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« National Pollution Discharge Elimination System (NPDES)
Municipal Separate Storm Sewer System (MS4)
 Chesapeake Bay Total Maximum Daily Load (TMDL)

HOW

 AACo Watershed Protection & Restoration Program (WPRP)
« Watershed Assessment & Planning
* Restoration Implementation Anne Arundel County

» Ecological Assessment & Evaluation WATERSHED
« Education & Outreach yErOECfSn 8{; Re{;fo:&:ti??‘




AACo WPRP

WPRP Restoration Project Goals WPRP M54 Attainment Goals

(acres to date/projected acres)
(Number of projects completed/anticipated)

Stream & Wetland Stormwater Pond Stormwater Outfall
Restoration Retrofits Repairs

13 out of 49 Completed 85 out of 144 16 out of 40 Completed MS4 Permit Progress Tracking

Completed 2766 out of 4996 Completed




AACo WPRP & AKRF

GOALS

w‘ MARYLAND
¢ Water Qual Ity 2000 MARYLAND, Anne Arundel County
* Impervious Area Treatment STORMWATER DESIGNIMANUAL WATERSHED

. Chesapeake Bay TMDL VOoLUMES I & 11 Protection & Restoration
(Nitrogen, Phosphorous, TSS)
* Quantity Control & Flood Mitigation Western Rainfall Eastern Rainfall
« Stability & Function of Outfalls &

Waterways




Estimate Load Reduction — Stormwater BMPs

Total Nitrogen Removal

Accounting for
Stormwater Parameter | Urban Impervious [§ = |
Wasteload Allocations TN (Ibs) 15.3 7] s B = i

. and TP (Ibs) 1.69
Impervious Acres Treated

! - ,;—
TSS (tons) 0.44 e N —

Guidance for : . -
National Pollutant Discharge Elimination ‘ o ot ot v o
System Stormwater Permits

Appendix A - BMP Removal Rate Adjustor Curves (Schucler and Lane, 2012)
_ _ Totsl Fhospharus Resoval Sediment Removal
for ESD (RR) and Structural (ST) Stormwater Practices o -

SRR R R R R R RN

August 2014

ESD or Runoff Reduction (RR)
ESD or Runoff Reduction (RR) ¥ + :

| MARYLAND |

Department of the Environment

Structural Practices (ST)

Total Phosphorus Removal (%)
‘Sediment Removal (%)
§EREERSY

R

1800 Washi; Bouls d, Balti MD 21230-1718 | www.mde.maryland.gov
410-537-3000 | 800-633-6101 | TTY Users 800-735-2258
Larry Hogan, Governor | Boyd Rutherford, Lt. Governor | Ben Grumbles, Secretary
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Estimate Load Reduction — Stream Restoration

Protocol Name Units | Pollutants

Prevented Pounds | Sediment
Sediment (S) | peryear | TN, TP

Instream Pounds
2 Denitrification | per year | TN
(B)

E;:%ilﬂsgion Pounds | Sediment
3 (S/B) per year | TN, TP
4 gg:?;a:nd Removal | Sediment
Retrofit (S/B) | ™€ TN, TP

Recommendations of the Expert Panel to Define
Removal Rates for
Individual Stream Restoration Projects

Joe Berg, Josh Burch, Deb Cappuccitti, Solange Filoso, Lisa Fraley-McNeal,
Dave Goerman, Natalie Hardman, Sujay Kaushal, Dan Medina, Matt Meyers, Bob Kerr,
Steve Stewart, Bettina Sullivan, Robert Walter and Julie Winters

Accepted by Urban Stormwater Work Group (USWG): February 19, 2013
Approved by Watershed Technical Work Group (WTWG): April 5, 2013
Final Approval by Water Quality Goal Implementation Team (WQGIT): May 13, 2013
Test-Drive Revisions Approved by the USWG : January 17, 2014
Test-Drive Revisions Approved by the WTWG: August 28, 2014
Test-Dri isions A; d by the WQGIT: 8,2014

