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Mendon Brook
US 4 in Mendon, VT

. = +la = ! 9/1/2011 -
«Background v 2 i s : . . Photo taken by J. Louisos
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Local Damages
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Great Brook
Creamery Street in Plainfield, VT
5/27/2011

Photo taken by G. Springston

Great Brook
Brook Road in Plainfield, VT
7/20/2015
Background Photo taken by B. Towbin
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Incision due torconfinement on Tweed River_ (looking upstream)
Killington, Vermofit .
Source: MM, 2012
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Bed Stabilization Objectives

Background

Maintain or re-establish vertical
stability over the reach to
prevent unnatural raising or
lowering of channel bed.
Re-connect as much floodplain
as possible given site constraints.
Maintain or improve instream
habitat.

Protect water quality.



Bank Stabilization Objectives

1. Establish local lateral stability to

orotect improved property by

oroviding adequate resistance to

oank erosion for the design flood.

2. Reduce encroachments into the
bankfull channel.

3. Maintain or improve instream
habitat.

4. Protect water quality.

Background



Problem Identification Review

May 1,2014

Local Bank
Failure and
Structure Scour

Large Scale Road
and Structure
Damages

Clogged

.-
+Isolated bank armor *Extensive road *Isolated road *Extensive road +*Clogged culvert inlet *Extensive road *Clogged culvert inlet *Extensive road
failure embankment failure embankment toe of embankment *Reduced bridge embankment crosion *Reduced bridge embankment crosion
*Isolated road =Structure outflanking, slope erosion undermining and failure conveyance and failure conveyance and failure
embankment toe of displacement. or failure *Bridge (structure) scour +Structure displacement +Structure outflanking. *Structure outflanking or
slope erosion or failure undermining, or failure failure
*Bridge, culvert, dam. *Undermine footings of *Clogged bridge and *Clogged bridge and
levee. berm (structure) bridges, flood walls, culvert opening culvert opening
scour dams, culverts *Dam breach *Damages to buildings

*Damages to buildings sFilled impoundment
*Damages to buildings
r l A

LOCAL BANKFULL LARGER VALLEY LOCAL BANKFULL LARGER REACH LOCAL BANKFULL LARGER REACH LOCAL BANKFULL LARGER REACH
CHANNEL SCALE SCALE CHANNEL SCALE SCALE CHANNEL SCALE SCALE CHANNEL SCALE SCALE
*Bend scour on outside *Erosion of both banks *Scour hole «Channel down-cutting +Bar formation *Channel elevation +Debris jam in channel *Widespread debris
of meanders and channel widening +Head-cutting (degradation or incision) +*Altered flow path (aggradation) +*Altered flow path deposition
+Toe erosion and upper +Tall and collapsing *Bend migration (minor +*Channel in new +Increased overbank *Damming and major +Channel elevation
bank collapse undermined banks avulsion possible) location (major flow and minor avulsion possible *Damming and major

*Valley wall erosion *Lack of small sediment avulsion) deposition *Floodplain aggradation avulsion possible
(mass failure) (e.g., gravel) in channel +Floodplain scour *Debris jam on
»Abandoned terrace floodplain
erosion (mass failure)
Bank Erosion Channel Bed Erosion Sediment Deposition LWD Accumulation
Frosion (Erosional and deposmovnal p10<:t.esses are linked over the Depusiti(m Non-Natural Debris
channel profile and cross section.)
1
APPLICABLE GUIDING DESIGN PRINCIPLES BASED ON DAMAGES (1 =MOST IMPORTANT)

Lateral 1 1 3 3 2 3 1 3

Vertical 2 1 1 1 2 2 1

Conveyance 4 1 2

Crossing 2 3 2 2 3 4 3 4

Background (Schiff et al., 2014)



Alternatives Analysis Objectives

GENERAL

1.  No action is preferred. Should we be doing this?

2.  Protect life, infrastructure, and unmovable property
as needed.

3.  Evaluate site constraints.

4.  Enable natural recovery.

5.  Use natural materials first.

CHANNEL STABILIZATION

A.  Maintain or re-establish vertical channel stability and
floodplain connectivity (bed).

B. Reduce encroachments and provide resistance for the
design flood to protect improved property (banks).

C. Maximize the use of vegetation (banks).

Alternatives Analysis



Alternatives Analysis

Bed Erosion Alternatives Analysis Review

Is there a threat to life or property now or with the next flood due to channel bed erosion?

"//No

Does the potential for future channel
down-cutting exist?

F 3

Yes

/

No

_———'-‘—-——--___-‘—‘-‘-_'-"-l—._

Determine incision
ratio, equilibrium
slope, channel

Is infrastructure, an inhabitable structure, or other
improved property in danger of damage?

evolution stage

No

/

/\

Yes

AW

Can other valued property be moved

AN

away from the channel?

Is head-cutting present that will
disconnect floodplain or create
future erosion risks?

*No-action alternative
*Move valued property
Monitor for future erosion.
Preserve river corridor.

Does evidence of head-cutting or a
nick point exist at the site?

— Yes

Yes ~~—___

Ave natural grade controls (e.g.,
bedrock, bould . large wood)

Is the channel bed susceptible
to increased erosion due to the
removal of bed material and
loss of hydraulic roughness?

Consider alternatives for:
Increase hydraulic roughness
Bank stabilization
Floodplain re-connection

Increased conveyance

present in the sir or stream type
that would head-cufting?

N\
Yes No
'

Can structures be tied into
the channel banks or valley
wall to arrest head-cut?

/ ‘
/ Yes

No

|

Will channel bed armoring
stop reach

prevent bank collapse?
2N\
Yes No
*Bed
Armoring

*Move improved
property

)

*No-action alternative
Monitor for future erosion.
Preserve river corridor.

*Re-install coarse native
channel sediment to
elevate bed

*Rock weirs/vanes
*Log weirs

*Stone strainers
*Stone riffles

Consider alternatives for:

*Engineered log jams

Increasing risk, level of protection, permitting, cost, and impacts.

Bank stabilization
Floodplain re-connection

(Schiff et al., 2014)



Bank Erosion Alternatives Analysis Review

Does aninminent threat exast to property durine thenext flood due to bank erosion?

—,—'-/—'—)-/!—_‘_\_‘_‘H‘-‘_'_"

Ma } Yes i S
‘_/_,_,..-«f-’"'—’ Determine .
i % %3 depth, Is infrastracture, an inhahitable stracthure,
Can the existing bank remain in its welocity ‘ :
it : or other improved property in danger of
ShEeHERenmy and shear. damage dueto erosion?

A Tes Mo /\\ Yes
Mo Tes / \\\9

Does enough space exist for ;
\'I Zan other valued property be moved - Pt __Iiaf {?P“ ,.,m 3
— ; 4 sloping armored hank?
sNo-a ction alternative away from eroding banks?

Wonitor for future erosion. |
Freserve river corndor.

;

Mo Mo “ g o
I vebank eros l Tgifc g
sexcesmve bank eroson =
likely to r'Jl:un’Eiml? I”ti :Bnlf.l Mo Yes % = § gﬂ ? i
e e Can deformahble, bioenginesting g4 53 8 E
confined highhedload no — Ves i i I ES gz
T practices beuszed to stabilize thebank? TR HETE
floodalan, high welocity, B oo g %0
b :?-‘ 5=
\ EME s g E
T Placedriprap wall 5 ==
Mo Consider alternatives for: Tes +5ta clied stone wall M
+ Bedstahilization ¢
Floodplainre-connection : : ]
Iz eroded bank steep and Chatriel realigrm ent Izreinforcement ofthelow bank Iz channel down-cutting likely
without vegetation? Increased conveyance requited to resist erosion? that could undermine bank?
|-"""‘"--._,_‘_‘_' Mo -
e
No Tes /\
R + \ .Slﬂl]i_ug l-iln-ﬂll
Z . . Mo Yes sMass failur e toe armor
(_Cg °Nq—u ction altu‘mm‘lve +Create gentle slope « Widen channel _
< Maonitor for future erosion. *Plantings / \ S
n Preserve river corridar, Freserve river cornidor. Yes IS
2 *Plantings *Root wad revetinent ¥ =
= +Fascines and stalees +Logrevetinent o
< +Fiber rolls and matt *Engineeredlogjam +Stone keyway &
2 *Brushlayers sStone toe +Bulk toe S
< Increasing rigk, lewel of protection, pertnitting, cost, and itnpacts. -




Alternatives Analysis

Alternatives Analysis Review Questions

1. Isrelocating valued property following
flood damages a possible alternative?

2. How does the severity of channel
adjustment influence the selection of
stabilization alternatives?

3. How are changes in watershed
hydrology influencing channel stability
and subsequent design process?



Grade Control Project Examples: Reinstallation of native bed material
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South Branch Tweed River, VT Route 100 (E. Fitzgerald, 2012)



