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Abstract: The bioretention drmmmage configuration of rusng e outlet © create an micenal waser storage (TWS) layer = the medic wes
criginally imezded to promote denitrifying conditions. The goal was 1o reduce matraie and ol aitrogen concentrations in nutncot-scasitive
watersheds. Two field studies in the Picdmcnt ragion of Norts Caroling, where the m situ soils typscally have high clay coetent, showed ths
design fature had potestiad 10 enhimce exfiltration sad rodoce dramage from Peorekentson 0 bomtenton cells in Rocky Mosnt, Norta

Caroline, were monitored for (wo year-long periods 1o measure e

et of varymg TWS rone depths over sandicr underlying soils. Nearly

9% of UnOIT eatering the eorcsntion coll with sand underlying soil (sandkell) was sever dirscely arged 10 e SOCT W MET AETwork

However. the hydeaub retention time (contact time) of rasoff in the media was less than 3 h. and except for total suspended solids (TSS),
mumumal polletant resnoval was achicved. The other baoretcatxon <ell had a sandy clay loam underlying sodl L cell); romoff from this cell
waxs reduced by 87% during the monitoring period with 2 1.03.m IWS zose depth and 75% when the IWS rone depth was 0.73 m. The
underdying sadl of the SCL cell bad a Jower hydraulic condectvity, so water woalkd 1 in in the IWS zone for up to T days. The increasad
hydraulic reteaoon tme i e modia resulied I Jower outflow concentraucas. For events moanored with dranage from the SCL cell.
effickency riios of all the nisoges species and TSS exceeded 0.5. As an additioeal metric of performance. the pasking lot runoff and traied
runoff froes both the SCL and sand cells were compared 1o concentrations consistent widh “good” and “fair™ beathic macrolavenebraie health
= streams, Usimg this metric, I parking lot naoff oaly met the “fai” standard foe total natrogea (TN and total phospharys (TP), and teated
runoff from the SCL. cell achieved the “good™ staadard for both TN and TP, However, because of the shon hydraalic reeention time of runoff i
B media for hsand el this cell only maintained e “fair” standard for TN and did not achicve the “Yair” standaed for TP. DOR: 10,1061
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Exfilration: Low impact development

Introduction

Low impact development (LID) practices are a sew and evolving
sechnology 106 SLOCM waker managers 10 restooe the sltered hydro-
Jogic conditzon of the landscape crested by urbanization. A prisaary
goal ind treatment mochamism of LID is w infilirate runofT near the
source, Increasizg infiliration reduces remoll and recharges shallow
sroundwaler, which helps maintain seeam baseflow. Additonally.
reduced ouflow volume results in decreased pollutest load dis
chirped 1o the §10mm drain network. Bacause LID practices are sull
relatively sew, ressarchens and designen coatisse 1 modify design
featuces o increase | fi reduction, and overall
performance of the practice.

Bioretestion is an example of s LID practice th has been
researched inteasively to determize the most efficiat design
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blished calite o June 4. 201 1. Discussion pernd open
separaie discussons mist be submted for indvadusl

with respect w0 media depth, media selocticn, vegetative cover,
drainage coefigunitivn. ponding depth. and capiure volume (

%) Onginal bioreteation des included a convertional
wnderdruin configuration, which consisied of latersd, perfoeatad
drains present i & gravel layer beacath the filter modia. A dow
back of this design configurstion was that the filter modha was
predominantly scrobic, 5o erganic nitropea and amreccsem that
were captuned during runofl eveass were wasformed 10 nitrate
and released as such in the eMuwent. Field-monitonsd bioreleation
cells with corventional drainage repored pooe remaoval of oitrate.

1 camen, cfMuent nitrae concentralcns increased {
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research becawse many of the stody sites were ko
sensitive watendeds. Modifying @e design to
tion would improve the efficiency of bsoresention cells in remaving
nitrogen from slorm water renoff. Kim et al. {
raised undendram outlet ko create 3 continucusdy suboes,
bic zone to promote dcnitrification and (Mprove narale and to
nitrogen reduction. The resals from pilot-scale bioretention studies
were TO-E0% miss femoval rates of nisase plos niite (NO, 5-N)
(Kme 2003). A dragram of a biorelention cell with an elevated
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shown in Fig. |. Despite promising Ibormory results, later ficld
studies by Dietz and Claosen (2006) and Huat et al. (2006) were [B
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Designing Bioretention with an
Internal Water Storage (IWS) Layer

