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Stream Impairments

Straightening & dredging
Floodplain filling

Watershed manipulation
Sedimentation & stormwater
Pollution discharges

Utilities & culverts

Buffer removal




What is Stream Restoration?

Adjusting physical, chemical, and biological conditions
to set the stream ecosystem on a trajectory toward
improved ecological functions and services

Grassy Creek, Spruce Pine, NC
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Stream Ecosystem

 Channel

* Floodplain
* Water
 Sediment
* Nutrients
* Habitats

* Animals
 Plants




Outcomes of Restoration

 Water quality & habitats
* Natural flow regimes

e Recreation & aesthetics

e Public enthusiasm




Stream Restoration Components

 Channel & Floodplain Adjustments (Fluvial Geomorphology)

* In-stream Structures (grade control, bank protection, habitat)

Vegetation: Bio-engineering & Riparian Buffers

Targeted Solutions: AOP, Daylighting, Livestock, Stormwater




Fluvial Geomorphology:

Study of the form and function of streams and how they
are shaped by flowing water

* Bankfull channel dimension, pattern, profile
* Floodplain connection

* Sediment transport

* Departure from equilibrium




Bankfull Channel Stage

“corresponds to the discharge at which channel maintenance is the
most effective, that is, the discharge at which moving sediment,
forming or removing bars, forming or changing bends and meanders,
and generally doing work results in the average morphologic
characteristics” (Dunne and Leopold,1978)
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Stream Corridor Restoration: Principles, Processes, and Practices. 1998. Federal Interagency Stream Restoration Working Group.



Reference Streams:

 Floodplain connection
* Vegetation
 Bedform diversity
Freely-formed pattern

Similar climate,
geology, soils,
hydrology, sediment
supply, vegetation




Design Plans Based on: | T T ——

* Hydrology & Hydraulics A

e Constraints

e Reference Geomorphology L\Q\HR | /“‘“"‘/J

Dimension
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Floodplain
Connection

Priority 1

Harman, W, R Start 2011, Natural Channel Design Review Checklist. US Fish
and Wildlife Service, Chesapeake Bay Field OFfice, Annapelis, MD and US
Environmental Proceceion Agency, Office of Wetlands, Oceans, and Watesheds,
Wetlands Division. Washingeon, D.C. EPA 843-B-12-003
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Purlear Creek Restoration, Wilkes County, NC

* Priority 1 & 2 floodplain connection
* 3300 ft channel realignment

* In-stream log habitat structures

* Native riparian vegetation

 Brook trout re-introduction




Priority 1 & 2
Floodplain Connection:

Realigh channel to
follow valley thalweg

New channel

Old channel
(600 ft in road ditch)




Priority 1
Floodplain Connection
& Channel Realighment



Purlear Creek

2016

Floodplain connection

* Dimension
* Pattern
 Profile

* \Vegetation



Shawneehaw Creek, Avery County, NC

e Priority 1 Floodplain Connection (ER = 4)
e Realign 800 ft channel (4% valley slope, K= 1.05)
* In-stream rock and log habitat structures with cobble riffles
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Cobble lefles &Boulder Steps 2018 (7 years Iater)




UT Crabtree Creek, MAFC, Morrisville, NC

 Urban headwater stream in Neuse River Basin
* Drainage Area = 0.2 square miles
* Priority 2 Floodplain Connection (ER = 2 to 3)







Construction:
June - August, 2018






Rocky Branch: NCSU Campus

e Urban stream in Neuse River Basin
* Drainage Area = 1 square mile

e Priority 2 Floodplain Connection (ER = 2 to 3)
* Construction in 2006




NCSU Rocky Branch

Downstream at

Pullen Road

2012




Boone Creek Daylighting: Priority 3 Project Constructed 2015

Google earth
: \
imagery Date: 11/7/2013 36°12'24.88" N B81°40"18.60" W elev 31471t eyealt 3979t
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Boone Creek: 2016 one year after construction




In-stream Structures (Rocks & Logs)

e @Grade control
e Near-bank shear stress reduction

* Sediment transport

e Habitat Enhancement




Successful Structures

* Properly designed and located
« Low profile

 Constructed to withstand stress
 Excellent vegetation




Constructed Riffle: Rocks and Logs




Constructed Riffle or Cascade

CASCADE WITH BOULDER STEPS AND LOGS
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THE CASCADE BTRUC TURE WITH CFFEET DO DGR STERS AND LOG PR ERS 15 4 STAEA AT A TR

of O THE
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Constructed Riffle: Rocks and Logs
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Vanes (Boulder or Log)

