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Bayard Avenue and its watershed had been subject to flooding from tide and

heavy rain fall events for decades
October 2009 Nor’easter Flooding
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Introduction

The Town of Dewey Beach, Sussex County, Delaware experienced
drainage problems within the drainage area along Bayard Avenue.
These problems resulted in flooding of Bayard Avenue and associated
parking areas and yards. The untreated stormwater generated by the
Impervious areas within the drainage area continued to pollution
loadings and water quality impacts to Rehoboth Bay (the “Bay”). The
Town of Dewey Beach (the “Town”) commissioned a committee (the
Roads Committee) to identify and evaluate potential options of
addressing flooding problems and water quality impacts along Bayard
Avenue that result from stormwater runoff and tidal surges in 2009.
(Duffield Associates, Inc., August 2009)
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Background Information

The Town of Dewey Beach (the “Town”) offered a Request for Proposal
(RFP) regarding an analysis of possible conceptual alternative for
addressing drainage, flooding and water quality problems within the
drainage area along Bayard Avenue. The report is intended to be used
to inform the Town’s Roads Committee and Council about the sources
and extent of impairments, the range of options available to mitigate the
Issues, the preliminary engineer’s opinion of probable concept
construction cost to mitigate the issues, and possible funding
opportunities to help offset the cost to the Town for implementing a
possible remedy

(Duffield Associates, Inc., August 2009)
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Methods: Background Study
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Il. Methods: Bid Specifications

Project Bid Announcement(s) Town of Dewey Beach

» After study, the Town of Dewey Beach
announces engineering specifications |
for Bayard Avenue Flood Mitigation

1. DEFINED TERMS

Project. :

5 ted below which are appli
Tty the smgular and the pl

11 Ridder- ome who subniits a Fid directly to Owner as distinet from a sub-bidder, who submits a bid (o
4 Bidder.

and whare the

SIMELTING
both Beach. Delaware

s low

o the compet

INSTRUCTION TO BIDDERS

PAGE IB-1
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Ill. Methods: Project Partnering

Project Partnering

* February 2009, Envirotech Environmental Consulting, Inc. (EECI) was
retained in conjunction with ECI Engineering Planning Surveying (ECI) to
create a Green Technology Best Management Practices (BMP) for
low-impact development and coastal watershed management.

« ECI would design berm with clay core and other engineering including catch
basins, outfall structure, pumps, etc.

« EECI would provide wetland delineation, jurisdictional determinations,
permits, conservation landscape plan, and Filtrexx® low-impact land
Improvement system design, installation and maintenance.

PLANNING
ENVIRONM 3, SURVEYING
Providir olutions | B =1 1) 1= = G

© Copyright Envirotech Environmental Consulting, Inc.



Ill. Methods: Concept

Concept Design (EECI) - Filtrexx® Bank Stabilization

2" x 2" Wooden Stake —_
~

Filtrexx® FilterSoxx™ —__
~

FILTREXX® FILTERSOXX" SECTION
NTS
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. Methods: Concept

filtrexx

LAND IMPROVEMENT SYSTEMS

Storm Water Management - Post-Construction

SWPPP Cut Sheet-2 5 Filtrexx” Bank Stabilization

PURPOSE & DESCRIPTION

The Filmexx® Bank seabilizarion vegetand soft
armoring system is designed o sabilize banlks, and
preveat erosion of waterwiy and shorelive banks,

The Bank sabilization system is compoted of a heavy

wix wed to contain
and vegeation, The
Bank seabilization sechnology provides strucrural
protection, erasion contrel, vepetation growth,
and vepetation reinforcement in one system. The
Bank stabilizanon and anchoring syssemcan
withstand storm runoff veloci nd hydraulic shear
st simnilar to rradirio nal soft armoring
while the injected GrowingMedia®
tape irtigational
sustainabiliry of

ptec i From toe-cutnn
ki stracral seabili

action; control of emsion fr
action, and

APPUCATION

The Bank seabilization amm e b ined
; ks are eding

ate unstable, or cannot sustin vegetation, Bank

smbilization is used o esablish and reinfore

SWPPP Cut Sheet:

Filtrexx® Bank Stabilization

Streambank & Shoreline
Stabilization Technology

vegeration where fl nd intense hydraulic pres
typically undermine vegetation, ations include:
strcam, riparian bank stabi pond
bilization: sedir waer
wtion pond bank sabilization; riparian,
stream bank, tidal coeek, sale manh sevtoration,
habritat'ecologscal wstoration, acstheric revinalization,

INSTALLATION
1. Filtexc® Bank seabilization shall meet Filpex®
Bank sabilization Specifications and vw Filmeo®
GrowingMedia™
. Contractar is requined to bea Filreood® Certified™
Installer a1 derermined by Filueo® Intemational
LLC (440.9 s wewewfilteex com).
Certification sh
appropriate identificarion is show
af bid ar ar time of apphcation (lie foun
www fibmes.comb, Look for Filtreo® Certified™
Installer Seal.
. Bank stabilization will be placed at locations
dicated on plans as ditecsed by the Enpinect and
v ated on-site.
zarion shall be placed in a manner that
niire hank or shoreline from erosion
and destalbilizarion
- Bank stabilization must be installed and sabilized
befare concentrased is allowed 10 conract
bank or slope area
. Sediment conmol devices (such as Filmewd®
Sediment conmalh shall be insalled if
comseruction requites land disnutbance of earch
L

Section 2: Storr

Envirotech Environmental Consulting, Inc.

Figure 52. Staks

Filtrexx" FilterSoxx™

v A T Y

FILTREXX" BANK STABILIZATION PLAN VIEW

NTS




© Copyright

. Methods: Concept

filtrexx

LAND IMPROVEMENT SYSTEMS

LT Al Storm Water Management - Post-Constriction

PURPOSE & DESCRIPTION
Filtweso®™ Storm weaner blankees ane 1 storm water
runoll reduction and permancat vegetation
establishment praciice wed on postconsomction
el es, Storm water blankets are intended for
application and we whes:
land disurbing ac
permunent vegemtion is requined
teduction of pollutant bading in storm mnoff is
vired,
Fvolurme reduction from contrbuting,
shed is tecessany
ction in the size of stomm water collecrion or
tention ponds, and rain gardens is necesary
Sworm water blankets are designed to act like 2
sponge for rain warer and non- nimated storem
runoff. By holding large volumes of water at and
= land surface, Storm water blankets inciexe
iliration and evapomansporation of water
frem rmball and stonm runofl. Thee proceses ad
ling of waser by tocharging ground waser
and ammospheric water vapor By increasing the
land surface roughness, Storm water blankets slow
the rate of sheet runoff, allowing it to more readily
infiltrase the soil surface, Stonmwater blankets are
absa specifically designed to allow for permanent and
sustained vepetation growth,

SWPPP Cut Sheet:
Filtrexx® Storm Water Blanket

Runoff Reduction & Vegetation Technology

AFPPUCATION
Filweoc® Storm water blanken ane surface applicd an
(30mm). Stormwaler blankets ase
reduction of swomm water tunoff and/or
permanent vegetnion b requited or will improve the
design and funcion of the landwape. Storm water
rally applied after land discurbing
wed and where sheet runeff may
exiu under worm condinons. Storm water blankets
should NOT be used in areas of concentrased storm
w. Starm water blankets should nor be
msed on dopes greater than 21 without the use of
additional stabilizers or suppare practices. Fileod®
Slope interruprion may be seeded and wsed with
Storm water blankets w sbow munoff velocity and the
i n
Seorm water blanken are designed 1o absorh
For every 1% of organic mamer, the Storm
lanke will hold approximately 5,500
cubic mb of water per acee inch (103 ¢
(Breedlove, 2006). Storm water blankees are typically
%% organic matter by wet weight and 5096 org;
manter by dry he. Alernat
blankess typically hald approximanely 1.6 02 (45 g) of
watet pet 3.6 02 (100 g) of Storm water blankee (dry
wieighth: 1 gal (0,004 cubic m) of water per 20 s (9
kg) of Storm water blanker (dry
kg) of Storm water blankets (wet his equates
to approximately 40 gal (.15 e per
cubic yard (0,76 cubic m) of Storm water blanket and

