSE Q2 BANK FULL WIDTH 32"

MAINTAIN PIPE AND STREAMBED

AT 2.0% GRADIENT

POOL DEPTH = 6" ROADBE|
PROPOSED STREAMBED GRADIENT

SHALL BE LOCATED 6" BELOW PROFOSED F‘F’E\

EXISTING PIPE GRADIENT

n/ CROSS SECTION C
EMBED 24"-36" ANGULAR RIPRAP TI UPSTRM/D WN STRM

RIPRAP FILL SLOPE AROUND PIPE
\ A MINIMUM OF 30" BELOW PROPOSED

WITH CLASS 5 RIPRAP
* STREAMBED. EXTEND 24™—36" ANGULAR RIPRAP
;% EISESERRR=USISERE > &" ABOVE PROPOSED STREAMBED ELEV. DETA' L AN D PR OFILE

SEE DETAIL BELOW NTS

SCOUR DEPTH MIN 60™
FROM STREAMBED ELEV, <]
INRIEELESECTION STREAMBED PROFILE

o—/ 20' 20 10
BOTTOM OF FOOTIN: e SooL Rieee ™o AT INLET/QUTLET WEIR

AT OR BELOW SCOUR ¥
ol ASSNED BiFE WSE Q2 BANK FULL \'iIDTH-\ ——
f—— LENGTH=90" S O
MAX. 6" ABOVE B e =
STREAMBED .

BOTTOM OF STREAMBED

CROSS SECTION B : g i
BOTTOM OF STREAMBED ATIVE STREAM

PROFILE VIEW T REOE AT FIPEINLET CHANNEL MATERIAL. SEE
CONSTRUCT WEIR W TABLE 1 FOR GRADATICN

NTS ANGULAR RIPRAP HAVING

CUBIC DIMENSIONS OF 24"-36"

SHEET 2 OF 3




Big Sandstone Creek

SAGE CREEK ROAD BIG SANDSTONE STREAM CROSSING
STA. 3370+69.21
NTS

WSE Q2 BANK FULL WIOTH 32"
WSE NORMAL LOW FLOW WIDTH 16"

TABLE 1
ROCK GRADATION FOR NATIVE
i B STREAMBED CHANNEL MATERIAL

ONSTRUCT STREAMBANK M
s SCOUR DERTH 80° ANGULAR RIPRAP WITH CUBIC
3 RIS 8 Uy DIMENSION OF 24"~30". FILL VOID:
E AND INTERSTICIAL SITES WITH NATIVE STREAMBED
FRNEHOONOF 2430 LELL Vo CHANNEL MATERIAL PER TABLE 1 GRADATION. PARTICLE SIZE % VOLUME
PLACERIPRAP TO A DEPTH
D A AT T EQUAL TOTHE BDTTOM OF NATIVE STREAVEED
T MATERIAL PLACEMENT
T0 A DEPTH EQUAL 10 THE BOTTOM OF <8 mm 10%
NATIVE STREAMBED MATERIAL PLACEMENT | D —— %
PLACE NATIVE STREAMBED MATERIAL 12" THICK: 9_b4 mm 25%
SEE

TABLE 1 FOR GRADATION REQUIREMENTS
65—128 mm 50%

CROSS SECTION D 129-362 mm 15%

KEY PIECES — Angular Rock having 24" Cubic Dimension

WSE Q2 BANK FULL WIDTH 28’\

WSE NORMAL LOW FLOW WIDTH 16"
1.5 DI

ONSTRUCT STREAMBANK
ANNJLAR R\PRAP WTH (‘UEh. DIMENSICN

OF 24"-30". FILL VODS A
INTERSTIOAL STES'WITH NATVE STREAVBED PLACED FILLER MATERIAL
MATERIAL MEETING TABLE 1 GRADATION
REQUIREMENTS, FlLL ALL VOIDS BETWEEN WDIVIDUAL STREAMBED SIMULATION ROCKS AND ALL VO|DS LEFT DUR!NG PLACEMENT
P\-NI RIPR;\P ") A DEPYH EQUAL TC F CHANNEL ROCKS AND —SIMULATION ROCK ADJACENT TO FOOTINGS, RUCTURES, OR
MATERIAL PLA&ME T IVE STREAMBED CORRUGATED PIPES WITH SELECT BORROW AS SPECIFIED IN FP-03 SUBSECTION 704 07 USE WATER PRESSURE,
CONSTRUGT STREAMBANK Wi scour pePmi 547 METAL TAMPING RODS, AND SIMILAR HAND—OPERATED EQUIPHENT TO FORCE MATERIAL INTO ALL SURFACE AND
iR RICT SR AN AN 1 SUBSURFACE VOIDS BETWEEN THE STRUCTURE AND ROCKS AND BETWEEN INDIVIDUAL ROCKS. FILL SHALL EXTEND TO
OF 24°-30". FILL VOIDS AND 100 PERCENT OF THE ROCKS' HEIGHT BETWEEN LAYERS AND 50 PERCENT OF THEIR HEIGHT ON THE BED SURFACE OR
\NTERS“CML SITES WITH NA“VE SYREAMEED PLACE NATIVE STREAMBED MATERIAL 12° THICK AS SHOWN ON THE DRAWINGS.
(ATERIAL MEETING TABLE TIoN SEE THS SHEET FOR GRADATION REQUIREMENTS
i uulREMENrs
PLACE RIPRAP TO A EQUA NOTE: KEY PIECES DELETED FOR CLARITY
VE BOTIoM OF NATVE STREANBED
WATERIAL PLACEMENT