Grade Control Project Examples: Vanes, Riffles, Strainers

e . o [
P — e Riffles

Boquet River , Willsboro, NY (E. Fitzgerald, 2015)

Projects Examples



Grade Control Project Examples: Weirs
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Gulf Brook, Keene, NY (E. Fitzgerald, 2015)
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Grade Control Project Examples: Bed Armor
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Soufce: MM, 2012

(R. Schiff & E. Fitzgerald, 2012-13)

Successful Bed Armor Project Post-Irene
South Branch of the Tweed River, VT Route 100, Killington

Projects Examples



Grade Control Project Examples: Bed Armor

(Fitzgerald Environmental, 2015)

Problematic Irene Bed Armor Projects:

Whetstone Brook, VT Route 9, Marlboro, VT
Dover Brook, VT Route 100, Wardsboro, VT

Projects Examples



Grade Control Project Examples: Bed Armor

bed armor gr. _ :
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Bank Stabilization Project Examples: Sloping Riprap

* . VT Route 100
Pittsfield, VT

Projects Examples

(E. Fitzgerald, 2013)



Bank Stabilization Project Examples: Placed riprap wall

_ VT Route 100

Killington, VT
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(E. Fitzgerald, 2013)
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Bank Stabilization Project Examples: Bioengineering and ELJs

Bioengineering

Projects Examples

Clair Road (J. MacBroom, 2014)




Bank Stabilization Project Examples: Bioengineering and ELJs

Boquet River , Willsboro, NY (E. Fitzgerald, 2015) Lake Champlain, Alburgh, VT (E. Fitzgerald, 2014)

Bioengineering: Terracing and Branch Layering

Projects Examples




Grade Control Module



Assessment and Design Overview

Independent Variables

(Assessment )

e  Physical Site Constraints

e Existing Floodplain
Dimensions

e Confinement

e Floodplain Connectivity
e Entrenchment
. Incision

e  Channel Evolution

e Flow
e Stream Power (Q2=yQS)

Increasing complexity and variables that may drop out of

basic assessment during quick emergency repairs.

\ 4

e Sediment and Large Wood

Grade Control Assessment & Design

Dependent Variables

(Design)

Channel Profile and
Dimensions

Channel Bed Forms
Channel Pattern and
Dynamics

Floodplain Width and
Elevation

Stabilization Measures
Excavation or Fill Volume



Bed Stabilization Design Objectives

4.

Grade Control Assessment

Maintain or re-establish vertical
stability over the reach to
prevent unnatural raising or
lowering of channel bed.
Re-connect as much floodplain
as possible given site constraints
Maintain or improve instream
habitat.

Protect water quality.



Grade Control Assessment: Identify Project Limits

Grade Control Assessment

| Raise Channel Bed Using
| Pre-Irene Channel Sediment

Channel Centerline
== Cross Section Location
] Bank Armor

OHW Fill Area

' Town Boundary

E County Boundary

Enplocrerieeg.

PROJECT DATA:
Stream: South Branch Tweed River
Town: Killington, VT

Lat/Long: -71.825°/43.708°

OHW Fill Area: 7,100 SF

Bankfull Width: 21 feet

Apply Stacked Stone Wall
/ Stone Armoring Detail

Vi l
<
ey

e e 0 25 50 100
| e e SITE: DDIR SM D3-024 e
% MILONE & MACBROOM®
in 5 5 DATE: SHEET:
et e USACE Permit Application Oct.2,2012
(8012) $52-H335 Fax: (802) $52-9346 Tropical Storm Irene Repairs SCALE: FIG. D3-024
www.mikimenndmachroom.com see seale bar

e Walk river reach upstream and
downstream of site

* Note extents of instability and
completed flood repairs

e |dentify changes in bankfull
width, bed profile and form,
sediment gradation, and dredged
materials along the banks or
floodplain

(MMI, 2012)



Grade Control Assessment: Stable Channel Dimensions and Slope

1130
Channel Longitudinal Profile (DDIR D3-24)
1125 A
1120
) Stable Slope?
-g 1115
..E.i Headcut > -
location ~ "y
1110
Unstable Channel Adjacent /
to Road Embankment
1105
1100 T T T T T T T T T ]
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
River Distance (ft)
(FEA & MMI, 2012)
Reach Slope Data:
4 < Field survey measurements, roadway survey
T _ . . .
§ T e LiDAR digital elevation models (DEM)
-
@0 e Past geomorphic assessment data; Statewide DEMs

Grade Control Assessment



Channel Slope

What is reach slope as determined from field survey and Manning's equation?

What is valley slope as determined from survey and mapping?
Compare reach and valley slope to calculated equilibrium slopes below.

Shield's resistance to motion

Y¥R*S*304 = 5*d50 (=1)

y = 62.4 Ib/ft® specific weight

d50= = mm median particle size

Rvd= _ ft hydraulic radius~depth (Sediment stability in uniform soils)
5= ___ ft/fft  slope (Shields, 1936; BOR, 1987)

Solve for Slope (ft/ft)

USACOE - Lacey graph

$=[0.00021*d50*Whbf/Qbf]*”®

d50= mm  median particle size (Regime equation)
wbf= ft bankfull width
(USACE, 1994)
Qbf= cfs bankfull flow
Solve for Slope ft/ft)

Grade Control Assessment



Channel Slope — Regime

Grade Control Assessment

USACE Stable Channel Design Charts (USACE. 1994

ds0= mm  median particle size
Qbf= cfs  bankfull flow

Identify slope (%), bankfull widch (fr), bankfull depth (ft)

CHANNEL SLOFE

Y ! ]
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0.0l = — -
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~1 R Ca e =]
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ooz \‘EE Sﬂql_g | [T 1]
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0.0001 ==
(s3] 2 5 8 4] z 5 000 2 5 100000

CHANMNEL-FOAMING OR BANK-FULL DISCHARGE, cis

NOTE: FOR LIMITATIONS SEE PARAGRAPH 5.5. CURVES ARE BASICALLY
FOR SINGLE CHANMELS WITH FULLY ALLUVIAL BED BUT LOW BED
SEDIMENT TRANSPORT. SLOPES MAY BE MUCH HIGHER WITH HIGH
SEDIMENT TRANSPORT, ESPECIALLY WITH SAND BEDS.

(USACE, 1994)



Channel Slope / Bedforms — Empirical

" 0.0-0.5% Mild slope, sandy bed, low velocity

" 0.2-2.0% Pool riffle profile, sand and gravel
= 1.0-3.0% Plain bed, gravel and cobbles

"= 3.0-10.0% Step pools, gravel, cobbles, logs

= 50-30.0% Cascades, falls, cobbles, boulders

Grade Control Assessment

(Adapted from Montgomery and Buffington, 1993; Rosgen, 1994)



Incision Ratio

depth rod

/

Additional

point RAF
b L FAT elevation

N—

bankfull elevation

_ floodplain height
~ bankfull height

IRHEF IRHAF

RBermH _ _ 4 RAFH 2.0

BFH 2 EFH 2

2 123

(VTANR, 2009)

(VTANR, 2009)

Grade Control Assessment



ldentify the Likely Channel Evolution

Class I. Sinuous, Premodified he = critical bank height

“ = direction of bank or
7 bed movement

Class Il. Channelized Class IlIl. Degradation Class IV. Degradation and Widening
h‘:hc h{h; h}h(
floadplain terrace

h

4

slumped material

Class V. Aggradation and Widening Class V1. Quasi Equilibrium
hiz e h<he

terrace terrace

bank P,
bankfun\..

slumped
material

aggraded material aggraded material

Class |

Class Il ;
5 primary

nickpoint |aeq 1y

Precursor J

nlckpolnt Class VI

secondary
nickpaint

aversteepened reach

aggradation zone aggraded material

Grade Control Assessment (Simon 1989; FISRWG, 1398)



Channel Evolution Model

STAGE O

An Anastemasing

Wet Woodland Grassed Wetland

he<h,

m :
Tt R by el —
STAGE 8 k STAGE |
Anastomosing Sinuous Single Thread
h<<]

e 2 "‘ STAGE 2

STAGE 1

Degradation
hah,

STAGE 7

Laterally Active
hesh,

L]

5. .
STAGE & . STAGE 4
Quasi Equilibrium 7 Degradation and Widening
Brshy hrh,
e
=
STAGE 5 h
.
Aggradation and Widening " xew

&

Grade Control Assessment (Cluer and Thorne, 2013)



Head-cut Initiation

Look for erosion faces (1.e., nickpoints) and aggradation areas in post-flood assessment.
Is the project area upstream or downstream of a primary nickpoint?

