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Abstract

Sports venues require larganounts of parking to facilitate the number of spectators
attending an event. The parking, mostly surface, is underutilized when compared to traditional
parking lotsaccommodatinglaily use.Large parking surfaces alter the natural hydrological cycle
by generating large volumes of runoff. Over time, pollutants build up on a parking surface and
are discharged into a stormwater drainage system during a rain ev€he intent of the
research is to investigate the use of Best Management Practicesilitiagtely reduce the
pollutant loads created by stormwater runoff while creating amenities for spectators that could
potentially generate revenue.

The focus of the studyill be on a 400 acre sports venue in Kansas City, Missoeri
Truman Sports ComplexTo understandetrofitting stormwater management practices, one
must understand how large parking lots are constructed and understand successfuples
Through the use of archival research, interviews and analysmogparking lot case studies,
Northgate Mall in SeattleWashington and US Cellular Field in Chicago, lllin@segsearch
analyzel how retrofitting design solutionsire utilized toreduce stormwater pollutant loads.

Eachcase stug documentsa distinct type of retrofitting stratey; bioswalesat Northgate
Mall and permeableconcete pavers at US Cellular Fieldsing the Design Point Method
developed by the Center for Watershed Protection, the researdlyzesachcasestudy
retrofit design solution conceptually and post constction. The DesigRoint Methodallowed
the research to measurne success of retrofitting strategies aimformedthe research tas to
how thestrategies could be implementeat the Truman Sports Complex.

The conclusiowf the projectis aretrofit desgn solution ofa surface parking loat the
Truman Ports Complex Using the Design Point Method as analysis tool he final study
provides compellingevidencethat retrofitting existing surfac@arking lots at sports venuesing
Best Management Pratices provides a sustainablksolution to reducing pollutant loads while

creatingthe potential forenhancing the tailgate experience for the sports fan.



Table of Contents

IS 0 T U PSSR v
LISt Of TADIES ...t e e e e e e e e Vi
ANt [0V L= o =T 0 0= o PP X
CHAPTER-INITOTUCTION. .....ceiiiiiiitiee ettt e et e et e e e e e e e e s e e e e e eeens 1
(7= 0 01 To b= USROS 1
CHAPTER-BACKGROUND........oiieiiiii e e e e e e e 4
History of Large Scale Parking LotS at SpOrtsS VENUES...........cccuviiiiieiiieieeeeiiiiieeeeeee e 4
Urban Stormwater Pollutiog The Problem...........ccccueiiiiiiiiiiieiieeeeieeeeeeeeeeevineeeevveeeeeann
GDNBSY ¢ SuBAINROMIEETNE SOIULION. ........cooveeeeeeeeeeeeeeetee et 9
ADNBSYE tF N LAY B STAY.SR e 13
ParkiNg ECONOIMICS......iiiiiiiiiiiiitie ettt e e e e e e s e e e e e e e e e e e s s e e e e e e e eeaeeas 14
Best Management PracCliCES..........covviiiiiiiiiiieeeeeeeeeeeeet e a e e e e e e 16

Low Impact Development (LID).........ccuiiiiiiiiieeeeee i e e 17
CHAPTER-MEthOdOIOgY........uuuieiiiiiiieeiei ittt e e e e 20
1o [N {ox1 o] o AU PP PP PP PPPT 20
RESEAICKH DESIGN. ...ttt e e e e e s e et e e e e e e e e eaaeas 21
REtrOfIlING PUIDOSE. ...ttt ettt ae e r e aananaaeas 26
Urban Stormwater Retrofit Manual..............coooiiiiii e 28
Retrofitting DeSigN Strat@QIES.......uuuuiiiiieiie e e eee et eee e raanees 32
Design Analysisd ¢ KS 5SaA3ay .t.2AY.0..aS0K2RE& ... 36
CasSe StUAY RESEALCKL.......uueiiiiiei i ceee ettt aae e 43

Case Studyd& w S (i N2 F ANbiih§ae MpliBéattle Washington......................... 43
Northgate Mall Case Study Calculations.............coooiiiiiiiiiiiii e 60

