At GEOSYNTEC CONSULTANTS

ASCE

American Society of Civil Engineers
Urban Water Resources Research Council

EPA

United States
Environmental Protection
Agency

The National Stormwater
Best Management
Practices Database
Project

Progress Towards Improving the
State of the Practice

Principal Investigators

Ben Urbonas, P.E.
Jonathan Jones, P.E.
Eric Strecker, P.E.



Project Participants

Principal Investigators — NSW BM P Database Project
m Eric Strecker (GeoSyntec), Ben Urbonas (UDFCD), Jonathan Jones (WWE)
m Key Staff:

m Marcus Quigley, JJm Howell, Todd Hesse (GeoSyntec)
m Jane Clary, John O’'Brien, Tom Langan (WWE)

EPA - Office of Science and Technology
m Eric Strasder (EPA)
m Jesse Pritts (EPA)

UWRRC — Partia List of Reviewers and Contributors

Robert Pitt, P.E., Ph.D. (University of Alabama, Birmingham)

Eugene Driscoll, P.E.

Roger Bannerman, P.E. (Wisconsin Department of Natural Resources)
Shaw Yu, P.E., Ph.D. (University of Virginia)

Betty Rushton, Ph.D. (Southwest Florida Water Management District)
Richard Field (EPA), P.E.



The Problem

m Widespread use of
BMPs without sufficient s
understanding of :

nerformance and factors

eading to performance

m |Inconsistent data
reporting methods limit
scientific
comparison/evaluation
of studies

m Differences in monitoring strategies and data
evaluation methods result in wide range of
reported “effectiveness”




Examples of Inconsistencies
In BMP Monitoring Studies

mConstituents

mSample collection techniques
mSampling approaches

mData reporting
mEffectiveness estimation

mStatistical validation of results



Several Studies Have Attempted to
Summarize BMP Performance

National Pollutant Removal Performance Database, CWP,
2000

Guidance Specifying Management Measures for Sources of
Nonpoint Pollution In Coastal Waters —EPA 1993

The Use of Wetlands for SW Pollution Control — Strecker,
1992

Controlling Urban Runoff: A Practical Manual for Planning
and Designing Urban BMPs - Schueler 1987

Numerous local and state efforts




State of the Practice: Estimated BMP Pollutant
Removal Performances in BMP I\/Ianuals

BMP List Design Rate Range of Average Brief Design Requirements
TSS Removal :
Rates
Extended Detention Pond 70% 60-80% Sediment forebay
Wet Pond (a) 70% 60-80% Sediment forebay.
Constructed Wetland (b) 80% 65-80% Designed to infiltrate or retain.
- Water Quality Swale 70% 60-80% Designed to infiltrate or retain.
Infiltration Trench 80% 75-80% Pretreatment critical.
Infiltration Basin 80% 75-80% Pretreatment critical.
(predicted)
Dry Weil 80% 80% (predicted) Rooftop runoff
(uncontaminated only)
Sand Filter (c) T 80% 80% Pretreatment.
Organic Filter (d) 80% 80%+ Pretreatment.
Water Quality Inlet o 25% 15-35% w/ Off-line only; 0.1" minimum Water
cleanout Quality Volume (WQV) storage
Sediment Trap (Forebay) 25% 25% w/ cleanout Storm flows for 2 year event must not
cause erosion; 0.1" minimum WQV
storage
Drainage Channel 25% 25% Check dams; non-erosive for 2 yr.
Deep Sump and Hooded Catch 25% 25% w/ cleanout. Deep sump general rule = 4 x pipe

Basin diameter or 4.0' for pipes 18" or less.

10% " 10% Discretionary non-structural credit, must

Street Sweeping
) be part of approved plan.

Source: Stormwater Management Volume One Stormwater Policy Handbook
March 1997, MDEP and MCZM, Based on Scheuler, 1996 and EPA, 1993




Estimated BMP Pollutant Removal
Performances in BMP Manuals (Cont.)

TSS TP COD PB CuU ZN

Stormwater Ponds

Wet Pond 80 45 40 75 NA 60

Dry Extended Detention 45 25 20 50 NA 20

Wet Extended Detention

Stormwater Marsh -20t0 98 -140 to 98 6 to 94

Vaults/Tanks 60 30 NA 30 NA 30
Infiltration

Infiltration Trenches/Dry Well 75 60 65 65 NA 65

Infiltration Basins 75 60 65 65 NA 65

Porous Pavements 90 65 80 100 NA 100
Filtration

Sand Fllter 85 55 55 82 53 76

Vegetated Swale 83 29 NA  63-72 63-72 63-72

Source: City of Portland, OR, Stormwater Quality Facilities:
A Design Guidance Handbook




Project History

s UWRRC of ASCE identified the need to address
Urban Stormwater BMP performance in a
systematic and scientifically rigorous manner
(Crested Butte Engineering Foundation
Conference)

m The Council approached with a proposal EPA
for grant funding

m ASCE/EPA Cooperative Agreement was
Established



Project Approach - A Scientifically Rigorous
BMP Data Collection and AnaIyS|s Effort

m Development of protocols for
collection and reporting of BMP
performance information

m Establish tool to store BMP
monitoring and design data in
standard format

m Tool has been a driver for formal
discussion and specification of
protocols

m Establish standard techniques for data collection, storage,
reporting, and analysis (guidance document)

m Conduct data analysis and exploration
m Disseminate findings

m Promote technical design improvements




Products Produced to Date
m Protocol Documents

m Database Tool

s Data Input and Search

= Available in CD (1700 distributed to-date) and
Downloadable Formats

m Web Site (www.bmpdatabase.org)

m Searchable Database

m Project Deliverables Available
s Downloads

m Project Information

m Guidance Manual


http://www.bmpdatabase.org
EStrassl
(www.bmpdatabase.org)


