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International BMP
Database Summary

BMP Category
Bioretention

Biofilter - Grass Strip

Biofilter-Grass Swale
Composite

Detention Basin/Vault
Green Roof
Infiltration Basin

LID Site (multiple BMPs)
Manufactured Device
Media Filter
Maintenance Practice
Other

Porous Pavement/PFC

17 general stormwater control
categories

Most recent version posted
December 2014

Most recent categorical analysis
July 2012

20-30 more study entries entered
during 2015-2016

Percolation Trench
Retention Pond
Wetland Basin
Wetland Channel

otal BMPs

ontrol/Ref. Sites

Over 200 Green Infrastructure
stormwater control studies

Website

International Stormwater BMP Database

Home | GetData- SubmaData-  Documents -

Welcome! The Intemational Stormwater Best
Mansgement Frastioes (SMF) Database projet
website festures a database of over 530 BMP
studies, performance analysis results, 1ok for use
in BMP performance stugies, monitoring quidance
‘and other study-related publications. New to the
site? Start Here

Soon: Stream Restoration
ukural BMP Database Initial Summary
t

BMP Database Release
BMF e
Advances Ar
= National Stormwater Qualty Database Has
ANew Home

@ Related Databases & Research

ter Cuality Database
5 - Agriculural BMP .

+ Chesapeske Bay Research Portal
Dominguez Gap Wettand, Los Angeles County Depariment of Public Works

® Urban Stormwater Research Reports 4 Retrieve Urban Stormwater BMP Performance
BMP Performance Summaries = BMP Stucy Retrieval Tool
ndices = BMP Map Tool
evioe Performance Analysis Summary = BUP Category Reports
- Online Statistical Analysis Tool
se Overview - Downloat Access Database
Chesapsake Bay BMP Performance Summary

Total suspended solids (mg/L)
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TSS influent and effluent for different stormwater practices: International Stormwater BMP
Database

Manufactured devices (hydrodynamic devices) and media filters had about the same median
influent TSS concentrations, but the media filters had substantially lower effluent TSS
concentrations
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TSS influent and effluent for different stormwater practices; retention (wet) ponds
provided much better effluent quality than detention (dry) ponds, with similar influent
quality.
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10000 —__—YYe e —e
—o—Influent
Why is there such a large difference in
1000 ~ o |
o’ performance between a dry and a wet pond?
2 1004 . : 3
% g ‘ §  Usually due to scour
2 o] g i — Need at least 3 ft for wet ponds to protect
= previously captured silt
o] i — Grass filters may look like dry ponds (and the
‘ grass filters can work well, but require lengthy
sheetflows with level spreaders, low slopes, good
T T T T 1 grass stands, no pilot channels, etc.)
gg £ E ;* — Terminology issues (in many areas, dry ponds are
2 g actually percolation ponds or infiltration ponds

with no surface discharges). HIGs
Turbidity influent and effluent for different stormwater practices; again, wet ponds

provide much better effluent quality than dry ponds (but also had lower influent
turbidity)