Section 2
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Figure 1.1.En

q

er Design Details for §

FILTREXX"
STORM WATER BLANKET

NTS

1. Stomme aer bianka o ree Ftreo® izl mon epecficamions

Stomaw e banke 4 Ftreo® Certfiad GrwngMada™
Snimree e blania MUDbe PElad iy 3 Flrec® Cenfad
rale

St ater blark shall e acelied & V00 of bare 4 or
e ecH i whan T wilhe (MCUCTICN BNd DA
P~

Streres e blarks chall e inctalled o et ) Post ovarthe
oo Cder o7 It & ISng vegeEaion

‘Stmme e Blank wil ba placed @ lcsens ncated ;m
plana s drecwd by tha Engraer.

Lind or 5 srfaoe shall ba roughanad priorto applastion o
Snmow e banke

i Sl e a0 et 28 3 i L et 0

shasl ba throughy i o with the FiTec® Drownghieci™
o spphoaton o turtece spabedn B i e Drwrghieda™
e tirna of applicaton.

. Stemeres 2 BAAE NGl net £ nSTAIG N 3 45 U cLrcan

e sEeen Ul flow, inchusing channets snd diches
St e Hankd nziabed oo SOp grete Fund ] ol be
Facion IS attion 0 SUOAS gramerthan 21 shad be tracked
el e ety BLpOD PracSoRs. Tch as Fitrene® Lockdow i

Nagting br P e Tactistying agee

Slorm Waler M

agement | 363




. Methods: Concept

LOCKDOWN"™ NETTING

Description

Filresex® LockDawn™ Mening i 2 che et rolled
etosion contrel product (R

increase the slope sabilization and ero
capabilities of Temporary weding, Slope proscdon,
and Srorm water blankers.

LockDown™ MNewting b typically stapled to the
slope prior o application of these practices; however,
whene hig velocity conditions are andcipated
LockDown™ Netting should be installed on wp of
these practices. LockD

Meming is available in theee diffesent maenials,
including biodegradable comon, HDPE
and polypropykene Lock Down™ Nerting is
recommended for shopes beoween 3:1 and 2:1, and
i requited for dopes greater than 21, Slape
protection should not be apphied at slopes
than 1:1 without addidonal support from
control armoring devices or practices, For

LockDown™ Netting installed unde
Slope protwection and Figute 1.3 for design deuils of
LockDown™ Neming installed on top of 2 Filtsesxd®
Slope protection,

Funaien
rized a5 an erosion

control ner (ECN) (ECTC, 2004) and is
o increase soil surface roughness and seabiling of
disturbed soils on hill slopes. The primary putpose
of LockDrown™ Netting b 1o provide a structural
starface 1o increase the stability of the Temporary

, Slhape protection, or Storm water blankee
at the soil inverface, partcularly on steep grades,

filtrexx

LAND IMPROVEMENT SYSTEMS

Support Practices™

Filtrexx® LockDown™ Netting

Slope Stabilization Technology

- o 40
LockDown™ Netting Application Method

LockDown™ Neing is not sufficient 1o b
5 form of slope suabilization or
and i 10 be wed a0 a permanen
Jown™ Merting i a
of materials of differing tensile stre
longevity (2 ma.- 4 yry), and &
LockDown™ Neting, is 100% biodegradble.
LockDown™ Netting is typically applied o bare
hill slopes prior to application of Slope protection
Druring installation, LockDown™ Merting is insealled
hotizontally down slope and anchoted o the
soil wsing 6-8 in (150-200mm) sad staples to be
driven along rhe entire perimeter of the ner with
approximately one sod staple per square
square m) within the net perimeter. Soe Installation
specifications for more details

Pesformance

Fesearch from the San Diego Stare University Sail
Erosion Research Laborartory on Lock Dowir=
Netting wing ASTM [16459 on 211 slopes