Design guidance for an innovative bioretention feature

outflow from bioretention. The hydro-
logic impact is so great that sites with
hydrologic soil groups A or B will re-
ceive higher pollutant removal credits if
IWS is properly used. This publication
discusses the water quality, hydrologic,
and thermal benefits of using IW'S, as
well as the constraints and concerns as-
sociated with using TW'S. Examples of
ways to incorporate IWS into bioreten-
tion designs are also included

WHAT IS BIORETENTION?
Bioretention combines namral and en-
gineered systems to manage stormwater
from developed areas. One design goal
is reating the “first flush,” or minal,
more polluted portions of a runoff event
Reducing the volume of runoff leav-
ing a bioretention cell is a crucial part
of pollutant load reduction and is ac-
complished via evapotranspiration (ET)
and exfiltration. Promoting exfiltration
through the bottom layer and sides of
the bioretention cell will increase pollut-
ant removal capabilities of bioretention
Understanding hydraulic propertes of
the in sit soil is important to predict

bioretention performance, including its
ability to enhance groundwater recharge
and stream baseflow. Bioretention
design, construction, and maintenance

ve previously been discussed in AG-
588-5 and AG-588-3, both part of the
Urban Waterways series

BIORETENTION DEFINITIONS

Temminology for bioretention hydrologic
terms follows. Please refer to Figure 1.

Inflow/Runoff — amount of water leav-
mg (or shed from) the surface of the
dramnage area. In urbanized areas, this
water typically enters the storm sewer
network

Bowl - The surface ponding zone. This
has been typically designed to be © to
12 in deep.

Media — An engineered sandy fill that
has moderately high permeability
(1-2 in/hr) and is capable of caprur-
ing or removing niTogen, phosphorus,
metals, and other pollutants
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What Is an Internal Water
B Storage Zone?

— — e S — e

e Internal Water Storage = IWS
e Originally developed to improve nitrate
reduction in N-sensitive watershed

e Bottom of cell remains saturated - anaerobic
conditions created to reduce nitrate TN

e Main benefit =2 “Infiltration Enhancer”

e Biggest impact in sandy in-situ soils
e Qutflow - rare
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Bioretention Cell Schematic
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Increased Pollutant Removal
Credit for Bioretenon w/ IS

g —

e Specifications

e Applies to Sandhills, upper coastal plain,
coastal plain, and barrier islands

e Minimum media depth — 0.9m (3 ft)

e Top of IWS no closer to surface of media than
30cm, but no shallower than 30cm above
bottom of cell

e NC State Guideline — pre-construction
underlying soil permeability at least 25mm/hr
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Outlet Ideally
12 - 18 in. Below,

Internal Water —
Storage (2 12in.)

. > — RN J
Media (2 3 ft.) i .. . . (W=7 I— Bowl Surface

Gravel Layer
(6 -8in.)




Increased Pollutant Removal
Credit for Bioretetion w/ IS

—

Total Total
Nitrogen | Phosphorus

Old NC DENR Credit
(Statewide)

Revised NC DENR

Credit (Sandhills and 60% 60%
Coastal Plain)

Revised NC DENR ° ]
Credit (Piedmont & Mts) 40%

In order to receive additional credit in Piedmont or Mtns, Cell &
must be constructed at site with a B Hydrologic Soil Group.

395% 45%
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Employing an IWS in Oz.
Called: Saturated Zone

L ———
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Drains force water to within
100mm of surface
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Bioretention Cell Schematic

Internal Water Storage
(saturated zone)
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How is an Internal Water
Storage Zone Created?

e Elevating the outlet with a 90° PVC elbow to
force water to be ponded in bottom layer.
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Most Common Install Methodz:::.
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ddddé

Upturned Pipe in Outlet
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Looking down into the
Ovrflow Basin
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Bnefits B

e L ———

e Hydrological
e Thermal
e Cost

e Retrofit Ease
e Water Quality
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Hydrological Benefit

Runoff
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Effectlve Porosﬂy

L ——
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1. Gravitational Water (freely draining by gravity)

2. Capillary Water (held by surface tension between
particles, plant-available water)

3. Hygroscopic Water (held tightly, not plant available)
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Storage Availability in IWS;
Example Calculations