Case Study@ad b Sg ¢ t | -NIB Gejfuthr Hiel,(Chicadinois..............c..cocuveee.... 75
CHAPTER-DESIGN IMPLEMENTATION & RESULTS. ...t 96
The Project Site Truman SPorts COMPIEX........coiii i 96
[=Tol0] £=To (o] o FU TP TP PPPPPPPPPPPPPP 98
Y| (3 T =T0] [0 |V USRS 99



(@410 F= U URUPUPPUPPPPRRPRR 100
Truman Sports Complex Site CONteXt...........ccooiiiiiiii s 101
Installation and MaINTENANCE............uuuiriiiiiiiiii e e e e e e e e e e e e e e e e e e aeeeeeeeees 120
Treatment TYPES SEIECHION. ... ..o eaaeees 121
FINAl DESIGN SOIULION........vviiiiiiiiiiiiiie s s e e e e e e e e e e e e e aaeaaaaaaaaaaaaeaeeeeererereeerees 125
CHAPTER-BZONCLUSION. ....ce et e e e e e e e e e aae e 139
(D11 [o | @ g F= 11 1T T TP 139
Other SUCCESSTUl EXAMPIES......ooiiiiiiiiiii e 141
The Enhanced Fan EX[BEICE. ............cooooiiiiiiii et 146
Recommendations for Further ReSearCh............cccviiiiiieii e 147
BIDlIOgraPNY ... ——————————————————————————————————— 149
Appendix A Comunication With ProfeSSioNals.............oouiiiiiiiiiiiiiieeeee i e 154
AppendixX B Design Point TADIES. .......ccoiiiiiiiiiiii e eee et 165
Appendix G Detailed Calculation fa€ase Study #QUS Cellular FiekdDesign Point Method....... 168
Appendix D Detailed Calculations for Design Solutidiruman Sports Complex, Lots C &1D.....173
Appendix E Operational DefinitionS...............eviiiiiiiiiiiiiiiii e e e e e e e e e 179



List of Figures

Figure 11, Gameday KSU StadiUm.............uuriiiiiiiiieiiissssssss s s s ss s s e e e s e e e e e e aaaaaaaaaaaaaaes 1
Figure 12, Taibating at Truman SPorts COMPIEX.........cuuuiiiiiiiiiieiieee e 2
Figue 1-3, Truman SPAS COMPIEX.....uuuuuruiieiiiiiiiisissse s e s e e e s e e e e e e e e eeeeaaeeaaaaaaaeaaeeaeeeeeeeeeeeereneees 3.
Figure 21, Qalcomm StadiumSan DIEJO.........ccvvviiiiiiiiiiiieiiiiiieiieeiiiieeeeeeeen e 4
Figure 22, Ralph Wilson Stadium, BuffalQ.............coooiiiiiiiiiiiiiii 5
Figure 23, McAfee Coliseung Oakland, California.................uuuuiviiiimiinsseenneeeeeeeeeee 6
Figure 24, Relationship BetWeen IMPEIVIOLS. ..........uuuiriiiiiieaiiiiiiiiiiieie e e e ee e 8
Figure 25, "Green Earth'i.........ooooiiiiiieeeee s e e e e e e e e e e e e aaaaaas 9
Figure 26, The Water CYCIB.......uuiiiiiiiiiie et e e e e e 11
Figure 27, Green Paking ISIANd............uuuiiiiiiiiccece s e 13
Figure 28, Key LID EIBMENLS........cooiiiiiiiiiieeieee ettt 18
(STo{UTL=TRC R \V/ =T i aToTo (o] (o VAN D = Vo |- 4 P 25
Figure 32, Chanelized Stormwater Management............c.uuveiiiiiiieenniniiiiiiiieeeee e 26
Figure 33, Rainfall Frequency Spectrum EXample..........cccccviiiiiiiiiiiiieeeeeeeieeeeee 29
Figure 34, Optimization Point for Retrofit Treatment................oovvvviiiiiiiiiceecee 31
Figure 35, Pollutant Removal Capabilityd ¢ K SLI{ S Ya S.0.K2RE...cccoceveevenenne, 36
Figure 36, Sample Degh Point Table........cccoooiiiiii e 40
Figure 37, Calculating PodRetrofit Polluant Loading...........cc.uuveveiiiiiiiiiiiiiiiiiieeeeee e 41
Figure 38, Adjusting Removal Rates for Retrofits with a Positive Design Scate............... 41
Figure 39, Adjusting Removal Rates for Retrofits witNegativeDesign Score..................... 41
Figure 310, Calculating Pollutant Load Reductionha&f Retrofit.....................cccooiirnniinnnn, 42
Figure 311, Norhgate Mall Site LOCAtiON..........cccoiiiiiiiiiiiiiiiieieeee e A3
Figure 312, Aerial of Northgate Mall & Thoton Creek Water Quality Channel................... 44
Figure 313, Storm DrainNorthgate Mall............ccccccoeeiiiiiiiiii e 48
Figure 314, Thornton Creek Channel............oeuvieiiiiiiiiiii e e e e e e e e e 50
Figure 315, Thornton Creek Channel............oouuiiiiiii e 51
Figure 316, Plan of Northgate Malll.............cooiiiiiee e 53
Figure 317,Seck 2y 2F G ¢St SA02 LAY L. 8L.1.Sb 54