Oriented upstream at 20-30 degrees from bank tangent
Sloping up from channel invert at 3-5 % arm toward bank
May control grade using J-hook (< 0.5 ft drop)

May need footers, sills, geotextile to avoid piping/washout




Vanes
* Single-arm
* J-hook

Cross-vane



Cross Vanes for flow direction & grade control

BOULDER CROSS-VANE
NOTES

1 THE BOUADER CROBE-VANE 12 & DESMIM FEATURE UBED TO CONTROL GRADE B Ha3H M SRAMENT REACHEE Of
AT CRITECAL JUMCTURES OF THE PROPOSED CHANMEL THE CROBS-WAKE I AL ED USED TO PROVIDE ERERTY
DISBIPATION, REDUCE HEAR BbHE STRESES (MBIS), AND CREATE & DIVERSTY OF AQUATIC HABITAT THROUGH
SL00UR OF THE STREAE BED. THE CROBE-VAMNE 12 COMPOSED OF A BOULDER BILL, WHICH 12 & RCAW OF BOULDERS
SET AT Ak ELEVATION PROVIDED M THE PROPOSED PROFILE THAT BPAKE PERPERDICULAR T AND S I0HTLY
ARCED ACROES THE CHANMEL THE BOULDER EILL EXTEMDE APPRICUMATELY U OF THE CHAKNMEL WeOTH IN THE
CENTER OF THE CHANKEL. FROM THE EXTENTE OF THE BILL BOULDERE, TWD YMANE ARMS EXTEND LP AND
TOAWMARTHE THE STREAM Bk, EVENTLALLY KEYRIG MWTO THE Baki AT Ak ELEWATION HIGHER THAN THE BILL
BOULDERE

2 ALl BOULDERS USED FOR THE OFFSET BOULDER STEP BHALL BE ETRUCTURAL BETOKE, CUBICAL O RECTANGULAR
i EHAPE. THE ENQIMEER MUBT APPROVE THE LEE OF BOULDERS THAT WAY BE AVAILABLE OHETE

SELECT BACHFILL
EEHIND ETRUCTURE

BONEROVEN
QEOTEXTILE

HIH DENBITY 3 DIMENSHING AND BLOPES OF STRUCTURES DESCRIBED I THE DETAL MAY BE ADUUSTED BY DEESIN ERGINEER TO
LIVE STAKING FIT CONDITIINS OMEITE.

4  CONTRACTOR WILL BE REGUSRED TO FIT BOULDERS TOGETHER Ta3HTLY

5 s BETWEEN BOULDERE SHALL BE MNIMIZED BY FITTING BOULDERS TOGETHER AND PLUGEMNG WITH NC DO
CLABS & AND SELECT MATERIAL OFf CHINCING STOME APPROVED BY DESIGH ENCHHEER, AND LINNG WTH FILTER

BiLL STRUCTURE FAESIC
'“TGBTﬁﬂm & THERE BHALL BE NO DROP QREATER THAN 0.5 FT OVER & SMOLE 8TEF. BOULDERS BH&LL BE 3 FT X4 FT X2 FT -
1 BEFT

T, HONIWCVEN GEOTEXTILE BHALL BE PLACED ON THE UPSTREAM SIDE OF THE STRUCTURE TO PREVENT WASHOUT
&F BENIMENT THROLIGH BOLLDER GRS FILTER FASRIC SHALL EXTERD FROM THE BOTTCM OF THE FOOTER
BOULDER TO THE FIMEHED GRADE ELEVATION AND BHALL BE PLACED THE ENTIRE LENGTH OF THE STRUCTURE

a " T o -
o
BAMHFLILL
BOULDER CROSS-VANE T TR BT
DETAILED PLAN
KEY BOULDERE INTD
ETREAR B8, MMIMLIL 15,8 FT
HEY BOULDERS MTO
STREAL BANH (8 1.8 BKF STAGE
PROPOSED BANKFLLL waE PROPOSET) BANKFULL WSE

