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Purpose \z WILDLANDS

Trails compete for space on functioning and impaired landscapes.

Landscape preservation and enhancement can provide valuable
ecosystem services and social benefits.

|dentify water resource challenges and opportunities associated with
trails & recreational facilities.

Provide tools and examples to assist with Planning, Design,
Construction, Maintenance.




Presentation Objectives ey Tl
+ OPPORTUNITIES

e Structural
* Project-specific

* SCOPE OF WORK

* Water resource efforts in trail planning

* TOOLS OF THE TRADE
e Desktop
* FEMA Primer
e Stream Geomorphology

* IMPLEMENTATION

* Floods
* Volunteerscale efforts
* Fundingsources for water resources
* Inspiring Example Project
Chantilly Ecological Sanctuary at Briar Creek



Structural Opportunities
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Greenways and Trails Commission
Mission Statement

To support and promote the development of an environmentally-
friendly system of connected trails and greenways to improve
health, active travel, economic development, and recreation

in coordination with towns, cities, communities, businesses,
non-profit organizations and adjacent counties.
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Making Greenways Happen




Structural Opportunities QY LBLANDS

» Critical water resource decisions occur at all phases of projects

Planning — Construction — Maintenance

Do our planning studies adequately identify and guide future
navigation of specific WR issues?




Structural Opportunities - Planning QY wipLans
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As Greenwai develoiment along the_ River is

explored in ounty,

1. What are specific risks: prolonged flooding/inundation, high flow
paths, erosion and sedimentation...? Provide mapping where known.

2. Where can the reader get more information — does a flood study
exist, what format is the flood model in, what other data is available,
how can the data be used to inform trail design?

3. Inform the reader less about options unless they are site-specific and
more about process/next steps — e.g. analysis of ... should be used to
identify siting issues and potential risk mitigation.




Structural Opportunities - Planning QY wipLans
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e Inorderto obtaina floodplain development permit, a hydraulicanalysisand No-rise

certification is needed whenever modifications are made in
the Floodwayor Non-encroachmentArea of a FEMA-regulated floodplain.

 Because of  anadditional expense of approximately $10k associated
with CLOMR reviewfee ', the detailed designs for the
greenway should  weigh the costs and benefits of actions which could avoid
this '
more expensive and lengthy CLOMR permitting process.

—  Projects which are able to demonstrate no-rise may be permitted based on this -
analysis, but may still require post-project as-built survey and map revision (LOMR)
if reductions are significant enough to warrant remapping.




Structural Opportunities QY WiLpLanDs

ENGINEERING

* Land Acquisitionis an early & critical phase to be able to
address landscape issues, but...

* Early stages challenged by data/depth of analysis



Structural Opportunities @ WILDLANDS

ENGINEERING

Collaborate!
Seek out volunteers that want to take on water projects

Seek out stakeholders with local water and land issue
expertise

Trail maintenance help from local school



Project Opportunities QY WILPLANDS

Identify overlapping infrastructure needs

Town Branch Greenway, Asheville, NC

McPherson Park, Greenville, SC



Project Opportunities Y VILBLANDS
Design for water

John Favro, Trails Consultant

how the ftrail affects water flow and how the trail is affected by water...

contributing
drainage area

erosion sources

cross slope and
shoulder

seeps/wetlands
flooding risk

streambank
erosion risk

for greatnes



Project Opportunities #¢, WILDLANDS

Evaluate truerisk ...
probability vs. consequence

ENGINEERING

“My toddler's favorite playground has been flooded or destroyed.”
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Project Opportunities @ WILDLANDS

Consider life-cycle costs when siting trails

Often you see a trail traversing
completely flat terrain. This is
usually done because it is easier to
build a trail on flat ground than on a
side hill where the builder must cut a
bench into the hill. Flat terrain is not
the place to build a trail.