160 . . . | ~O= infuem O Efue The High P Index Lesson (soil and media having high P leach to underdrain flows);
Wisconsin DNR now recommending sand media with no compost or soil additions
= e o L (maybe peat additions)
e = e o8- = —
E Q E i : 0 T ok ioretention
I o = 20 o . 8 - Phosphorus as P, Total (mg/L)
210 = 0 a = T c BASIC STATISTICS HYPOTHESIS TESTING:
2 | [ eeronmaNceMETRE | inrow | [ companison | TEST [DATA MULL - Beect il Fporhess |
E . INumber of EMCs: 15 18 - yvalue | a=0.05 @=0.10
E [Pascant Nor Datects: o 3 - i " o evieeseeqe | | | "
=01 [Median: 013 | 185 | increased = o e o andcuiow | G008 | vEE | Ve ]
E - |Mean: 0.21 4.45 Increased [mean EMCs are equal.
a Standard Deviation: 0.27 5.63 - Log |Theinflow and outflow o YES YES
= e E =] a3 o &mmﬁle: 011 135 Increased mean EMCs are equal
ERT| B! - = g [75th Percentile: 019 37 Increased [{Test: e el R M e
- > 4 E 2l ’:T-lm No No = Tog [Fremlow and sutiow |0 I3 I3
-2 & b ; |Well-fit to lognormal distribution? Yes. Yes — [mean Emics are equal
o o [Fstatistically Significant Difference in Median? [ YES i lequal. i "
0001 . . . . . : : . T log |The twovariancesare | 0,333 NO NO
R A NS P P & & (4}. S S > leaual.
S s & ¢ ¢ & & & b@:&’ d\é? R T o
o e & & & o
S o & T &8 e_e':"bo @ﬁ(\‘@ bré‘t’ -
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Grass filter strips, grass swales, and bioretention total phosphorus 5 H R
. . " H e o1 i
effluent concentrations are larger than the influent concentrations § oo § % i
. . . ope . . 2 5 CEETR »
due to TP leaching from soils, media, or from fertilizer applications o7 o o EERE
(orthophosphate and dissolved phosphorus show same pattern)_ Also see: Hunt et al. (2006): Evaluating Bioretention Hydrology and Nutrient Removal at Three Field Sites in North Carolina
http://psparchives.com/publications/our_work/stormwater/lid/bio_docs/Nutri i i i 202006.pdf
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100% - P A x A Bioretention  with Underdrains) Bioretention (no Underdrains)
e All Events
=] All Events
= - 25
E} . £ E
= 3 3
o 80% -{ A 2 220
e * 4 5
@ - £ g
° % F
S 60% L . g E0
2 A 4 s ]
2 4 :
w & 5
T 40% | * E g
o 3 3,
Q
& % A No Underdrain 0 5 10 15 20 25
§’ o * derdrai Inflow Volume (watershed-cm) Inflow Volume (watershed-cm)
z 20% - * # Underdrain
E * Events < 2.5 watershed-cm Events < 2.5 watershed-cm
2
w“ 0% | | | E 2.5 _é_z_s
: &
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Ratio of BMP Surface Area to Tributary Area E 4
e 15 T15 . e
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. . : .
Study average relative percent volume reduction versus the ratio of stormwater £ o £10 ., had
control surface area to tributary area (International BMP Database, 2012). “No :‘; s; . ....,’. .
. . N . 05 05
underdrain” results in larger runoff volume reductions compared to controls with < g 1 ’.‘ K N
: : . A .
underdrains. “Small” controls provide less runoff volume reductions than o0 So0 miak
. o 05 1 15 2 25
relatively larger controls. Inflow Volume (watershed-cm) Inflow Volume (watershed-cm)
+ Analysis Dataset (n=676) — Outflow = Inflow + Analysis Dataset (n=1386)
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Three Categories of Data Needed for

Wet Detention Pond Calculating Wet Detention Ponds

Performance 1. Pond Geometry

2. Flow, Initial Stage and Particle Size Data
3. Outlet Information




Particulate Settling

> ldeal settling can be modeled
> Using Stokes Law (laminar Calculated Settling Velocity

flow) for smaller particles

Transition from

\ . . Stokes

> Settllpg velocity as a (laminar) to
function of Reynolds Newton \/

: : (turbulent)

number an.d particle size for Settling Curve
larger particles under
turbulent flow conditions

=)

Velocity (ft/hr)
3

> Water temperature and
particle density also affect
settling rates

10 100 1000
Particle Size (microns)

—— Settling Velocity (ft/hr) —Settling Velocity (ft/hr), R > 0.5 ‘

Changes in Specific Gravity with Sedimentation Treatment at
an Industrial Site
Influent: 5t to 95t percentile, 1.3 to 6 g/cc (median: 3.2 g/cc)
Effluent: 5th to 95t percentile, 0.5 to 2.3 g/cc (median: 1.5 g/cc)

Normal - 95% CI

Variable
—®@— Influent S.G. (3-250 um)
—B— Effluent S.G. (3-250 um)

Mean StDev N AD P
3.167  1.674 30 0.799 0.034
1.533 0.6348 30 0.268 0.661

Preferential removal of
higher specific gravity
materials results in a
shift to lower overall
specific gravity of
particulates in effluent
water (and greater
migration distance in

i i receiving water after

8 discharge).
Specific Gravity (3-250 um) (g/cc)

Percent

1
T
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Erodibility of previously settled
material based on size and shear
stresses (Chow 1959)

Settling velocity of discrete particulates as a
function of size and specific gravity

(Reynolds and Richards 1996)
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Particulate Settling

Ideal Settling: Particle
path is vector sum of
particle velocity through
pond and settling
(upflow) velocity

L = Pond Length
D = Outlet Depth
V = Water Velocity through Pond

v = Settling Velocity
Q,; = Outflow from Pond
A = Pond Surface Area
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Particle Settling Derivation Particle Settling Derivation (cont.)

