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Urbanization often shortens watershed response times and

increases flow volumes and rates
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Estimate that 5% of raln runs off a wooded
area & 95% of rain runs off a parking lot.

Precipitation A ane Inch rainstorm will prodouce:
event Passage of time % 1 acre wooded area = 162 cublc feet (1.361 gallons) of runoff

# 1 acre parking lot = 3,449 cubic feet (25,800 gallons) of runoff

Saurce; Thamas Jatferson Soll & Water Canservation Blstrict

Prior development decisions have led to directly connected

impervious areas and “pervious” areas with heavily-compacted soils.



Moving Stormwater Control Into the
Watershed

Multiple names for a similar goal/design process:
Low Impact Development (LID)
Conservation Design

Water Sensitive Urban Design (WSUDs)
Sustainable Urban Drainage Systems (SUDS)
Distributed Runoff Controls (DRC)

How can we modify our development designs to
encourage stormwater treatment at its sources
instead of at the watershed outlet?

Improved Understanding of Runoff Flows and
Volumes as a Guide for Stormwater Management

» Usually a simple relationship between rain depth and runoff depth.

» Changes in rain depth affect the relative contributions of land area
runoff and pollutant mass discharges:

— Directly connected impervious

areas contribute most flow
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— Disturbed urban soil areas
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(“pervious” areas) may
dominate during larger rains
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Relating Runoff
Distribution to Pollutant
Loadings

SCS Type Il Rainfall Example

Milwaukee Pollutant Discharges
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Design Objectives

* <0.5 in runoff « Water Quality Storms

— Most Events (Number of — Totally capture runoff

Storms) — Reuse runoff on-site

Little of Annual Runoff (irrigation?) or
Volume and Pollutant Mass infiltrate runoff in

Discharge upland areas (unless

Probable Little Receiving groundwater

Water Effects contamination potential
Problem: Pollutant exists)

Concentrations Likely Exceed

Regulations (bacteria, total

recoverable metals) for each

event

Design Objectives (cont.)

e 0.5 -2 inches  Pollutant Mass Loading

— Majority of Annual it

Runoff Volume and — Totally capture up to

Pollutant Discharges 0.5 in (12 mm) rains
and infiltrate on site.

Do not allow in
drainage system.

— Occurs Approximately

Every Two Weeks
— Problems: — Investigate treatment
* Produce Moderate to High for runoff not

e captured.

* Produce Frequent High
Pollutant Loadings




Design Objectives (cont.)

* 2-4inches * Drainage Design Storms
— Current Design Storms — Remove first portion of
events (0.5 in) for on-site

— EsfEbilisnes B gy reuse or infiltration

Gradient of Streams _
— Treat runoff from middle

— Occurs Approximately portion of event

Every Few Months (once

/ — Reduce discharge rate
to twice a year)

for large flows (prevent
— Problems: downstream habitat

* Unstable Streambanks destruction)

« Habitat Destruction from
Damaging Flows

Design Objectives (cont.)

* >4 inches * Flooding Storms
— Occur Rarely (once every — Retain on-site first portion
several years to once every — Treat middle portion
several decades or centuries) — Reduce discharge rate for
Produce Relatively Little of large flows
Annual Pollutant Mass — Convey excessive flows in
Discharge secondary drainage system

Produce Extremely Large to minimize loss of life and
Flows and Exceed Drainage property damage

System Capacity for Most

Events




New Guidance Needed for Selecting

Stormwater Control Practices

impanvicus Cover Model
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Start: Goal of Minimizing Impact of Development on Land and Receiving Water
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Determine Applicable Regulatory Emdronment

Chapter 2.0

kL

10 Determine Required Level of Treatment

‘Quartity - Chapter

rcent Associated with Rain Depth
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0 ]
Rain Depth (mm)

Quaity - Chapter 4.0

L i
Determine Required Treatment Technologies
Infikration
Surface Treatment
Combination

Chapters 5.0- 8.0

L

PredictMeodel the Effectiveness of the
Stormmwater Management Design

Chapter 9.0

Ref:

Clark et al. 2009.
Infiltration vs.
Surface-Water
Discharge.
WERF Report
04-SW-3. To be
published
Summer 2009.