\


file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921463
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921464
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921465
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921466
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921467
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921468
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921469
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921470
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921471
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921472
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921473
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921474
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921475
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921476
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921477
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921478
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921479
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921480
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921481
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921482
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921483
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921484
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921485
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921486
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921487
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921488
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921489
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921490

Figure 3wy > o= SR R 7= 6 s I | Y /TR 55

Figure 319, Agial ODIIQUE..........uuiiii e 56
Figure3H nY ¢St SAQ2LAY.3. £.8.L.L. .S e, 57
Figure31 M~ | SNAIFf +*AS4..WeS(.5302LAy3..{.4l.{.5£58
Figure 322, Northgate Mall before Retrofg Seattle WA. ... 62
Figure 323, Northgate Mdlafter Retrofit¢ Seattle, WA............uiiiiiiiiiiiieei e 63
Figure 324, US Cellular Field Site Location, Chicago, IlliNQiS..........cccccoiiiiiiiiiiiniiinneieeeen. 75
Figure 325, Aerial Photograph of US Cellular Field, Lat.L...........ccccooeeeieeei 76
Figure 326, Aerial Photograph of US Cellular Field, Lat.L.........cccovviiiieeiiiiiiiieeeees 77
Figure31 T = t NP LJ2 & S RUS CGelluigr Fld....[.2.0... W[..O oo 18
Figure 328, Section of Permeable Concrete PAVerS............ooovvvvvvvieieeeeiieiiiiiiiiiiieieiinninannees 81
Figure 329, Construction Photograph[ 2 i W[ Q ! {...[.Sf.f.dzf. .L.NJ...CA.8% RX
Figure 330, Caoicrete Pavers, US Cellular Field.............ooovviiiiiiiieiiiiiiinnnn e 83
Figure 331, Installation of Permeable Pavers...........cccccoeiiiiiee, 84
Figure 332, Proposed Site Plan Concejt 2 & W[ Q | {..[.S.f..f.dzA. L. NIL.CBS{ R®
Figure 333, Existing LOtLUS Cellulari€ld...............ooooiiiiiiiieiieeeeee e 38
Figure 334, Lot - US Cellular Field, Before Retrofit..............ccoooeeiii 95
Figure 41, Construction Photograph, Truman Sports Complex..........cccceeveeeeiiniiiiiinnnnnn. 97
Figure 42, Truman Sports Complex Stream Location Map...............ooevvvveeevveveevvnnnnnnnnnnnnns 98
Figure 43, Blue River Watershed.............oooo oo 104
Figure 44, Truman Spors Complex Site Location.................cooevvvivieiiiiiiiieeeeeeeeeeeveeeaaannd 106
Figure 45, Truman SPort€omPIEX SIHE.......ccuiiiiiiiiiiiiiieiee e 108
Figure 46, Bioretention SECHON,.............oviiiiiiieieiieeeee e e e e e e e e 112
Figure 47, INfiltration TreNCRL,......ooviiiiiieeeeeee e e e e e e e as 115
Figure 48, Permeable PaverSeCliON, . .......uuuuuriiiiiiiiriees e e e e e eee e e e e e e e e ae e 115
Figure 49, Dry SwaleGrass Channel..........ccooooiiiiiiiiiiiiie e 116
Figure 410, Swale Sectiongsrass Channel & Vegetative Channel.................cccooiiinnnnne. 117
Figure 411, Existing Lot C &@OTruman Sports CompleX.........cooovvviiiiiiiiieiiiiiieee e, 121
Figure 412, Vegetative Swale EXample..........ccouviiiiiiiii e 123
Figure 413, Aerial Truman Sports COMPIEX........ouvviiiiiiiiiie e 125


file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921491
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921492
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921493
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921494
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921495
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921496
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921497
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921498
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921499
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921500
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921501
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921502
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921503
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921504
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921505
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921506
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921507
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921508
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921509
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921510
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921511
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921512
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921513
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921514
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921515
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921516
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921517
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921518
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921519
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921520

