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And Connecticut’s Very Own...
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Dry Pond Water Quality Treatment

« Sedimentation main
pollutant removal
mechanism

 Short detention times

* |nitial flows can cause
erosion in basin

* Maintenance issues from
being consistently wet

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited without the prior consent of the presenters..
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How Can We Improve These Dry Ponds?

« Countless dry ponds
throughout U.S.

« Poor water quality
treatment contributes
large pollutant loads

« QOverhauling these
systems would be cost-
prohibitive

« How can we enhance
dry ponds without major
investments?

https://stormwater.bae.ncsu.edu/
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Potential Conversion: Constructed
Stormwater Wetlands

 Treat both sediment and
nutrients

 Permanent pool aids in
treatment

 Plants serve to treat some
pollutants

* Include flow path to
maximize detention time

« Designed to treat first 1 in of
runoff with 18 in of ponding

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in en
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Project Location
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Research Sites

Paired

Watershed
MOV 1 Morrisville Retrofit Yes
MOV2 Morrisville Control Yes
WS Winston-Salem  Retrofit No

Pond Name Location Treatment

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited without the prior consent of the presgnters.
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Stormwater Nutrient Crediting: A Major
Opportunity?

EMCefﬂuent
SCM (mg/L)

Bioretention
per MDC

0.58

0.12

Wet Pond
per MDC

1.22

0.15

Current Buy Down Credits

DMS Rate (per pound)
Service Area Nutrient

(through 9/30/2020)

Stormwater
Wetland per
MDC

1.12

0.18

Dry Pond
per MDC

1.65

0.66

https://stormwater.bae.ncsu.edu/

Jordan Lake Watershed Nitrogen $107.88
Jordan Lake Watershed Phosphorus $301.95
Neuse Program (03020202, 03020203, 03020204) Nitrogen $14.45
Neuse 03020201 Outside the Falls Lake Watershed Nitrogen $24.53
Neuse- Falls Lake Watershed Nitrogen $10.86
Neuse- Falls Lake Watershed Phosphorus $164.67

Deqg.nc.gov/about/divisions/mitigation-
services/dms-customers/fee-schedules

This presentation is copyrighted property of NCSU. Any use of the following materials, in part
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Water Quality Monitoring

* Pre- and post-retrofit

* Flow-paced, composite water quality samples

* Analyzed using US EPA protocols

* TSS, TAN, NO, ;-N, TKN, TP and OP ( TN and ON)

e Pollutant loads inlet versus outlet

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited without the prior consent of the presenters. .
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Study D. Ponds Wetlands Study D. Ponds Wetlands
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Dry Pond Monitoring Conclusions

« MOV1 and MOV2 did not effectively remove pollutants
from runoff

» Better water quality treatment was observed by some
metrics in WS

* Dry pond water quality treatment does not meet NC
water quality thresholds

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited without the prior consent of the presenterBie&
https://stormwater.bae.ncsu.edu/ NG INEER NS
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Dry Pond Monitoring Conclusions

* Dry ponds provide less water quality treatment than
other SCMs

« Low pollutant removal in dry ponds: an opportunity to
enhance structures to improve water quality treatment

N 23
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Retrofits

Retrofit
Outlet
Elevation

Existing
Outlet
Elevation

-

e
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MOV Pre- vs Post-Retrofit Concentrations
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Retrofit Load Reduction in MOV1
m

89%*

TP 60%*
57%*
71%*
75%*
39%
75%*
TAN 69%*

*Bold values are significantto a =0.05

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited without the prior consent of the presenters.
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WS Pre and Post-Retrofit Concentrations
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Comparing Morrisville (wetland) to
Winston-Salem (infiltration basin)

+ The Wetland discharged substantially
lower nutrient concentrations (~50%)
than DDBs, but had minimal impact on
flow mitigation

— Roughly 50% nutrient load removal
(due to retrofit)

* The Infiltration Basin discharged the

~same nutrient concentrations as the
DDB, but reduced ~50% more outflow

— Roughly 50% nutrient load removal
(due to retrofit)

 Either Result 1s GREAT!

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited
without the prior consent of the presenters.
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Study D. Ponds Wetlands Study D. Ponds Wetlands
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So How Much is our Extra Treatment Worth?