BMP Software: BMP Database Data
Entry Module

L& Microsoft Access - [Water Quality Sampling]
File Edit Help

B& &S

Water Quality Sampling Event

|
| =

Sampling Event General Information  *'ater Quality D ata For 5 ampling Event l

Fresz F1 [Help] for more information on techniques for copying and pasting data to reduce data entry time.  For example.
highlighting water quality data records with the mouze then right-clicking on Copy will enable the data zet to be copied to a new
zampling event water quality data zpreadzheet.,

STORET Parameter |value| Units | @ | Analysis Method
CHROMIUM, DISSOLVED (UGIL AS CR) j -1 mg/l
HARDMESS, TOTAL (MGIL AS CACD3) 39 mg/l
" |carBON, TOTAL ORGANIC (MGIL A5 C) 8| mgyl
"~ | NTROGEN, KIELDAHL, TOTAL, (MGIL AS N} 1.8( mgyl
— ship to Downstream BMP
| MITRITE FLUS NTRATE, TOTAL 1 DET. (MGIL AS ) 0.58| moyl =y
DHASDHMDINIS TATAL FAa AC Dy N AR5 rrrdl
Record: 14 | | 1 | M [Mk] of 20 (Filtered) .
:able

Racard 14| a4 |1 3 b et el Af a



BMP Database Data Search Engine

* National Stormwater BMP Database - [Structural BMPs]
Fle Edit Format Records Help

=181 x|

dose (B S| 812 % HE A

Test Site Name

Date Faci

| v

Description, Types, and Designs of Outlets

»

DeBary
Detention with
Filtration Fond

Duval County
Fond 1

Lake Munson
System

Finellas
Detention Fond

Silver Star Rd
Det ANt nd
System

Silver Star Hd
Ciat At

Recard; HI il !

Filter underdrain outlet. The filter has 362 ft of underdrain pipe. Filter material is filter
sand covered by a thin layer of coarse gravel. The travel distance for water flowing
though the filter was in excess of 2 ft. The filter is isolated from groundwater influence
by a polyethylene film. A wier structure in-line with the underdrain pipe to measure
s

1 culvert

141480 There is no description of the outlets in the studsy.

1/1/88 Qutlet is through a low-head w-natch weir. During construction of the retention ponds,
an area of fill was placed parallel to the original creek channel in order to temporarily
izolate the channel from the northern part of the pond. After construction, the fill was
not completely removed, leaving it partially emerged during base-flow conditions and
mvernrmen b cattals. Fyenowhen submeroed dunnn staorms the fill orobabke restricts

1/1/80 Storm runoff discharges from the pond into the wetlands by overflowing an earthen '
spilkviay at the northeast corner of the pond. The pipe is connected to the detention
pond and wetlands by aweir in a junction box. During periods of extreme high-
pressure flowve in the iron pipe, discharge from the pipe can be forced over the
cnnnectinnoweir intn the sturdy drainane swsteme the detentinn nnnd and wetlands

1/1/80 Flowy leaves the wetlands through a compound weir built around a drop inlet and enters

a et leaditm tn 2 drainane canal  klote that eveacs ranoff nommned from anothar

-

1 k| vi]rx]| of @ al | L

|Name location is known by locally | | | |

Num [



BMP Database Website

4 National Stormwater BMP Database - Microsoft Internet Explorer

File Edit View Favorites Tools Help .l.;'

QBack > |ﬂ @ ;ﬁ f'_\J Search \‘?;‘\'( Favorites Q‘Media \E‘} [_:' :\,, B - _I @ 'ﬁ

.Address|g‘| http://wnwnw.bmpdatabase.org/docs. html V| Go | Links ™
~

NATIONAL STORMWATER BEST
MANAGEMENT PRACTICES (BMP) DATABASE

HOME On-line Documents

This section provides downloadable documents produced by the National Stormwater BMP Database Project Team.

DATA SEARCH

ENGINE Database Documents

2001 BMP Database User's Guide {376kb PDF)
Provides more complete information on both the data entry and retrieval modules of the database.
DOWNLOADS Description of data elements document (139b PDF)
A complete list and description of each field in the database.
Database Structure Diagram

DOCUMENTS
Database Structure Diagram

BACKGROUND ON

DATABASE
Click on image to enlarge
WHAT'S NEW
Database Background Documents
EEEQUENTLY] A SKED Master Bibliography for Database Development

GUESTIONS(FA @3) The initial bibliography consisted of 779 entries, which were organized into 6 text files. These files are organized into BMP categories and can be

downloaded in PDF format below.

CONTACT
INFORMATION

Select BMP Type

Initial Recommendations on Database Structure (September 1996)*
Data elements and tables (31 pages, 120kb file)

BMP Performance Measures Documents

| £

&] Done & Internet




Online Data Search Engine

4 Test Site Name - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help .!

OBack - |ﬂ @ ;j )._] Search \_;E(Fa\.rorltes @Medla ﬁ‘} [_{' :\,'_ B - _] @'ﬁ

-“'\ddFESS|§| http://vewew.bmpdatabase.org/cgi-bin/BasicSearch.asp?SC=S&state=FL&coun=&bmpt=S&Sbmp=Retention+Pond+%28Wet%29++Surface +Pond+With+a+Permanent+Pool&SGbmp==&NI V| Go | Links

HOME Test Site Name: DeBary Detention with Filtration Pond 2
City: | DeBary State: | FL | Country: |lus

DATA SEARCH Monitoring/Sponsoring Agency Name(s):