Developing Guidance for Selecting
Infiltration vs. Surface Treatment Practices

Stormmwater Flow Characterzation Start

This chart is designed to assist in determining the quantity
and rates of flow that require stcrmwater management
The checklist is provided for documenting these flows.
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Water Quaniity Treatment Start:

This chart Is designed to assist in ppropriate treatment
for reducing peak fiow rate and volumes associated with storms exceeding
deslgn léql.l"el!l?l“s andior CﬂJS"\g streambank |I\S|m}l|f','.

The checklist i pwvld'ed for dn}cumemlng the selection process for treatment device(s).

L}

Detemrning the volume and flow rates for stormwater requiring quantity treatmerd,

Characterizing
PN the Flow Rates
o ote ot and Volumes

es Be Trealed Solsly T Mo
by Infiltration? .
Section 5.2 . .
Requiring
Y

Determing the stormmwater quantity
freatable by infillration,

Control

Sedion 5.3
Y
Select Infiliration Practices

and Design for Runcf
Volume Treatable by Infitration

v

Select Infitrafion Praclices
and Design for Expected
Runaff Valume.

Ref:
Clark et al. 20009.
‘ | . . Infiltration vs. Surface-
S T:’m — Water Discharge. WERF
for Unficated Water. Report 04-SW-3. To be
published Summer 2009.

Section 5.3

Sedion 5.3 Chapter 6.0

Chapter 6.0

Section 8.2
Seclion 8.3

DretentionRetertion
Fitration

= Go to Water Quality Treatment (Chapter 7.0}

Table 5-2: Summary of Modeling Guidance for Various Site Conditions
Rational, Modified Rational and NRCS Methods'

Site Condition Rational Modified NRCS-Based

or Parameter Method

Rational Method

Methods

Mixture of pervious and Use standard procedures
directly connected

impervious surface

Use standard procedures

Use weighted average
runoff volume

Unconnected impervious Use not recommended

surface

Use not recommended

TR-55 or Two-Step
Technique

Reduce effective size of
recharge area

Groundwater recharge areas

Reduce effective size of
recharge area

Reduce runoff volume by
recharge volume

Maximum sheet flow length =
Maximum sheet flow n = 0.40

Time of concentration

150 feet

Include effects of storage and ponding areas

MNotes: Table presents summaries only. See text for complete descriptions for each computation method.
For sites with combination of recharge and non-recharge areas. Methods not recommended where entire area is recharged. See text for
details.

New Jersey Stormwater Best Management Practices Manual «» Chapter 5: Computing Stormwater Runoff Rates and Volumes « February 2004 « Page 5-26

Many methods approved to calculate runoff volume.




Other Methods of Calculating Volume

and Peak Rate

* Small Storm Hydrology (Pitt 1987, 1994, 1998, etc., etc., etc.):

Table 5. Summary of Volumetric Runoff Cosfficients for Urban Runoff Flow Calculations (Pitt 1987).

Fieduetion actons Tor Afferent rain Gepths (mm):

T ] T 0 L3 i) i) L) 9%
000 | 0.00 TAaT 0.90 X7 0.99 099 0.9 05

000 | 008 0.1 0.18 020 029 0.48 o8 099 (-]

o | 000 [ 0.00 011 0.16 020 021 022 027 034 046

iy 1and uses, use clayey s0il rundll coeficints

Accumulative Baln (after initial losses
are satistied) (P

Other Methods Listed in the Guidance Documents

Short cut method (Schueler, 1987). Used where the site consists
of predominately one type of land surface or for quick
calculations to estimate the water quality treatment volume.

Water quality volume (WQv): e PR/A
y =
12

P = rainfall depth in inches for selected area of state (i.e. 1.25
inches) and A = area in acre

Volumetric runoff coefficient (R,):

Ry =0.05+0.0091

= % impervious area




Limitations of Using Drainage Design Models
for Small Storms and On-Site Designs

Problems arise when trying to use drainage design hydrology
models for water quality analyses.

— TR-55 greatly under predicts flows from small rains: NRCS recommends
that TR-55 not be used for rains less than 0.5 inch.

— HEC-HMS has TR-55 “built in” as a option.