Are precursor mckpoints evident on an over steepened reach?

Is the channel in stages I or V indicating likely stability, or is the channel in stages II. III.
ofr IV indicating likely down-cutting and widening?

(Schumim et al.. 1984)

L L
e | rFrR.O E-d f
r.o
ik,
| E a
U !
A
ALTEMGATE @Ba@a . EUENATEC EMED
BECONDARY
]
NIGKPOINT S HtEHFGIHT &h
PLUNGE E N
FLWL —_—
AQORADATIONAL ZONE "‘(
£ 2 PRECUASOR
VT F TR
e ———
——
e DIAECTION OF FLOW

Figure 6-7, Schematic longitudinal profile of an active
channel showing identifiable features. Schematic
cross section proriles corresponding to reaches on

the longitudinal profile show the evolution of the
raachas friom Typa 1 to T}'P' V. Typical width=

depth (F) wvalues are shown, Size of the arrows

indicate the relative importance and direction of
the dominant processes, degration, aggradation and
lateral bank crocsion.

Grade Control Assessment



Natural Bed Stabilization: Quantify Available Sediment Volume & Gradation

* Probe coarse sediments on
channel margins, berms, and
floodplains

e Estimate sediment gradation

e Test pit or exploratory trench
may be necessary

e Use end-area method to
estimate volume of deposit

frobe. sedimett Yo Old,_Leggh
)"L_ de#rmnghdfék Udu%(izi&z#\

z.f
Adtsve bed solbsthale l
(rdltvarntd. snts f/?ggq( ,.ué!
boncly Ny .
oximate. . ALAAIL
d{{&({ ] 2l DA /f
Deptin Q ﬁ"'
f/m/ @bdt ﬁéotf/ i
S prz0! A 4

Profile of windrowed material along the Pinney Hollow Brook and VT Route 100-A in Bridgewater,
Vermont following Tropical Storm. (Fitzgerald Environmental, 2012)

Grade Control Design



Volume Estimation

/A, i FL
/R ?
/
[ .I'I..'|,'..."4.] - ;4.'3!

r_'].

(Lindeburg, 2003)

Grade Control Design

1.0 CUBIC

YARD IN
NATURAL —
CONDITION
(IN-PLACE

YARD)

1.25 CUBIC 0.90 CUBIC
YARD AFTER YARD AFTER
DIGGING — COMPACTED
(LOOSE (COMPACTE

YARDS) D YARDS)

/ (Hanna U. Wisconsin-Madison , accessed 2011)

In place

Loose Compacted
Initial Convrted to:
Soil Type Soil Condition| Bank Loose |[Compacted
Qay Bank 100 127 0.90
Loose 0.79 100 0.71
Compact ed 1in 141 100
Common earth |Bank 100 125 0.90
Loose 0.80 100 0.72
Compacted 1in 139 100
Rock (blasted) |Bank 100 150 130
Loose 0.67 100 0.87
Compact ed 0.77 15 100
Sand Bank 100 1r 0.95
Loose 0.89 100 0.85
Compact ed 105 118 100




Natural Bed Stabilization: Channel Fill Recommendations

‘&\o‘-rg, downstriam. (6’431"3

L

Fuish ?M W A
v Rake. toarse Sedimend From. wndm.ded Learse. Sedw/.f'/ ]
\ Ld:rdfows on Joanies tofo chamel o
Uicdrewsed. |\ eleia. bed anal inwease. poughness
catse. I\ B B e o
ﬁgd;méﬂ'r‘
b
ﬁswu‘-e
N/a.j-

Design plans to elevate and roughen channel bed using native coarse sediment along channel banks
in Bridgewater, VT. (FEA & MMI, 2012)

Grade Control Design



Natural Bed Stabilization: Channel Fill Recommendations

Bed roughening

e Maximize the bankfull channel width and 5
-in progress ...

floodprone width where possible

o=

e Compare the existing and proposed
channel incision ratios

e Consider adjacent property and
infrastructure to ensure no increase in risk
due to fill.

e Carefully excavate deposits over
floodplains and benches while leaving a
veneer of the sediment deposit over the
existing profile to minimize ground
disturbance.

~ Bed roughening
- complete

* Place the largest boulders in the channel to
encourage development of natural
bedforms and habitat features. Boulders
should be large enough to remain in place

during moderate floods (e.g., 10-year
flood).

Grade Control Design Neshobe River, VT Route 73 (E. Fitzgerald, 2012)



Natural Bed Stabilization: Channel Roughening

RANDOM BOULDER PLACEMENT
MAINTAIN DENSITY OF 1 SINGLE
BOULDER OR 1 BOULDER CLUSTER
PER 150 SQ FT OF CHANNEL BED.

VARY STONE SIZES

DOWNSTREAM VARY BURY DEPTH

» BETWEEN 25% AND 75% -
v (TvP) OF STONE DIAMETER ‘//\ :
) \
EXISTING
REER CHANNEL BED
v (P SINGLE

BOULDER PROFILE VIEW
PLACEMENT

4’ TO 6't BOULDER,
BURY 1/2 OF DEPTH

Top: Design plans to install boulders
and improve aquatic habitat on Great
Brook in Plainfield, Vermont. (MMI,
2010)

FINSHED GRADE
OF CHANNEL

m IN—STREAM BOUIDER CLUSTER FEATURE PROFILE VIEW
D.2 SCALE: 1"=8'

Boulder Cluster Design on Gulf Brook in Keene, NY

(ESPC and Fitzgerald Environmental, 2014)
Grade Control Design



Grade Control Design: Bed and Bank Transitions

B

Native bed material

Abrupt profile changes
may limit AOP J .

(Schiff et al., 2014)

Design Elements:

e Maintain uniform profile transitions in and out of the project area

e Tie the profile into natural grade control that may exist near the site

e Tie the profile into a natural bed armor layer if one exists

e Taper bed armoring into the downstream channel at a maximum slope of 5% to 10%

e For bed armoring, maintain full thickness in the downstream taper section when
natural grade control or bed armor are absent

Grade Control Design



Grade Control Design: Weir and Riffle Spacing & Dimensions

b | |
\ y = 82513 7%

5 . R? = 0.9226
=
T \ .
s
3 4
5 $
& 3 AN
3 . L 4
=] L 4
o 2 ‘e
g \\:P
§ %\-4

1

0

0 1 2 3 4 5 6 7 8 9

Great Brook, Plainfield, VT (R. Schiff, 2010) Channel Slope (%)
Ratio of pool spacing to bankfull width as a function of

Design Elements channel slope. (Rosgen, 2001)

Cross Section:

e Match cross-sectional width and height of nearby reference steps or riffles

e Create concave features in cross section that generally connect maximum bankfull depth at the bank and the
proposed grade in the center of the channel

e Tie structure into banks a minimum of 5 feet

Profile:

e Match longitudinal slope of nearby reference steps or riffles
e Avoid abrupt changes in channel profile

e Setslope to 1% to 3% unless site-specific river conditions call for a shallower or steeper bed

Grade Control Design

e Create uniform transitions between bed and grade control structure



Grade Control Design: Rock Sizing & Type

.. GO - 15,000
VTrans Standard Rock Sizing (VTrans, 2014) ! ' : ' ! ,
Estimate the design velocity | | H ! ! — 10,000
Fill Median rock size, Velocity Note =165 I/ 2
rocedure: E
Type range (|nChES) (fpS) -~ 1. Estimate the design velocity I - REmamRaR S ! i | L 5,000 %
= 40 2. Track right to the basic rock size t ™ IRISSRRNERERAN EEEEESEEEESE o E
= e =
: :
| 4, 1-12 < 6 ’é‘ = 1,000 g
15} = =
“ 12, 2_36 6_12 E 20 H 73:5““ ?
a | =
[ 16,3 -48 12-14 250 B
100 B
50
v 20,3-60 14-16
o : | | 23 : 2 222 : B

[S¥]
'S

8 10 12 14 16 18 20
Velocity (ft/s)

. Rock sizing based on the Isbash curve. (Source: Isbash, 1963; NRCS, 2007)
Design Elements

e Grade control structures must resist erosion due to the design flood flow velocity
and resultant shear stress

e Diameter larger than the 84th percentile particle size (D84) in the channel

e Natural river rock is preferred over angular rock for stone riffles and strainers to
naturalize in-stream habitat.

Angular rock is typically used for weirs to lock the rocks together and properly
secure the structure in the bed and banks.

