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Performance of Regenerative Stormwater Conveyance
on the Removal of Dissolved Pollutants:
Field Scale Simulation Study

Kevin M, Koryto, MAASCE'; William F. Hunt, Ph.D,, P.E., M\ASCE? Consuelo Arellanc, Ph,D.%;
and Jonathan L. Page, P.E., M.ASCE*

Abstract: Regenerative stormwater conveyancs (RSC) 1 a stormwater control measure (SCM) built in a channel that uses a senes of nffles
grade control structures, and pocls with an underlying sand media layer to detain and treat stormwater runoff, A purpose-built experimenta
field RSC was subjected 1o simulated hydrographs by mixing dissolved nitrogen and phosphorus into inflow from & managed retention pond
The system storage capacity of 30.5 m?® within the pools (14.2 m®) and sand layer {16.3 m*) was sized to store the rnoff volume from th
25=mm event. Twelve storm simulations were conducted under varying conditions of storm depth (25 and 38 mm) and antecedent dry period:
(1 day and 3 days). Simulations confirmed that RSC can convert large porions of flow volumes from surface w subsurface flow; mear
reductions in surface flow volumes were 80% for the 25-mm event and 40% for the 38-mm event. Reductions in dissolved pollutant con
centrations in surface flow were insignificant or very minor for all analytes. However, mean reductions in subsurface flow concentrations wer
high for both total Kjeldahl nitrogen (TKN, 79%) and orthophosphate (81%), Because of welldrained subsurface conditions, nitrification o
TEN 1o nilrale was observed, leading 10 a 250% lncrease in nilale concentation. Results of the simulation study indicale thal microbia
transformation and sorption mechanisms are present in RSC subsurface outflow. Suk e flow buted (6% of the total nitrogen loac
and 42% of the total phosphoms load for the 25-mm event. When adequately sized, RSCs can provide substantial hydrologic mitigasior
for urban drainage areas. As implementation of RSC continues, regulators and designers are encouraged to coasider RSC subsurface flov
as a0 importast contnbution 10 downstream pollutant load. Proper filler media selection and differentiated aerobic/anacrobic condition.
are essenfial to optimize subsurface flow treatment. DOL: 10106 1FASCE)EE. 1943-T870.0001374. @& 2008 American Sociery of Civi

Engineers.

Introduction

Urban stormwatet runoff contains pollutants that have been directly
associated with the degradation of surface water guality (National
Rescarch Council 2008; USEPA 2005). Compacted and imiper=
vious ushan areas inciease mnoff volumes, degeading receiving
waler bodies because of bank erosion and enlarged pollutant loads
(Booth et al. 2005; Walsh et al. 2005). In nutrient-sensitive water-
sheds, nittogen and phosphiorss concentrations are of particular
concern, causing eutrophication and impacting drnking water
sources (NCDE(Q 2007). Futrophication 1s the drver of multple
environmental concerns, including algal blooms, habitat loss, fish
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kills, and hypoxicfanoxic conditions (Mational Research Counc
2008).

The primary focus of traditional stormwater control measure:
(SCMs) has been peak [low atenuation and removal of particulate:
through sedimentation or filteation processes (Clark and Pitt 2012
Kayhaman et al. 2012} Compared o paricle-hound pollutents
dissolved pellutants are more mobile, bioavailable, anpd difficul
to remove, and quickly impact receiving water bodies (Correl
1993; Kayhanian et al. 2012), Dissolved phosphorus is presen
in slomwater as orthophosphate (HyPOF=), also referred to a
soluble reactive phosphorus (SRP) (Stumm and Morgan 2012)
Phosphorus 15 often assumed to be primarily particle-bound; how
ever, o substantally dissolved [raclion in the range 30—45% i
typically found in urban runoff (Kayhanian et al, 2007; Miguntans:
ct al. 2013). Dissolved nitrogen species include nitratefmiteit
(NOT), ammonia/ammonium (NH;, NH ), and organic nitrogen
Nitrogen, unlike phosphorus, 15 predominantly dissolved with the
sum of all dissolved species accounting for approximately 75% o
total nitrogen loading in urban runoff (Taylor &t al 2005). A limite
emphasis has been placed in stormwater management on th
removal of dissolved pollutanis (LeFevre et al. 2014).

