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Stormwater Management:-Goals

Commergidl Carver JoUraale

e - v R

A Volume Reduction
A Rate Control

A Contaminant Retention
I Sediment (or TSS)
I Nutrients (N & P)
i Metals (Cd, CPh, Zn, etc.) | -
i Oils & Greases e oeicia [
i Chloride - Rl
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Contaminantssources

A Vehicles o
i Motor oil: Phosphorus, oils E., |
| Batteries: Lead, nickel | z
I Brakes: Cd, C&b, Zn =
I Tires: TSS, Cd, (& Zn
I Electronics: Copper

A Buildings
I Metal roofs, flashing,

siding, gutters

A Atmospheric Deposition
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Dissolveds&rRParticulate lEractions

Arsgnlc m Total (Dissolved + Particulate)
Cadmium |
Chromium m Dissolved
Copper
Lead
Nickel
0 5 10 15 20 25 30
Median Pollutant Concentration (ug/L)
0 50 100 150 200 250 300
Phosphorus
Zinc

Adapted from Pitt et al. 2005. Image courtesy of Andy Erickson



Stormwater IManagementOptions

A Permeable Pavements
I Permeable Pavement Shoulders
I OpenGraded Friction Course

A DrainageSwales
A Iron Enhanced Sand Filter Check Dams
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ConventionalrBavement

A AggAggContact

A Low void
content

A High Stability
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PernmeablerRavement

A AggAggContact
A High void content (1:25%)
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Full-Depth Rermeable’ Pavement

Runoff

A Stone reservoir
under permeablc
pavement

A Underdrains, if
necessary

A Infiltration into
soll subgrade

Infiltration
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PermeablerRavementShoulders

Impervious

A Fu” depth concrete or

asphalt
A Must separate
permeable
reservoir from A
road subbase

A Found viable by
Caltrans and
NCHRP

Permeable
pavement
houlders

eaOpen grade aggregate
servoir layer

Impermeable <= Semi-compacted or
Geomembrane uncompacted subgrade
barrier
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PermeablerRavement Sho_qlqlers

S VALPARAISO
South Bend, Indiana / e -y
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Performance of/PP.;Shoulders

="Initialllnfiltrationirates’>¥200/cm/hr,
= May achievelupjtol40%volumelreductionlin
low permeablelsoils
= Typical contaminant{retention:
—.85%Total Suspended|Solids
—35% Total/Phosphorus
—30%)Total Nitrogen 2
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Construction Cost of Full depth Permeable
Pavement
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— Conventional Asphalt
— Porous Asphalt
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— Conventional Concrete:

Source: Rowe 2010, UMD, Concrete Network. : Image: Ny D



Open Graded Friction Cowrse (OGFC

A Placed over

conventional OGEC Surface
pavement 4
A 2550 mm thick Dense Graded Asphalt

A ~20% voids

A Vertical then lateral
Infiltration

A 8-10 year life

Graded Aggregate Base
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Image source: Barrett 2008 ) VALPARAISO
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Open Graded Friction Course

300

W PFC
B Conventional

zlllljl

3/11/2007  3/13/2007  3/26/2007  4/24/2007  4/30/2007 5/2/2007
Storm Dates

250

TSS (mg/L)
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Open Graded Friction Course

OGFEC corerimpregnatedi with fluerescent epoxycafter.> 2:5ryears: of service
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Open Graded FrictionCotrse

Spray reduction may mean less TSS on road surfaw VALPARAISO
UNIVERSITY



OGECdestron4d f4ndianapolis

A Test section of OGFC east

of Indianapolis in 2003 m

A Monitored for 4 years
(until 5 years old)
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OGECdestron4d f4ndianapolis
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‘ ANot comméhded for slower traffié
AOGFC was colder, retained snow and ice longe
ARequired 12 additional salt applications

. VALPARAISO
174 OGFC after 5 years of service ( UNIVERSITY



Winter. Maintenance of OGFC

AWinter infiltration may decrease 99
100%

A Use prewetted salts & increase
frequency

I More antl-icing agent (5@ 300%
Increase)