ENGINE

Environmental Research & Design, Inc.
St Johns River Water Management District

DOWNLOADS ALKALIN.FIXENDPTLAB MG/L
BOD 5 DAY MG/L
CADMIUM CD,DISS UGIL
CADMIUM CD,TOT UG/L
DOCUMENTS CHLORIDE TOTAL MG/L
CHLRPHYL A MG/L
CHROMIUMCR,DISS UG/L
CHROMIUMCR, TOT UG/L
BACKGROUND ON CNDUCTVY AT 25C MICROMHO
DATABASE COPPER CU,DISS UGIL
COPPER CU,TOT UGIL
DO MGI/L
FEC COLIM-FCAGAD /100 ML
IRON FE DISS UG/L
IRON FE,TOT UG/L

s LEAD PB,TOT UGIL
FREQUENTLY ASKED Analytsal farameters LEAD PB,DISS UG/L
QUESTIONS (FAQS) NH3+NH4-N TOTAL MG/L
NO2&NO3 N-TOTAL MG/L
ORG N N MG/L
CONTACT ORG N DISS-N MG/L
INFORMATION PHSU
PHOS-DIS ORTHO MG/L P
PHOS-DISORGANIC MG/L P
PHOS-SUS MGIL P
PHOS-TOT MGIL P
REDOX ORP MV
RESIDUE TOT NFLT MG/L
TOTAL N N MG/L
TURBIDTY LAB NTU
ZINC ZN TOT UGIL
ZINC ZN DISS UG/L

WHAT'S NEW

BMP Name: DeBary Detention with Filtration Pond

BMP Type: Retention Pond (Wet) - Surface Pond With a Permanent Poal

BMP Summary (.PDF format)

Detailed Statistical Analysis Report ((PDF format)
&] & Internet

| £




Online Results of Analysis - Summary

ttp:/ fwww_bmpdatabaze_org/pdfz/1582980719 pdf - Microzoft Internet Explorer

J File  Edit iew Favorites Toolz  Help |
LD | [ | - |
Back Eoard Stop  Refrezsh Home Search Fawortes  Histomy b il Pritit Edit Dizcuze  Copernic

| Address [&] bitp: /v bpdatabase. org/pdfs/1 532980719, pel | @Go ||Liks »

MBS E =R T Car e O G A g BOE

BMP TYPE
DeBary Detention with Filtration Pond RP

Retention Pond (Wet) - Surface Pond With a Permaneni Pool ZIP: 32713
CITY  DcBary STATE: FL

COMMENTS:

Field wordk was conducted feom |une 1992 theough November of 1992 ko evaluate the hvdmualic and water gquality charactenstcs of a detenbion pomd wath

filtration system. A hydrolopse budget was detenmined for the system, Samples were collected on s Bow weighted basis dusng the study peood. Sediment
core samples were collected in the ponds, controd and filter areas. Pilot scale experiments were conducted to evaluate the effects of filter media,

con I':ll_l.u:.d.l:lc:-l:us. and sond cover on hvdraubc Fs-t-r:l’mm:um.'r.- of the system.

In peneeal, mass retention for all nabrogen specics was m-|||1|.1.'|.-|:r poor, with no net removal obsered For total nitropen within the detenfon |‘||:|I1|:|.
Consstent removals were observed for all measured species |:|I'|1|1|:|:=|'||1|'|Et|1.|:=\ with an overall removal of 61% for total P du ring the femaonth :Iun:|}' |1r::ic:u|.
Mass retention for TSS and BOD withan the pond was excellent, with an avessge retention of D98% for TES and 90% for BOD. Consistent mass removals
were also ohserved for each of the measured |1|::41.':.' mietals, with remsoval of |||'||1:\-::-:|:iL1'u||:|.-|._1.' M for O, S0 for total cadmmem and total cheomaem, T
for total Pl and Fe, and 9% for total Zn. Water column processes wene responsible for primary remaval of arthaphosphates, otal phosphomus,
turbechiby, amd |.'||:.J.1.':|' meetals within the system. The flter medin exhabated -.'Lrluall:r o .J.II‘iu:lI_l' fexr retaining heavy rvetals or nutments within the media,
Mechia filter type did not significantly altes removal efficiency. A small amount of reowval was provided in s bench scale moded uang sod cover on the
filber media,

Autick: appears to be a compeehensive analysis of the design and peeformance of the detention pond system with a short monstoang pesod {(S-months).
Orver 45000 separate field and labaratory measurements were penerated during the course of the peogece. The appendives are inchuded m the decument on

a floppy disk
BMP PLAN

| setten _M A
W EEEE MR EEEED L EEERTE =R R

@] Done I_I_lﬂ Interret




Online Results of Analysis
BMP Plans and Images

a http://www_bmpdatabase_org/pdfz/1582980719 pdf - Microzoft Internet Explorer

J File Edit “iew Favortes Toolz  Help |

J¢=,*,@f§@@®%v-

Back Earisard Stop  Refresh  Home Search Fawvortes  Histary b ail Prirt Edit Dizocusz  Copernic

| Address [&] ttp:/ /v bnpdatabase. ora/pofs/ 1552990719 pek | @Go | |Links »
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Figure 3-5, Fleld Instrumeniation Vaed at the Debary Detention with Firation Fond Site, -

[ rzam =] ez || [Cessnn | B 3
#&] Dore |_|_|ﬂ Internet
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Online Results of Analysis
Quantitative Summary of Study

; http: / /'www_bmpdatabase._org/pdfs/1582980719 pdf - Microzoft Internet Explorer