Section 3
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VI

Drawang Detail

T FLTREXGE COMPOST
EROSION CONTROL
LANKCET ™ [CECH]™
/ FILTREICH LOCKDOWN
4 NETTING™
PERMANENT EROSION
CONTROL SEEDING

Lockdown
simbilzaton of erowon control, Lockciown Nelieg ™ el be nataled pror i
P appication of CECE™

Locikziown Neffing ™ snll be anchonsd 1o the 50d using B° s00 siagies 10 be

S wkong T nire Dermeter of the reting s

Shaces or Lockioun Netg™ shef e spaced 0 mcre e 24 agur on

7. Whare morm than on o6 of Lockdown NeSing ™ @ feguined for skoos length o
Siocs wah. refing e0ges. el b crveecped by & memm of
Loxchakomns Neting ™ el be iradatied from ko i bofom rerver acroma on
i sicpe
Lockiiown Neting ™ shal be instafled under Tw sntre area of the CLCB™.
mching 10 fewt over T shoukder of T sops

FILTREXX' LOCKDOWN' NETTING

NTS
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Filltreocx™ Low Impact Design Manual |




. Methods: Concept

Concept Design (EECI) - Filtrexx® LockDown™ Netting

32 Fiitraxx® | ockDown Nating™ 3.2 Filtrexx” LockDown Netting™

Figure 22. Design Draving Detail for LockDown™ Netting Installed on Top of Slope Protection. TABLES & FIGURES:

Table 2.1. Material Specifications for Filtrexx™ LockDown ™ Netting

Support Practics LockDown” Netting LockDown™ Netting LockDown™ Metting
5 incen e sabdimtan eiminn
Perpose 4 : i continled

ORECTION OF FLOW—__
FLTREXKE LOCKDOWN
TG~

"CONTROL SERDAG Materiad (st plion Smmmonalibmrd HIPE

Mesh Doscription 36 in 19y opurings

——500 STAPLE

Toxas Tranes
UL sl

Tocaes Toms

Funetonal Longen gy

Holl 5o bw k1) ETT AT 201 0 37 11 B

2 Lockriown Neting ™ -.xmmmw-rm;:cumm- Appi Stapl Sinphesd by wcelShopo pr 2 o sl
’ L \ppsbtion Method

Locksiown Nefing™ i recommanded for sopes betwesn 11 8nd 21 and s L applied i 1op agph
Fogured lor skges grester than 2.1

Lotksiown Netirg ™ = furd 1ot 16 b uted sona 8 8 form of sken
assilraten of arosion cortrol, Lockdown Neming™ shal be Feteted prior i
T et o CFCA™

Locksown Nefing™ shall be anchored 0 the 80l using B s0d sacies o be
driver; slong e srine perimessr of e neting aroa

Stapien for Lockdown Netiing™ shall be spaced no mons than 24° apart on of

NO: No Data Avsdablo

niden.
Whers mons i on ol of Lockdcwn Meting™ is requined for siope leng®h o
30D widh, netting sdpes shal be cverapped try & menmum of &

Lockriown Mefing ™ shall be instalied fom iop 10 bofiom |never soross) on

e sicpa.
Lockriown Meting ™ shall be instaled 1der The antre arsa of the CECB™,
inciuding 10 feet cver the shoukder of T sope.

FILTREXX® LOCKDOWN"NETTING

NTS

Section 3: Support Practices
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V. Wetland Delineations

Wetland Delineation(s)

Bayard Avenue
Wetland Delineation
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V. Methods: Environmental Study

Wetland Delineation(s)

Bayard Avenue State and Federal Wetland Delineation
Lines

State of Delaware

| "l g & U e R A
- " &
. . g L :

|G

State Line pin—
Federal Line  —
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V. Methods: Site Preparation

Integrated Vegetation Management (IVM)

« Site was dominated by invasive
Phragmites australis. The Town of
Dewey Beach contracted Envirotech
Environmental Consulting, Inc. (EECI)
to treat and remove the phragmites
before construction in July 2010.