Most drainage models assume that all/most flows originate from
directly connected impervious areas, with very little originating
from pervious areas.

— However, with larger rains (drainage design rains), contribution from
pervious areas significant.

Water quality problems typically occurring from small and
intermediate sized rains, not drainage design storms.

Observed Curve Numbers for
idential Area
(3&?.:?::::0\.““;) Curve numbers and the
0.25 acre lots, sandy sails methods that use them don’t
{cxmam:aimcumam:rs} ]
' work well for single events that
are not drainage design depths.

Florida

Green Roof Runoff Evaluation

- - - -
L]
. L ]

SCS Curve Number

Calculated from Total Rainfall and Total Runoff
CN =62

Adam Clark -
M. EPC Paper 2009 00 10 15

Total Storm Depth (in)




Water Quality Treatment Stan:

This chart is designed to assist in pprop
for treating on-site the pollution associated with stormwater.
The checklist is provided for documenting the selection process for freatment devices).

; hJ .
Datarming the volume and flow rates for stormvwater requiring quantity treatmeant.

Characterizing
the Stormwater
Quality and
Receiving
Water

Section 5.3

Y

" Do Polutant Loadings
s Exceed the Levels
Yes Considered “Safe”
for Infitration?

Section 5.3
Chapter 7.0

Standards

Dretermine the type of (pre-) treaiment
appropriate for polltant types and
concentrations,

Section 7.4

L4

¥ ) Select Infillration Practices Ref:

and Design for Expected

Runoff Velume and Flow Rates. Clal’k et al- 2009 )

. | Infiltration vs. Surface-
i - Water Discharge. WERF
Report 04-SW-3. To be
published Summer 2009.

Select Treatment Practices
and Design for Runcff Valume.

Seclions 7.2 and 74
Chapter 8.0

Inflirate pre-treated water as requirec/
recommended. or discharge to receiving
water al diffuse points to prévent bank
instability and habital destruction near
single discharge point.

Lot Size as a Guide for Stormwater
Management Decisions

Stormwater Controls Low/Very Low
Density Residential

(> 2 acre lot size)

Medium Density
Development
(0.5 to 2 acre lot)

High Density
Development

On-site infiltration
(unless contamination
potential exists)

Rooftop and pavement = Rooftop and pavement

where space available

Rooftop only,
depending on roofing
materials

Minimize compaction YES Likely not feasible

Grass swale drainage YES
for roads (unless

contamination potential

exists)

Likely not feasible

Wet ponds

High-rate in-line
pollutant treatment

Likely not needed

Likely not needed

Commercial and
industrial areas

Critical source areas

Commercial and
industrial areas

Critical source areas
(may want to send
runoff to treatment

plant)

10



Acceptable BMPs for

GROUNDWATER RECHARGE

Post Construction Fovne

SW Guidance

Manual (1 Handbook (2) Manual (3) Manual () | Handbook (§ Protection (6

Maryland New Jersey NewYork | Penmsyhania Center for
S BMP SW BMP Watershed

Permable Ch. 4, Table 2-3; Section § Fact Sheets
Ch.3,p. 111 SW Management
Porous Pavement
Stommwater Section 3.3 Ch.4, Table 2-5; | Section 6.3 Section § Mamnal Builder

S tOran ater Infilmation

Ch.3p 9% Performance Cnitenia
Infiliration Systems

Grass Swale P.3.57

Management

Section 3.3 Ch.3p.34 Section 6.5 Section § Manual Builder

Performance Criteria
Open Chanels

(PA DEP 2000)

Bioratention Appendix A Section 3.4 Ch 4, Table 2-3; | Section 6.4 Section § Manual Butlder

Ch.3,p.55 Performance Criteria

FferSmp | P.3-39

WATER QUALITY

em vark

Tirlawarr
ST Caidamee 5%
Manuad (3) Adanusl i4)

Ch. 4, Table 2-3 Section &

RATE AND VOLUME CONTROL

Delamware Marbawd
W Geidaacs AT
Mangal (1) | Masasl (5

Cemter for
Wt aritia

Reds b |G A |CE LTRSS, |Gl | Seeend

New Solutions for Peak Flow Control:
Maintain Time of Concentration

Open drainage

Use green space

Flatten slopes

Disperse drainage

Lengthen flow paths

Save headwater areas
Vegetative swales

Maintain natural flow paths
Increase distance from streams

Maximize sheet flow

Maintaining pre-development
time of concentration essential
to mimicking pre-development
hydrology! Reduce peak flows
in receiving waters!