R INTO
ETREAMBED & MMIWLIE OF THE
BOULDER OIAMETER

BOULDER CROSS-VANE WO TOSCME BOULDER CROSS-VANE T T BCALE
SECTION A - A" CROS5-5ECTION
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Boulder Cross Vanes




Rocky Branch Cross Vanes: 2015 (9 years after)




Ability Access Fishing Deck: North Toe River







Boulder Cross Vane with Logs Integrated into Footer




Boulder Vane: Ivy Creek




Boulder J-Hook Vane: Scour Pool

]
]
i
1
£
;|




Chinking Gaps to Prevent Piping




Log J-hook Vane for flow direction & habitat

ETREAMEANK
M. 15.0FT
BAMKFLLL EXTEND BOULDER B1LL INTO
ETREAMBANK MIN 158FT
BELECT BACKFILL
BEHIND STRUCTLRE

BOROVEN
QECTEXTILE

BURY LOOES INTO

ML 16.0FT

LOG J-HOOK WITH BOULDERS
DETAILED PLAN

WO TC GCALE

LOG J-HOOH WITH BOULDERS
SECTION A - A'

WOT TO SCALE

LOG JJHOOK WITH BOULDERS
HOTES

1. THE LIOE J-HOOR WITH BOULDERS k& & DESRN FEATURE USED TO PROMIDE EMNERGY DISSIPATION, FLOW
DIRECTION CONTROL &WD TG REDUCE MEAR BANK STREEE. THIE ETRUCTURE WILL ALE0 ERCOLRAGE POOL
BAINTERAMCE AMND CREATE A DNVERSITY OF AQLIATIC HARITAT THROUGH 800LR OF THE RIVER BED: THE LOD
SHOOR WITH BOULDERS 15 COMPOSED OF A BOULDER SILL, WHICH 18 A oW CF BOULDERS SET AT AN ELEWATION
PROYIDED M THE PROPCSED PRICFILE THAT EPANE PERPENDICULAR TC AND BLCGHTLY ARCED ACRIOES THE
CHAMNEL THE BOULDER SILL EXTEMDS EXTENDS FROE A LOD WAKE ARM INTO THE OPPOGITE ETREAMBANK. THE
Lo WANE ARl EXTERDE UP AND TOWSARDE THE OUTEIDE BETREAM BANE, EVENTUALLY FEYIHNG INTO THE BANK AT
AN ELEVATHON HKGHER THAN THE SilL BOULDERS

2. ALL BOULDERE UBED FOR THE BOULDER SLL 8HALL BE ETRUCTURAL BTORE, CLBICAL OR RECTANGULER W
BHAPE. BOULCERE AWALAELE OHEITE MAY BE LIEED IF APPROVED BY THE ENGINEER

3 DIMEMERONS AND 8LOPES OF ETRUCTURES DEECRIBED IN THE DETAIL MAY BE ADJUSTED BY DESKEM ENGMEER TO
AT COMDITROME ORSITE

4 CONTRACTOR WILL BE REGIUIRED TO FIT LOsDE AND BOUL DERS TOOETHER TEIHTLY. ALL LOGE AND BOULDERS
BHALL BE INESTALLED WITH FOOTERE.

5 HEADER BOULDERE S8HALL HEVE 20FT - 3.0 FT GARE BETWEEN EACH BOULDER TO MAMTAIN EEDIMENT
TRAKEPORY FLMCTIONE AND FIEH PAESARE

8 3AFS BETWEEN LOGE AND FOOTER BOULDERS SHAll BE WIMIMZED BY FITTING BOULDERS TOOETHER AND
PLLHRG WITH MNC DOT CLASE A WOODY DESRIE AND BELECT WATERLAL O CHIRFHMG STONE APPROVED BY
DESISN ENGINEER, AND LMD WITH FILTER FABRIC.