SCMs such as sand filters and bioretention have begun to ad
dress dissolved pollutant removal by incorporating media treatmen
(Davis et al. 200%; Passeport et al. 2013). Ressarch on bioretentor
hias highlighted two critical design factogs (filter media selectios
and differentiated asmobic/anzerobic zones) to treat dissolve
pollutants:

1. Filter media selection: Both field (Hunt et al. 2006) and labogs

tory studies (Davis et al, 2006) have shown strong removal o
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And Thanks to Ted Brown
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What can you do here? What Caused this?
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RSCs are... a series of pools and riffles designed
to convey, manage, and treat stormwater runoff

Vegetated Treatment Processes

Energy
Dissipation

Media
Filtration

Groundwater
Exfiltration
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Design Elements of RSC
(Flores et al., 2012)
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Construction - Sand Mulch Sublayer

Existing 2.4-m head cut, 0.5 to 0.8-m media depth in existing channel
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Construction — Boulder Cascades

Downstream to upstream sequencing, preservation of trees
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18 m
Channel Break

Legend

0.3 m Depression Contours

- =~ Thalwag
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W — Well
® —— Piezometer
=== —— (Compound Weir
B2 —— Stage Measurement and Sampler Intake
@ —— Flow Composite Sampler
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Completed System: UNC-Charlotte
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Watauga County, NC
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Morrisville, NC

18



WWW stormwater bae ncsu edu

19



Surface Area

Watershed Size: Surface Area Ratio
Capture Volume

Slope

Pool Storage

Media Volume

Media Type

Media Storage

Pool: Media Storage Ratio
10. Boulder Structures
11.Vegetation Type
12.Pre-Treatment (e.g., Forebay)
13. Infiltration Trench
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List of
Important
RSC
Design
Elements



1) Loading Ratio =
Watershed Area
SCM Area

2)Storage Ratio =

Surface Storage Volume

Media Storage Volume

WWW stormwater bae ncsu edu



Storage Ratio Comparison
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Site Description
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Contributing Watershed 5.2
Area (ha)

Impervious Area (ha) 0.6
DCIA (ha) 0.02
HSG A
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Overall Water Balance (L per 1000 L)
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RSC Discharge Total

Surface 1%
Seep 84%
Exfiltration 6%

Eva poratlon 10%
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Take Home Points

« RSCs can “swallow”
large storms, given
the “right” design

e Seepage seems to be
Important
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Alamance County
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Site Description

Contributing Watershed Area 1.6

(ha)
Impervious Area (ha) 1.0
DCIA (ha) 0.8

HSG D
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Cell 4

€ — Cascade — ><— — 3 Pools at. same _ _s
elevation

4” to 6” Hardwood Mulch

18” Class 1
Riprap

24” Sand/
Woodchip Media M

~ Exfiltration Trench
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Exfiltration Trench (A), Media Type (B)
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Overall Water Balance (L per 1000 L)
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What did we gain by having our
exfiltration trench?
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Overall Water Balance

RSC System Total

Surface 21%
Seep 717%
Exfiltration 2%

ET 0%
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Runoff Volume: Alamance DOT
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Peak Flow: Alamance DOT
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Take Home Points: Alamance Co

e By Isolating Surface Flow,
Volumes & Rates were
mitigated to Pre-
Development

 Some broad Water Quality
Improvement

e Seepage remains important

e Infiltration trench not so
much

e Cell 1 de facto forebay
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Durham RSC Site Characteristics