DMS Rate (per pound)
Service Area Nutrient

(through 9/30/2020)

Jordan Lake Watershed Nitrogen $107.88
Jordan Lake Watershed Phosphorus $301.95
Neuse Program (03020202, 03020203, 03020204) Nitrogen $S14.45
Neuse 03020201 Outside the Falls Lake Watershed Nitrogen $24.53
Neuse- Falls Lake Watershed Nitrogen $10.86
Neuse- Falls Lake Watershed Phosphorus $164.67

This presentation is copyrighted property of NCSU. Any use of the following materials, in gart or in entirety, is explicated prohibited without the prior consent of the presenters.
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Retrofit Cost Savings Over 30 Years

I T
Load Reduction (Ib/yr) 67 10

Jordan Buy Down Credit

Equivalency $216,800 $90,600
Falls Buy. Down Credit $21 800 ST
Equivalency ! :
Neuse -Triangle Buy
Down Credit $49,300 n/a

Equivalency

Cost of Retrofits $2-$10K $2-10K

« Buy down credit ($/Ib) * Load reduction (Ib/yr) * 30 yr

This presentation is copyrighted property of NCSU. Any use of the following materials, in part or in entirety, is explicated prohibited without the prior consent of the pres

enigls.,
https://stormwater.bae.ncsu.edu/ El.?sgﬁég(
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Summaries and Conclusions

« Easy-to-implement retrofits could provide water quality
Improvements at minimal cost and...

— Maybe Pay for Itself (& more!) on Nutrient Market

« Concentrations and load reduction greatly improved after
retrofit to Wetland (Morrisville)

« Loads likely reduced after retrofit to Infiltration Basin (W-S)

This presentation is copyrighted property of NCSU. Any use of |[EESse
the following materials, in part or in entirety, is explicated -
prohibited without the prior consent of the presenters.
https://stormwater.bae.ncsu.edu/
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portunities Galore!
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Naturalization of Dry Ponds

Bill Hunt, Ph.D., PE
WNR Professor & Extension Specialist
Biological & Agricultural Engineering
NC State University
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Trees as a Stormwater Tool
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Field Site Locations

Raleigh — Overgrown Sites

e POTHAGHAN Wonie

: ,__ _— o l‘»- 7 |
3 - - e

This presentation is copyrgmea
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Maintained Sites

Maintained 1 Maintained 2

Water Quality: 13 Storms Water Quality: 18 Storms
Hydrology: 50 Storms Hydrology: 48 Storms

This presentation is copyrighted
property of NCSU. Any use of the
following materials, in part or in entirety,

https://stormwater.bae.ncsu.edu/ is explicated prohibited without the prior ﬁiﬁ@ﬁég(



NC STATE UNIVERSITY

Maintained Sites — Hydrologic Balance

100%-
15%-
50%-

25%-

Percentage of Total Inflow Volume

0%-
Maintained 1., Maintained 2

property of U. Any use of the
following materials, in part or in entirety,

https://stormwater.bae.ncsu.edu/ is explicated prohibited without the prior fl,ii,?[%g(
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Overgrown Sites

17 ' 7. X ‘ : " - L > N 3 J@

Overgrown 1 Overgrown 2
Water Quality: 26 Storms Water Quality: 20 Storms
Hydrology: 67 Storms Hydrology: 49 Storms

This presentation is copyrighted
property of NCSU. Any use of the
following materials, in part or in entirety,

https://stormwater.bae.ncsu.edu/ is explicated prohibited without the prior Ei,ﬁgﬁég(
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Overgrown Sites — Hydrologic Balance

https://stormwater.bae.ncsu.edu/

100%-

Percentage of Total Inflow Volume
\'
(@)]
R
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50%-

Overgfown 1 ' Overgfown 2
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What About Pollutant Loads?

This presentation is copyrighted
property of NCSU. Any use of the
following materials, in part or in entirety,

https:I/stormwater_bae_ncsu_edul |S exphcated pr0h|b|ted WIthOUt the pr|or Bie&Ag
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Quick Aside: SNAP

Stormwater Nitrogen and Phosphorus Tool
(SNAP) Version 4.1
effective date September 10, 2018

Project Information

Land Cover Characteristics

Jotﬂan
Watershed

Tar-Pamlico
Basin " ¢

SCM Characteristics Export .csv Summary File

Overall Summary Import An Existing Project

Individual SCM Summaries

Save Spreadsheet

Neuse Basin
Nutrient Offset Form ‘

<[l

Environmental v X Division of Water Resources
Quality

NCSU Stormwater Design Webpage

DWR Nonpoint Sourt&\Webpage CWFONUtTient Peactices & Crediting
Droperty or N J. A [

following materials, in part or in entirety,

> Intro | 1.Projectinfo | 2.Land Covejghesastesistigbiter v3tiSGiMiGharasteristics | 4. Overall Summary | 5.SCM Surr
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SNAP Version 4.1 (1) - Excel

Data Review View Acrobat ) Tell me what you want to do...