Disconnect Impervious Areas and Infiltrate
“Clean Stormwater” for Groundwater Recharge

Directs water from streets and driveways

Disconnects roof drains to cisterns or infiltration
areas

Reduces the amount & velocity of water flowing
into piping system and the receiving water.

Reduces the amount of pollution entering the
drainage system.

Street Edge Alternative
Seattle, Washington

Disconnection of streets from
traditional drainage system.

Photos by Shirley E. Clark
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On-Site Water Disposal Options

Rainwater Harvesting

Infiltration (with or without subdrains)

Roofing for Rainwater
Harvesting — Consider the
Matgrials

g b

13



.Rainfall pH ranged between 3.7 and 6.0.

Phosphorus concentrations highly variable.

Green roof runoff highest, but still relatively small,
likely due to reduced organic|content.

& 4 . e - . g
o‘_‘;w 3\,&"“ 5 e r\&,sr““" .;N"’:. A
N Drinking Water Standard = 45 mg/L
(10 mg/L as N)
" | Stream Data = 0.58 mg/L
Wood products source of nitrate. o
I Roof runoft quality
over first year of life.
10000
8000 - o )
Stream Criteria Maximum
Concentration = 120 pg/L
o 4998 Pl icity ~ 2,000 — 11,000 p g/L
e ant toxicity ~ 2, - 11, ng
Y
=
&
4000
2000
Sy |

Galvanized Green Roof

Asphalt Shingles Cedar Shakes Treated Wood Waterproof Wood

14



Copper
(non-woods)

Stream Criteria Maximum
Concentration = 65 pg/L

§> Plant toxicity ~ 2000 pg/L
] . (estimate from research)
§ %
0 — . L . .
Galvanized Green Roof Asphalt Shingles Cedar Shakes Treated Wood  Waterproof Wood
= Copper (preserved wood
==1 products)
22500
| Stream Criteria Maximum
_ Concentration = 65 nug/L
E
w1 Plant toxicity ~ 2000 pg/L
& .| (estimate from research)
(&}

Galvanized Green Roof  Asphalt Shingles Cedar Shakes  Treated Wood Waterproof Wood

15



Infiltration

General Types of Dev

Design Concerns

CES

Porous Pavement Control Device
Soumee Area: Paved Parking/Stoage 2
Total Area: 0133 Powuz Pavement Numbes

Forous pavement area [acresk
Inflow Hydrograph Peok ta Average Flow Ratio

Pavement Geomely and Pioperties

Bgpeqshe Base Rereros Woid Fisbio (01 ]

Forous Concrete

Porous Asphalt
Concrete Grid with

Aggregare Bedding N,

Outiet/Dizcharge Options

Fertorshed Pipe Underdan Dismeter. § uoed
[rochees]

SisFace Pavement Layes
Erafiltration Robc Doie

irdbal Infltiabon Flake [rute]

Select Subgrade Secpage Rate

T Sand - @i

" Loamysand - 25
Sandy bam - 1.0 nit
Loam - 05 ske Say clay - 0.04
Skioam -0 3ty £ Clag - D102 /e
Sty ot fowen - 17 e

Continue

Restorative Cleaning Frequency
Neves Cleaned
Thise Times pes Year
Annually

Evouy Treo Veaes
Every Thiee Years
Every Fous Years
Every Five Years

" Every Seven Years
Every Ten Years

Cancel Delete Control
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CROSE.SECTION