L = Pond length

D = Outlet depth

V = Water velocity through pond

v = Settling velocity

Q. = Outflow from pond

a = Pond cross sectional area
Substituting this relationship of V into > W = pond width
the first equation:
Therefore, particle settling is a
function of the pond outflow rate
and the pond surface area only.
Applied to each flow entering the
pond during continuous modeling

Storm 25.1: Predicted versus Observed Outflow

Inflow

Il o= == oo e haa— e —<|

Flow (cfg)

Predicted and Observed Outflow

‘t SRR e v TR Time (hourg)
The Monroe St. detention pond in Madison has been monitored by the
WI DNR and USGS for many years. The data have been used to verify
the wet detention pond routines in WinSLAMM and Detpond
(amongst other ponds).
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Suspended Solids Control at Monroe St. Detention Pond,
Madison, WI (usGs and Wi DNR data)

I
T
100 1000

Particulant Residue (SS) (mg/L)
Inlet
Outlet

Wet Detention Pond Performance

Calculation Data Requirements
Surface area of pond

Water quality volume (live storage above
lowest pond water surface elevation, usually
the pond volume between the water quality
outlet and the emergency spillway)

Depth of water over the sediment to prevent
scour

Stage-discharge relationship for all outlets

Particle size distribution of inflowing
particulates

Hydrograph of influent flows

Total Dissolved Solids Control at Monroe St. Detention Pond,
Madison, WI (USGS and WI DNR data)

100 1000

Filtered Residue (TDS) (mg/L)
Inlet
Outlet

Conceptual Issues — Pond Geometry
and Scour

Additional Storage for Emergency Spillway and Freeboard
Water Quality “Live” Storage

Scour Protection
“Dead” Storage

Lowest Invert Elevation

Sediment Storage

The “dead” storage is needed to prevent scour of
previously deposited material and should be at least 3 ft.
deep over the sediment. Sediment storage volume is
also needed and can be estimated using the program, or
should be at least 2 ft. deep.
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Santa Susana Field Laboratory Site

Monitored Biofilter Performance )
Introduction

to Meet Strict Numeric Effluent

Limits

2800-acre former federal
government rocket engine
testing and energy research
facility (1950-1988)

Owned by the Boeing

Company (post-1966) and the
U.S. Government

Activities currently limited to
demolition, remediation, and
restoration

Future parkland and open
space
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Primary Limited Access or Interstate

Primary US or State Highway

= Stream

Secondary State or Gounty Highway

) \\ —— Intermittent Stream
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[ Miles consultants A\ —
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Y] B A -"".."-.‘I‘
@) _ i Sl About 16 background sites and 68

potential stormwater control subareas

Regulation of SSFL Stormwater

Stormwater discharges are regulated by the Los Angeles
Regional Water Quality Control Board (LARWQCB) through an
individual NPDES permit, which requires:

— Composite discharge sampling during storms, and

— Compliance with very protective Numeric Effluent Limits (NELs)
NELs for a wide range of constituents, including:

— Dioxins (TCDD TEQ): 2.8x108 pg/L

— Total Lead: 5.2 pug/L

— Total Copper: 14 pg/L

Monitoring Locations =

) 25

monitored beginning in 2010
800 35

35

Outfalls 008/009

Outfall O B _ x>
Watershed [ | § : Py

Outfalls 008/009

Watershed 009 - Lower Lot

Watershed 009 - Northern Drainage

Outfall 008

.-Outfall 009
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Source Controls

* NPDES pollutant sources include impacted surface
soils, impervious areas, and natural background
soils.

* ISRA, pavement/building removal, and erosion
controls address all three sources.