T.  THE Lo VAME SHALL EXTEND INTO THE CUTSDE ETREAMBANE AND ETREAMBED A MININLIM OF 150 FT OM EACH
ERD:.

8. THE BOULDER Sl S8HALL EXTERD A WIKMUM OF 128 FT INTO THE INSIDE ETREAM Gl

0. BOLLDERS SHALL BE ZO0FT K40 FT X 20FT - 0.8 FT. SRR LG HAMETER |E 20 FT

10 ROM-WOVEN SECTEXETILE BrH&LL BE PLACED OM THE UPSTRESM ESDE OF THE ETRUCTURE TO PREVENT WAEHIUT
OF SECHMENT THROUGH FOOTER BOULDER CAPE. FILTER FABRIC EHALL EXTERD FROM THE BOTTOM OF THE
FOOTER BOULDER TO THE FRMISHED GRADE ELEVATION AND SHALL BE PLACED THE ENTIRE LENGTH OF THE
BTRUCTURE

EXTEND LOG INTD STREAWBANH
IR 15,8 FT.

KEY L0 MNTO STREAM BRkE §
} BKF ETAGE

. J PROPOSED BAMKFULL WEE

FOOTER LOG ' mm&nm{awm
BOALOER DRMETER
LOG JJHOOK WITH BOULDERS

CROSS-SECTION

WOT TO SCALD




J-Hook Log Vane

STATION 2+00 meander bend
streambank protection and
scour pool maintenance

g
A

Before



Log J-Hook Vane: Flow direction, bank protection, habitat

Arm slope 1. 2 / 30

“1-'_#-' E i Ny IR _

4%, Arm angle 25 degrees




Storm Flow: Flow direction + Bank protection




Toe Wood
Revetment

November, 2015

August, 2016






How Do We Reduce Risk in Stream Restoration?

1. Boundary Conditions: Soil Strengthening
« Earth (soll, rock)
« Artificial supplements (concrete, plastic, fiber)
» Vegetation (bio-engineering)
2. Forcing Functions: Hydraulic Force Reductions
« Watershed hydrology (retention, LID)
« Shear stress (depth, slope). FLOODPLAIN
« Sediment supply (stream power)




Reducing Risk:
Boundary Conditions

Soil Strengthening:
 Wood Toe Revetment,
Matting
Vegetation




Reducing Risk:
Forcing Functions

Hydraulic Force
Reductions:

« Watershed hydrology
(retention, LID)

« Shear stress (depth,
slope). FLOODPLAIN

« Sediment supply
(stream power)

When in Doubt,
Spread it Out!




Environmental Permits

1. US Army Corps of Engineers (Clean Water Act Section 404)
2. NC Division of Water Resources (Clean Water Act Section 401)

&2 NORTH CAROLINA
"{ 3/} Environmental Quality Search

Home Permits & Rules v Outreach & Education v Energy & C

Home About Divisions Water Resources Water Quality Permitting

----- Scale of impacts to wetlands', = Fee

waters!, and streams? Schedule
401 & Isolated Wetlands/
Waters Program & 401 i il S G B

than or equal to 150 feet of streams

S to rmwate r | (intermittent or perennial)

Minor? water quality applications: Less
than one acre of wetlands/waters AND
less than 150 feet of streams (intermittent

Wetlands, Streams, & Waters Permitting FAQs or perennial)

$240.00

Check should be made payable to "N.C. Division of Water Resources"



Environmental Permits

401/404 Pre-Construction Notification (PCN)

https://edocs.deq.nc.gov/Forms/Pre-Construction Notification Form

Division of Water Resources

Pre-Construction Notification (PCN) Form

For Nationwide Permits and Regional General Permits

(along with corresponding Water Quality Certifications)
September 29, 2018 Ver 3

*
Please note: fields marked with a red asterisk  below are required. You will not be able to submit the form until all mandatory questions are answered.

Also, if at any point you wish to print a copy of the E-PCN, all you need fo do is right-click on the document and you can print a copy of the form.

Below is a link to the online help file.

https://edocs.deq.nc.gov/WaterResources/O/edoc/624704/PCN%20Help%20File%202018-1-30.pdf

A. Processing Information

County (or Counties) where the project is located: w

ap



Environmental Permits

USACE Nationwide Permit 27 for Aquatic Habitat Restoration
http://saw-reg.usace.army.mil/NWP2017/2017NWP27.pdf

 Reference-based habitat restoration
* Natural stream morphology B e 8

CORPS OF ENGINEERS

FINAL NOTICE OF ISSUANCE AND MODIFICATION OF NATIONWIDE PERMITS
FEDERAL REGISTER

) In_stream habltat Iogs & rOCkS AUTHORIZED MARCH 19, 2017

Aquatic Habitat Restoration, Enhancement, and Establishment Activities. Activities
waters of the United States associated with the restoration. enhancement. and establishment