Figure 414, Lot C & [Q ATIVAl ATCAS......ccvviiiiiieeeieeeeeeiieeiieeeernsnesnnsnnsnnnanns e e s s s e e e e eee s 127

Figure 415, Parking Lot C & ©Existing Orientation of Parking Drive Aisles..................... 128
Figure 416, Parking Lot C & @Section of Typical Parking Bakxisting Conditions............ 129
Figure 417, Parking Lot C &@Plan of Typical Parking Bajxisting Conditions................ 129
Figure 418, Lot C & D Parking ROtation,...........cccooiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e 130
Figure 419, Lot C & D Parking Rotation,............c..cooiiiiiiiiiiiieeeeeeeeeeeeeeeee e 130
Figure 420, ParkingLotC &&x f 'y 2 ¥ BagcPRroposetlFpacg Saving Parking Baty
Figure 421, Truman Sports Complex, Lot C & D Parking Lot Design...............vvvvvvennnnnns 130
Figure 422, Enlarged Concept Plan of Lot C & D, Truman Sports Camplex................... 130
Figure 423, Truman Sports Complex, Lot C & D Parking Lot De$lgmposed Subdrainagel30
Figure 424, Concept Design Swale Section Example...........ccccoiiiiiieeiiiiiiiiieeeeeeen 130
Figure 425, Concept Design Swale SEeCtON............coooeiiiiiiiiiiieeeeeeeeeeeeeeeeee e 130
Figure 51, Truman Sorts Complex, Conceptual Site Plan Rendering..............cocecvvvvnneee. 141
Figure 52, Dolphin StadiumMiami Florida...................ccoo i 143
Figure 53, TCF Bank StadiiMinneapolis, Minnesota.............ccccceeeeeeeeeeeieveiieeieeeeeeeeeee 144
Figure 54, TCF Bank StadiwrMinneapols, Mimesota. Section of EPIC System.............. 145

Figure 55, Truman Sports CompleX Vision for a Green Tailgate on a Game.Day.......... 146

Vil


file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921521
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921522
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921523
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921524
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921526
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921525
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921527
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921528
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921529
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921530
file:///H:/Pictures/Misc/Thesis/final.doc%23_Toc266921531

List of Tables

Table 21, Stormwater Pollutant Types @rfSOUICE..............ccooeeiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeaaneens 7
Table 31, EightSteps in the Stormwater Retrofitting Process...........ccccceevveeeeiiiiiiciiviinnn. 23
Table 32, Why Retrofitting is Differentrdm New Stormwater Design...............evvvvvvvnennnnnns 27
Table 33, Rainfall Statistic and Frequency Spectrum Data............ccccveveeeeeiiiiiiiiiiiiieeeenn. 30
Table 34, Pollutant Removalapability.............ooiiiiiiiiieei s 33
Table 35, Summary of Pollutant Event Mean Concentrations AssociatedSiwotimwater.....38

Table 36, Amounts of Impesious Surface in Thornton Creek Watershed (by Land.Use) .45