John Favro, Trails Consultant
and American Trails Board Chair

https://www.americantrails.org /resources/
sustainable-trails-doing-it-right-the-first-time

French Broad River Greenway near
Hominy Creek Park


https://www.americantrails.org/resources/
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Project Opportunities QY WirpLanps

Educate yourself about techniques / practices

Stream bioengineering techniques can
be cost-effective and low maintenance




Project Opportunities

Understand what is it we are trying to protect
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What does habitat or water
quality treatment look like?

Is the trail layout sensitive
to existing natural
landscape functions?

Are there adjacent
opportunities?




Project Opportunities QY WILDLANDS

Preserve natural functions

What are the functions of trees and woody
debris on the floodplain landscape?

e Should we maintain floodplain
greenways as we do parks?

e Compromise: Selected viewsheds and
education

" The floodplain is the natural 'p'lﬁci;\c‘e“ '
forariver to dissipateits energy "
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Project Opportunities \QY WIRENRS

Identify new opportunities

* City parks, lawns, and green spaces have the potential to
sequester carbon when properly managed and have the
potential to become climate change regulators as urban land
managers learn how to utilize the unique conditions present in
urban and wildlife urban interface ecosystems.

“Climate of the Southeast United States...” (Ingram et al.,2013)



Presentation Objectives Y T

* SCOPE OF WORK

* Water resource efforts in trail planning

* TOOLS OF THE TRADE
e Desktop
* FEMA Primer
e Stream Geomorphology

* IMPLEMENTATION

* Floods
* Volunteerscale efforts
* Fundingsources for water resources
* Inspiring Example Project
e Chantilly Ecological Sanctuary at Briar Creek



Scoping Water Resources Activities QY ILBLANDS
in Trail Planning

* Inventory and mapping of Water Resource issues and other
opportunities & constraints
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Scoping Water Resources Activities @ WL LI
in Trail Planning

* Evaluate stream erosion, stormwater and flood risk to projects — trail
integrity & safety




Scoping Water Resources Activities ) TR
in Trail Planning

* Analyze trail siting constraints, stream crossings (bridges/culverts), stormwater
conveyance crossings, overland flow

* Recommend alternatives for challenging stormwater or riverine issues

Laurel_DESIGN_WLE*
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Scoping Water Resources Activities ) AR
in Trail Planning

e Stream & Wetland (404/401) delineation
* Delineate ephemeral vs. intermittent/perennial streams
* Advise on and complete permitting & mitigation requirements
» Evaluate/coordinate species issues with USFWS- bats, plants and others

* Floodplain management and modeling

* Prescribe use of available tools/data for planning & design
* Inundationfrequency
* Risk analysis 2 Probabilityv. Consequence
* Permitting considerations

e Conduct alternatives / iterative modeling to avoid adverse flood impacts

* Erosion and sediment control



Scoping Water Resources Activities @ WL LI
in Trail Planning

» Design and oversee implementation of stormwater management




Scoping Water Resources Activities QY WILPLANDS
in Trail Planning

* Review of land use history

* Vegetation managementissue identification
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* TOOLS OF THE TRADE
e Desktop
* FEMA Primer
e Stream Geomorphology

* IMPLEMENTATION

* Floods
* Volunteerscale efforts
* Fundingsources for water resources
* Inspiring Example Project
e Chantilly Ecological Sanctuary at Briar Creek



Desktop Tools ) S

QL1 Lidar
ArcGIS Online (AGOL)

Imagery

Streamstats
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Phase 5-2017 QL1 -NC -

QL1 & QL2 LiDAR ) TR

e Eastern NC- QL2 (qualitylevel 2)

 Western NC collected using Gieger mode (high density) LiDAR and is a higher
quality level (QL1) only because it’s 8 points per square meter compared to 2
points per square meter for the QL2.

e QL1andQL2 LiDAR have the same vertical accuracy of within 3 —4 inches.