L
[ J N a t Ive p I a n t S of tidal and non-tidal wetlands and riparian areas, the restoration and enhancement of non-
tidal streams and other non-tidal open waters. and the rehabilitation or enhancement of tidal
streamis. tidal wetlands. and tidal open waters. provided those activities result in net
increases in aquatic resource functions and services,

To be authorized by this NWP. the aquatic habitat restoration. enhancement. or establishment
activity must be planned. designed. and implemented so that it results in aquatic habitat that
resembles an ecological reference. An ecological reference may be based on the
characteristics of an intact aquatic habitat or riparian area of the same type that exists m the
region. An ecological reference may be based on a conceptual model developed from
regional ecological knowledge of the target aquatic habitat type or riparian area.

To the extent that a Corps penmit is required, activities authorized by this NWP include. but
are not limited to: the removal of accumulated sediments: the installation, removal, and
maintenance of small water control structures. dikes. and berms. as well as discharges of
dredged or fill material to restore appropriate stream channel confignrations after small water
control structures, dikes, and berms. are removed: the mstallation of current deflectors; the
enhancement. rehabilitation. or re-establishment of riffle and pool stream structure: the
placement of in-stream habitat structures; modifications of the stream bed and/or banks to
enhance. rehabilitate. or re-establish stream meanders: the removal of stream barriers. such as
undersized culverts, fords, and grade control structures: the backfilling of artificial channels:
the removal of existing drainage structures, such as drain tiles. and the filling, blocking, or
reshaping of drainage ditches to restore wetland hydrology: the mstallation of structures or
fills necessary to restore or enhance wetland or stream hydrology: the construction of small
nesting islands: the construction of open water areas: the construction of oyster habitat over
unvegetated bottom in tidal waters: shellfish seeding: activities needed to reestablish
vegetation, including plowing or discing for seed bed preparation and the planting of
appropriate wetland species: re-establishment of submerged aquatic vegetation in areas where
those plant comumunities previously existed: re-establishment of tidal wetlands in idal waters
where those wetlands previously existed: mechanized land clearing to remove non-native
invasive, exotic, or nuisance vegetation; and other related activities. Only native plant species
should be planted at the site.



Construction of Stream
Restoration Projects

1. Site Preparation
2. Grading
3. Site Stabilization

- 5 =



Best Construction Practices

 Track equipment

* Spill management plan

e Staged construction phases to limit exposure




Erosion & Sediment Control Plan
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1. Site Preparation

e (Construction entrance
e Silt fence

 Staging & stockpile

* Temporary crossings | :f. atjaj fil-«%%

e Stream flow diversion



Silt Fence

 Metal Posts 8 feet apart

* Reinforcing wire backing (14 ga. w/ 6-inch mesh)
* Bury fence at least 8 inches deep
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Temporary Stream Crossing

e Rock ford
e Culvert

* Portable
log mat




Pump Around: Match pump to 2 x base flow




Check dam to
retain base flow

Quiet pump in =
residential area =~



Special Stilling Basin: Filter Bag

Tl ok .J..H'l_ﬂl:"l‘_f'q‘-_ﬁr."l'll,llﬁ




2. Grading

Stage project to limit exposed areas

Use temporary ground cover

1
2
3. Use track equipment if possible
4

Keep stormwater runoff away from site




Clearing & Grubbing
Followed by Survey Stakeout




Organized Staging Areas




Laser Level for Grade Check




3. Site Stabilization

 Temporary ground cover (mulch & matting)
 Permanent ground cover (vegetation)

* Prepare for rain!




Temporary Erosion Control
e Soil prep, seed, straw

 Biodegradable matting (coir, 700g)

e Wood stakes




Straw Mulch: 75% cover (2 tons/acre)




Matting

* Biodegradable (coir, jute, excelsior, straw)
* Seed and straw UNDER matting

 Keep matting relaxed

e Stakes: wood or biodegradable plastic




Erosion Contr
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Each Day:
Seed, straw,
matting



Temporary Erosion
Control Matting (coir
7009)