Grogs Swale Dota

Total Asaa m Lard Use [32) 92.2¢. 18,71 304 482 267 298
(Asma Sarved by Srslas fac) a0 akg 0.00 aon 2267 000
Swaie Dty [fuiac] 0o 5940 0.00 a0g L 0.00
Total Swals Lengh (i) i 575 0 0 2m 0
| Avetage Swale Langth to Outlet 1) L 575 (1] 1] 11m 0
Typical Battom \wWidth (R] ot 20 oo g Z o0
Tpical Swale Sice Siopei__1tH: 1) ot 30 00 a0 i 0o
Typrcal Lussptintual Shops 0,000 0004 L1 Lo (10 0.000
Swale Residanes Facte e R | | -l e - =l
Typicnl Giate Haght [n) of f0 0n an &0 0o
Sl Dymamic Infiyation Flate frhi] 6,000 2500 0600 0.000 4500 2000
Typical Swade Depth (1] Fx Cost Anabysis [Optional] af 0o 0.0 pL1j on 0.0

Rsidential  Instituional | Comme ndusirial | Ofher U Frasviay
LardUse ' LandUse | Lamdlse = landUse | LawdlUse  LandUse

Selec Coned | Total arsa served by rsles [atres) 275
Particla Size Fia

~ Use One Swals System For All Land Uses

sl Size Disbibulion Fils Dale Grid Total area lacrest. 3055

Fesiderdial LU

sl LU

Qp=C*i*A =57.13 cfs

Select infiivation e by soil type

EAPhogran FlesinG AMMAUEDIUM.CRZ

Q, = peak discharge (cfs)
C = runof coefficient, 0.72 (McCuen, 2004) -
= 3.5 in/hr, rainfall instensity calculated f
for a 10 year storm event
A = drainage area, 22.67 acres

Effective Shear Stress
— 5% D * ng 2
T. = 8* D ™S (1-Cf) ( e ) =0.025 Ib/ft 2

T, = effective shear stress on soil beneath vegetation

& = specific wt of water, 62.4 Ib/ft >

max flow depth in cross section, 1 ft (PADEP, 2006)

hydraulic slope, 0.01 ft/ft

C; = vegetation cover factor, 0.75 (Pitt etal, 2007)

n, = roughness coefficient of soil, 0.02 (Pitt et al, 2007)
n =_roughness coefficient of vegetation, 0.05 (Pitt etal

Apphy the Resdenhal | and Ute Padida Sce “le to 28 &ctive Land Uzes

Select Gueals Dunsity by Land Use £

Delete Cancel | _[‘n-lm-»l

Grass
Swale/Filter Strip

(¢!

Design

Land Use: Instibationsl

Copy Rk Dty

St

Sandy b
" Loan: 05 iy

2007)
e
JOE oy o cowes
P

Disfiltration Control Device

Seurce Asea Paved Parking/$ioiage 3 Diokitar Numbes |
Davice Propesties

Seleet Matree Sed Inlitsation Hale

" iy el bam (08 e ] A am

PADEP, 2006

Total Auma: 2316 acane

Add Dutlet! Divchorge |

Fiit iy Outled

Selecied Uuitely

Bioklier Gromelip Schemalic

Change Geometiy

Pt

Clploara -0 e |

Ure Parcom
Sy clay 11 Nt
Germvalin b
Aerourt i
Infbvation Flale
L

Jremisady

Rskisth Schansic | Dolats Cancel | Gontitea
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Soil Compaction and Recovery of
Infiltration Rates

» Typical site development dramatically alters soil
density.

 This significantly reduces infiltration rates, especially

if clays are present.

 Also hinders plant growth by reducing root penetration

(New Jersey NRCS was one of the first groups that
researched this problem).

» Compaction should be prevented in areas selected for
infiltration. Position equipment outside the area.

Infiltration Rate (in/hr)

Disturbed Sandy Urban

Disturbed Clayey Urban
Soils

Soils

Pitt, et al. 1999

18



Long-Term Sustainable Average Infiltration Rates

Compaction
Texture | Method
Sandy |Hand
Loam | Standard

Modified
Silt Hand
Loam | Standard

Modified
Clay Hand
Loam | standard

Modified

Dry Bulk

Density
(g/cc)

Long-term

Average
Infilt. Rate
(in/hr)

0.29
0.015
<<0.001

Compaction,
especially when
a small amount
VAT
present, causes
a large loss in
infiltration
capacity.