—— ———
B — e — e —

e 0.9m media w/ underdrain & 20cm gravel
layer

IWS Depth in Media | 60cm | 45cm | 30cm

Available Water

Typical Storm Size

Captured (100% 25.7mm | 20.8mm | 16.0mm
impervious, 8.4:1 ratio)
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Monitoring Hydrologic
Benefits
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Rocky Mount 444
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e Imperial Centre: Museum & Performing Arts
e Grassed Cell (sandy loam underlying soil)
e Mulched/Shrub Cell (sand underlying soil)

S
gj/

pe.F E

o TR

¥

V"’ﬁ‘ oideE 2




Rocky Mount Characteristics

Characteristics

Vegetative Cover

“Sandy
Loam”

Grass

“Sand”

Shrub/Perennial 7

Subsoil

Sandy Loam

Sand

Exfiltration Rate

8-10 mm/hr

150-300 mm/hr

Drainage Area

0.22 ha

0.25 ha

Impervious Area

76 %

72 %

Bioretention Surf. Area

139 m?

150 m?

Media

BAE Stormwater Engineering Group
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Sandy Loam CeII (Grass)

———
‘ v

——r
Bowl: 0.16 m (0.5 ft)
|

Sod: 0.08 m (0.25 ft)

Fill Media:
1.1 m (3.6 ft)

1.02m
(3.25 ft)

0.71m
(2.25 ft)

O |, D) Gravel: 0.15 m (0.5 ft)
|/

7 7

Underlying Soil - Sandy Loam
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Sand Cell (Mulch/Shrub)

———

Bowl:0.13 m (0.4 ft)
|~

Mulch: 0.06 m (0.2 ft)

Fill Media:
0.96 m (3.15 ft)

0.87 m
(2.85 ft)

0.56 m
(1.85 ft)

D D Gravel: 0.15 m (0.5 ft)
L/ /1/

Underlying Soil - Sand
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Rocky Mount

Sandy Loam
Cell
Drainage

Sand Cell ;,,
Drainage —’”’

5 events 4 events

1/1 4/09 to

e Shallow IWS monitoring period
e Fewer intense & large storms
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Outflow vs. Runoff
(Sand underlying soil)
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Outflow vs. Runoff
(Sandy loam underlying soil)
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Drainage vs. (Treated) Runoff ::::-
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(Sandy loam underlying soil) e
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Water Balance
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Thermal Beneflt

—— ————
L — . —

e Draws water from bottom of media profile
e Location of coolest water

e Experiences smallest changes in temp. during
storm events

e Volume decreased - thermal load
decreases
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Thermal Benefit

Hot L

Cold .

Exfiltration



Inlet V. Outlet Temps: Asheville
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Cost Savings

. — L ————
. — | —

e Tie into existing landscape easier b/c elev.
drop from underdrain to outlet is less

e Fewer materials (pipe/drain tube)

e |Length of trench to outlet underdrain is shorter

e Best applied in where little change Iin
elevation is accessible
e Coastal plain (flat lands)
e Retrofits
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Retrofit Ease / Cost Savings

NoteqdNot:
o Seald

Lend Skepee 8%
Temporary —
Storage = 12'in. = IWS Pipe Length = 48 ft. Fipe Slepes 9 %

Media = 36 in. — (63; ¢ e NP
-] . L
Internal Water — %% S e e a e o l
Storage = 24 in. hA\ i i CRIPRIA RS

Conventional Pipe Length = 120 ft.

Gravel
Layer =12 in.

Biological & ™
Agricuttural
Engineering
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Rrofits B
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e Easy to tie in underdrain outlet
e Less elevation change to worry about
e Save $$% on trenching and pipe cost
e Avoid underground power lines (often 1m deep)

e Incorporating IWS makes some design
scenarios feasible

BAE Stormwater Engineering Group “We Bring Engineering to Life” NGSTATEUNVERSITY
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Unable to Connect to
Existing Storm Sewer

Conventional




In theory...
Conventional Drainage




In theory...
IWS Water Quality Benefit




Sand Cell: Water Quality

e All samples (drainage [3] & grab [5]), n=8
e Both monitoring periods; units: mg/L
e Time for IWS to fully drain: < 3 hours

BT
p
15%_ 15%

NC Credit (pollutant load removal) 35%

BAE Stormwater Engineering Group




Sandy Loam Cell: Water Quality

e Samples with drainage, n=11
e Both monitoring periods; units: mg/L
e Time for IWS to fully drain: 3 to 5 days