J File  Edit “iew Favontez Tools  Help

j¢,*.@@@@®%--

B ack i arnd Stop Refrezsh Home Search Favortez  History b ail Frint Exlit Dizcuze Copemnic
| Address [&] hitp: /v bropdatabase. org/pats/1552980719. pdf ~]| @Go ||Links »
nlBeE = E ) Ve DO@E %S0 Boo
4
CATEGOR BMP TYPE -
RP? . . = .
DeBary Detention with Filtration Pond Lat
Retention Pond (Wet) - Surface Pond With a Permanent Pool ZIF: 327113
CITY  DcBary STATE: FL
‘Watershed Parameters Summary of Flow and Precip. Data | Nearest Climate ID Station Data
Tostal Watershed Area 2052 ha | Start Deres 5/27/02 Climare 11 Sraton #: o638
Trtal Wateeshed Length 1324 m End Date: 11/27 /92 Locatioan: CORLAMNDO) Wa0 AP
50.6 Percent Impervious -
-;- B;uﬂl nE: o # evenfs momtored: 59 | Average # Storms/Yeac o0
High Density Residential: Sample Period (days): 154 _
Lo Dhensary Residennal: Mintmum Dieprh {omi: 030 | Average Annual Precip (cm): 11976
50 Medmm Densary Resslennal: Maximum Depth (cm): L5401
Multi-Family Residential: Average Depth {cm): L0 | Average Storm Deprh (om): 7526
S0 Oiffce Commercial: Median Depth [cm): 177
Retail: Standard Devianon of Deprh: 2y | Average Storm Ducarion the): 59
Light Industrial: # Flow Evenrs Monitoed: 74
Rangeland: Average Toral Flow Volume (1): S0 TN Average Storm Intensity (em/he) - 042926
Unknown: Mininum Total Flow Volume ([): (
Maximum Total Flow Volume (T): 66305490
Standaed Deviation Flow: 933456 -
B rzan |4 zorz Ml estin | B b

@] Dore |_|_|@ Intermet



Online Results of Analysis

Statistical Water Quality Summary By BMP and Parameter

t!h'l'lli‘ll;ﬂﬂll Lake McCarrons Sedimentation Basin
Retention Pond (Wet) - Surface Pond With a Permanent Pool
CITY  Rosevlle SETATE: MM

BMP TYPE
RP
EIP; 35126

Solbds, Total Sespended (mgl)

AT I I T I I T T I T IT T

[+
[

el
T
[
1
Expaactioed] Wiabue for Mo al Distribation

L
-
|"----|-- "";l # lnflow
FCNTETFUIS L ICTEYTOT FRTRL IV R 1 T R N |
EosToEoomom s W12 1 4 8 & 7 B
Saemiphs Mumber Liogie) Evant Mean Concentration

il

Ewani Measan Concont i
LR N - - ]
T

L] ouT
Manitaring Location

RS
Log Drats Arithmedic Drats
Coumt Bdes STDEY| Upper CL| L CL Bidea Med COW | Upper CL | Lower CL
Inlzt :" =} '-':n 1.1 I.Irphlr':'- "I:“;I' lnke $494. :'JL 1:1."'":: 152 IN:L'r ] I:::r" 2 Pollulas Removals
nlz pt in . = 123 ket 3544 04.3 52 Q4375 .72
i : . : Bfean Inflow - Mean Outflow | Percemt Dhfference
Clutled 28 302 [NE T4.42 26,82 | [Culet diga | 2042 [ 172 14.42 26.82 31403 | 3%
Analysis of Vaonsce (Mans Whidsey Test) Amalysis of Yonenoe (ANOVA) Kodmogorov-Smirnoff Tesl
LlSaaislic Frobability CHI Sqpaape Sam of Squares Farntic PV alue Blaxiumum Difference for Pai Probabdlidy
Glé L] T0GE ar19 TG ) 77 i
| Inlet I Contdet |
1 Dhfference s Difference
|Iu1h Percentile I 2055 | 4.64 | Inflow 1th Percentile - | 601 | T | Blaximum Percest Removal {upper TR
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Updated Statistical Analysis — PDF Documents
Water Quality Analysis

Swale - F4
Biofilter - Grass Swale
Phosphorous, Total {mg/L as P)

Inflow Outflow
Number of Inflow EMCs a0 Number of Qutflow EMCs. 24
Upper 35% Corfidence Limit 0.1554 Usper 85% Canfidence Limit 0.3358

N

Mean Inflow EMC

N

Arithmatic Estimate of the 0.1002

Mean Outflow EMC

Arithmetic Estimate of the 0.2228

T @ By | |, "l s o0

Lowvesr 5% Confidence Limi 00726 Laveer 83% Confidence Limit 0.165
Aithmetic Exfimate of Sandard Q127 Arithmetic Exfimate of Slandard 0.2275
Crevviation of the Inflow EMC Deviation of the Culliow EMC
Mean nflow EMCs 0103 | Mean Outflow EMCs 0.3588
Standand Deviation of Inflow EMCs 01266 | Standard Devistion of Outfiow EMCs 0.4371
Lag Mean of Inflow EMCs =1.778 | Log Mean of Cuthow EMCs. -1.858
Laog Standard Dewvistion of Inflaw EMCs 05788 | Log Standard Deviation of Cutliow EMCs 0.845
25060
3 ProTes)
§
=
2
]
é Am
k] G & a O out
o .
- . 0oL s “a % oy
poron LB B P & a 8
T T e
Date
00, D00 | s
10.000 < =
; : o s
1.0 E | o F
: _ i L. ¥
0.100 i._\ = B H "
a0 :
e 1
0.001 | — ; -
Irifhcrir Outflow o b £

Phosphonous, Total {mgill as F)

Summary Statistics - Event Mean Concentrations
Swale - F4
Biofilter - Grass Swale
Phosphorous, Total (mg/L as P)
Summary of Distributional Charateristics