Cumulative Probability (%)

99.0

Total Suspended Solids

Erosion Controls

Lead

98.0

95.0
90.0

80.0

70.0
60.0

‘Cumulative Probability (%)

TSS is higher at Outfall 008
than both background and

40.0

potential BMP subareas.

30.0
20.0

10.0

® Background
| = Background best-fit line
BMP Subarea

50

20

Outfall 008 (after Oct. 2009)
Outfall 009 (before Oct. 2009)

eomOop»

Outfall 008 (before Oct. 2009) | |

Outfall 009 (after Oct. 2009) |~

10°

10° 10° 10*
Total Suspended Solids (mg/L)

oooan 03 SUESBIB
28658 88 5535565

Background subareas
exceed NPDES Permit
Limit

Outfall results near
background

Total Lead (ug/L)

Outfall 008 (before Oct. 2008) |~
‘Outtal 008 (atter Oct 2009) ||
Outlall 009 baforo Oct. 2009)
1L¢_ Outfah 009 (after Oct 2008) |

39

T T 7
10! 10? 0

Lead Particulate Strength (mg/kg)
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41 to 87% load reduction addressed by BMPs r
to treat 11% of the total 009 drainage area

G
)
.

o

© Monitoring Location
@ oural 009

1SR Areas (Completed and Planned)
[ watershec 09
[provery ouncary

Average TCDD TEQNo DN (ugll)
g SSFL Results ] 72012 at EVeMPO0GY, i becomes 15%
PomiLini (PL) 265 : P e
[P 10pL TCDD TEQ (no DNQ) 1 1+ and 20111201, EvBPOOOT basq
[ 2010-2012 an composted samples oy (ELVdtcand htpad oa), collecied iring 124272012
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o a0 1500 s vere Ampedvackroun sbarge Dve o acko
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1000 - 100
20112012 (post
filter fabric . !2}:12\;;:]3
installation)
o o through 201- | & o 20142015
B | 2015 ¥ o — 201152016
E i ——2015.2016 §
3 s - = Permit
3 & Limit
§ e | 5 13
z a
= = Typical detection| § ] [ T ——— - Typical
fimit ! detection
linnit
1d T S s T Note:Markersia red o1
indicate samples collected .
ELV/Area Il Rd Qubiare uttet during weir boatd overfiow. ELV/Area Il Rd Culvert Qutlet
EVBMPOO - AZBMPOOD: Note: There are no Permit imits
gt @ AZBMPIOOT eamates o T5s erefre there - EVEMPO003 & - K2BaPo00?
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o filter fabric i
inctallation) _ 1.06-06 installation)
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3 2 — 20152016
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Treat

ment Controls

CM-9, post improvements (removal of A1LF asphalt

C

- 1LBMPO0? (Area Il Rd)
A~ Weighted

Influent Effluent

o= Typical detection limit|

- AIBMPOO02-A [ALLF)
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_. 1000 | 5
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2 i and filter fabric installation)
installation) thiouh 20142015
20r8901E
é 0 through 2014-2015,
g { —2015-2016
i 1
1 m——————— é - = = Permit Limit
| = = Typical detection
01 linit 01 - y
Influent Underdsain Outlet Influent in Outlet - =Ty
Note: Markers in red indicate samples Wit
- ALBMPOOOZ-A(ALLF) @ - ILBMPOOO2 (Area Il Rd) eoliected during weir board verflow. - A1BMPO002-A (AILF) @ - ILBMPOOO? (Area Il Rd)
A - Weighted Average (A1LF - 34%, d A - Weighted 345, Areall Rd
X - AIBMPOOO3 X - A1BMPOO03 collected during weir board overflow.
100 — — 2011-2012 (post ALLF = :2011-2012 {post ALLF
asphalt removal) 10605 asphalt removal)
- —X 10606
B 20112012 (post 3
S 1w oot and | B 10607 —wanes
H fitter abricinstallatio, g e o]
rough Z 1064
E through 2014-2015 H 1.06-08 through 2014-2015
£ J—
g 20152016 ; 10608 1 2015-2016
g, 4
T § w0
= == = Permit Limit .
10611 4 = = Permit limit
o
01 - 1.06-12 _—— e == — =

Influent Underdrain Outlet
= == Typical detection it

X- A1BMPOOD3
to2ucl

collected during weir board averflaw.