T
p
Sandy Loam Cell| 0.31 | 0.06 |_0.12 | 043 _

Efficiency Ratio LY 58% 58%

NC Credit (pollutant load removal) 35%

BAE Stormwater Engineering Group




Pollutant Load Reduction
e Overall pollutant load reduction to
stormwater network (pipe)

e Sand Cell: TN (99%) & TP (99%)
e Volume Reduction — 99%

e Sandy Loam Cell: TN (89%) & TP (85%)
e Volume Reduction — 80%

e Data from both monitoring periods combined

BAE Stormwater Engineering Group “We Bring Engineering to Life” NGSTATEUNVERSITY




Take Home Points

. — -~ ————
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e Improves water quality
e Primarily through load reduction

e If contact time in IWS is long enough

e Has benefits from denitrification

e Remember, when soils get too clayey

(tight)...
e Reduced hydrologic benefit
e However, improved concentration reduction

BAE Stormwater Engineering Group “We Bring Engineering to Life” NGSTATEUNVERSITY
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e Reduced performance for consecutive
events

e ——————

e Performance reduced in clay in-situ soils

BAE Stormwater Engineering Group “We Bring Engineering to Life” NCSTATEUNVERSITY




Reduced Performance for
Consecutive Events
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o
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1.0

-15

Rainfall
(mm/in)

I.W.S — Conventional — Rain

Inflow (L)

Drain G-1

(L)
(2 ft IWS)

Jun-04 Jun-05 Jun-06 Jun-07 Jun-08 Jun-0% Jun-10 Jun-11 Jul-16 Jul-18 Jul-20 Jul-22 Jul-24 Jul-26 Jul-28 Jul-30

Drain G-2
(L) (No IWS)

6/4-5/04

22.6/0.89

41,800

0

3,200

6/8/04

25.4/1.00

47,500

4,600

3,200

7/17/04

63.2/2.49

124,100

6,600

11,800

7/27-28/04

30.5/1.20
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Consecutive Events

Evapotranspiration I

Exfiltration



Reduced Performance in

Clayey in-situ Soils

— ————
e —— D —

e Rocky I\/Iount (sand): Upper Coastal Plam
e Greensboro (clay): Piedmont
e Graham: (N) loamy-clay & (S) sandy-loam

Site # Events | # Events w/
Monitored Outflow

RM Grass /8 S
RM Mulched 78 4
Greensboro 1 63 18
Greensboro 2 63 40
Graham (N) 40 34
Graham (S) 40 22
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Clay in-situ Soils
e Media th —m e
e IWS depth — 0.6m media & 0.3m gravel

— —

Soil Type Exfiltration Drawdown

Rate (mm/hr) | Time (days)
Loamy Sand 62.5 0.6
Sandy Loam 25 1.5
Loam 12.5 3

Clay 2.5 15

Compacted Clay 1.3 30

BAE Stormwater Engineering Group “We Bring Engineering to Life” 'NCSTATEUNIERSITY




Little benefit of IWS in
Hydrologic Soil Group D

g —

e Tight clay & Muck
e High Shrink/Swell

e Almost no potential for infiltration

BAE Stormwater Engineering Group




IWS Depth Recommendations

- — L ————
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e Very sandy sites — Hydrologic Soil Group
(HSG) A, and sandy HSG B sites

e Maximize IWS depth, drawdown of IWS not an
Issue

e Set IWS outlet 12 in. from surface of media

e More clayey sites — HSG C, and tighter
HSG B sites

e Drawdown from IWS might not be as fast, and
having a large enough aerobic zone is important

e Set IWS outlet 18-24 in. from surface of media
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Take Home Points
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e Best to use in areas of sandy in-situ solls —
acts as a sump (outflow rare)

e Coastal plain

e Easy retrofit

e Not much extra $$%, could even save some
$$$ by using IWS

e Improves water quality and thermal impact
e Load reduction

e Contact time = N benefit, too.
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B Carefu!!!

C  — C———
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e For clay in-situ solls, exfiltration is slower,
SO0 media storage might not drain
completely between events.

e For large successive events, even in sandy
In-situ solls, the media storage will only be
partially available.

e No hydrologic benefit in soil group D
e IWS not necessarily better; may be worse

e Avoid seasonally high water tables!!!
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