Grade Control Design
°



Grade Control Design: Rock Sizing & Type

Table TS14C-3  Summary of techniques

|
High or low
Technique energy Slopes Typical application(s)
Isbash Both Not specified Rock revetment, stilling basins, river closures
108 Report Both <10% Quick assessments for stable stone requirements
Maynord Low <2% Rock revetment, bank protection, stone toe
Abt and Johnson High 2% to 20% Overtopping, grade protection
ARS - rock chute High 2% to 40% Overtopping, rock chutes, grade protection
USBR High Not specified Riprap below a stilling basin
USGS Blodgett Both Not specified Riprap stability
USACE Steep Slope Riprap High 2% to 20% Rock chutes, grade protection
USACE Habitat Boulder High Not specified Instream boulders for habitat enhancement
CALTRANS R5P Low <2% Rock revetment, bank protection, stone toe
Lane's (FWS5) Low <2% Stone bank protection, stream barbs with adjustments
(210-VI-NEH, August 2007) TS14C-11

Grade Control Desigr

NRCS, 2007. Technical Supplement 14c, Stone Sizing Criteria in Part 654 of the National Engineering Handbook. 210-VI-NEH, August 2007.
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/water/?cid=stelprdb1044707. Natural Resources Conservation Service, U.S.
Department of Agriculture, Washington, DC.



Grade Control De5|gn Hydrology & Hydraulics

. Streamstats Version 3.0 :

Legend

Exising Conditions
Alt 1-Widening Only
Alt 3- BuckWider
Alt 2- BoxCuhat

Sediment Fill

(FEA, 2014) |~ o —

e Pace of repair work will determine whether an assessment of hydrology and hydraulics
is necessary or feasible.

e Models are useful for stone sizing and to confirm that raising the channel bed will not
increase flood risks to adjacent property.

e Hydrology from regression equations (Olson, 2002; Lumia et al., 2007) and StreamStats
e Simple uniform flow calculation (i.e., Manning’s equation)
e Hydraulic model (HEC-RAS; USACE, 2010) to analyze flood depth, velocity, etc.

Grade Control Design



Grade Control Design: Bed Armor Performance Standards

AR
L

= - @ ‘_._TJ;:.(-- e e _ k.
(MM, 2014) (Fitzgerald Environmental, 2015)

Vermont Standard River Management Principals and Practices
e Halt channel downcutting.

e Halt horizontal channel migration threatening infrastructure and unmovable
habitable buildings. (Avoid horizontal channel migration along opposite bank
of threatened infrastructure.)

e Provide aquatic organism passage and continuous surface flow.
e Create final channel dimensions and cross sections similar to adjacent channel

Grade Control Design



Grade Control Design: Bed Armoring Example

Grade Control Design

South Branch T

WL o o

weed River (R. Sc

Floodplain

3 B ~ [

hiff & E. Fitzgerald ,2012-13)

Incised
Channel

Schematic of increased floodplain access and subsequent increase in cross-sectional flow
area resulting from an elevated channel bed achieved through bed armoring. Channel

incision is reduced by decreasing the ratio between overbank flow depth and
bankfull depth (Dbkf).

(Milone & MacBroom, Inc. and Fitzgerald Environmental, 2013)



Summary — Grade Control Design

Assessment

e Longitudinal profile

e Geomorphic stream type

e Bankfull width and depth

e Profile bed forms

e Equilibrium sediment slope

e |ncision ratio

e Channel evolution

Design

e Upstream and downstream limits

e Channel profile and bed forms

e Bed elevation and floodplain access

e Bankfull and floodplain dimensions

e Volume and gradation of native sediment (natural bed stabilization)
e Channel and floodplain hydraulics

e Structure spacing and dimensions (strainers, riffles, and weirs)

e Rock type and sizing

e Construction sequence and reinstallation of native river substrate for bed armor

Grade Control Design




Grade Control Design Objectives

e Maintain or re-establish vertical stability over the reach to prevent the
unnatural downcutting of the channel bed.

e Reconnect as much floodplain as possible (i.e., target incision ratio = 1.0 —
1.2) given site constraints.

e Use equilibrium dimensions from a suitable reference reach of hydraulic
geometry regression equations to set bed elevation relative to bank height,
channel dimensions, slope, and spacing of grade control structures and
bedforms.

e Use stone riffles and weirs in areas of moderate stream power and
susceptibility to property damage.

e Use bed armoring in areas of high stream power prone to incision and likely
property damage.

e Create uniform slope transitions in and out of the bed stabilization area.

 |f present, integrate natural grade control features into grade control design.

e Ensure stable tie-in locations in the banks for weirs and riffles.

 Restore reference hydraulic roughness, bedforms, and habitat features in
channel as much as possible.

e Maintain long-term aquatic organism passage for all grade control practices.

Grade Control Design



Grade Control Design Limitations

Grade Control Design

Requires introduction of non-native stone into riverbed.

Bed armoring may require a large volume of rock armor.

Weirs and bed armoring can be outflanked if unstable channel banks
are left unprotected.

Instream work disturbs the channel, and reinstallation of native bed
material results in a temporary impact to channel bed and aquatic
habitat as sedimentation is unavoidable.

Requires construction oversight to ensure channel profile and
bedforms are shaped according to plans.

Stone riffles and weirs may not be feasible in areas of high stream
power and severe channel incision.

Adjacent infrastructure or steep banks may limit bank tie-in locations.
Grade control practices such as weirs could become a block to aquatic
organism passage if not properly matched to downstream channel
slope or if channel downcutting occurs.

Bed armoring could fragment aquatic habitat if water flows under the
coarse rock.



Grade Control Design Review Questions

1. How does the degree of channel
incision and risk to adjacent property
dictate the selection of grade control
treatment?

2. What are ways a grade control
structure could fail (i.e., destabilize)?

Grade Control Design



Grade Control: Common Mistakes

 Not considering stream velocity and power to determine which grade
control practice is most appropriate.

e Use of undersized rocks for weirs that are susceptible to erosion
during flooding.

e Not providing proper bank and bed tie-in for weirs and riffles.

e |mproper spacing of stone weirs and riffles.

e Bed armor depth is too shallow and susceptible to undermining.

e Unstable banks are left unprotected with potential for the channel to
roll off and outflank armoring.

e The transition between bed armoring and the channel bed is too
steep at downstream limits creating abrupt changes in the
longitudinal profile that may block aquatic organism passage or form
upstream travelling erosion faces (i.e., head cuts) in future floods

e Uneven dispersal of native sediments along channel cross-sectional
area

(Schiff et al., 2014)
Grade Control Design



Grade Control: Permitting Requirements

U.S. Army Corps of Engineers (CWA Section 404 and 401)

0] Quantify length, area, and volume of disturbance below ordinary high water
(OHW)
0 Identify reporting category
0 Contact Field Office
. Vermont Stream Alteration Permit
0 Meet Performance Standards as identified above
0 Identify reporting category
0 Contact river management engineer
. New York Article 15 Protection of Waters Permit
0] Emergency Authorization for quick review in emergency
0] General Permit for Disaster Recovery for longer timeframes
0] New York State Environmental Quality Review (SEQR) for larger projects
. Adirondack Park Agency
0] Bank stabilization projects jurisdictional if area exceeds 100 square feet
0] In-stream rock/log vanes are not jurisdictional
. Local Permits
0] FEMA National Flood Insurance Program criteria
0] Wetlands (NY) (State for Vermont)
0 Contact Town Administrator for reporting needs

Permitting



Construction

Grade Control: Construction

Constructability

Construction oversight is needed to ensure:

Final longitudinal profile of channel is consistent with design to ensure vertical
stability and channel capacity

Rock sizes are large enough

Installations are properly tied in to banks and bed

Adjacent bank erosion is stabilized

Aquatic organism passage is maintained

Temporary Construction Controls

Complete work during low flow periods to limit downstream sedimentation
and allow for proper visibility to successfully complete the work

Plan dewatering and work to isolate impacts from channel.

Install silt fencing as needed to control runoff when ground not flat.

Use series of sediment filter berms to create sediment trap pools and limit

sedimentation of downstream areas.

The pools should be periodically cleaned out as work takes place.

If water control is needed, temporary berms made of pushed up deposited

material are often used to guide water out of the work areas.



Bank Stabilization Module



Bank Stabilization Objectives

1. Establish local lateral stability to

orotect improved property by

oroviding adequate resistance to

oank erosion for the design flood.

2. Reduce encroachments into the
bankfull channel.

3. Maintain or improve instream
habitat.

4. Protect water quality.

Bank Stabilization Assessment
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Bank Stabilization Assessment: Adjacent Land Use/Property
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Bankfull Channel and Floodplain Dimensions

1. Past field observations of many similar channels
(empirical approach such as HGR and regime).

2. Historic observations / prior knowledge before
sediment deposition event such as survey or
geomorphic assessment (aerial photos).