M- A1BMPOOO2-A (A1LF) @ - ILBMPOOO2 (Area IIRd)
& - Weighted 3%, d - 665%) p
<ollected daring weeboard oveflon:

X - A1BMP0OO3

44

11/21/2023

11



11/21/2023

B-1 Media Filter (CM), post curb cuts

45

. . . . 1000 100
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. . . - 20142015 g 20142015
Media Filtration (all pumped control) o —asa| 2,
: z
E Typical £
= = Typica - i
5 w0 detection & g Pemic
2 limit §
Note: There are no "
PermitUmits = = Typica
designated for TS5 detection
___________ therelorethereare 01 it
v s shown .
Influent Sedimentation Basin Effluent this plot. Influent Sedimentation Basin Effiuent
Effiuent Effluent
- EVEMPO0D7 & - EVBMPO00Y ® - EVBMPO0OS - EVBMPOOO7 & -EVBMPOODS - EVBMPOOOS
100
20132014 10£03 20132014
through Loe6 | Thouth
- 20142015~ 20142015
é 10 . 1015200 g Loeor — 20152016}
g Z 10008
g
H = = Permit & 10609 — = Pemlt
S Limit E limit
z ! E 1.06-10 |
i — = Typical 10641 | —-—Typical
detection o ion
___________ i Lot e
01 influent  Sedimentation Basin  Effluent
Influent Sedimentation Basin Effluent Effiuent
Effluent - .-
" .- . - 16-10ugft (or 1612 ugf for forno s i

——2012-2013 e 301 2-2013
2 Teams - i M
E 100 4 —015-2019) TSS (mg /L Dioxin Lead
£ i —— 20152016 10
E § Influent Effluent Influent Effluent Influent Efﬂuent
§ e | 8 = 37 52606 27E07 7.5 4.4
B tloedion | & !
o limit g @ memmm== p— 52 45
! |m------u-a-¢'ouu| 0.1 ;:::imm
- B18MPO0OS (South) praibriy Wfeot Underdrain Outlet Number of influent
. l:g;-;eo::ﬁverage (North [B1BMPO004] - 53%, South - 47%) Leis shomnon BpOL it ® hted ] ., South - 47%) samples having
m —— 2012-201 Lo ——2012-2013 Iarger
through 1.06-04 = through .
~ 2014201 g 1o 20142015 concentrations than
% 10 —— 2015201 E 1.2:; ——2015.2016 effluent samples
£ wu
E - 2 1oeos p-value by paired
§ s B loeoo . _m’t"" e d
i 8 on nonparametric sign
- Typical 10E-11 - Typical test
detection 10612 - detection
01 Lo Influent Underdrain utiet Bkt Average percent
Influent Underdrain Outlet ™ ) @ Weighted )-53%, South - 47%) h
5 @ - B1BMPODOG Change
'S h) @ Weighted Averag 1-53%, South - s .
& s - R W T e iy e

48

19



Log-normal Probability Plot of Influent and Effluent
Dioxins at ELV Stormwater Treatment Train

- Typical DL
~—— Permit Limit

@ Influent
o Effluent

Influent Effluent
____________________ Number of NDs: 0.0f6_ 10f6
Lognormal A-D p-value: 0.066  0.109

TCDD TEQ, No DNQ (pg/L)

30 40 50 60 70 80 90
Cumulative Probability (%)

ELV Treatment Train Performance Data — Influent
to Final Media Tank Effluent

Influent Efquent Influent Effluent Influent Effluent
51 3.6E-08 7.5E-09 5.0 2.4

6

Number of influent

samples having larger

concentrations than

effluent samples

nonparametric sign test

DA EVLN (T BN -56% (washout of
(minus sign indicating media during
higher effluent results) initial events)

P values relatively high due to few data collected so far at this location (new
control)

Treating Runoff:

o]