Envir¥tech

ENVIRONMENTAL CONSULTING, INC.
Providing Environmental Solutions

© Copyright Envirotech Environmental Consulting, Inc.
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VI. Methods: Engineering

ECI Engineering Planning Surveying (ECI)

« ECI develops plan incorporating road grading, additional catch basins, a
berm with an outfall structure/pumping station at the end of Bellvue and
Bayard Avenues, and a drainage swale.

 The berm and drainage swale utilize
Filtrexx® products and native vegetation.

* Top and slopes of the berm stabilized
with stormwater erosion control blanket
and native vegetation.

* Lock-Down Netting was to be used to further
stabilize the berm slopes.

PLANMING
SURVEYING
EEEEEEEEEE G
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VI. Methods: Engineering

TOWN OF DEWEY BEACH Dt

BAYARD AVENUE FLOOD MITIGATION FAB# 201038
COI’&EE}UCTION D%WH!ENGS

OTY OF DENET BENCH AFFROVAL

OWNER/DEVELOPER CONSULTING ENGIMEER
TOWN OF DEWEY BEACH ENGINEERING CONSULTANTS
105 RODMEY AVENUE INTERNATIONAL, LL.C. T
DEWEY BEACH, DE 19971 220 REHOBOTH AVENUE, P.O. BOX 820 e 1 < 1 1o
302-227-6363 REHOBCOTH BEACH, DE 19971 —
a02-227-8319 FAX 302-226-2844 HIEREVIATINS LEGEND
302-226-2939 FAX _ L
SHEET TITLE — :
CVR-1  COVER SHEET —
G- GENERAL NOTES
D DEMOLITION PLAM

RC-1 BAYARD STREET OVERLAY PLAMN
RAD-2 BAYARD STREET OVERLAY PLAM
RD-3 MAINTEMANCE OF TRAFFIC PLAN

|

Sw- STOAMWATER MAMAGEMENT PLAN

Sw-2 STOAMWATER MAMAGEMENT PLAN

SW-3 STORAMWATER PROFILES

SWw-4 STORMWATER PROFILES

SW-5 STORMWATER NOTES AND DETAILS

SW-6 STORAMWATER PUMP STATION PLAMN

SwW-7 STORMWATER PUMP NOTES AND DETALLS
SW-8 STORMWATER PUMP NOTES AND DETALLS

ES-1 ERCSICN AND SEDIMENT CONTRCL PLAN
ES-2 ERCSION AND SEDIMENT CONTROL PLAM
ES-3 ERCSION AND SEDIMENT CONTROL NOTES AND DETAILS
ES-4 ERCSION AND SEDIMENT CONTROL NOTES AND DETAILS 1
ES-3 EROSION AND SEDIMENT CONTROL NOTES AND DETAILS £

SHEET10OF 1 WETLAMNDS IMPACT

TN new | omx | PRooEcT TIME FREFTSRTUL SEL

COVER SHEET




VI. Methods: Engineering
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VIl. Methods: Permitting

Permit Application

* Once engineered plans were
developed, permits were obtained
for construction.

Wetlands and Subaqueous Lands Section

PERMIT APPLICATION FORM

For Subaqueous Lands, Wetlands, Marina and 401 Water
Brociling Excirsmmentat Quality Certification Projects

June 22, 2010

Ms. Laura Herr . )
DNREC State of Delaware

Wetlands and Subaqueous Lands Section Department of Natural Resources and Environmental
89 Kings Highway Control
Dover, DE 19901 Y .
Division of Water Resources
RE: Bavard Avenue Flood and Water Quality Improvement Project Bayard Avenue, Dewey Beach, DE. Wetlands and Su baqucous Lands Section

Dear Ms. Herr,

Please find enclosed a Wetlands and Subaqueous Lands Application for the Bayard Avenue Flood and Water Quality
Improvement Project. The proposed project is located in the Town of Dewey Beach ofl of Bavard Avenue and

hately adjacent to the Rehoboth Bay. the project was presented at the March 25%, 2010 Joint Permit Processing
meeting. The Tidal Wetland Map asseciated with the project 1s Map# 18, The project purpose and need is as follows:

A living wall will be created over an existing bulkhead to reduce tidal storm foeding. The living wall will be covered
with a filtrexx erosion control blanket consisting of a planting media, The blanket will be planted with native beneficial

ation. Outfall pipes which convey water from the flooded upland street will outfall into a dissipation area which wall
be stabilized with a filtrexx erosion control blanket, lockdown netting and planted with native vegetation. The existing
non functioming pipes located within the wetland will be removed and a stream channel will be created in their place,

211 square feet of uplands will be converted trom uplands to wetlands
Fotal impacts (o state wetlands will include 2,425 square feet of wetlands with 133 cubic vards of clean (il tor the

creation of a stream channel, creation of a living wall and filling of an open un-vegetative basin to create vegetalive
wetlands

Envirotech was requested by the Town of Dewey Beach to represent this application

© Copyright Envirotech Environmental Consulting,



g 3

s W Ty J W
L0 R T

© Copyright Envirotech Environmental Consulting, Inc.



’ . HHHH iIl\|u|||i|:|:'.r|!r|'!ii I :

IO YOO T T
Lo Il

|
|

Construction







_——'—__—'_'_'_'_
__——-'—'_'_'dfd__
-
Pt
- ==
Jik,
= -

Construction




i

i ———— —

Construction




LOAD

OVERSIZE

(e
o
=]
(&)
=
S
)
n
(o=
@)
@)







’-—- ! v . i " A
g 1 - \ AEAEARI M E (e

ey

rreey

< = - .
R e i g o B~ [
O O




2 L@;{’k \\__ ; - $‘ A_L_:f m‘ _‘% 5 ’ 2 7;,:4:_”‘- " —{-:

= Berm constructed with stormwater erosion control blanket E_‘;‘:‘:—‘wﬂﬁf
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Stormwater Erosion Control Blanket
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24" Blank Stabilization Sock and Drainage Swale
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Installation of Spartina patens (Salt Meadow Hay) and Ammophlla brewhgulata
(American Beach Grass) on berm slopes for permanent vegetative stabilization

© Copyright Envirotech Environmental Consulting, Inc.
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Installed Stormwater Blanket with Underlayment Fabric Pre-Planting
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Top of slope planted with Prunus maritima (Beach Plum) and
Myrica cerifera (Southern Bayberry) for permanent vegetative stabilization
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Installatron of Spartrna patens (Salt Meadow Hay) and Ammophrla breV|I|guIata
o (Amerrcan Beach Grass) on berm slopes for permanent vegetatlve stablllzatlon
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Installation of Spartina patens (Salt Meadow Hay) and Ammophila breviligulata
(American Beach Grass) on berm slopes for permanent vegetative stabilization n \
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Top of slope pIanted Wlth Prunus mar|t|ma (Beach PIum) and
Myrlca cerlfera (Southern Bayberry) for permanent vegetatlve stablllzatlon
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Maintenance and Management
Integrated Vegetation Management (IVM)




Integrated Vegetation Management (1VM)
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XI. Results

Completed Project During the First Growing Season
May 2011
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Completed Project During the First Growing Season
May 2011
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Completed Project After Two (2) Growing Seasons
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Completed PrOJect After Two (2) Growmg Seasons
September 2012




Xll. Conclusions

The affect was 100% performance zero flooding within the watershed
occurred from the point of construction completion withstood the impact of
Hurricane Irene (August 27-31, 2011). However, on August 25, 2012,
due to malfunction within a control panel the pumps failed to operate and
flooding occurred.

e

| After June 2011
. Aerial After Construction - Note: Concrete catch basin and pumping station |
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Bethany Woods — Living Wall Weerkr 2
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City of Rehoboth — Rain Garden
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City of Rehoboth — Rain Garden
July 16, 2012
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City of Rehoboth — Rain Garden
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E||IS Point — Compost Er03|on Control Blanket with Native Wlldflower and Grass Mix
August 6, 2009
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Rehoboth Beach Museum — Steep Slope Stabilization with Lock-Down Netting and Slope
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