Shapiro-Wilks W-test {n<50)g = 0.05

Inflow Outflow
Inflew EMCs Normally Distriouted? Ne | Cubficw EMCs Normally Distributed? L]
Inflow EMCs Log Normally Distribuled? Yes | Ouifiow EMCs Log Mormally Disribubed 7 Mo

Lilliefors Test (used when n>50) o=0.05

Inflow [ Outflow
Lilifers Probability for inflow EMCe 0 Lilifors Probabiity for Oubfiow EMCs (¢
Lillifors: Probability for Log Transformed 0183 Lillifors Probability for Log Transformed 0147
Inflow EMCe Cuulficw EMCE

HypOﬂ'lESiS Test Results - Raw Data

Nonparametric Analysis - Mann-Whitney Test o = 0.05
Reject the Null Hypothesis that the two Yes  Mann-Uhilney Probabilly (i
means are the same

Parametric Analysis - t-Test a= 0.05
Reject the Null Hypothesis that the two Reject the Null Hypolhesis that the bwo
means are the same? Assuming Equal means ane the same? Assuming
Varience. b Unequal Varience. Lo
Separate Preabability 0103 Peoled Probability 0.060
Hypothesis Test Results - Log Transformed Data

Nonparametric Analysis - Mann-Whitney Test o = 0.05
Reject the Null Hypothesis that the twa Y2 yrainANhitney Probabilly a
means are the same?

Parametric Analysis - t-Testa = 0.08
Separate Proabability 0.001  Pooled Probability 10.001
Reject the Null Hypolthesis that the two Reject the Null Hypolhesis that the bwo
means afe the same? Assuming Equal Yes means are the same? Assuming Yes
Warience. Unequal Varience.
Test of Equal Variance - Levene Test - Log Transformed Data

Equal Varience? Ko  Probability 0.4d4




Updated Statistical Analysis — PDF Documents
Flow and Precipitation

EMF TYFE 15 /78

Lretention Basin

ENMF TYFE
LE

Detention Basm {Dry) - Surface Grass-Lmed Basm
That Emptes Out After A Sorm

CITY: Freondida STATE:

harater stler of Nearby Climate 8B 4on ndieativw of
Precipitation at site '

Ch EIF: 922025

Summary of Monltored Precipiation Ewnte & roclated with
shater @uallt Ewnh

Station Hame SAN DIEGO HamberotP ecipiaton 13
s Ap Buent Mow Hored
Statios IDorGage Mmber i fuerage Depth of 2.0
Preciphation Bue it
Pe fod ot recod aug a3l # otstoms 12 NMisimam  Depth of 0.51
O or= i depth Preciphaton
Coetick ytotuarlatbs brd of soms 041 Maximam Depth of 505
Preciphation
Pe fod o7 reco © Augane ial precipiation 297 =hdand Deulation of Dept 1285
ohl- I ckes of Precipliation
Coetiickatotuaretbn wrpeciptodl O arlce of Depti of 1574
Preciphaton
Pemodotmecod dy@tor ofstoms 0107 113
or= I deplh
Coetfickatotuaretbn Rrstom digton 075
Peodotrecod iteszbr ot #0ms 0T 0052
or= I e
Coetick ntotuaratbn wretom e wrhy 052
Pi iod 07 reco i pe rEnd Deetwde b £00MF |3
OAT of = b depth
Coetick ntotuaraton of period bawee s 2
Fomz
T Hm ma mind [0 I iden fmd - Ansy=an! Hom Gl Coadmsoio
Tl mcie Fan bl Gages Mg houl Fhe Unded i, [Doscdll, 13303
Monlored Preclpliaion Cepth (em jby Cak
]
4
]
]
:
| ‘ |
i [ ' [ [ ' [ "
oW BIRE LT MGNE 4400 TR 0Tz 1y 1m0

EMF TYFE 15)’73 EMF TYFE
Dietextion Fasin _ . _ . LDE
Detention Basin (Dry) - Surface Grazz-Lined Basin
That Empties Ount After A Storm
CITY: Ezeomdide ETATE: 4 ZIE: 3025
Bummary of Manitored In1 0w c aceonliatd =h Yader @uaink Bummary ofMonifored Outioe c occonladed wh Wakr cuank
Even to Ewento
Wumber of inkow Measuoremen b Colle ded 1= Wumber of0 uhlow MeasrEment: s
Colecked
Wumber ofinizaker Gl Buenks Wher 18 Wumber ofinizaker 2wl iy Euenk When =
Friilws Lilere Measured Ouhiows Wer Measue d
suerage o Toll Buenl Irlow Wolume 37T SAuerage of Toll Buenl @ uliow WVolume ZaS0s
Mirimum To B Bl irdow wolme #5155 Mirimum To b e nl O uhlow Wolum e 1005
Madmum To bl BEn row wom e 53ET32 Madmum To b BenlOuhlow volum e Emar e
EEndad Deulaken o1 Tol Bienl Rk 2910 EEndad Deulaken ot Tol Euenl O unlcw 2920 2
wolum e wolum e
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Number of Visits

Growth of Database Use - Website

National Stormwater BMP Database Website Visits Since 2/26/01 Release

©0 1 mApprox. 63,000 Total Visits
01 mOQver 1.2 Million Total Hits
©° 1 3,600 Software Downloads

*°7 mOver 25,000 Downloads of BMP
Performance Guidance Manual
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Distribution of Current Studies (2/5/03)