Seed and straw under

November, 2015

January, 2016



Large stakes at toe of slope




Successful Ecosystem Restoration

* Achieve ecological objectives
« Self-sustaining ecosystem

* Model for future projects

* Build public enthusiasm

Rocky Branch, NC State University

Thank you,
Greg Jennings
greg@jenningsenv.com

2 NC STATE UNIVERSITY
Jennings =
. Department of Biological
Environmental and Agricultural Engineering




Beeson Creek Restoration
Ivey Redmon Sports Complex, Kernersville, NC

Greg Jennings, PhD, PE
Jennings Environmental PLLC
NC State University
greg@jenningsenv.com

Thanks to Wendi Hartup, Darrell
Westmoreland, Brandon Spaugh, Riley
Lecka, Corben Brewer, Jonathan Hinkle,
Jason Zink, David Penrose

Jennings

Environmental

NortrﬁState

ENVIRONMENTAL




Project Partners

@cleanwater

MANAGEMENT TRUST FUND

Town of Kernersville, NC

NC Clean Water Management Trust Fund —
NC State University /
NC Cooperative Extension Service \/

NC Division of Water Resources

US Army Corps of Engineers

Penrose Environmental

LDS| NG s
North State Environmental

Jennings Environmental

North€dState

¢ PENROSE

ENVIRONMENTAL

NC STATE UNIVERSITY

Department of Biological
and Agricultural Engineering




Stream Problems

1. Streambank erosion

2. Poor riparian buffer

3. Incised, headcutting channel with poor habitat
4. Stormwater runoff




Feasibility Study: 2016
[/ Stream Reaches totaling 8,000 feet

— " wu

MAP OF CONSTRUCTION ENTRANCES,
WORKING AREAS, AND PRE-SOQ
CONFERENCE MEETING LOCATION
vey Redmon Stream Restoration
Town of Kernersville, NC
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i Construction
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Beeson Creek Watershed, Kernersville, NC: 2002
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Beeson Creek Watershed, Kernersville, NC

Google Earth

m;;ge L5, Geologicalsunvay




Stream Reach 4

* 1,950 feet located mostly on Town property

* 0.33 square mile drainage area (42% developed)

e Channel incision 6 to 10 feet

 Available space for Priority 1 Floodplain Connection
« Grant from NC Clean Water Management Trust Fund




Project Objectives

1. Improve water quality by reducing sediment
2. Improve aquatic and terrestrial habitats
3. Provide educational and recreational opportunities




Stream Restoration Design Plan

BEESON CREEK REACH 4: IVEY REDMON SPORTS COMPLEX STREAM RESTORATION
KERNERSVILLE - FORSYTH COUNTY, NORTH CAROLINA
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Stream Restoration Design Plan
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Stream Restoration Design Plan
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Stream Restoration Design Plan

9L+5L OL 29401 V1S ITHOHd ANV NV 1d ‘NOILYHOLSIH WvIHLS

VNMOYVD HLYON - ALNNOD HLASYOL
KIdWD SLEOdS NOWA3H AJAI LY XH334D NOS338 v HOV3d

80% DESIGN

0% ATHI0TE

S0%: 47152018

PLOTSEE 247 3"
SCALE- 1" = 20

DATE 2192019

H.D NADSA (NCSF)
WD NAVDas

PO A0

6.3

CONSTRUCTED RIFFLES WITH BOULDERS AND —,

FLOODPLAIN SILL AS VALLEY NARROWS h

T—gin

"

3
|
!
£
i

iy (D —AD — 4D

-

5 CROSSING: STA 12+15 FT

B77.72" |(APPROX) /

TOPRV

n
e £ B 8 E 2 %L
© @ @ @ @ w
L ! ' %
[ T | _ _ | T
e 8
WL W T
L
B I v L
T it o
e =
wm -t
o
pu- 11 -3
= ™
= -
b - T+
E o~
bt -
T
fi
-
-
%_H
=
m [
=
| al
|y L/ “
A
| ovm
WAL s b
B 1
FETE WA ~
IRNRNRARIL - ARERARI 18
w 3z
A
s A -
A 1
Tawo Vit ia i
[ ]
AR
~¥4 o
jive W el
LRI T B T pe g
w w w o e
@© @ @© @ @ o @




Stream Restoration Design Plan
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Stream Restoration Design Plan
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Implementation: March-April, 2019

Realign 1,950 ft channel and connect to floodplain
In-stream habitat structures
Native riparian vegetation