Prepared by:
‘Tom Schueler, Chesapeake Stormwater Network

an
Bill Stack, Center for Watershed Protection
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The Suite of Solutions

INFILTRATION BASIN

Depressed area for temporary storage
of Water Quality Volume (WQv)
Facilitate infiltration / recharge
Channel protection

Flood protection

PLAN VIEW

STILLING BASIN

57 100 YEAR LEVEL

E 10 YEAR LEVEL
L = 17 Cp,ord TEARLEVEL

BACKUP UNDERDRAIN PIPE IN CASE OF
ETAMDING WATER PROSLEMS. ANTI-SEEP COLLAR or
FILTER DEAPHRAGM

PROFILE

Anna Arundel County

WATERSHED




The Suite of Solutions

INFILTRATION TRENCH =G

BYPASS
(TO DETENTION FACILITY)

Capture and temporarily store WQv
within the void space of material i

FILTER LAYER
OVER WASHED

* Typically stone R
Facilitate infiltration / recharge
Channel protection

PLAN VIEW

Flood protection

RUNOFF FILTERS THROUGH GRASS
OVERFLOW BERM OBSERVATIONWELL BUFFER STRIP (20° MINIMUM); GRASS
WITH SCREW TOP LID CHANNEL; OR SEDIMENT OREBAY

2" PEA GRAVEL FILTER LAYER
PROTECTIVE LAYER OF FILTER FABRIC

TRENCH 3-8 FEET DEEP

FILLEDWITH 1.5 - 2.5 INCH DIAMETER
CLEAN STONE

(BANK RUN GRAVEL PREFERRED)

SAND FILTER 6" DEEP
(OR FABRIC EQUIVALENT)

RUNOFF EXFILTRATES THROUGH
UNDISTURBED SUBSOILS WITH A
MINIMUM RATE OF 0.5 INCHES PER HOUR

PROFILE

Anna Arundel County

WATERSHED

Wied




The Suite of Solutions

PERMEABLE PAVEMENT

Alternative surfacing material

* Porous asphalt

« Pervious concrete

* Interlocking pavers
Open graded stone base/subbase
Promote groundwater recharge

Mitigate temperature increases

Anna Arundel County

WATERSHED

11/2" TO 2° BEDDING-
COURSE [No. 8 STONE)

4" OPEM GRADED BASE

(ho. 57 STONE)__——— [

SUB BASE

[Ne. 2 8TO NE:_____,__.-—-—-"

THICKNESS VARIES

PAVERS/PERMEABLE SURFACE

OPTIONAL SAND LAYER (12° MIN. | ———

CLURB EDGE
Wi CUTS FOR OVERFLOW

Typical Section

PAVERS/PERMEABLE SURFACE

OVERDRAIN 2° MIMN.
PERFORATED OR SLOTTED
WITHIM SUBBASE

PTRTEREN

SUBBASE

402 Store (ASTMCEY)

THICKNESS VARIES

OPTIONAL SAND LAYER (12 MIN, }——"" |

CURB EDGE
Wi CUTS FOR OVERFLOW

UNDERDRAIN 3" MIN.
SLOPED TO QUTLET
FERFORATED OR SLOTTED
WITHIN SUBBASE




The Suite of Solutions

REGENERATIVE STREAM CONVEYANCE (RSC)

Perennial channels
Restore ecosystem functions of streams, floodplains, & wetlands
Network of systems

e seepage berms

* pools

* cobble weirs

+ floodplain & wetland connections




The Suite of Solutions

STEP POOL STORM
CONVEYANCE (SPSC

Similar in design to RSC
Ephemeral or intermittent channels
Surface step pools and subsurface
sand seepage filter

Convert surface flow to shallow

groundwater flow
Energy reduction
Habitat benefits

Anna Arundel County
WATERSHED

GRAM

| | Lyt 2% Loem
o Ly

(8ft. max.) {10ft. min.)