Pitt, et al. 2002

Solutions to Compaction Problems

Use soil amendments to improve existing soil
structure or restore soil structure after construction

Remove soil layer with poor infiltration qualities

Replace soil with improved soil mix

— Mix sand, organic matter, and native soil (if no clay)

Use deep rooted plants or tilling to improve
structure (but only under correct moisture

conditions)

— Chisel plow, deep tilling, native plants

Pre-treat water

Select different site

19



Chemical Changes Affecting Soil
Infiltration Rates

Sodium adsorption ratio (SAR)
— From agriculture

— Noted that as the ratio of sodium concentrations to the square
root of the calcium and magnesium concentrations increased,
soil clays dispersed and soil became impenetrable.

SAR > 15 indicates excess of sodium adsorbed
SAR >4 can cause decreased infiltration rates in clay soils
SAR > 2 can cause decreased infiltration rates in loam soils

Gypsum as a soil amendment can resolve problems.

20



Sodium: Loamy Sand . .
Changes in Soil
Chemistry over Time
’é"‘ 1
= .. . .
£, Minimal to no change in sodium and
3 - Control calcium.
| - B"sturm events . . .
1 = G i evsis Potential decrease in magnesium.
= 24 storm events et
— 32 storm events
——— 40.slommisveris May result in increase in SAR and
Soil Concentration (ma/kg) lnﬁltratlon rate.
Calcium: Loamy Sand Soil Magnesium: Loamy Sand
— Gontrol ;.
——= B storm events
16 storm events
=== 24 storm events | |,
. % e —— 32 storm events | [/
3 E 40 storm events |/
= i B \
P / j < \
o !| ! o 15 |
3 Ty Centrol 3 A
il ——— 8 storm evenls |
i - 16 storm events 20 |
1] === 24 storm events
Ui 32 storm events
I === 40 storm events
o ) |rV 200 .r 400 500 800 700 ] 200 400 600 800 1000
Soil Concentration (mg/kg) Soil Concentration (mg/kg)

Clogging and Pretreatment

* Infiltration devices, especially non-vegetated ones,
clog over time.

— Soil testing of infiltration rate at design only looks at initial
conditions.

— Many states require initial high infiltration rates because of
clogging concerns.

— However, this may eliminate slow infiltration sites (which
may work well over time with solids pretreatment).

* Clogging may be predicted (Urbonas 1999):
u= ki ¢ Lm-C




Flow Rate (m/day)

Flow Rate (m/day)

Clogging Predictions and Pretreatment of
Solids

i

Peat-Sand

—e— 48cmiD
== 10¢m ID {Run 1)

\\ —e— 10cm 1D (Run 2)

o

1000 2000 3000 4000 5000
Cumulative Suspended Solids Loading {Q"mzl

Sand

[—— 48emip

| =e— 10cm 1D (Run 1)

I—v— 10 em 1D {Run 2)

Small sediment forebay also
reduces the amount of infiltration
BRRCSRE NI bed area requiring maintenance.

Cumulative Suspended Solids Loading thm2]

Groundwater Contamination Concerns

Must address potential groundwater contamination.

— Residential stormwater (typically the largest fraction of total
runoff volume) can generally be safely infiltrated, if use
surface infiltration practices.

— Commercial runoff likely would require pre-treatment.

Possible to amend or replace soils.

— Soil amendments should contain low phosphorus to prevent
phosphorus migration from the soil to the groundwater.

— Use cation and anion exchange capacity to predict lifespan of
soil media for pollutant removal. (NOTE: CEC and AEC are
pH-dependent and several metals are more soluble at the pHs
seen in native PA soils).

22



Benefits of Urban Stormwater Infiltration/Soil
Media Treatment?

Biofilter-Grass Biofilter-Grass
Swale Swale Biofilter-Grass Swale

Analytical Parameter Inflow Outflow Inflow Outflow | Inflow
Ammonia, Total as N (mg/L) 0.1192 0.05027
Calcium, Total (mg/L)

Chloride, Total (mg/L)

Manganese (ug/L) - 13.79

Nitrate, Dissolved (mg/L) 02716 02716 1696 | 02716 | 0.2689

Source: International Stormwater BMP Database

Is Groundwater or Soils Contamination of
Concern?

» Mass Balance (Conservation of Mass):
Input = Output

» Ifreduction seen between surface inflow and outflow,
then the pollutants either are (1) trapped in the
infiltration device or (2) transported in the subsurface
below the device.