BMP TOTALS BY CATEGORY BMP TOTALS BY STATE/COUNTRY
NUMBER
BMP CATEGORY OEF BMPS STATE NUMBER OF BMPS
Structural Domestic
Biofilter (Grass Swales) 32 AL 13
Detention Basin 24 CA 41
Hydrodynamic Device 16 El? 244
Media Filter 30 GA >
Percolation Trench/Well 1 m 5
Porous Pavement 5 MD 2
Retention Pond 33 M| 5
Wetland Basin 15 MN 7
Wetland Channel 14 NC 6
Total 170 NJ 3
Non-Structural OH 1
Maintenance Practice 28 OR 3
Total 28 TX 19
Grand Total 198 VA 29
WA 20
WI 10
International
Sweden 1
Canada 1




Potential Future Studies

m 112 Potential Data Providers Identified (9 International)
m Integrated into Contacts Database

m 9ICUD ldentified Additional Sources (At Least 3)
m New Studies for 2003

Data Provider [Number of Studies |BMP Types
Domestic
City of Greenboro, North Carolina 2 Bioretention
Washington State Department of Transportation 2 Infiltration Trench and Hydrodynamic Device
Denver Urban Drainage and Flood Control District 4 3 Media Filters and 1 Porous Pavement
BaySaver, Inc. 1 Hydrodynamic Device
Penn State University 1 Porous Pavement
Vortechnics, Inc. 1 Hydrodynamic Device
International
University of Canberra, Australia Numerous BMPs [Unknown
University of Abertay Dundee, United Kingdom 3 2 Swales and 1 Porous Pavement
Total (14)
—~




Protocols In Practice - The Manual

Urban Stormwater
BMP Performance Monitoring

A Guidance Manual for Meeting the National
Stormwater BMP Database Requirements

April 2002

The manual Is available in three
formats:

» EPA will be publishing the
Manual in Paper Form- first Y2
of 2003

> Avallable on CD - Limited
Production

> Avallable for download on
WWW.BMPDATABASE.ORG

Approximately 25,000 downloads
to date from web site

Guidance is highly relevant for
various levels of BMP monitoring


EStrassl
WWW.BMPDATABASE.ORG

http://www.bmpdatabase.org

Key Guidance Recommendations

m Flow monitoring must be rigorous

m Water quality performance should ultimately be
assessed by hydrology/hydraulic as well as
effluent quality performance

m Statistically sound approaches must be used to
assess water quality performance and should be
an integral component of BMP monitoring plan
development and implementation as well as
data analyses



Flow Measurement Errors

m Propagate throughout monitoring study (Loads
and EMCs)

m Often little or no opportunity for calibration under
actual field conditions

m Field conditions problematic (unsteady flow
conditions)

m Upstream conditions required for operation of
weirs and flumes are often not satisfied

m Many types of devices are not well suited for
flows which may vary by three or more orders of
magnitude



FHWA/USGS

l——-{g]—l Ultrasonic Approach Rated
S t d y g HE{ Bubbler Throat Rated
©
l j ) .
mj———i Ultrasonic Throat Rated
D t t o }—B:H Bubbler Approach Theoretical
' ' I I l £ M
e O S r a e S % }——E X I H Ultrasonic Approach Theoretical
L ]
g H X -I Bubbler Throat Theoretical
15 p
=
t I l e I a r g e = [ Ix 1] Ultrasonic Throat Theoretical
og End-of-Pipe Ultrasonic }—-—m-
c © —
- 1 - é g I——{ X | |—{ Down-stream Ultrasonic
in .
a r I a I I y I I I X :H ' Down-stream Bubbler
I E =X ] Marsh McBirney 250 Ultrasonic
_:“_-I (Corrected Velocity)
l_E:H Marsh McBirney 250 Bubbler
.8 (Corrected Velocity)
c o n
[ s . .
-g z }—I]—l Marsh McBirney 250 Ultrasonic
g £ ]
s 3 [ T ] Marsh McBirney 250 Bubbler
rT ] r ] £> ]
e aS u r e e S I—l E:I—{ BVT Ultrasonic
<1 1| BVT Bubbler
HH ADS
[ XTI ISCO 4250
= T . .
§ % @———I Sigma End-of-Pipe 950
o= n
-— O O 28
Manufacturer Corrected
Corrected ADS
I_E:} Manufacturer Corrected
Sigma End-of-Pipe 950
T TR T

Ol I Ver ag el 5%  -50%  -25% 0% 25%  50%  75%  100%  125%
| |
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Measures of Performance

m How much stormwater runoff is prevented?
(“hydrological source control”)

m How much of the runoff that occurs is treated
by the BMP or not (“hydraulic performance”™)?

m Of the runoff treated, what is the effluent
qguality? (“concentration characteristics
achieved”)




Measures of Performance Cont.

s Guidance manual review of historical
approaches

s Recommended approach for water quality

s Effluent Probability Method

m Statistically determine that the BMP removes
pollutants

s Focus on EFFLUENT QUALITY
m Percent Removal is Very Problematic



Results From Analysis of Flow-
Weighted Composite Sampling

m USGS Monitoring Data Set Used
m Initial Set of 80 sub-samples

What Number of
Sub-Samples are
| Required?

= A minimum of between 12 and 16 sub-samples
should be collected during an event



Monitoring Equipment Selection

m Monitoring Location
s Watershed Type
m Specific Site Characteristics

m Location Within a Watershed
= On the surface (gutter flow, typically grab sample)
m At inlets (typically grab sample)
= Mid-conveyance (manhole, in-pipe or open channel)
= Qutfall

m Monitoring Frequency
m Range of Flows to be Monitored



Flow Measurement Equipment
Selection Factors

Site location

Site condition

Expected discharge rates

Allowable loss of capacity

Accuracy

Expense

Installation requirements

Operations and maintenance requirements
Special considerations for small watersheds



Sampling Equipment

m Grab Versus Composite Samples

m Manual Versus Automated Sampling Methods
m Cost
m Study Objectives
s Sampling issues with regards to larger
particles/debris
m Composite Sampling Approaches

s Constant volume - time proportional to flow volume
Increment

s Constant time - constant volume
s Constant time - volume proportional to flow increment
s Constant time - volume proportional to flow rate



Appendices

m Data Evaluation and Statistical Hypothesis
Testing

m Generic Health and Safety Plan for Monitoring
m Specific to the Near-highway Environment

m Example Standard Operating Procedures for
Field Sampling
s Plan Used for Monitoring Work for Field Studies



Data Evaluation and Statistical
Hypothesis Testing

10

m Understanding Detection
Limits and Effects on
Analysis

m Descriptive Statistics for Log-
Normal Data

m Hypothesis Testing .