3. Current field measurements in undisturbed
reference reach (analog approach).

4. Field observations of remnants of impacted
channel.

5. Estimation methods such as uniform flow or
sediment transport analysis (analytical approach).

Bank Stabilization Assessment



Bankfull Indicators / Incised Channel

—
Figure 1 Embryonic active floodplain developing in incised channel. Stage IV of channel evolution.
a. Abandoned floodplain
b. Active floodplain indicating bankfull stage (VTANR, 2009)

Bank Stabilization Assessment




Bankfull Indicators

(VTANR, 2009)

Bank Stabilization Assessment

Scour line

Change in particle size distribution

Depositional bench (active channel)

Staining of rocks

Inflection point

Upper limits of sand-sized particles

Lower limits in perennial vegetation

Top of point bars

Valley flat

Middle bench for braided rivers

Exposed root hairs below an intact soil layer | Break in slope of banks (floodplain break)

Active floodplain

Undereuts

(USACE, 2012)




Bank Stabilization Assessment

Approximate Channel Sizing — VT HGR

Depth (ft.) / Width (ft.)/ Area (sq.ft.)
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(VTANR, 2006)



Approximate Channel Sizing — NY HGR

[DA, drainage area in square miles; R, coefficient of determination]

Number of Standard error
Hydrologic region cross sections Regression equation of estimate R?
surveyed (percent)
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Approximate Channel Sizing — Regime
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Bank Stabilization Assessment AFPLIES BASICALLY TO CHANNELS WITH LOW BED SECHMENT TRAMSFORT.



Approximate Channel Sizing — Analytical
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(Chang, 1986)
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Bank Stabilization Design: Common Practices

Placed Riprap Wall

R &

o

Bank Stabilization Practices

(E. Fitzgerald, 2012-2015)



Related Practices: Bioengineering

Bioengineering

Bioengineering Purpose and
Design

e Increase roughness

e Enhance riparian habitat LS
d - '_l"‘;"‘u'
SN

Plymco Dam Channel Restoration (J. MacBroom, 2015)

e Low slope/power settings

e Hydraulic modeling needed to check
velocity

e Soils and geotechnical concerns
e Fabrics, wood species, etc

Bank Stabilization Practices

Crosby Brook, Brattleboro, VT (E. Fitzgerald, 2010)



Related Practices: ELJs

ELJ Purpose and Design

e |Increase roughness

e Push thalweg away from bank
e Enhance habitat

e Hydraulic modeling needed

e Force-balance analysis

e Piles, wood species, etc

Bank Stabilization Practices




Bank Stabilization Practices

Permissible Permissible Citation(s)

Boundary Category Boundary Type Shear Stress
Soils Fine colloidal sand 0.02-0.03 1.5 A
Sandy loam (noncolloidal) 0.03 -0.04 1.75 A
Alluvial silt (noncolloidal) 0.045 - 0.05 2 A
Silty loam (noncolloidal) 0.045-0.05 1.75-225 A
Firm loam 0.075 25 A
Fine gravels 0.075 25 A
Stiff clay 0.26 3-45 A F
Alluvial silt (colloidal) 0.26 3.75 A
Graded loam to cobbles 0.38 3.75 A
Graded silts to cobbles 0.43 4 A
Shales and hardpan 0.67 6 A
Gravel/Cobble 14n. 0.33 25-5 A
2-in. 0.67 3-6 A
B-in. 20 4-75 A
12-in. 4.0 65-12 A
Vegetation Class A turf 3.7 6-8 E, N
Class B turf 21 4-7 E,N
Class C turf 1.0 3.5 E, N
Long native grasses 12-17 4-6 G,H LN
Short native and bunch grass 0.7-095 3-4 G, H LN
Reed plantings 0.1-0.6 N/A E, N
Hardwood tree plantings 04125 N/A E, N
Temporary Degradable RECPs Jute net 0.45 1-25 E.H M
Straw with net 15-165 1-3 E,H M
Coconut fiber with net 225 3-4 E,
Fiberglass roving 2.00 25-7 E,H M
Non-Degradable RECPs Unvegetated 3.00 5-7 E,G M
Partially established 406.0 75-15 E.GM
Fully vegetated 8.00 8-21 F,LLM
Riprap 6 —in. dsp 2.5 5-10 H
9—in. dsp 38 7-11 H
12 —in. dg 5.1 10-13 H
18 —in. dg 76 12-16 H
24 —in. dg 10.1 14-18 E
Soll Bioengineering Wattles 02-10 3 C,LJN
Reed fascine 0.6-1.25 5] E
Caoir roll 3-5 8 E, M N
Vegetated coir mat 4-8 9.5 E, M N
Live brush mattress (initial) 0D.4-41 - B,E, I
Live brush mattress (grown) 3.90-8.2 12 B,C E LN
Brush layering (initial/grown) 04-6.25 12 E,ILN
Live fascine 1.25-3.10 6-8 G.ELJ . .
Live willow stakes 2.10-3.10 3-10 E N, 0  (Fischenich, 2001)
Hard Surfacing Gabions 10 14-19 D
Concrete 12.5 >18 H




Bank Stabilization Design: Placed Riprap Wall

MIN. 3-7" BACKING
FOR GUARDRAIL, IF INSUFFICIENT
BACKING USE & POST GUARDRAIL

0

2%

ROAD

STANDARD 6 GUARDRAIL POST

PLACE BEDDING BETWEEN RIP RAP
AND ROAD SUBBASE TO PREVENT
MIGRATION OF SUBBASE INTO RIP RAP.
GEOTEXTILE MAY BE SUBSTITUTED AT
THIS LOCATION ONLY.

UPPER RIP RAP
(TYPENTYP)

20X D80

9" GRANULAR BORROW
BEDDING MATERIAL

LOWER RIP RAP
(TYPE IV TYP.)

STONE TOE WALL
(TYPE VORVITYP.)

NOTES:
1. LOCATE STONE TOE WALL TO MAINTAIN A MINIMUM OF CHANNEL BANKFULL
WIDTH.

2. TOEWALL SHALL BE CONSTRUCTED WITH STONES TO RESIST EROSION,
AND IN NO CASES SHALL THE INTERMEDIATE DIMENSION OF ANY STONE BE
LESS THAN 3",

3. WALL SHALL BE CONSTRUCTED WITH STAGGERED JOINTS BETWEEN
ROCKS ON ADJACENT TIERS.

4. FOOTER ROCK SHALL BE EMBEDDED BELOW THE CHANNEL BOTTOM A
MINIMUM OF 4",

5. CONTRACTOR TO CAREFULLY SELECT AND PLACE INDIVIDUAL STONES TO

MAXIMIZE CONTACT WITH ADJACENT STONES

BACKFILL VOIDS WITH GRANULAR MATERIAL TO FILL VOIDS.,

TO THE EXTENT PRACTICAL STONES SHALL DIP TOWARD THE

EMBANKMENT TO BETTER RESIST SLIDING FORCES

N®

(Dubois & King and Milone & MacBroom, Inc., 2014)

Placed Riprap Wall Design

-
GRUBBING MATERIAL
EXISTING GRADE
SLOPE
V  pesenriow? HEIGHT
V  oesienFLow |
=— SEE NOIE 2
|
-

S *—\ EXPOSED WALL
| HEIGHT (6" MAX)
|

Y | W

=i —

| = T
SCOUR KEY
4'MIN.
— ——
" l——— 2 X D50 MIN ————] \ 1

EX. CHANNEL
BOTTOM

TYPICAL PLACED RIP RAP
WALL SECTION
SCALE: 1" = 5'




Bank Stabilization Design: Riprap Slope

Placed Riprap Wall Design

STONE FILL SLOPE PROTECTION

3

BITUMINOUS CONCRETE PAVEMENT | 3

5

6’ CUARDRAIL POST (SEE NOTE 3)

IIEM 40210 AGCRFGATF SHOII DFRS IN Pl ACF

4'0" MINIMUM

IIEM GISUSTONMF FII I

L J
|

ITEM 6i3.13 STONF Fli |

4°0" MINIMUM
DETAIL A
*BULK" OR “"LAUNCH" TOE DETAIL
IYPF U
IYPE IV

HIGH WATER ELEVATION

9" THICK GRANULAR BORROW (MAXIMUM % /
PASSING THE NO. 4 SIEVE =B0O%) (See Note 5)

NOTES.

L HICH WATER ELEVATION CORRESPONDING TO TOP ELEVATION OF TYPE IV STONE, AS
DIRECTED BY THE ENGINEER. TYPICALLY SET I'O" ABOVE LOW FLCODPLAIN ON
OPPOSITE BANK IF SUCH FLOOPLAIN EXISTS. OTHERWISE, SET APPROXIMATELY EQUAL
TO MAJOR FLOOD ELEVATION (EG.50 YEARL F RESULTING HIGH WATER ELEVATION IS
ABOVE ROADWAY, CARRY TYPE IV STONE TO TOP OF SLOPE AND ELMINATE TYPE
STONE FILL.