Table 37, Summary of Northgate Mall Design OptionS..............evvveiiiiiiiiiiiiiieieeeeee e 53
Table 38, Economic Analysis of Northgate Mall Design OptionS,..........coovvvvivvveeeeeeeeenn. 56
Table 39, Northgate Mall Existing Site IMpPerviousness,...........cccceeeeeeeeeeeiiiiiiieeeeeeeeeeee, 60
Table 310, Northgate Malt, Pre-Retrofit Pollutant Load Calculations.................ccccceeeee. 65
Table 311, Estimate of WQTOr US CIlIES.......ciiiiiiiieeiiiiee et 66
Table 312, Bioretention Removal RAtES...........cc.uviiiiiiiiiiii e 67
Table 313, Northgate Ml ¢ Calculations of Site Impervious Area of the Design.............. 68
Table 314, Northgate Malt, Calculations of PrRetrofit Pollutant Load of the Design........ 69
Table 315, Bioretention DeSIYSNEEL..........uuuiiiiiiiiieii et 70
Table 316, Northgate Malt, Calculations of Adjusted RemowRates..................ccooeeeeene. 71
Table 317, Northgate Malt, Calculations of Adjusted Removal Rates............ccccccevvnnnnnes 72
Tale 318, Northgate Malt, Calculations of Adjusted Removal Rates............................. 72
Table 319, Comparison of Pollutant Removal Capability.............cccccooiiiiiiiiiiiiiiiiiiienns 73
Table 320, Pre /Post Site Impermeability................oooviiiiiiiiiiiii 88
Table 321, Estimate of WQV fOr US CItI@S.....ccooeiiiiieiiiii e 90
Table 322, Lot L, US Cellular Field fRetrofit Pollutant LO@sl...............ccccciviiiieeiieiennnnnns 91
Table 323, Infiltration Removal RAteS..............uuiiiiiiiiiiii e 91
Table 324, Infiltration Design Sheettot L, US Cellular Field.................ccccoooeiiiiiiiiiieeeee 92
Table 325, PostRetrofit Pdlutant Loading CompariSon..............uuveiieeeeiieviiiiiee e a3
Table 41, Truman Sports ComplexXPercentage of Impervious Area............ccoeeeeevvvvnenen. 107


final_doc_current.doc#_Toc262601737
final_doc_current.doc#_Toc262601738
final_doc_current.doc#_Toc262601739
final_doc_current.doc#_Toc262601740
final_doc_current.doc#_Toc262601741
final_doc_current.doc#_Toc262601742
final_doc_current.doc#_Toc262601743
final_doc_current.doc#_Toc262601744
final_doc_current.doc#_Toc262601745
final_doc_current.doc#_Toc262601746
final_doc_current.doc#_Toc262601747
final_doc_current.doc#_Toc262601748
final_doc_current.doc#_Toc262601749
final_doc_current.doc#_Toc262601750
final_doc_current.doc#_Toc262601751
final_doc_current.doc#_Toc262601752
final_doc_current.doc#_Toc262601753
final_doc_current.doc#_Toc262601755
final_doc_current.doc#_Toc262601754
final_doc_current.doc#_Toc262601756
final_doc_current.doc#_Toc262601757
final_doc_current.doc#_Toc262601758
final_doc_current.doc#_Toc262601759
final_doc_current.doc#_Toc262601760
final_doc_current.doc#_Toc262601761
final_doc_current.doc#_Toc262601762
final_doc_current.doc#_Toc262601763

Table 42, Truman Sports CompleXPercentage of Impervious Area.............eeevvevvvvvennnns 109

Table 43, Estimate of WQV fOr US CItIES.........uuuiiiiiiiiiiiiiici e 110
Table 44, Treatment Options to AddresRetrofit Objectives.........cccccveevviiiiiiiiiieeiieeeeeeee, 111
Table 45, Removal Rates for Bioretention Ar€as..........ccoevuuiiviiieiiiie i 113
Table 46, Removal Rates for Infiltration PractiCes.............ccccoviiiiieeiiiiiieeee e 114
Table 47, Removal Rates for INfAtioN PracCtiCes............couvviiiiiiiiiiieeiiiiieee e 118
Table 48, Removal Ras for Infiltration PractiCes........cooouueiiiiiiiiiiiiieeiee e, 119
Table4-9, Truman Sports Complex, Lot C & DRe&rofit Pollutant Loads,........................ 122
Table 410, Comparison of Pollutant Removal Capability............ccccccooiiiiiiiiiiiiiieniennnnn, 124
Table 411, PostRetrofit Pollutant Loading Reduction Comparison...........cccccccvevvvveenenene. 136


final_doc_current.doc#_Toc262601764
final_doc_current.doc#_Toc262601765
final_doc_current.doc#_Toc262601766
final_doc_current.doc#_Toc262601767
final_doc_current.doc#_Toc262601768
final_doc_current.doc#_Toc262601769
final_doc_current.doc#_Toc262601770
final_doc_current.doc#_Toc262601771
final_doc_current.doc#_Toc262601772
final_doc_current.doc#_Toc262601773