= Are Two Data Sets Statistically
Different from One Another? Lo

= Are Changes in Water Quality ~ °
Statistically Significant? 1 .

m Upstream/Downstream or
Temporal Comparisons
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Understanding Water Quality
Variabllity

s Many sampling programs do not yield
useful results — they are reported as valid
assessments of performance

s Number of samples to obtain a statistically
valid result from monitoring program

m Feedback to monitoring program design

m More events vs. fewer parameters —cost
trade offs?



Difference In Sample Set Means (%)
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Recent Results From the NSW
BMP Database

198 BMPs (~215 by Spring 2003)
>122,000 water quality records
~45,000 EMCs

Statistical Analysis of Each BMP for Each
Pollutant (~2000 separate statistical analyses)
m Descriptive Statistics (Arithmetic and Log Trans.)

m Tests of normality (W-test and Lilliefors)

m Tests of equal variance (F-test and Levene test)

s Parametric and Non-Parametric Hypothesis Testing

x Normal prob. plots, Scatter plots, Box and Whisker
plots



Distribution of Current Studies (2/5/03)

BMP TOTALS BY CATEGORY BMP TOTALS BY STATE/COUNTRY
NUMBER
BMP CATEGORY OEF BMPS STATE NUMBER OF BMPS
Structural Domestic
Biofilter (Grass Swales) 32 AL 13
Detention Basin 24 CA 41
Hydrodynamic Device 16 El? 244
Media Filter 30 GA >
Percolation Trench/Well 1 m 5
Porous Pavement 5 MD 2
Retention Pond 33 M| 5
Wetland Basin 15 MN 7
Wetland Channel 14 NC 6
Total 170 NJ 3
Non-Structural OH 1
Maintenance Practice 28 OR 3
Total 28 TX 19
Grand Total 198 VA 29
WA 20
WI 10
International
Sweden 1
Canada 1




Table 1: Number of Statistical Summaries that are Available from the ASCE/EPA Database Analysis by BMP Type and

Parameter
Detention
Basin
(Dry)
Detention | Surface
Basin (Dry)| Grass-
Detention [Concrete or| Lined Filter Filter
Lined |Basin That|Geotextile Peat
Biofilter | Biofilter Underground|Tank/Basin| Empties Fabric Filter Mixed
Grass | Grass Vault, Tank | With Open | Out After [Membrane| Other With  Filter
Parameter Strip Swale  or Pipe(s) Surface | A Storm | (Vertical) | Media | Sand Sand
Cadmium, Dissolved 1 6 1 3 1 3 4
Cadmium, Total 1 7 1 1 5 2 3 4
Copper, Dissolved 3 8 1 1 4 6 1 3 6
Copper, Total 3 11 1 2 9 6 3 3 6
Lead, Dissolved 3 8 1 1 4 6 1 3 6
Lead, Total 5 12 1 2 9 6 3 3 6
Nitrate + Nitrite, Dissolved 1
Nitrate + Nitrite, Total 2 1 1 1
Nitrate Nitrogen, 1 1
Dissolved
Nitrate Nitrogen, Total 5 10 2 5 6 2 2 6
Nitrogen, Kjeldahl, Total 5 7 1 6 6 1 2 6
Nitrogen, Total 4 4
Nitrogen, Total Organic 1
Oil and Grease 2 4 2 1
Phosphate, Ortho 2 8 1 9 1 1 3 5
Phosphorous, Dissolved 1
Phosphorous, Suspended 1
Phosphorous, Total 5 13 2 8 6 3 2 6
Phosphorous, Total 3
Residue, Total 1 1
Solids, Total 2




Table 1 cont: Number of Statistical Summaries that are Available from the ASCE/EPA Database Analysis by BMP Type

and Parameter

Retention Wetland
Pond Basin
(Wet) Wetland Without
Surface Basin Open Wetland
Porous |Pond With  With Water Channel
Infiltration Oil & Porous |Pavement a Open (Wetland With
Hydrodynamic|(Percolation)] Water Pavement| Poured |Permanent Water Meadow Wetland
Parameter Devices Trench [Separator Asphalt |Concrete Pool Surfaces Type) Bottom
Cadmium, Dissolved 4 1 1
Cadmium, Total 5 1 1 10 2
Copper, Dissolved 7 4 1
Copper, Total 9 1 1 13 2
Lead, Dissolved 7 5 1 2
Lead, Total 8 1 1 1 16 3 3
Nitrate + Nitrite,
Dissolved
Nitrate + Nitrite, Total 4 10 3
Nitrate Nitrogen,
Dissolved
Nitrate Nitrogen,
Totl g 2 1 1 4 3 3
Nitrogen, Kjeldahl,
Total 4 1 1 1 13 4 2
Nitrogen, Organic )
Dissolved
Nitrogen, Organic
Kjeldahl, Total
Nitrogen, Total 1 1 1 6 6 4
Nitrogen, Total 6 3
Organic
Oil and Grease 3 1 1 2 2 1
Phosphate, Ortho 3 4 2 2
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Normal Probability Plot of Influent and Effluent Event Mean
Concentration (Total Suspended Solids) for All Retention Ponds
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Box and Whisker Plot of Influent and Effluent Event Mean
Concentration (Total Suspended Solids) for All Retention Ponds
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Normal Probability Plot of Influent and Effluent Event Mean
Concentration (Total Suspended Solids) for All Wetland Basins
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Normal Probability Plot of Influent and Effluent Event Mean
Concentration (Total Zinc) for All Wetland Basins
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Normal Probability Plot of Influent and Effluent Event Mean
Concentrations (Nitrate + Nitrite) for All Retention Ponds
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Probability EMC is Less Than or