-8
B ‘gf’C”t Calibri 11 ~|A A ' Wrap Text : @
® Copy ~ :
Paste B “opy B J U Merge & Cente ¢ . 00 | Conditional Formatas Cell | Insert Delete Format
\OF tPainter vierge o Centel o ) ) e L o
. orma Formatting Table - Styles v
Clipboard [ Font Alignment Number Styles Cells
c9 - f | B
4 B C D | E U |
r [ < es ~
ol SCM Characteristics Print SCM Characteristics Project Information Individual SCM Summaries —
Rt (N - — - - -
Clear All Entries Land Cover Characteristics Nutrient Offset Form

4 ~ Introduction _ Overall éﬁmmary Add 2nd Catchment

5
6 Catchment ID 1 1 1
7 SCM ID 102 103
Type of SCM
8
h | A
Predominant hydrologic soil
9 group at SCM location -

» ‘ Intro | 1. Project Info 2. Land Cover Characteristics 3. SCM Characteristics ‘ 4. Overall Summary \ 5.SCM Summary | Nutrient Offset
This presentation is copyrighted property of NCSU: ing materials, in“part or in entirety, is expllcﬁed
https://stormwater.bae.ncsu.edu/ prohibited without the prior consent of the presenters. 1©
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Maintained — Cumulative Annual Loads

14 Maintained 1 In Maintained 1 Out = MA 1 Predicted
Maintained 2 In Maintained 2 Out MA 2 Predicted
12
10
TP: 0.22 mg/L
TN: 1.58 mg/L

Cum. Annual Load (kg/ha/yr)

2

, ===\

This presentation is C'Ipyrighted property of NCSU.muse of the following WMQQ% in part or in entirety,TMcatei}ie
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Overgrown — Cumulative Annual Loads

4.5 Overgrown 1 In Overgrown 1 Out =0G 1 Predicted
4 Overgrown 2 In Overgrown 2 Out OG 2 Predicted
%3'5 TP: 0.22 mg/L
= 3 TN: 1.58 mg/L =
o =
825 =
— =
= 2 —
= =
= =
< 1.5 E
E =
S =
0.5 = § E
0 = =

—
Z
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Overgrown — Cumulative Annual Loads

140 0.12

glzo 0.1

EIOO

vy 0.08

?g 80

3 0.06

§ 60

o 0.04

< 40

g

S 20 0.02
0 0

TSS Cu /n

This Erdvetgrownibnla pieshQyvergrowny Lt fB&iLvergrowani2.Inor i Lver grown:

Oyt
https://stormwater.bae.ncsu.edu/ prohibited without the prior consent of the presenters. gk %CAg‘

EEEEEEEEEEE



NC STATE UNIVERSITY

Take Home Point/s

« While SNAP generally did a GREAT job of modelling
standard DDB's...

* It reliably UNDERPREDICTED the performance of
Naturalized DDB's.

« Suggesting that Naturalized DDB'’s > Standard DDB's.

This presentation is copyrighted
property of NCSU. Any use of the
following materials, in part or in entirety,

https:[/stormwater_bae_ncsu_edu[ is eXplicated prOthIted without the prior
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So... what’s
holding us back
from just “letting

them go??

https://stormwater.bae.ncsu.edu/
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https://stormwater.bae.ncsu.edu/

Is the DDB within 500’ of
people?

Yes — This retrofit is a no-go
No — Then, we might be on to
something...

This presentation is copyrighted
property of NCSU. Any use of the
following materials, in part or in entirety,
is explicated prohibited without the prior

Bie&Ag
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Summary of “Letting them go”

 Maintenance is  Must be careful where
simple — and cheaper this retrofit is
— Check inlets & outlets implemented
— No mowing — b/c of mosquitoes

* They likely reduce
outflow (relative to
standard DDB)

— And therefore pollutant
loads

This presentation is cof
property of NCSU. Any U8
following materials, in part or In entire

https://stormwater.bae.ncsu.edu/ is explicated prohibited without the prior ﬁiﬁggﬁg‘
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So Where from Here?