COUNTY OF VENTURA Soil Slnekpile ‘Area BMP Layout
PUBLIC WORKS AGENCY ‘Stormwater Treatment BMP Designs
DEVELOPMENT  SERVICES,

e ot 5 o Soil Stockpile Area Landscape Plan

S Stormwater Traatment BMP Designs
rney SOEING SANTASUMANA FELD LBORATORY (71
TURA COUNTY, CALFORNA
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Detention Bioswale under Construction
and after Planting

Southern Detention Bioswale Pre-Treatment for

Lower Parking Lot Biofilter
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Lower Lot Biofilter Performance Data —
Influent Runoff to Biofilter Outlet
_

Influent Effluent Influent Effluent Influent Effluent

54 34  14E-07 87E-09 43 33

Total pairs of

SSFL Stormwater Controls Multiple Box
Plot for TSS

‘
N ¢+
I Influent
B Effluent
+

o
=
I

=)
W

. 15 15 15
observations

Number of influent
samples having larger
concentrations than
effluent samples
p-value by paired

Total Suspended Solids (mg/L)

nonparametric sign test

r T T T 1
CM Sites Lower Lot ELV Stormwater Detention Vegetated
Average percent change Biofilter Treatment Bioswales Channel

SSFL Stormwater Controls Multiple Box Plot .
for Copper SSFL Stormwater Controls Multiple Box Plot

for Lead

B Influent
I Effluent
Permit Limit

=)
1

E Influent

ﬁ I Effluent

Permit Limit

Copper (pg/L)

Lead (ug/L)

-
=l
Y
1

r 1
CM Sites Lower Lot  ELV Stormwater  Detention Vegetated | : : . .
Biofilter Treatment Bioswales Channel ) .
CM Sites Lower Lot ELV Stormwater  Detention Vegetated
Biofilter Treatment Bioswales Channel
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SSFL Stormwater Controls Multiple Box Plot
for Dioxins

I Influent
I Effluent
Permit Limit

TCDD TEQ, No DNQ (ug/L)

CM Sites Lower Lot ELV Stormwater Detention Vegetated
Biofilter Treatment Bioswales Channel

Influent and Effluent Summary as compared to
the Outfall 009 Permit Limits (Lower Lot Biofilter),
2012-2016

Average Exceedance

% of Samples Greater . )
Ratio (Result: Permit

than Permit Limits ..
Parameter Limit)

Influent Effluent Influent Effluent

Lead 20% 6.7% 2.1 1.1

TCDD TEQ no
DNQ

93% 6.7% 5.4 2.7

Influent and Effluent Summary as compared to
the Outfall 009 Permit Limits (B-1, CM-9, and
CM-1), 2009-2016

Average Exceedance
% of Samples Greater

o Ratio (Result: Permit
than Permit Limits

Parameter Limit)

Influent Effluent Influent Effluent

Lead 38% 21% 3.2 2.6

TCDD TEQ no
DNQ

78% 57% 230 17

Influent and Effluent Summary as compared to
the Outfall 009 Permit Limits (ELV Stormwater
Treatment Train), 2013-2016

Average Exceedance
% of Samples Greater . )
S Ratio (Result: Permit
than Permit Limits ..
Parameter Limit)
Influent Effluent Influent Effluent

TCDD TEQ no
50% 17% 2.3 1.6
DNQ

11/21/2023

1A



Number of Events with Observed Flow

Binned Presence/Absence of Discharge at the
SSFL Biofilter

Percentage of Flow Events with Discharge to the
Northern Drainage

0-1 1-2 2-3 3-4 4-5
Storm Depth (in.)

It Inflow (i.e., the pumps were triggered in the cistern)
I Discharge (i.e., flows sampled at the 24" lower lot stormdrain or the biofilter effluent)
=@ Percent of Discharging Events

Other Site Controls Included Stream Stabilization: Northern
Drainage Restoration, Mitigation and Monitoring Plan: Channel
Stabilization Measures

Check structures within
main and side channels for
sediment cgntrol

Percent of Cumulative Sediment Loading until
Clogging

Cumul- |% of “sediment |TSS load per| Number of
ative TSS load to the | media area | average years
load per media until in average | until media

media initial rainfall year |replacement is

maintenance is | (kg/m?) expected
needed”

Cumul-
ative TSS
load (kg)

Subarea Ranking Methodology to Select Locations for
Additional Subarea Stormwater Controls

Innovative, statistically rigorous approach

Rank potential subarea monitoring sites based on

comparisons of:

— Stormwater subarea concentrations with NPDES permit
limits

— Stormwater subarea particulate strengths with stormwater
background particulate strengths

Monitoring locations were scored based on number

and percent of samples above NPDES permit limits

and/or background

Locations then ranked based on scores, and top

locations identified

Process to be repeated annually

11/21/2023
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Based on weight alone, Site A would be

prioritized over Site B.