CROSS SECTION E
POOL DETAIL

SHEET 3 OF 3
NTS




Big Sandstone Creek




Little Sandstone Creek

SAGE CREEK ROAD

LITTLE SANDSTONE STREAM CROSSING

Elevation of inverted Vweir of inverted Vw
anchor points (~30") above is € above streambed.

- streambed may s

Pool/riffle dimensions the n’z:hl MRRRERIUES

to be adjusted in the i

field.

onstruct Inverted V Weir
Wit 18°=24>°Dlam. Angular Rock

_Key Pleces
Embed 18" Diam. Alluvial (Round Shaped) Rock
halfway nto streambed material
Riffle] 10 . Approx. Spocing 8'-12

ined "

‘
w

Pool 13"

Length
e Determ

by FHWA

Construct Riffie/Pool Sections
Ganstruct Pool Depths 6° Below Prop. Invert Grade Construct Kiffie/Paol Sectionis Thru Pipe
: See Attachment for Streombed Moterial Gradation Maintein Pipe and Streambed at 1.7% Gradient
Riffle 10' Continue Riffle/Pool Sequence to end Pool Depth = 6" below proposed invert gradient

onstruct Streambonk Wath ——DIRECTION OF FLOW
2"-18" Dicm. Alluvial (Round Shaped) Rock. Riprap Stope to Q100 WSE\
Flil In voids and Interstitcial sites with sr r
Maintein Min. 12" Between Pipe ond Edge of
Streombed

Pool 13

To B

Outiet our Depth MIN.42" |

Riprop Q100 WSE Top of Proposed Concrete Footin:
Proposed Strmbed Eev.

Scour Depth 42" Below Existing Plpe Invert Elev/
Concrate Footing Must Be Below Scour Depth

am channel constru ction
DETAIL A i 1tDChannelﬂlmensliJr.:ns) n W
PLAN VIEW will be determined in the field. PROFILE VIEW




Little Sandstone Creek

WEIR CROSS SECTION vations to be
AT INLET/OUTLET adjusted in the field

WSE 02 BANK FULL WID'H 13

A oTion OF STREANBED A WAX. OF & DETAIL C
EMBED 18" — 24" ANGULAR RIPRAI UPSTRM / WNSTRM
A T e i WEIR CROSS SECTION
EMBEDCED A MIN, 30" INTO STREAMBED AND PROFILE

STREAMBED PROFILE NTS
AT INLET/OUTLET WEIR b

WSE 02 BANK FULL WIDTH-
FLOW oiecnon

_-BOTIOM OF
// PROPOSED STREAMBED

CONSTRUCT WEIR WITH
4" DIAM. ANGULAR RIPRAP OF STREAMSE]

oM D
WTHIN PGOL AT PIPE INLET

Construct Riffle/Pool Sections Thru Pipe——— TOP OF RIFFLE/PROPO:
Maintain Pipe and Streambed ot 1.7% Gradient INVERT GRADIENT
Pool Desth = 6" below proposed invert grodient
N\ BOTTOM OF POOL\
\

Riprap Slope to Q10 WSE~—_ N —
~ /\\ \




Little Sandstone Creek

WSE 02 BANK FULL WIDTH 12"
WSE NORMAL LOW FLOW WIDTH 85

"y

25° 1N BN FULL WeE -
To STREAMSID BOTIOM K

ALL CLASS 4 RIPRAP
E FP-03 TABLE 705-1)

{
\~
wsTau cuiss ¢ meran X\
(SEE FP-03 TABLE 705-1)

PLACE NATIVE STREAMBED MATERIAL 12° THICK:
SEE THIS SHEET FOR GRADATION REQUIREMENTS

DETAIL D
RIFFLE CROSS SEC
NTS

18" Approx. Cubic Dimens

WSE G2 BANK FULL WIDTH 10%
VSE NORUAL LOW FLOW WOTH 6
\
sx
P o] w
~ _ANSTALL GLASS 4 RPRAP
j ————— )) " (SE P03 TABE 705-1)
o Ftasaed BTN \

INSTALL CLASS 4 RIPRAP-
(SEE FP-03 TABLE 706-1) NATIVE STREAMBED WATERIAL 12° THICK
THIS SHEET FOR GRADATION REQUIREMENTS

ECTION
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Key Benefits of these concepts

Reduce maintenance costs.
Reduce societal impacts of road closures.

Reduce or replace rip-rap with rough woody
structures and other bioengineered designs that
enhance aquatic habitat.

Reduce frequency of habitat impacts to aquatic
habitat from repetitive repairs infrastructure.
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