A Do not use with frequent snowplowing

A OGFC no worse than conventional
pavements in Switzerland winter

Backstrom& Bergstrom 2002Camomillaet al. 1990, FHWA 2005, ) VALPARAISO

Isenringet al. 1990, Moore et al. 2001 UNIVERSITY



Limitations ofOGFC
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Highway Drainage Swales

L] - T VALPARAISO
Monitoring of a swale inCalifornia. Y N



Swale Retention Performance

A TSS:Removal typically 2 70%

A TSS:Removalronside slope«onembankmel
59 - 82%,2rm front EOP
93 - 96%,4-m frontEOP

A No N @rP-removal-{mayincrease)

A Total metalsrredueed

Barrett 2008

WJ) VALPARAISO

Image source: sdstate.edu UNIVERSITY



Impact of IMedian \Width
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Performance of highway swale in Sacramento, CA. Slope = 33%

W)} VALPARAISO

UNIVERSITY



) |
A -
B '}_)l— B
& e —
PR
- o £ Ffe VA {
» o

— I'ESIdeI'ICE

ﬁ Lo . i

‘. ‘;' e l 11 ’

0 it W et e -\.H,“«'
B g.: ._‘*3_,

perEOrmance

.,.ns ‘-v wf': s
Wi

P Y

Je90/» 'are

t.|vme have l|ttle _or no |m"pa'ct 'o

[

wwg,‘

i '\

u
S

fslld

|¢d sedlmént I ip e

- S
e {

%
.

A SRR e R

TSRS
RE
h l?

\Y nitoring of a highway median in Washingtormhmed et M| VALPARAISO
al. 2014, Barrett et al. 1998, Barrett 2004, Lancaster 2009, Li et al. [2@@§e: Cory.ancaster.) UNIVERSITY



DrainagesSwale/Maintenance-s€osts

Maintenance Activity Cost (2013)

Annual O&M* 5-6% of total construction

Swale: Mow & sediment removal $6-$13 per foot

Concrete end aprons: Sediment remov&285 per apron
|Break up soll to 16- 20 mches $420 per acre
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§ Mamtenance Act|V|ty Person hours

Swale Mow & sediment removal 0.22 - 0.28 per foot |
Concrete end aprons: Sediment removéal.7 per apron ,
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SwalletHydrauhc/Model

Schematic of modeling grid

FRONTAGE ROAD

A Grid established
over entire channel

A Model infiltration:
GreenAmpt eq.

A Model flow:
Kinematic\\Wave:e(.

A Calculate wolumez&
fraction of runoff
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Field Yerificattoncof-Hydrautic/Model

Runoff Rates in Hwy 13-Spring tests
14 | | |
: ¢ 1-year simulated outflow
12
. . *» 2-year simulated outflow
E
'S 10 * 10-year simulated outflow
~
= 8 ¢ 1-year measured outflow
[
T = 2-year measured outflow
e ¢ L
% ¢ 10-year measured outflow
S 4
o
2
. |
0 10 20 30 40 50 60 70 80
Time (min)
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Field Verificattoncof-Hydrautic/Mogdel

%lInfiltration Measured vs Predicted
100% r
90% [
80% [
70% [

60% F | # @ @ 1-year & 10 year events

oo% — X+ | e |0 0 Linear (1:1)
40% v

30%

%Infiltration Measured

20% Sl ¢

10% [

0% =
0% 20% 40% 60% 80% 100%

%lInfiltration Predicted
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Estimating /AnnuaPPerformance

Percentage Infiltration

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Precipitation Depth vs %Infiltration Ws/Wr=0.4

~Ksat= 16 cm/h

Ksat=5.74 cm/h
~——Ksat=4.14 cm/h
—Ksat= 2.03 cm/h
——Ksat=1.14 cm/h
——Ksat= 0.76 cm/h

1 Ksat= 0.51 cm/h
Ksat= 0.15 cm/h

Precipitation (in) [1hr]
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Estimating /AnnuaPPerformance

Minneapolis - St. Paul International Airport
w====Rainfall Frequency
91T ™Ramfall Volume

Rainfall Depth (inches)

00%  100%  200%  300%  40.0%  500%  600%  700%  800%  90.0%  100.0%
Percentile 122m®dc €Y wMmE: 2F N