* How likely are they to be transported “far enough” to
cause problems?

23



Laboratory Investigations of
Subsurface Contamination Concerns

Silt Loam Loamy Sand

8
Equivalent to approximatgly 10 ft of intemitt%

&

+— Entire scil profile

Influent
0 T . T o —
a 50 100 150 200 250 300 350 o 50 100 150 200 250 300 350
Age (days) Age (days)

07 [ I
Control —— Control \ il
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Silt Loam Potassium Loamy Sand

. ’ Equivalent to approximately 10 ft of intermittent runoff through columns.
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Groundwater Contamination Concerns

* Why did groundwater contamination occur in some
areas and not in others?

* Depth to water table
 Soil Type

* Pollutant interaction with the soil

* Models can be used to predict depth of pollutant
penetration in the subsurface.

— Two types of models:
+ Simple, Linked Model
» Computer Vadose Zone Model

Simple Weak-Linked Model for Potential
Problem Pollutants

Model incorporates information about soils and pollutants
to predict migration potential, including:

e Pollutant abundance in stormwater,

 Pollutant mobility through the unsaturated zone above
the groundwater (related to soil characteristics), and

» Pollutant treatability before discharge.
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Computer Modeling Objectives

* Determine the controlling factors (and interactions) have the
greatest influence on the migration of selected pollutants (Zn
and NaCl) in the vadose zone.

* Improve the siting and design of infiltration devices.

0 Create infiltration devices that encourage groundwater
recharge while reducing or preventing groundwater
contamination.

» Evaluate use of factorial analysis to determine where to
focus data collection to support modeling efforts.

Maximum and Minimum Migration Depths of Zinc, Sodium, and Chloride

e

6.0

Migratian Dapth (mb
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Issues to be Addressed in Stormwater
Infiltration Design

* Poor infiltration capabilities for many urban soils.
Therefore:

— Requiring less infiltration in clayey soils than in sandy soils
may need to be adjusted because of compaction vs. soil
texture effects.

— Designs of infiltration practices (“size”) should be more
closely related to the impervious-surface areas and runoff
solids concentration than to soil texture.

— Soil disturbance (compaction) is also a critical factor
hindering infiltration but can at least be partially controlled.

Critical Source Area Controls

 Control/treatment still required for areas where
runoff is polluted.

— Treatment of water prior to either
infiltration/groundwater recharge or discharge to
surface receiving water.

« Common Control Technologies:
— Oil/grease/solids separators
— Filters
— Ton exchange/sorption
— Chemical addition
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MCTT Cross-Section

(Pitt et al. 1999)

Catchbasin Main Settling Chamber _Filtering Chamber
- Packed column - sorbent pillows - sorbent filter fabric
aerators - fine bubble aerators - mixed media sorbent/ion exchange
- tube settlers filter layer (sand, peat and activated carbon)
- gravel underdrain

Inclined Plate Settlers

Common in water treatment industry.

Reduces settling distance and scour
potential.

Increases effective surface area.

— Performance Increase based on inclined
cells that overlap each other. Each cell
forms the ceiling of the next cell, etc.

Projected area of each base forms the
settling surface of each cell. Horizontal
distance between each plate is fraction of
horizontal projection of the cell base.
« If plates relatively flat and close together,
n performance greater than if
plates steeper and wider apart.
Effective increase is usually about 3 to 5 —
fold, and in the drinking water industry oy Mt it
where this technology has been studied and
optimized, the increase has been about 10
fold.
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New Development or Retrofit

. , r Street Edge
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= Green = green roof
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The Stormwater Design Train of Thought

Pollution Prevention

* Public Education
1 « Spill Prevention
+ Used Oil Recycling
Infiltration and » Lawn Chemical Mgt.

[ i ~Construction Mtl. Selecti
Rainwater Harvesting onstruction election

1 » Rainwater Capture
+ Bioretention
. « Filter Strips and Swales
Pre-treatment/Treating - Porous Pavement

Critical Source Area Runoff Lnfiltration

« Sediment Forebays

*Ponds

* In-line, High-rate Treatment
- WWTP
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