Sand/Wood Chip
Mix

Existing Ground

Footer boulder shallextend 2feet below
the lowest point in the excavatad pool

dy(riffle

Rootwad

{optionaly

embedded 6ft

Boulders
silica Cobbles
Elevation dropnot to Boulders for

exceedSpercent slope Instream Riffle

forsections usedfor
lit di

VRERERATol (18in. min.)

Filter Fabric

dy(pool)
sandMix “Sandbags from

min. 18 in. E85 phase maybeleft in




Project Examples

« Patapsco Non-Tidal Untitled Tributary Project
* Performing Arts Center (PAC)
* Brooklyn Park (BP)
* Riverside Park (RP)

* Najoles Road Pond Retrofit & Stream Restoration Project
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PAC: Site Overview

T

e e

oogle Earth




PAC: Site Overview




PAC: SWM Opportunities

e e

Natural refro




Performing Arts Center

SITE CHALLENGES
« Maintain stability and function of outfall
« (Conserve forest resources

Anna Arundel County
WATERSHED




PAC: Design Overview
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PAC: Design Overview
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PAC: Design Overview
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PAC: Design Overview

PR TOP OF BERM
ELEV. 128.00

SOR MEDM

TOP ELEV. 16050 Es01

BOT. ELEV. 14450 PR, 18 EMERGENCY SPILLWAY
| BOT. ELEV.

ROV
ROCK OUTLET PROTECTION (DETAL 0-11)
PR TURF REINFORCEMENT WAT

] .

’

STONE SUBSURFACE j pe
o INFLTRATION TRENCH " SAND LAYER c 3
£ (DETAIL D-06) BOT. ELEV: 16050 gx S
H TORBLEY: a g5 1
: 80T ELEV. 10 s § 8%
8o 4y & 3%
feg iy § .
H g : N
alzaégv 55 sk Doea
2 2
T ;wi aig PRROCK OUTLET PROTECTION
Eé:fhig‘g (OETAL B11)
SEESTEEY —r— —_—
s e
desidezet

Anna Arundel County
yW.AT E RSH ED




PAC: Design Overview
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: Design Overview
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Design Overview
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Design Overview
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PAC: Design Overview
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: Design Overview
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PAC: Design Overview
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PAC: Design Overview
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BP: Site Overview




BP: Site Overview
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Brooklyn Park

SWM OPPORTUNITIES

Manage untreated drainage
area

Mitigate roadway flooding

Public exposure to County
SWM initiatives

Drywell pilot

SITE CHALLENGES

Site constraints for SMP
location

Steep grades
Safe conveyance of
overflow (no public storm
sewer)
Construction timing
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BP: Design Overview
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BP: Design Overview
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BP: Design Overview
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BP: Design Overview
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DRYWELL PILOT

Washington DOT Drywell Detail
Manhole embedded in stone
Typical depth: 10 FT -30 FT
AACo Drywell Pilot

o Storage volume for 2-year storm

o Overflow via surcharge

BP: Design Overview

STORM RAINFALL DEPTH REQ. DRYWELL(S)

Peak Elev=60.44'
Storage=2,771 ¢f

1YR - 24HR 270 IN (1) 10-FT Drywell

2YR - 24HR 3.30IN (1) 20-FT Drywell

10YR - 24HR 520 IN (6) 20-FT Drywells

=
o=
Inflow Area=305,685sf %2

ALTERNATIVE FOOTING
PRECAST



Anne Arundel County

WATERSHED

Protection & Restoration
PROGRAM
/‘—\—/




RP: Site Overview
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RP: Site Overview
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RP: Site Overview
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Riverside Park

STORMWATER MANAGEMENT
OPPORTUNITIES

mra

- Ephemeral channel well suited f}d A
for SPSC L I B &
Convert impervious concrete

swale into pervious,
naturalized step-pool channel
system

Remove invasive plants and
establish native landscaping




Riverside Park
SITE CHALLENGES

Physical space
[-895 noise wall foundation
Shallow groundwater table

undel County
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RP: Design Overview
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RP: Design Overview
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RP: Design Overview

= sroms era 53
DX 17 CUAVERT TO T T P STONE WA WALLY

H

{PR. STEP POOL ]
|CONVEYANGE SYSTEM
021}

- SEE SHEET G-02

348" STEP POOL STORMWATER CONVEYANCE (SPSC) SYSTEM

COBBLE RIFFLE SHALL BE CONSTRUCTED —
WITH FLUSH TRANSITION TO REMAINING
EXISTING CONCRETE CHANNEL.