Web link = https://sdd.nc.gov/sdd/NCIDLogin.aspx

Process - Download data, separate bare earth using GIS or CAD tools, plot topography or
thin data and then plot
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https://sdd.nc.gov/sdd/NCIDLogin.aspx

ArcGIS Online (AGOL) is a Lifecycle Tool =~ (g wirnranes

plan — communicate — construct — maintain

* Project Planning
* Field Design
Verification

e Stakeholder
Coordination

* Construction
Management
* Public Relations ke ALY

S —— 1
= S Fi5) o > 9501
B e B N N T e i e

Web Application

* Research &
Development



AGOL - Laurel Creek Greenway Concept (@Y W'-2LANDS

Planning, Design Verification, Team Collaboration
* Database houses existing and proposed layers

Use with submeter GPS & bluetooth for high accuracy mapping

Manage and geotag photos

-

Laurel Trail Concept o
by Wildlands Engineering, Inc. - e
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AGOL - Mouth of Mud Planning Project (%Y
Analysis, Stakeholder Coordination

Mud Creek Confluence Restoration Site BEdit=] A story map

Project Background Features and Natural Communities Vegetation Inventory Hydrologic Evaluation Proposed Management Recommendations Proposed Invasive Species Removal Other Tools

i S L a3
Existing vegetation communities were documented on the site, including native wetland
plants, noteworthy plant species, and non-native invasive plants. The densest
infestations of non-native invasive plants on the site were documented within the
understory of the riparian forest and the edges of ditches. Unless non-native invasive
plants are treated and consistent efforts are made to control their spread, they will likely
outcompete native species and overtake the site.

Please click on the map to query features of interest. Some vegetation point features have photos attached
that can be accessed by dlicking on the image link(s) listed under ‘Attachments' st the bottom of the
feature pop-up.

CLICK HERE TO OPEN MAP IN ARCGIS DESKTOP

Existing Hydrography

Non-native Invasive Plants

@ Bradford pear (Pyrus calleryana)
Chinese privet (Ligustrum sinense) e

u S iz

A Johnson grass (Sorghum halepense) E‘ . ‘:.- ‘ \ Beop @'D,i}a\ c I P :
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Multiflora rose (Rosa multiflora)
Reed canary grass (Phalaris arundinacea)
Other
Noteworthy Plants
@

http://arcg.is/2cGt4aN
Topographic Analysis of Overbank Flooding ©



http://arcg.is/2cGt4aN
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AGOL - Reedy Creek Construction App

/o Reedy Creek Stream Rest X >/@ Reedy Creek Constructic: X \<° Shake Rag Info Map Vier X \<° Shake Rag Info Map WEI X \\

(& 1@wiIdlands‘maps.arcgis.comx’appsc‘webappv."\ewers’inoe;x:,html?xd:t12687ad7,3c9949b3b95cd325b(f3f339 Q% O

. Reedy Creek Construction Status App t 0 Reedy Creek Stream Restoration Website
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w— Orher

UNCC Monitoring Wells
4

Total Project Length Completed by Reach
(1of11)

Proposed Alignment
Proposed Structures: PH-STRUCT-BERUSH TOE

Stream Rezorztion

Type PH-STRUCT-BERUSH TOE
Constructed With
Modificatons

Structure

Strezm Enhancement

onstruction Status

Substituted rock toe due
to floodplain =lope and
for tres prazsrvstion.

South Fork

Amachmenta:

Sassafras Creek .
e Photol.jpg

Reedy Creek d by charlottePM on Thuraday at

Zoom to

Hood Creek

Hodges Branch

Grier Brnach

Buckleigh Branch
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Online Imagery QY WILRLANDS

An invaluable assessment & screening tool
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Online Imagery QY Wiprans
An invaluable assessment & screening tool

ArcGIS ~ NCDOT Historical Aerial Imagery Index & Signl

[E] Details | BEBasemap | Share i3 Print ~ ‘ &3 Measure | Find address or place Q