2. "BULK" OR "LAUNCH" TOE MAY BE USED INSTEAD OF SCOUR KEY ONLY IF DIRECTED
BY THE ENGINEER, AND ONLY IN CASES WHERE ADDITIONAL ENCHROACHMENT IS
ACCEPTABLE AND INSTALLATION OF KEY IS MPRACTICAL.

3.IN AREAS WHERE 3'T" GUARDRAIL BACKING CANNOT BE ACHEVED, INSTALL B'POSTS
PER ITEM &2ISPECS.

4, THE STONE SLOPE SHALL BE NO STEEPER THAN L5H TO LOV UNLESS DIRECTED
BY THE ENGINEER.

5. GEOTEXTILE ITEM 649.3ICAN BE USED INSTEAD OF GRANULAR BORROW AT THE
TOP 5 FT OF SLOPE. GEOTEXTILE MAY BE SUBSTITUTED FOR GRANULAR BORROW FCR
THE TOTAL LENGTH OF SLOPE WHEN THE MAXIMUM HEIGHT OF SLOPE IS LESS THAN
15 FEET.

L.5' MAX
"
ORCINARY HIGH

(SEE NOTE

WATER (END GRUBBING MATERIAL)

4
i “BULK* OR "LAUNCH" TOE (SEE DETAIL
A & NOTE 2) ALTERNATIVE
‘..\\\ ---------- 1‘
q_,__-““ \\‘ e
= R i TT——EXISTING GROUND
40" MINIMUM
SCOUR KEY —
40" MINIMUM

PROCT et RIPRAP SLOPE PROTECTION
PROECT NUMBER:

FLOT DATE: S88804TESSS
DRaws BV ANOREW BERNER
CHECKED BYs =oeees

SEET 2 OF 3

FLE MAME: TrmCAL SECTIONS.DON
PROECT LEADERS Criis BUMP
DESGMED BT MATT MURAWSK)

(VTrans, Dubois & King, Milone & MacBroom, Inc., 2013)




Placed Riprap Wall Design: Rock Type and Sizing

Rock Type
e Large (3-6 ft diameter),
blocky rock for stacking

e Special sourcing and
selection at quarry

e Maintain voids at
bottom of wall at water
interface for fish refuge
during high flows

VT Route 155 repairs, Mt. Holly, VT (E. Fitzgerald, 2013)

Placed Riprap Wall Design



Placed Riprap Wall Design: Wall Location & Alignment

Design Elements

e The toe of the riprap wall
on the face closest to the
channel must be properly
located in the field to
retain at least the target
bankfull channel width.

e Paint marks, flagging, or
offsets should be used to
set the toe location
during construction.

(E. Fitzgerald, 2013)

Placed Riprap Wall Design



Placed Riprap Wall Design: Height and Slope

Design Elements

e Set wall height based on
elevation of the bankfull
channel and floodplain
and to keep the wall
structurally stable.

e A maximum wall height of
6 to 8 feet is
recommended unless a
geotechnical analysis is
performed

e Maximum wall slope
6V:1H; gentle batter of
6V:2H is more common

e The target slope of the
sloping riprap above the
wall is 2H:1V, with a
maximum of 1.5H:1V

Placed Riprap Wall Design



Placed Riprap Wall Design: Height and Slope

DDIR D3-95, VT Route 155, Mount Holly
260 If placed riprap wall

Type VI stone stacked below,
Type IV stone @ 1V:1.5H above
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(E. Fitzgerald, 2013)




Placed Riprap Wall Design: Rock Type and Sizing

.. 60 " 15,000
VTrans Standard Rock Sizing (VTrans, 2014) ! i i : ! ,
Estimate the design velocity P FE HEHH H 10,000
Fill Median rock size, Velocity Note =165 Ib/D =
rocedure: :
Type ra nge (inChES) (fpS) -~ 1. Estimate the design velocity I FH FH 4 ] t f L 5.000 "z
= 40 2. Track right to the basic rock size i ™ NS BEE. SRiNaERESEERl B E
= e =
: -
I 4, 1 - 12 S 6 E = 1,000 g
17} - ®
“ 12, 2_36 6_ 12 E 20 :ﬂlH %
a =
[ 16,3 -48 12 -14 C20 3
=100 B
H - 50
v 20,3 -60 14-16 H
04 .
0 2 4 [ ]

10 12 14 16 18 20
Velocity (ft/s)

Rock sizing based on the Isbash curve. (Source: Isbash, 1963; NRCS, 2007)

Design Elements

e Bank armor must resist erosion due to the design flood flow velocity and resultant
shear stress

e Consider channel planform for rock sizing — moderate to severe bends may have
increased velocity and scour potential

e Rock size transitions should be linked to the bankfull channel and floodplain
elevations — rock size can typically be decreased above the floodplain stage

Placed Riprap Wall Design



Placed Riprap Wall Design: Rock Type and Sizing

USACE steep slope riprap design

Example problem: Steep slope This high-energy technique is outlined in standard
USACE guidance as provided in EM 1110-2-1601. It
Problem: For the following flow conditions, determine is degigned for use on 5101}@_5 from 2 to 20 percent.
the required rock size for a rock chute.
G, = 2.65 or y_=165.36 b/ft’ However, the side slopes should be 1V:2.5H or flatter.
Width =40 ft A typical application would be a rock-lined chute. The
n = 0.045 formula is:
Slope = 0.06 ft/ft
Depth =35 ft 2

] eq. TS14C-12

Solution: Solve relevant hydraulic parameters D‘“’ l] (eq )

Vel = 16.7 ft/s where: ¢

- ‘. 3
Q = 2’,‘%40 ftss D.. = stone size; m percent finer by weight
Y = 4Tft 30
crit S = channel slope

The riprap size determined from several methods is: q = unit discharge (q = Q/b, where b = bottom

Isbash D, - L6ft . E’ldfh of Chutte tzl:ncl ?g lst tn:-tgl ﬂ?ﬁf) R

Maynord D, = L6ft,D = L9f = flow concentration factor (usually -25, but can

Lane’s (FWS) D, =3.7ft, D, =321t be higher if the approach is skewed)

Abt and Johnson D, = L3 ft ¢ = gravitational constant

ARS rock chute D. =11ft

50
This equation is applicable to thickness = 1.5 []1 o

angular rock, unit weight of 167 pounds per cubic foot,
Ilsamls from 1.7 to 2.7, slopes from 2 to 20 percent,
and uniform flow on a downslope with no tailwater.
This equation typically predicts conservative sizes.

Placed Riprap Wall Design



Placed Riprap Wall Design: Bedding

Design Elements

e Granular bedding (Appendix | of
SRMPP) is recommended behind
the placed riprap wall and riprap
slope to prevent fine material from
piping through the crevices in the
large rock.

e The thickness of the bedding is
typically at least 6 inches.

e Filter fabric may be used where the
banks consist of silts and clays.

e Fabric underlayments on steeper
banks can lead to failure of the
riprap due to loss of friction and,
thus, granular bedding is preferred.

Deerfield River, VT Route 9 Wilmington, VT (R. Schiff, 2012)

Placed Riprap Wall Design



Placed Riprap Wall Design: Bedding

DDIR D3-95, VT Route 155, Mount Holly
260 If placed riprap wall

Grub, seed, fabric upper slope

. - | Granular
o _ ‘FiB};'Q\d‘_d!ng}

(E. Fitzgera_ld, 2013)
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Placed Riprap Wall Design: Keyway Thickness & Depth

Keyway Depths Based on Channel Incision and Evolution (Schiff et al., 2014)

Depth Below Incision CEM Predicted Channel
Channel Ratio Stage |[Change
Bottom (feet)
1-2 1.0-1.2 I, V Constant or aggrading
2-4 1.2-14 I, lIl, IV | Moderate incision
(E. Fitzgerald, 2013) 4-6 14-1.6 I, I, IV | Moderate to severe
Ty "I O incision
¥ >6 >1.6 [, HI Severe incision or
entrenchment

Predicted Scour (or Keyway) Depth Based on Location in Channel
Alignment (Source: TAC, 2001)

Placed Riprap Wall Design

Depth (Multiple Channel Alignment
of Dy niun) Location
1.25 Straight
1.5 Moderate bend
1.75 Severe bend
2.0 Abrupt right-angle turn
3.5 Sub-surface sill




Placed Riprap Wall Design: Keyway Thickness & Depth

DDIR D3-95, VT Route 155, Mount Holly s o
260 If placed riprap wall

2 g

Digging keyway, o e
7 o g7

removing existing Type I\Vstone == o, o 7
',g;_;_,.-_ o e ‘})’:‘:' ; « S (E. Fitzgerald, 2013)

Placed Riprap Wall Design




Placed Riprap Wall Design: Revegetation

Post-Irene Repairs — Placed Riprap Wall with Vegetated Slope
South Branch of the Tweed River, VT Route 100, Killington

(E. Fitzgerald, 2013)

Placed Riprap Wall Design



Placed Riprap Wall Design: Revegetation

Placed Riprap Wall Design

SYMBOL
BANKFULL, —
RIP RAP FILL WIDTH ( )

BASEFLOW

“~—_LIVE STAKE

_SQUARE CUT

TAK
PRAP

T Tl PECIFICATI

I. LENGTH OF STAKE DEPENDS UPON APPL ICATION

2.LIVE STAKES SHALL BE CUT TO A POINT ON THE BASAL END FOR INSERTION
IN THE GROUND.