Acknowledgements

| want to first thank my wife for her support understanding throughout my journey. If it
was not for her | do not think | would have ever finished. She singlehandedly helped me deal
with and manage my expectations for my endeavor. The journey started before our marriage
and now it is finally complete two kids later. | do not know how gholit, but your strength and
support allowed me to finish my project. It was a very long process, but it has finally come to a
glorious end.

| would also like to thank all the committee members that challenged me along my
academic journey. Attemptin finish my project from a distance was extremely challenging,
but ultimately the guidance and knowledge | received allowed me to mold the project into
something meaningful. | would also like to thank all the professionals that provided me
guidance anditne throughout the project. Without the exchange of ideas the research would
not have been possible.

Finally | would like to thank my Mom and Dad. Your gentle reminders that | really
needed to complete this chapter in my life were always helpful. &4l never expressed your
frustrations with my lack of progress, you provided me with the additional motivation to

complete the project and move on with my life.



CHAPTER-Introduction

Gameday

From a fans perspective, there is nothing better than fitpghe grill and

Sy22eAy3a GKS 0S| dziAFdzZ RI & -1)KButiwhakifithatfldsy2 gy |
AayQi a2 oS|I dzi A Fdzf K u Ad 0KS SyR 2F ly2i
summer and the start of football season. You 3 . .
just pulled your car into the stall at the stadiung
and you are greeted by asphalt that has been
heating up all day long in the 1@zgree heat.
Scanning the vast sea of cars, you find no reli¢
from the heat, just row after row of

automobiles parked continuously on asphalt

pavement.

One of the goals fathe modern sports  Figyre1-1 Gameday KSU Stadium
(http://www.k_-state.edu/photo/spirit/tailgaters -

SI2013 003.jp?004)
the fan on the journey to the suites, clubs, ana

venue is to maximize revenue. Accompanyin

box seats is the automobile. The majority of sporting venues that have been built in the
last 30 years rely on the availability of some typ@arking relatively close to the venue.
How close the average fan eventually parks to the venue depends upon how much
money they want to spend. Most venues offer mass transit opportunities, but mass

transit does not resonate with the American love affai the automobile.Most venues


http://www.k-state.edu/photo/spirit/tailgaters-SI2013_003.jpg
http://www.k-state.edu/photo/spirit/tailgaters-SI2013_003.jpg

create as much parking as economically possible to capitalize on game day revenue. The
cheapest solution for sports venues is the asphalt parking lot.

Forget green islands, landscape buffers, or grass medians. Mestand
communities want a new franchise, or upgraded collegiate facilities. Time and money
are spent where the benefits for the fans are the greateSteating K S & { dzLJS NJ { dzA {
GKS Gt NIhe {dAidSéx 2N AYyONEBI & A drdhigh 8nShey dzY 6 S
list of where the money goes when a new venue is bulltpgrading allhese amenities
allows for higher ticket prices and increased revenue. So why should the average fan
care about parking, one
YAIKG FalKkK {
area where peple spend a
majority of their time the
tailgate (Figure 12), be taken =
into consideration when |
analyzing how to potentially

create added revenue for a

sports venue? What if

Figurel-2 Tailgating at Truman Sports Complex,

enhancing the parking lot, or
(http://www.americaswonderlands.com/images/KC/ChiefsTailg:

more importantly the ing-web.jpg, 2003)

tailgating experience, was aay to increase revenue?
There are many ways to enhance the tailgate experience, but there is only one

way to enhance the experience that also ties to sustainable methods for planning and


http://www.americaswonderlands.com/images/KC/ChiefsTailgating-web.jpg
http://www.americaswonderlands.com/images/KC/ChiefsTailgating-web.jpg

design. Usingow Impact Development (LID) to manage stormwateh wie use of
natural systems, rather than the typical end of pipe methods, is a wayetiethe
GDNBSYy ¢ A fsHstaingbledesign mettod df storntwater managemandlis
modeled after nature and uses these materials and methods to reducertpact to the
existing hydrologic systems.