@ About Content  i= Legend

L ii/* g x5 ’ kir tt"#ﬁ
Legend j""j}fj 5 I-/ * W ‘h*** ** *
DIL_1950_Low “ * ‘ * th»,,‘t *CIM . ‘%,,t :tz \* * w
: L T W *
. * % % ”ﬁw‘“ f T ) — i]’ P ﬁ * ’*\) :
DIL_1950_High s Ry Yean gl 4 = 7
. d Rhaxaw Nk S REEK gk K g
¥ | Mtulla f * g ; \ X
DIL_1960_Low *; :@,\ * fi 7 gl ;:, — . s & .n i %‘: w :.\\
* Bls L R Rk Y N,
DIL_1970_Low d e L o & b ¢ R R *_®
: | H :
E z / g’ = \ 3 = ", * W *
* " 0, | % ea . E
[ £ M\o"ore“r. \t (is2 AT N G L g P
4 = * . L‘ “ hina 1 ot' w * * \ w
DIL_1980_Low LSy ¢ i o w* ‘* S *.ﬁmu
: : & * * i @ Lan* 120} * * t * Mi; ¢ &
* . w * Eqpphvitie W 4 v‘ﬁ< N L
DIL_1990_92_Lt ) w ﬁ . & * X * 'tf %,
*_ e i ‘*._;'Iﬁ : K : \; - Ty *\q PR TAT i * : ,"'

NCDOT County Boundaries
County Boundary
[

https //www arcgis. com/home/ltem html?ld— NCDOT Imagery
91e02b76dced4470ebd7ec240ad202a04



https://www.arcgis.com/home/item.html?id=91e02b76dce4470ebd7ec240ad202a04

USGS Streamstats @ i et
Site Hydrology

* Drainage area, land use statistics, USGS regression flows

* Develop flows / flood probability estimates for ungaged streams
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* IMPLEMENTATION

* Floods
* Volunteerscale efforts
* Fundingsources for water resources
* Inspiring Example Project
* Chantilly Ecological Sanctuary at Briar Creek



Floods QY WILPLANDS
Make observations and develop take-away lessons
* Create a Design—=>Maintenance feedback loop
* Trail siting?
* Crossing and stormwater pipe stability?
* Overland flow issues?

* Map and track maintenance efforts > AGOL




Floods QY FELELANDS

What should be done to repair, rehabilitate or realign trails

* Repair/maintenance work can be short-sighted

* Periodic review of efforts to assess appropriate future action

* Evaluate flood frequency & watershed hydrology to
understand future risk




Volunteer scale efforts WILDLANDS

Maintenance

Maintenance shed at Hominy Creek Greenway
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Volunteer scale efforts QWILDLANDS

 Addressing Water Issues is Fun!
* Maintenance
* Redesign/ Relocation




Funding Sources Y L

* CWMTF - Planning & Design/Construction grants
* EPA319

 NCDEQDivision of Water Resources

e Stream/wetland mitigation (more constrained)

* Pigeon River Fund in parts of WNC

* Local regulations such as compensatory storage offset
requirements in floodplains

* Local stormwater program funding
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Site Overview BN, WILDLANDS
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FEMA Buyout of Flood-
prone Properties
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Conceptual Design
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Briar Creek
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FEMA Primer QY ILBLANDS

How can we use regulatory requirements to enhance projects

* Use available data (flood frequency, flood depth, inundation maps) to site
trails, NOT JUST GET PERMITS

* Backup data with site observations and talk to people who have witnessed
flooding




FEMA Primer Y ST
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 What is a Floodplain? Floodway? Non-encroachment area?

le——— LiMIT ORFLOODPLAIN FOR UNENCROACHED 1% ANNUAL GHANGE FLOOD————>|
FLOODWAY _ . FLOODWAY
FRINGE CFLOCDWAY= “— FRINGE |

STREAM
CHANNEL

FLOOD ELEVATION WHEN
GROUND SURFACE CONFINED WITHIN FLOODWAY

\ ENCROACHMENT ENC RCIIACHMENT /"‘

SURCHARGE"

— \
AREA OF ALLOWABLE
ENCROACHMENT; RAISING FLOOD ELEVATION
GROUND SURFACE WILL BEFORE ENCROACHMENT
NOT CAUSE A SURCHARGE ON FLOODPLAIN
THAT EXCEEDS THE

INDICATED STANDARDS

LINE A - B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C - D IS THE FLOOD ELEVATION AFTER ENCROACHMENT

SURCHARGE NOT TO EXCEED 1.6 F EMA REQUIREMENT) OR LESSER HEIGHT IF SPECIFIED BY STATE OR COMMUNITY.