3.A DIBBLE, IRON BAR, OR SIMILAR TOOL SHALL BE USED TO MAKE A PILOT
HOLE PRIOR TO INSERTING STAKE IN GROUND.

4. A MINIMUM OF 2" TO 4" AS WELL AS 2 LIVE BUDS SHALL BE EXPOSED ABOVE
THE GROUND OR RIF RAP.

5. TAMP SOIL AROUND STAKE.

6. CARE _SHALL BE TAKEN TO MINIMIZE DAMAGE TO STAKE. ANY DAMAGE SHALL
BE TRIMMED BACK TO AN UNDAMAGED CONDITION.

ADAPTED FROM DETAILS PROVIDED BY:NEW YORK STATE
DECORIGINALLY DEVELOPED BY USDA-NRCSVERMONT DEPARTMENT|
OF ENVIRONMENTAL CONSERVATION

LIVE STAKE

NOTES:
REFER TO ‘THE VERMONT STANDARDS & SPECIFICATIONS FOR

EROSION PREVENTION & SEDIMENT CONTROL -2006- ' FROM REVISIONS

THE VT AGENCY OF NATURAL RESOURCES FOR ADDITIONAL
GUIDANCE. MARCH 21, 2008 WHF
MANUARY 27, 2003 WHF

THIS WORK SHALL BE PERFORMED IN ACCORDANCE WITH

SECTION 653 FOR LIVE STAKE (PAY ITEM 653.70)

(VTrans EPSC Specifications, 2009)

Typical use of willow stokes
te anchor wilfow wallles,
strow rolls, bio mals, or turf

reinforcement mats. —\

Typical area stoking
JO=-80 em (1-3 i)
gpart.

/—Cuf fop of stake squore.
=

Typical — drive or plont T
,,),?;aw stakes through ||'-'|I.‘l 2 to 5 buds scars shall
openings in riprap or :.JJVI be above the ground.
gabions. R Ry =
SN EIANENG
< .|"§(
45 cm (18 in) ) |'I"E\//
min { i."-' | g\/
[l
4N frim branches close.
Plant 80X of stoke \‘f IJ1 irﬂ:/_
length infe the ground. (2? I
q) I
&t ,ﬁ—ﬂ]—?jmm (3/4-3 in) diameter.
] Y
It I.JI
,'_%'_Iu'.—-— Make angled cut af butt-end,
e plant bull-end down.
NOTES: =

1.  Harvest and plont stokes during the
dormant season,

2 Use hegithy, straight and fve wood
at least 1 yeor old.

J. Moke clean culs and do not
damoge stokes or spht ends during

VEGETATED RIPRAP

© 2004 s

installation, use a pilot bar in firm soils.
4. Soak cuttings for 24 hours (min.) W/ JOINT PLANTING
prior to installation.
5 Temp the soil around the stake. (LIVE STAKING}
\_LE: vRP S

(McCullah and Gray, 2005)



Summary — Placed Riprap Wall Design

Assessment

e Location, length, width, and height of bank erosion
e Bankfull channel dimensions

e Adjacent land use and property

e Risk of continued erosion and damages
Design

e Rock type and sizing

e Wall location and alignment

e Keyway thickness and depth

e Height and slope

e Bedding

e Revegetation

Placed Riprap Wall Design



Placed Riprap Wall Design Design Objectives

 Create lateral channel stability while retaining target channel
bankfull width in confined settings and reducing fill compared
to common uniformly sloping riprap.

e Set keyway invert elevation based on history of channel
downcutting to maximize wall and vertical channel stability.
Link to other vertical channel stability practices at sites with
excessive bed erosion.

e Return native boulders to riverbed often located in bank to
offset historic channel downcutting, improve floodplain access,
increase channel roughness, decrease energy grade, reduce
flood velocity, and improve instream habitat.

e Establish low or flood benches where possible to lower flood
velocities and reduce future erosion risks.

Placed Riprap Wall Design



Placed Riprap Wall Design Limitations

* |Introduction of non-native stone to riverbank.

o Difficult to re-establish bank vegetation.

 Sourcing large angular or blocky rock can be difficult
and expensive.

e |nstallation requires more skill by machine operator to
construct wall, transitions, and tie-backs. Building a
placed riprap wall can take longer than installing a
traditional riprap application and is thus more costly.

e Geotechnical analysis is typically required for taller
slopes where the height of the wall is larger than 6 feet
and in areas dominated by silts and clays.

Placed Riprap Wall Design



Placed Riprap Wall Design Review Questions

1. How does the degree of channel
encroachment and risk to adjacent
property dictate the selection of bank
stabilization treatment?

2. Where is a placed riprap wall preferred
over sloping riprap? Vice versa?

Placed Riprap Wall Design



Placed Riprap Wall: Common Mistakes

 Rock size too small.

 Wall not thick enough in all dimensions to resist
flood flows.

 Base of wall located too far from bank closing
off river channel.

 Rocks protruding out from wall that will be
knocked off during flooding.

* Voids in large riprap not filled.

 Wall height too tall.

e Keyway located too shallow in high erosion
areas.

Placed Riprap Wall Design

(Schiff et al., 2014)



Placed Riprap Wall: Permitting Requirements

U.S. Army Corps of Engineers (CWA Section 404 and 401)

0] Quantify length, area, and volume of disturbance below ordinary high water
(OHW)
0 Identify reporting category
0 Contact Field Office
. Vermont Stream Alteration Permit
0 Meet Performance Standards as identified above
0 Identify reporting category
0 Contact river management engineer
. New York Article 15 Protection of Waters Permit
0] Emergency Authorization for quick review in emergency
0] General Permit for Disaster Recovery for longer timeframes
0] New York State Environmental Quality Review (SEQR) for larger projects
. Adirondack Park Agency
0] Bank stabilization projects jurisdictional if area exceeds 100 square feet
0] In-stream rock/log vanes are not jurisdictional
. Local Permits
0] FEMA National Flood Insurance Program criteria
0] Wetlands (NY) (State for Vermont)
0 Contact Town Administrator for reporting needs

Permitting



Placed Riprap Wall: Construction

Constructability

Application has become much more common since TS Irene in 2011

Need large machinery and good supply of large rock

Closure of single lane often required

Taller road embankments may require removal and replacement of travel lane
to establish a work platform to reach channel bottom for keyway, etc.

Temporary Construction Controls

Complete work during low flow periods to limit downstream sedimentation
and allow for proper visibility to successfully complete the work.

Temporary berm made of pushed up deposited material are often used to
guide water out of the work areas and provide a work platform to keep
machinery out of main channel bed.

Use series of sediment filter berms to create sediment trap pools and limit
sedimentation of downstream areas.

The pools should be periodically cleaned out as work takes place.

Install silt fencing as needed to control runoff when ground not flat and soils or
grubbings are stockpiled.

Construction



Grade Control Design Exercise

1% annual exceedance probability flood leads to severe localized channel bed erosion
and failure of an adjacent road embankment for 300 linear feet.

e The embankment slope was repaired during emergency recovery with a steep riprap
slope 1V:1H. The rock size is adequate but the top and toe of slope cannot be moved, and
the toe of slope remains vulnerable to erosion due to channel downcutting.

e See channel and flood profiles and section on following pages.

 There is a forested floodplain across the river from the road embankment.

 Drainage area = 4.5 square miles; Channel Slope = 2.3%

e Cobble bed with median bed sediment size (D.,) = 80 millimeters

e Bankfull discharge = 200 cubic feet per second (average velocity = 6 fps)

e 100-year flood discharge = 830 cubic feet per second (average velocity = 9 fps)

e Reach incision ratio = 1.3; Site incision ratio = 2.0

1.  Predict the reference bankfull channel dimensions (feet): VTHGR (Trial 1); Regime (Trial

2); and Chang (Trial 3).