Percent rainfall volume and frequency graph ) VALPARAISO

UNIVERSITY



Estimating /AnnuaPPerformance

Rainfall Depth | PRV (Annual PDF (Annual Annual
(in) Rainfall) Rainfall) Performance
9| 100.0% 6.0%
8 99.0% 1.0% 6.8% 0.1%
7 08.3% 0.7% 1.7% 0.1%
b 08.0% 0.3% 9.0% 0.03%
5 97.8% 0.2% 10.8% 0.02%
4 97.6% 0.2% 13.4% 0.02%
3 97.0% 0.6% 17.7% 0.1%
2.6 04.0% 3.0% 20.4% 0.6%
2.2 88.0% 6.0% 23.9% 1.3%
2 87.0% 1.0% 26.1% 0.2%
1.6 80.0% 7.0% 2.0%
1.2 10.0% 3.6%
1 63.0% 7.0% 46.6% 3.0%
0.8 52.0% 11.0% 55.6% 5.6%
0.6 40.0% 12.0% 70.0% 7.5%
0.4 22.0% 18.0% 94.1% 14.8%
0.2 6.0% 16.0% 100.0% 15.5%
0.1 0.0% 6.0% 100.0% 6.0%

Example Ws Wr = 0.4,Ksat= 2.03 cmhr

W)} VALPARAISO
UNIVERSITY




Estimating /AnnuaPPerformance

100%

90%

80%

S
£ 70% —
@
3 60% / |
Z | —Ws/Wr=14 |
“—é o —Ws/Wr =1.2
T 40% Ws/Wr = 1
g —Ws/Wr = 0.8
< 30% ' Ws/Wr=0.6 |
0% | —Ws/Wr=04 |
Ws/Wr = 0.3
10% | ==Ws/Wr=0.2 |
- —Ws/Wr=0.1
0% I
10

Saturated Hydraulic Conductivity, Ksat (cm/h)

Annual Infiltration Performance using MSP histori ) VALPARAISO

rainfall data. UNIVERSITY



Dralnage Swalesnfiltratiom CCapacity
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Wide VariationimrRenmeability

| A0ft |
| | ‘ .
o @ @ ¢ 400
? ¢ @ ) O O . § 15ft
= ~
= (=
® o ° @ O ©
® O & @&
<lem/hr 1~6 cmmhr 6~12cmhr 12-20cmhr  20-35cmhr >100cm/hr

Ksat eff — = 0. 32(<avg) + 0. 68(<geomear)

~20 measurements in 350 lang swale
Spatialvariation of K, adjacent to HWY 212 near ’

! o VALPARAISO
Twin Cities UNIVERSITY




lron-Enhanced SandiFilirationiESF)

A Targetsdissolved P

A 5-7% Few/(C33:sar

= el A |ron rusts((+charge

SEI S A Phosphate({ charge)
2t | AP adsorbstoFe

o 7000
& dissolvedrP retainec

A Usediinssufface:sah

Maplewood, MN Irorenhanced filters in Minnesota
surface sand filter
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IESE dorHHIghwaywSwales

**Not drawn to scale**

- Monitoring we|- Iron-Enhanceq

Riprap L WA Sand Filter Berm

TOp Soil + sod ,ayef

SN 7170 Drain tile

Filter cage

A Checkddamwiffilter A 7%iironHoyweight
A lron-sand miixssocks A Sanddd, = 1..2rmm

A Supportedibycecage A LangerithancC334(d
= 0.7rmm)

Schematic of IESF Chedkm 4J) VALPARAISO

UNIVERSITY



IESFCheck DamTH5 inStillwater, MN VALPARAISO
(Natarajan & Gulliver 2015) UNIVERSITY




Water truck testing, THb in Stillwater MN VALPARAISO
(Natarajan & Gulliver 2015 UNIVERSITY




TestiResllts
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Each data point is average concentration of 20 L synthetic runoff volume

Water truck syntheticrunoff test results. W)} VALPARAISO
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Natural Ramstorm\Monitorng

40
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Summary and Conclusions

* Highway stormwater management is
challenging due to limited 'space

* Permeable pavement shoulders have the
potential to reduce runoff volumes and:
contaminant loads

* Open graded friction courses can reduce
TSS & total metal load |

| (|
-~ 4 |

Heavy Rain in Central Indiana on June 15, 201@ VALPARAISO
UNIVERSITY