Figure 1—Floodway Schematic

* More questions: Refer to FEMA 480 — NFIP Study Guide and Desk Reference



FEMA Data Hubs

e HEC-RAS Models

* Flood Insurance and Online Rate
Maps (NC FRIS)

* Flood Insurance Study Excertps

* Profiles
 Tables
NC FRIS

https://fris.nc.gov/fris/Index.aspx?
FIPS=097&ST=NC&user=General%?2
OPublic

FEMA Map Service Center
https://msc.fema.gov/portal/home

WILDLANDS

ENGINEERING

@&

= Engineering Models

O Click: a stream to view modefs.

Model Information

Streamn: Reeds Creek
Model: Reeds Creek Model
Studhy: Detailed Stucy
Start: Approximately 500 feet downstream of LS 21

End: Approxdmately 006 mile upstrearm of West Plaza Drive

Download Model

4 [



https://fris.nc.gov/fris/Index.aspx?FIPS=097&ST=NC&user=General%20Public
https://msc.fema.gov/portal/home

FEMA Mapping Data QY WILPLANDS

* Shape files for floodplain, floodway, cross sections
locations, 100-year WSEs

County: Iredell EI
DFIRM: EI
Placess TOWN OF MOORESVILLE B

Streams: Reeds Creek

Address:

Coordinates: Lat - Lon (Decimal Degrees) EI
Latitude-Northing-Y:

LiDAR Bare Earth
LIDARDEM 50
LiIDARDEM 20

Longitude-Easting-X:

Extract and Download
1. Select area of interest

Ctick the Draw button and then click 2 points on the map.
A red fine will connect the points. Continue adding points.
Doubte cfick to finish your area.

To clear your areq, click the Draw button again.

@ 2. SelectLayerstoextractdatafrom

m

3. Specify download format
Shapefile - SHP - .shp B

Extract & Download




FEMA Model Formats WILDLANDE
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FEMA Models & Profiles Y L

e Use cross section and profile data in models

(Profiles are also available as .pdf in FIS or through NC FRIS)

e Useful for understanding flood risk, add more frequent Q’s too
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FEMA Inundation Mapping WL DA

100-year flood at Patton Park, Hendersonwville, NC

I APPENDIX 9.15 - FLOOD EXTENTS FOR 10, 25, 50 AND 100 YEAR FLOODS AT VARIOUS LOCATIONS IN THE WATERSHED. >

[ Britton Creek Basins Flood Depth (ft)
["] Britton Creek Tributary 2 Basins . 9.4
=1 NCFMP Floodplain

Streams & Ri
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FEMA Inundation Mapping

LEGEND

] Britton Creek Basins Flood Depth (ft)
[ Britton Creek Tributary 2 Basins . 5.1

=1 NCFMP Floodplain

Streams & Rivers 0.0




WILDLANDS

ENGINEERING

Stream Geomorphology Primer

e Streams are influenced by

Their valleys

Rock, vegetation and artificial hardening
Prior straightening or deepening
Influence of pipes

* Predictable response to disturbance
based on bankfull thoery




ENGINEERING

Stream Geomorphology Primer QY wirpLanps

* Bankfull is a physical channel indicator

e Bankfull flow and area can be empirically
related to drainage area (regional curves)

North Carolina Piedmont Regional Curve: Bankfull Area
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Stream Geomorphology Primer &Y, wiLDLANDS
Stream stability and evolution

e Stream adjustmentis a predictable response starting with
incision and influences water quality and habitat

Stage 1: Stable Stage 2: Incision

Stage 3: Widening Stage 4. Deposition
and Stabilization

Steven Yochum, Guidance for Stream
Restoration (Version 4), USFS




Stream Geomorphology Primer ‘N WILDLANDS
Stream stability and evolution
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Stream Geomorphology Primer &Y, wiLDLANDS
Stream stability and evolution
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