Evaluate the departure of existing channel dimensions from reference dimensions.

Evaluate changes in channel dimensions required to reduce erosion vulnerability.

4. Select an appropriate bed stabilization practice to restore reference channel dimensions
and reduce threat of erosion along embankment toe.

5. Summarize your vision of the proposed grade control design.

W N

Design Exercise



Grade Control Design Exercise

1130
Existing Conditions
State
Highway
1] 1:1 Armor Slope
11204
'1,5?
11151
Q100
EIev.
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11104
Floodplain Qbkf
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3
C
oo 1105 r T . : ! ; ! |
$ 0 20 40 60 80 100 120 140 16
(m] Station (ft)



Grade Control Design Exercise
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Design Exercise

Grade Control Design Solution

- .
Opade (patesl Q{Itﬁ)\ £ }wpﬁe

Fitzgerald e
Environmental :
Associates, LLC Sheet No.

18 Severance Green, Suite 203 Date:

742

Drawn by:

Colchester, VT 05446

Telephone: 802.876.7778
www. litzgeralde nironmental.com

Vertical Scale:

of
// 3 ;//(p

Horizontal Scale:

Soluwbhan:.

@O (haaed Divensions

7{?&:/ Z: U Cuve?

w= ¢
D=

%a.. 3

o

D«'c;gv\ I
@

TIntision, tafisa. =

/ s

(’wm&: WioMa. = ?0'

ﬂnf-‘:.k\: L5 (O t8.S

Zrad 4 ;. UTHER | W=25' Dn=is! | A= 334%

A,-/ AR A
‘c‘/Zj - zl77%0 = 29.7'
19

0r023 X leew= 2.6

7 Fo

/ ]
=38 D; 2L
=30l D= L&' 20

7 44 \
(=/0")

2.0, hed seeds fo berassed /5-2.0




Grade Control Design Solution
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Grade Control Design Solution
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Bank Stabilization Design Exercise

1% annual exceedance probability flood leads to moderate localized bend erosion within
60 feet of a state highway.

e The river planform includes a moderate bend upstream of the erosion.

e Adjacent land use includes a state highway on one side and a forested floodplain on the
opposite side.

 Drainage area = 25 square miles

* Riffle-pool channel with 1% slope

e Bankfull discharge = 1,000 cubic feet per second (average velocity = 7 fps)

e 100-year flood discharge = 3,000 cubic feet per second (average velocity = 10 fps)

* Reach incision ratio = 1.2

1. Predict the reference bankfull channel dimensions (feet) using the Vermont Hydraulic
Geometry Regressions, and compare with existing conditions on the plot.

2.  Evaluate channel setting and floodplain connectivity (i.e., incision and entrenchment
ratios) to determine level of site risk.

3. Select appropriate bank stabilization practice(s) to maintain the reference bankfull
width and ensure bank stability.

4. If rock stabilization is needed, select the appropriate stone sizing, keyway depth, and
transitions for slope treatments to resist the predicted velocities for design storms.

5. Summarize your vision of the proposed bank treatment.

Design Exercise



Design Exercise

Bank Stabilization Design Exercise
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Design Exercise

Bank Stabilization Design Solution
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EXTRA SLIDES

Basic Geomorphic Assessment



Compound Channel/Floodplain Cross Section

Colluvium

QlOO
Qio

Low Low-
Bench Flow
(~Q1) Channel

Low
Bench

(-Qy

Bankfull Channel

(QL.5to Q2)

2- Year Floodplain

or Ledge

100-Year Floodplain

River Corridor

FEMA Floodway

Terrace

(Adapted from Schiff et al., 2014)



Geomorphic Channel Type

colluvial

cascade

step-pool

Typical Slopes | S> .IDI 30>5>.08].10>S>.031 .04>S>.01. S <.001

02>5S8>.001

diffusion ||debris flow n
dominated|| dominated - fluvial

(Montgomery and Buffington, 1993)



Geomorphic Channel Type

LONGITUDINAL, CROSS-SECTIONAL and PLAN VIEWS
of MAJOR STREAM TYPES

DOMINANT
SLOPE

CROSS
SECTION

(Rosgen, 1994)



Geomorphic Channel Type

'Dominant |

Res | A

Maleral
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SLOPE | .04-D99 02-.039 <02 <04 | <005 <02 <02z | .02-039 |

Figure 3. Cross-section view of stream types (adapted from Rosgen 1994). Original drawings by Lee Silvey. Courtesy
of Catena Verlag.

(Harrelson et al., 1994)



Floodprone Width
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Entrenchment Ratio

A. No accessible floodplain — entrenched stream

< 2 times bankfull max.

4+— bankfull

‘_____—“————_

thalweg, maximum depth

C. Accessible floodplain — minor entrenchment (ER =2.2)

AN

2 times

thalwes ~— 7 bankfull bankfull
max. denth

(VTANR, 2009)



Channel Dynamics

Meander growth and shift Degree of braiding degree of braiding

<5%&Bi=<0.5

B

5-34%&B;=05-10

,.-—'_'—-._____’.‘-'-.-.-_-‘\-'
,“EQ_C}C/D—Q

35-65% & B;=1.0-5.0

— —— reach length

5@)@: AR bar length
gx\,, B; = 2(bar length) / reach length
>65%&Bj=>5

Channel expansion &
contraction

Character of braiding symmetrical channels

chute cutoffs

Avulsive behaviour T —
[ =)

asymmetrical channels

old channel
new
channel

position

W (Brierley and Fryirs, 2005)

position




Channel Context

Independent Variables

Flow

Valley Slope

Stream Power (Q2=yQS)
Sediment Size and Load
Bed and Bank Material

Confinement

Dependent Variables

Channel Dimensions
Channel Slope
Channel Pattern
Bed Forms

Side Slope

Velocity

Floodplain Features



Sediment Processes

RESISTANCE

500 Coarse

millimeters Fine .01 Feet / Mile
- S— -SEDIMENTSIZE —» | _<+— STREAM SLOPE — —>

:/ \
% \ S

/ \
;4 DEGRADATION 0 AGGRADATION>§

SEDIMENT LOAD FLOW

! | (Lane, 1955; Rosgen and Silvey, 1996)

( Sediment LOAD ) x ( Sediment SIZE ) C><<  (Stream SLOPE ) x ( Stream DISCHARGE )



Understanding the Channel Pattern

* Measure channel slope and bankfull (or mean annual) flow 10 metric units and use plot by
{Church, 2002).
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Understanding the Channel Pattern

# (Calculate D50 and specific stream power and use plot by (Kleinhans and van den Berg,
2011).
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(Kleinhans and van den Berg, 2011)



EXTRA SLIDES

Channel roughness Slides
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Channel Roughness

Velocity versus Roughness

6.0
5.0 - *
4.0 .

3.0 ® Area = 20 square feet
| ‘oo i Slope = 1%
2.0 .

v“
‘00.
1.0 MR KX WIN

Velocity (fps)

0.0 I I I I I I
0 0.02 0.04 0.06 0.08 0.1 0.12 014 0.16

Hydraulic Roughness (Manning's N)

Small vegetated channel Small vegetated channel

Young growth and stubble perennials Tall, dense perennials
N=0.04 N=0.12

MANNING’S EQUATION
V=1.486 R?3S”%
N




Bank Stabilization Assessment

Approximate Channel Sizing — VT HGR

Depth (ft.) / Width (ft.)/ Area (sq.ft.)

1000

100

o

11T | | i
L1l | | L1
2006:A = 12.38x"75 =
R?=0.95
pd
B
yd
.

]|

N,

R2= 0.91
—12006:D = 0.96x"-30 *
RZ=0.87 o ? -"I""‘..
T |® ¢
’Y' e
10 100

Drainage Area (sq.mi.)

1000

(VTANR, 2006)



Bank Stabilization Assessment

Approximate Channel Sizing — HGR

Rough Channel Dimensions for the Roaring Branch

Bennington, VT
9/5/2011

Drainage Area

Bankfull Width

Bankfull Depth

Cross Section Area

Location

(Square Miles) (feet) (feet) (squre feet)
2 18 1 21
4 24 1 35
5 27 2 41
10 36 2 70
15 43 2 94
20 49 2 117
25 >4 3 138
30 59 3 159
35 B3 3 178
40 66 3 197 Bennington/Woodford
45 70 3 215
50 73 3 233
55 76 3 250
60 79 3 267
190 132 5 634
195 133 5 bdb6
200 135 5 658
Source: VTDEC, 2006 W=13.1*DA"M* D=0.56*DA" A=12. 38*DADT (MMI, 2011)