« NC DEQ NPS Unitis
considering creating a new
category of Dry Detention
Basins for their crediting
purposes
— Trish D’Arconte

« Naturalized DDB’s would
receive lower nutrient effluents ™
and move volume mitigation  EE™gs

This presentation is copyrighted ¢
property of NCSU. Any use of the s
following materials, in part or in entire®™
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Hydrologic and water quality performance of two aging and unmaintained ===
dry detention basins receiving highway stormwater runoff

Austin D. Wigsler ™, William F. Hunt ", Richard A. McLaughlin "

* Department of Biokgical and Agricaltured Enginearing, North Caroling Stste Unéversity, Raldigh, NG, 134
* Department of Crop and Sedl Scimace, North Careding State Usiwrity, Releigh, NC, USA

ARTICLEINFO ABSTRACT

Keywords: Dry detention basins (DDBs) are a type of control (SCM) designed to provide flood nouge.
Highaway peak discharge reduction, and some water quality impr through sed DDBs are ubiqg
Swormwater the urban but are exp to lnmumdy.mamgmonasnmwgh.nc,
Dy datadion ke receiving highway runoff were monitored for up to one year to quantify thelr water quality and hydrologic
» o1 source pollution performance. Both basins, Bl and B2, have not received vegetation maintenance since construction in 2007.
Cah eradt Flow-weighted compos ples were collected during storm events and analyzed for nutrients (Total Phos-
phorus (TP), Ortho-phosphorus (OF), Ammonia-N (NH,), NO, ;N (NOy), and Toeal Kjeldahl Nitrogen (TKN)),
total suspended solids (TSS), and total Cd, Cu, Pb, and Zn. An annual water balance was abo conducted to
quantify runoff volume reduction. Despize Jow influent concentrations from the highway, sgnificant removal
efficiencies were found for all constituents except NH; In B1. TP, OF, NOy, TSS, and Zn were reduced in B2. Both
butm achieved greater than 41% volume reduction through soll Lnﬂ.lnnnn and evapotranspimtion, resulting in
it load red: for all d de 59% and 79% In B1 and 35% and 1%
in B2. This ﬂua,' provides evidence that overgrown and unmaintained DDEs can reduce pollutant concentrations
comparable to those reported for maintained DDEs, while reducing more volume than standard DDBs. Moreover,
carbon sequestration likely increases while maintenance costs decrease.
1. Introduction Dry detention basins (DDBs) are a traditional type of stor

control measure (SCM) designed to temporarily collect and detain
stormwater runoff for flood control and peak flow mitigation rather than

and widespread develop over the last century

This presentation is
copyrighted property of NCSU.
Any use of the following
materials, in part or in entirety,
is explicated prohibited without

the prior consent of the
https://stormwaterdsasizgsu.edu/

have increased the presence of impervious areas (e.g., roadways, park-
ing lots, rooftops) and altered the natural hydrologic regime (National
Research Council, 2009). In these conditions, stormwater runoff travels
overland faster and in greater volume, curying pollutants, sediment,
trash, and debris to downstream lakes, rivers, and streams (Schueler,
1996). This runoff contributes to flooding, downstream erosion, and
aquatic habitat disturbance (Paul and Meyer, 2001). Traditional
stormwater control focused on ily detaining vol-
ume to reduce flooding and the peak flowrate discharging to streams
(Debo and Reese, 2002). More recently, water quality control has

water quality improvement (Papa et al,, 1999). DDBs consist of a large,
earthen depression that collects runoff (usnally from impervious areas)
and an outlet structure that slowly discharges stormwater after a storm
over 1-5 days (Erickson et al, 2013; Nocth Carolina Department of
Transportation (NCDOT), 2014). DDBs are designed to remain dr) in
between storm events as ding water .
ation (Greenway et al., 2003; llunl et al., 2005; MacKay r: al., 2016).
Although ubiquitous in the urban landscape due to their simple
design and function, DDBs are one of the least effective SCMs in terms of
water quality and runoff volume reduction (Stanley, 1996; Harper et al.,

8! I

become an integral component of urban stormwater 8!
However, traditional, detention-based systems are still common in the
urban environment, and there is potential to improve the design or
management strategy of these outdated systems to provide additional
water quality and runoff reduction (Wissler, 2019).

* Corresponding author.

1999; Sk aa et al, 2002; Fassman, 2012). Sedimentation ulpamc
ulate pollul:ms constitutes the only poll removal mech

(PRM) encouraged by their design (Papa et al., 1999; Erickson et al.,
2013), which limits the removal of soluble pollutants (Guo et al., 2000;
Shammaa et al., 2002). Existing studies on DDB performance conclude
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