Total Total Number of Critical Values in Data Set (m)
Number of
Observations | 1 @ 3| 4|5 |86 @ g8 | 9 |10 | 11 | 12 | 13 | 14
(n)
1 50
2 50
3 50 87
4 31 69 |94
5 19 50 |81 |97
6 11 50 |66 |89 |98
7 6 50 |50 |77 |oa
8 4 36 |50 |64 |86 99
2 25 |50 |50 |75 98 |99
10 ) 83 Jos |99 |9
1 11 |27 [s0 [s0 89 |97 |99 |99
12 0 7 |19 |39 [s0 [63 |81 |93 |98 |99 |99
0 5 [13 |20 [s50 [s0 |71 [87 [95 |99 |99 |99
14 ) 1 )3 |9 |2t [40 [s50 |61 |79 |91 [97 [99 |99 |99
2 |6 |15 |30 |50 |50 |70 |85 [s4a |e8 |99 |[og

Cumulative Probal

0 0" 10" 10° 0 10

TCDD TEQ (ug/L)

71

Cumulative Probability (%)

Outtal 008 (after Oet. 2000)

Background subareas exceed
NPDES Permit Limit

Subareas greater than Outfalls
TSS/erosion is not always the
issue

9.0
98.0

95.0

Outtal 009 (before Oct 2009)|

a
o
= Outiall 008 (aher Oct. 2009)
0
4 Outtal 009 (sher Oct 2009)

10

107 -

w0t 0

TCDD TEQ Particulate Strength (mg/kg)

Cumulative Probability (%)

70

Basic Approach (example)

< Background

98 i > Permit Limit
95 i
90 g Second
Not pri
80 4
<
70 4 | it
> Background
> Permit Limit
50
®  Background
A4 BMP subarea
30 ®  CM upgradient
©  ISRA upgradient
20 A Outfall 008
>Background O Outfall 009
10 < Permit Limit — = Current NPDES Permi
g e Background best-fit line
T
0.01 0.1 1.0 10 100

POC (units)

1000

Rank from | Rank from
Potential BMP Subarea Max Metal | Max Dioxin
Weights (€o-location(s)) Watershed Description DA(ac) | Sampled | ntScore Weight Weight Weight
1 EVBMPO0O3 (A25W0001)* | Outfall 009 | ELV road runoff/Ch-1 upstream west us 12 094 1 1 2
2 Outfall 009 | 8-1 mediia fifter inlet north 37 2 072 9 5 7
3 ILBMPO001® Outfall 003 | Lower parking lot 24" stormdrain 23 10 068 1 4 395
a ETD outtall 00s | ELY culvert inlet (helipad road and ELV ditch, s S 057 165 B s
composite)
55 EVBMP0002” Outfall 009 | Helipad (pre-sandbag berms) 41 6 066 15 B 31
55 LeMPo0O2" Qutfall 009 | Road runoffto CM-2 25 7 066 3 2 15
CV-8 downstream-underdrain outlet (post-
7 ALSW0003-A Outfall 00 | building 1324 parking lot asphakt removal, pre- 164 1 063 2 135 7
fiter fabric over weir boards)
8 APBMPOOO1 Outfall 00 | Ashpile culvertinlet / road runoff 34 2 060 4 195 7
B LPBMP0001-A” Outfall 003 :‘:‘;":E':P“"‘E Lot sheetfiow (post-gravel bag 51 6 052 30 2 7
125 | wampocor® Gutall oog | Lower Parking Lot sheetfiow (pre-gravel bag 51 2 050 s 135 15
berms|
155 | Azswooo2A Outfall 009 | cM1 effiuent (post-fifter fabric over weir boards) 528 a 0.3 185 195 285
C-8 downstream-underdrain outlet (post-filter
155 | AISW0009-8 Outfall 00 | fabric over weir boards, post-bulding 1324 164 4 043 185 195 15
parking
17 B1BMPO003 (B1BMP0002) | Outfall 009 | B-1 parking lot / road runoff to culvert inlet 52 12 043 38 7 33
27 BISWO0014-B Outfall ops | B2 media filter effiuent (post-media filcer a7 a 027 325 195 7
28 LxBMPO004” Outfall 009 | LOX southwest downstream of sandbag berm 106 5 026 s 405 1
34 EVBMPOODL” Outfall 009 | ELV culvert inlet (helipad road gutter) 18 3 011 25 315 15
36 EVEMPOOD2-A™ Outfall 009 | Helipad (post-sandbag berms) 41 5 0.09 40 205 7
Notes