Southern Boundaries Park
Durham, NC
Installed Nov 2014

Watershed: 2.83 ha (7 ac)
e 38% impervious
e Additional run-on area
e Triassic soils
HSG D (0 — 1.5 mm/hr)
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Durham RSC
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The Durham RSC
 10% slope

e 43-m3 capture volume = 6 mm (0.25 in) event
 Ephemeral to intermittent at Cell 4

-

WWW stormwater bae ncsu edu



An Overview of Instrumentation
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Hydrology: Water Balance

50% Media Flow: Cell 2
Reemerges as surface flow

10% Surface Flow Increase
e GW intrusion (6%)
« Additional run on (4%)

ET Losses Negligible

e Unvegetated system and
high loading ratio

 Does impact water table
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Hydrology: An Instantaneous Look
At 8:34 AM on August 31st, 2015...

Flowrates:
US =3.9 L/s/]/' /
C2=0.51L/s

C4=7.0L/s
C5=74L/s
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Take Home Points

e Ya gotta know your
point of intermittency!

 Filtration important

 Intersecting water
table + limited
filtration = minimal
Improvement

 Maybe configure “wet
cells” differently?

WWW stormwater bae ncsu edu

: Durham



WWW stormwater bae ncsu edu

47



RSC
Contributing
Areas
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| EwemtBaseFow

Median Significance  Median Significance
RE (%) (p-value) RE (%) (p-value)

1141 16.5 0.005* 4.0 0.4
1.\ 13.8 0.6 10.9 0.7
44.0 0.03* (77.0) 0.3
21.4 0.005* 7.4 0.2
1Y 22.3 0.01* 3.4 0.8
(4.1) 0.4 (52.5) 0.002*

4:1423.0 0.2 37.0 0.007*
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Take Home Point: Morrisville

 When grossly
undersized..

While you can make
modest improvements
during baseflow, is it
usually worth the
expense?
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Field Scale RSC — Lake Wheeler, NCSU
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Experimental Setup
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Simulation Method

Hydrograph Creation Inflow Comparison

1. Theoretical:
Curve number & TR-55
- Malcolm’s Method (1989)

2. Target:
10-min step function

3. Observed:
Valve controlled
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Surface vs. Media Flow Treatment

Mean Removal Efficiency*

Analyte g face Flow Media Flow
NO, N N -250%)
TKN 3.8% 79%)
™ - 50%
0-PO,* - 877
TP - 83%|

* Repeated measured ANOVA, Tukey Kramer adjustment for multiple comparisons

o Surface Flow: Insignificant or minimal removal
Sedimentation only treatment mechanism

 Media Flow:
o Substantial TKN and P removal: Media sorption & filtration
0 Increase in NO, 5;-N: Aerobic conditions,
TKN - mineralization - TAN -2 nitrification - NO, 5-N
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Take Home Point: OQutdoor Lab Studies

e Media Matters
e Filtration Matters

e Drainage
configuration matters
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Revisiting Design Elements:
What do you say Is important?

1)Loading Ratio = 1)Storage Ratio =
Watershed Area Surface Storage Volume
SCM Area Media Storage Volume
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Also...

 |dentify your Point
of Intermittency

 Recognize that
Cell #1 i1s likely a
Forebay

 Encourage
Vegetation

WWW stormwater bae ncsu edu



Any RSC Questions?

WWW stormwater bae ncsu edu



Sand Filter Update
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Thank you to our cooperators
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We are monitoring 4 Sites

Greensboro (2) Fayetteville (2)
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Proposed Order of Experiment

 |dentify 4 Sites

e Monitor them In
current condition

e Equip them with IWS
e Monitor them In

retrofitted condition

* Analyze and Tell
Everyone
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Timeline

Install Conclude
Start equipmentl] Retrofit with IWS Monitoring Report

Select Sites Recommence Monitoring Conclude
Analysis

Begin Monitoring

e 9 storms collected at G1, 5 each at G2, F1, F2

68
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Median TN Concentrations with Standard Error
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Sand Filter Update

* A lot more data by this
summer

e |nitial results promising
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Thank you for your attention!
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