Cumulative Distribution Function for Total Suspended Solids

(Retention Ponds with Permanent Pools)
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Runoff
Volume
Control

Biofilters (N=16)

(Swale and Filter Strips)
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Runoff
Volume
Control

BMP Type

Mean Monitored Outflow/Mean M onitored
| nflow for Events WhereInflow is Greater
Than or Equal to 0.2 Watershed | nches

Detention Basins 0.70
Biofilters 0.62
MediaFilters 1.00
Hydrodynamic 1.00
Devices

Wetland Basins 0.95
Retention Ponds 0.93
Wetland 1.00

Channels




Box plots of the fractions of Total
Suspended Solids (TSS) removed and Median
of effluent quality of selected BMP types| T uarie
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Relating Design to Performance

m One of the primary long-term project
objectives

m Multiple regression analysis
m Sub-sample parameter analysis
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Effluent Concentration TSS (mg/L)

Effluent Water Quality as a Function of the
Permanent Pool Design Volume Ratio
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Influent Concentration TSS (mg/L)

Scatter Plot Showing Effluent Water Quality as a Function of the

Permanent Pool Design Volume Ratio
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Box Plot Showing Effluent Water Quality as a Function of the
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Analysis Findings

m Results of the analyses of the now expanded
database have reinforced the initial finding that BMPs
are best described by

= how much they reduce runoff volumes,

= how much of the runoff that occurs Is treated (and
not) by the BMP,

s and of the runoff treated what effluent quality
(concentrations and potential toxicity) is achieved?




Analysis Findings Cont.

m Basic BMP performance descriptions can then
be utilized to assess effects on total loadings,
frequency of potential exceedances of water
qguality criteria or other targets, and other
desired water quality performance measures.



Analysis Findings Cont.

m The results show that the effluent quality of
various BMP types can be statistically

characterized as being different from one
another.

m Some design parameters (sizing relative to
Incoming measured storm volumes) may be

statistically significant with regards to
performance of BMPs




Recent Trends

m Source Controls and LID
m Careful monitoring more difficult
m Variability may be higher

s Highly impervious and “flashy” watersheds (3-4
orders of magnitude in flows that need to be
monitored)

= Very small volumes and flow rates

m In many cases standard equipment does not exist

m Roger Bannerman — Modified tipping bucket rain gauges for
surface flow measurement on very small plots

m Accurate assessment of flows is key
= Low flows are very difficult to measure



Example Use of Database and Product
Deliverables by EPA and Others

m Regulatory and Policy

m Phase Il, TMDLs, On-going Phase |, ESA work,
and CZARA Manual Update

m BMP certification programs (ex. City of Reno
Nevada)

s Stormwater Best Management Practice Manual
Development

s BMP monitoring requirements and measurable
goals assessment

m Basis for Tier |l Protocol for Interstate
Reciprocity

m Endorsed by California, Massachusetts, New Jersey,
Pennsylvania, and Virginia



Example Use of Database and Product
Deliverables by EPA and Others

m Research Examples:

= University of Colorado — BMP Performance
Analyses and Database Tools

m University of Guelph, Canada — Linking
database with BMP cost analysis software

m Tufts University — Graduate Research BMP
Performance modeling

x EPA Edison
m Data Management and BMP Monitoring Programs
m City of Greensboro (NC)
= Port of Houston (TX)
= University of British Columbia (Canada)
m Selection and Design of BMPs Around U.S.



Example Use of Database and Product
Deliverables by EPA and Others

TMDL Implementation Programs

s Example: San Diego Creek Natural Treatment
Systems Master Plan to meet TMDLs

EIS and/or State EIRs (NEPA and CEQA)

s Example: Southern California EIR assessments
of post-development water quality

Enforcement Assessments

Expansion of the database to other BMP
types (agriculture?)

Smart growth - improve evaluations of
water quality and quantity performance



Other Efforts

m Chesapeake Bay Program Directive for
Reduced Stormwater Contribution

m Lake Tahoe TMDL Development



Database Outreach Efforts

m Conferences and Presentations

s Extensive national and international publicity with > 20
presentations

s 2002-2003 9ICUD, AWWA SWAP, EPA Chicago,
WEF/TMDL, EWIR Philadelphia

m Paper/Publications
= > 20 publications

m 2001 and 1995 Journal of Water Resources Planning and
Management

x New paper to be developed based upon reanalysis of
Database



Database Outreach Efforts

m Web Site Usage (shown previously)

m Potential National Training Courses
s BMP monitoring and design application
s BMP selection and design



Historical Funding Support

m Primary funding source as been EPA

m Volunteer efforts by Council members and
Pls



Future Funding Needs/Challenges

m \Website enhancements and development

m Adding and reviewing new studies

m Enhancing database access and analysis tools
(ongoing)

m Future assessments and analysis of studies in

the database (every 2 to 4 years depending on
data input)

m Future review and update of protocols and
monitoring methods, if needed



m Potential Website Improvement — GIS
Based Search Engine
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Current Efforts for Long-Term
Funding Support

s EPA

m EWRI,

m WERF,

s NAHB,

m APWA,

= And others.



Question and Discussion
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