7)

subareas sorted by mult score, computed as described in Section 5
(*) These potential BMP subarea monitoring subareas are upstream of existing stormwater quality treatment controls.

(*)These potential BMP subarea monitoring subareas have new planned (i.2., ready for

The rounding of weights may account for similar weights being ranked differently

‘quality treatment controls.
(**) NPDES outfalls are included for comparison and method testing purposes only, stormuater controls are not being contemplated at these locations

Approximate drainage areas based on the cumulative drainage area of the SWMM catchment in which the monitoring location is located (Geosyntec, 2011). At locations where the

moritoring point is upstream of the catchment utfall a “<” sign is used.

Bolded locations indicate that both the NPDES permit limit and 95 percentile background particulate strength threshold were exceeded for any one COC

72
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Water Quality Improvements

Demonstrated by ranks, pre- and post-BMP modification
(filter fabric added to CM weir boards; helipad sand bag
berm constructed)

Limited to sites with at least 2 samples

Better water quality

Biofilter Underdrain Monitoring at
Kansas City Green Infrastructure
Demonstration Project to Quantify
Performance by Particle Size

Water Quality Improvements

Demonstrated by ranks, comparing influent and effluent.
Limited to sites with at least 2 samples.

Better water quality

100-acre Pilot Study Area
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Percentage Reductions of Annual Runoff
Flows with Rain Gardens
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1324 76 St. monitoring location,
biofilter and adjacent porous
concrete sidewalk

Percent of roof area as rain garden

. . . . . . Particle Size (0.45to 3 um) Particle Size (3 to 12 um)
Influent Particle Size Distribution (PSD) for Six Events (out of 79) that —AT13 —— 42013 —— 51212013 A1 o013 —E2I013
had Underdrain Flows (median size ranged from 13 to about 50 um) —5R72013 ——6BI2013 602013 | g ——SR272013  ——6/52013 6192013
30 £ 100
25 £ g
-B-UMKC# 0034 ~—UMKC# 0037 —4~UMKCE 0053 20 %ﬁi £ e
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100 - : . ) ) § ) § ) 4 : : 05 8 2 ,%
00 . |z e .
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Solid C:

Solid C:
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Particle Size (60to 120 um) Particle Size (120to 250 um)
—— 4712013 —d4/9/2013 ——5/2/2013 ——4/7/2013 —4/92013 —5/2/2013
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§ 20
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1]

p=0011 ¥

\ 100 -
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40

Influent Effluent

Bioretention with underdrains hinders infiltration
potential, but may be necessary to prevent extensive
ponding of water in areas having health risks
associated with mosquitoes.

Sedimentation is a robust stormwater control.

Complementary controls and treatment trains provide
the best overall performance at complex sites having
numerous and challenging numeric discharge limits.

Performance of stormwater controls is dependent on
treatment flow rate, influent concentrations, and
particle size distributions.

Conclusions

The International BMP Database contains an
excellent summary of monitored performance of
many categories of stormwater controls.

Robust statistical stormwater control ranking
methodology applicable to other sites!

NEL compliance is a significant challenge with
complications
— Ubiquitous background sources (atmospheric inventory and soils)
Multiple landowners (NASA and Boeing)
Multiple jurisdictions and agency involvement (often hinders progress)
Unknown/variable performance of passive treatment systems
Implementability at point of compliance
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