ROP-03
ROCK QUTLET PROTECTION
(DETAIL D-04)

STA 4+51.68
INV. ELEV.: 5.08

115' STEP POOL

ROP-01
ROCK OUTLET PROTECTION
(DETAIL D-04)

SPSC T0 E)(;MM::SM‘:St?:zlihl'%!ﬁ::."l‘éE
PR. SAND/WOOD CHIP MIX TIE-IN ISTH

3.0' DEPTH BELOW POOLS CHANNEL (DETAIL D-08)

6.0' DEPTH BELOW STONE COBBLE
& BOULDER RIFFLE WEIRS

PR. STONE WINGWALL (DETAIL D-03;

STA 1+84.06
INV.: 12.00

WW-01

& BOULDER RIFFLE WEIR.

STA 2+31.39

PR. COBBLE STONE
WEIR INV.: 12.00

W-

PR. 4" STANDARD SHALLOW MANHOLE (DETAIL D-02)
STA 2+2237
RIM: 17.37

PR. COBBLE STONE

& BOULDER RIFFLE WEIR

STA 2+88.48

WEIR INV.: 10.50

PR. 15" RCP INV. OUT: 12.33
BOTTOM OF STRUCTURE: 11.45

& BOULDER RIFFLE WEIR

& BOULDER RIFFLE WEIR
STA4+08.16
WEIR INV.: 8.00

PR. 15" RCP INV. IN: 12.81
STA 3+49.90

PR. COBBLE STONE
WEIR INV.: 9.00

MH-01

& BOULDER RIFFLE WEIR

PR. COBBLE STONE
STA 5+20.40
[ WEIR INV.: 6.50

w.

[ PR. COBBLE STONE

g
3
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RP: Design Overview
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DX 17 CUAVERT TO T T P STONE WA WALLY

H

|
|CONVETANGE SYSTEM
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- SEE SHEET G-02

348" STEP POOL STORMWATER CONVEYANCE (SPSC) SYSTEM

PIPE OUTFALL
Qyp = 1.52CFS COBBLE RIFFLE SHALL BE CONSTRUCTED —
Vi =568FT/S ) WITH FLUSH TRANSITION TO REMAINING

=t EXISTING CONCRETE CHANNEL.
i&wmm

= SR ROP-03
ROCK QUTLET PROTECTION
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RP: Design Overview
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- SEE SHEET G-02

348" STEP POOL STORMWATER CONVEYANCE (SPSC) SYSTEM

PIPE OUTFALL

Qyp = 1.52CFS COBBLE RIFFLE SHALL BE CONSTRUCTED —

Vi =568FT/S WITH FLUSH TRANSITION TO REMAINING
EXISTING CONCRETE CHANNEL.

@050%

ROP-03
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(DETAIL D-04)
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ROP-01
ROCK OUTLET PROTECTION
(DETAIL D-04)
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3.0' DEPTH BELOW POOLS CHANNEL (DETAIL D-08)
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& BOULDER RIFFLE WEIRS

PR. STONE WINGWALL (DETAIL D-03;

STA 1+84.06
INV.: 12.00

WW-01
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WEIR INV.: 12.00
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PR. 4" STANDARD SHALLOW MANHOLE (DETAIL D-02)
STA 2+2237
RIM: 17.37
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& BOULDER RIFFLE WEIR

STA 2+88.48

WEIR INV.: 10.50

PR. 15" RCP INV. OUT: 12.33
BOTTOM OF STRUCTURE: 11.45
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RP: Design Overview

= sroms era 53
DX 17 CUAVERT TO T T P STONE WA WALLY

H

{PR. STEP POOL ]
|CONVEYANGE SYSTEM.
021)

- SEE SHEET G-02

PSC TIE-IN TO
EXISTING CHANNE

Qyp = 1.52CFS COBBLE RIFFLE SHALL BE CONSTRUCTED —
Vi =568FT/S WITH FLUSH TRANSITION TO REMAINING
EXISTING CONCRETE CHANNEL.

348 STEP POOL STORMWATER CONVEYANCE (SPSC) SYSTEM

ROP-03
ROCK OUTLET PROTECTION
(DETAIL D-04)

STA 4+51.68
INV. ELEV.: 5.08

115' STEP POOL

L

ROP-01
ROCK OUTLET PROTECTION
(DETAIL D-04)

ST
SPSC TIE-IN TO EXISTING CONCRETE

PR. SAND/WOOD CHIP MIX

3.0'DEPTH BELOW POOLS CHANNEL (DETAIL D-08)

6.0 DEPTH BELOW STONE COBBLE

& BOULDER RIFFLE WEIRS

PR. STONE WINGWALL (OETAIL D-03)

STA 1+84.06
INV.: 12.00

WW-01

& BOULDER RIFFLE WEIR.

STA 2+31.39
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W-
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PR. 4" STANDARD SHALLOW MANHOLE (DETAIL D-02)

STA 2+2237
RIM: 17.37
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STA 3+49.90

MH-01
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W-05
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: Design Overview

ADDITIONAL ANALYSIS

« 1-D steady state HEC-RAS

modeling of SPSC
Propose to line 5 FT of pool
with cobble material
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joles Road: Site Overview

Severn Run
Floodplain

¥

- st Office Pond
i
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Najoles Road: Site Overview

Pond constructed in 1990s for |-97

o Potentially for sediment control
Does not provide water quality
treatment
UNT to Severn Run

o First order stream, Class |V tributary to
SR, approx. 1800 LF to SR Floodplain
Tall banks severely eroded, sediment
being mobilized to SR Natural
Environment Area owned by MD DNR

Gully from adjacent I-97 Business
Park




SITE CHALLENGES

Topography; access
Temporary dewatering of pond and UNT to
SR

Floodplain tie-in to Severn Run (work near
delineated wetland)
Climbing Fern (Lygodium palmatum)

e (G4-S2 State Threatened Plant




Najoles Road

SWM OPPORTUNITIES

Retrofit wet pond to current
standards for WQv treatment
Stabilize eroding banks
Groundwater reconnection within
Severn Run Floodplain

Remove transient sediment deposits

from upstream bank erosion



Najoles Road: Design Overview




Najoles Road: Design Overview




Najoles Road: Design Overview

. REGENERATIVE STREAM
-—--—--—CONVEYANCE (RSC)!

PLUG AND REDIRECT
EXISTING CHANNEL

Anna Arundel County




Najoles Road: Design Overview

STEP POOL STORM
CONVEYANCE (SPSC)|
h§ " ! -

Anna Arundel County




Najoles Road: Design Overview

- — . — i — - —
MATCHLINE - SHEET CG 106 -

FLOODPLAIN TIE-IN




Summary

STORMWATER RETROFITS

» Variety of System Options & Combinations
« Hybrid BMP configurations
» Infiltration Basin
» Infiltration Trench
 Permeable Pavement
» Step Pool Storm Conveyance
* Regenerative Storm Conveyance

Impervious Acres Treated: 66.65
TSS removed: 2,288,746 Ib/yr
TN removed: 773 Ib/yr

TP removed: 187 Ib/yr

R
- -v

source: Underwood & Associates
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Thank You

Mark Southerland, Ph.D.
Senior Ecologist, Tetra Tech
(443) 538-9228
mark.t.southerland@gmail.com

Art Wawiernia, P.E.

Senior Water Resource Engineer, AKRF
(267) 841-7609

awawiernia@akrf.com

Greg LeBlanc, P.E.

Project Manager, AACO DPW

Joe Ports

Project Manager, AACO DPW
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