The intert of the research is to investigate the use of Best Management Practices
that ultimately reduce the pollutant loads created by stormwater runoff while creating
amenities for spectators that couldgentially generate revenueThe Truman Sports
Complex (Figure-3), located in Kansas City, Missouri, is an example of an existing sport
FlLOAtAGE odaAflG Ay GKS SFENIeé& wmprtnQa
using traditional stormwater
management practices. The
research will explore new
approaches to stormwater
management and apply the
lessons learned into design
solution The final outcome will
be a proposed design solution

that demonstrates how

retrofitting an existing surface Figurel-3 Truman Sports Complex (Google Earth, 20C

parking lotat the Truman Sports Comple&n reduce storiwater pollutant loads.



CHAPTER-BACKGROUND

History of Large Scale Parking Lots at Sports Venues

a2RSNY adlFrRAF o0dzAfd Ay (GKS mpcnQa-I yR
purpose event space. The singular stadiums for professional sports teambewege
replaced withmultipurpose stadium$ike Qalcomm Stadiunm San Diego (Figure1d.
The advantage to a mupiurpose stadium was that cities could fund a singular project to
serve two sports franchises.
Land, infrastructure, public
transportation,parking and the .
overall building costs were
combined to save money. (In _
most cases, this money was
often public.) Unlike stadiums ’
of the past, which were

generally built near the urban

core, most multipurpose
stadiums were built with convenience of tifi@ens in mind. Most were carved out of large
chunks of land near freeways or highways, with large, expasvking lots surrounding
the stadium.

The purpose of th researchs to change the way sporting venues design,
manage, and use surface parkingrdss the United States there are roughly 1,795
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stadiums that have a seating capacity of over a 1,000 (E40Prc&2€0R). If we were to
breakdown seating capacitfurther, there are roughly 298 stadiums with a seating
capacity of over 20,000 in the UniteStates. Each of these stadiums (Figug @ould
typically have one parking space fvery three fans, which woulkelqual roughly6,666
parking spaces per venue. If one averages the parking requirements for a typical
stadium, that would equakbout 1,986,468 parking spaces across the country dedicated
to sporting venues.
Traditionally a ratio of 100

" cars per acre is used in the
early planning stages to
determine how much land is
required for parking. Taking
that into consideration,

roughly 66 acreare required

for parking at each of these

LT =
- >
AL 2

a1t o Fa e 5 A i A
Figure2-2 Ralph WilsonStadium, Buffalo
(Google Earth, 208). require 2,874,960square feet

venues. Each venue would

of parking to function

All of this land is not dedicated strictly to parking, because most cities have open
space ordinances that dictate the design of pagkareas. Even if we throw out twenty
percent for open space, there still would be approximately 15,750 a6860(70,000

square feet) dedicated to parking for sports venues. Most of these surfaces are



impermeable asphalt or concrete, creating rundaifttaditional stormwater management
practices. So whare sports venuedifferent from any other urban area that uses
traditional impervious surfaces for parking lot design? The answer lies with the use of
these facilities.

Typically, most sporting fa#
venues are rarely used year
around. Smaller multipurpose
facilities typically have more
events, but the bigger, more
traditional stadiums (Figure-2
3), have no more than 80
events a year. The biggest
stadiums involving fotball and

racing have even fewer

Looking at those schedules, Figure2-3 McAfee Coliseunt Oakland California
. o _ (Google Earth, 209)
why build a traditional parking
surface for an event that only occurs 80 times a year or less? Would it not make more
sense to leave the parking surfaces closer to a natural sthteh allowshe lot to
function more like geen space throughout the year?
All of the stadiums with seating capacities over 20,000 have surface parking

greater than 10 acres. Most sportsfacilities use some type of traditional stormwater

management practices. Some have adopted different sypeBest Management



z

t N} O0AO0Sa ¢6.taQauvs odzi F2NJ 6KS Y2al LI NIZ
have been designedll thefacilitiescontribute to the problem of urban stormwater
pollution. Pollution in our drinking water, beaches, lakes sindams are primarily

caused by rainwater washing over impervious pavements

Urban Stormwater Pollutiong The Problem

According to the National Resources Defense Council, polluted runoff rivals or

exceeds sewage treatment plant Table2-1 StormwaterPollutant Types and Sour¢éNRDC,

http://www.nrdc.org/water/pollution/storm/stoinx.asp

and factories as the nuber one

2003)
. ) pactlefla ret wasle, waslewater collecton sysiems

source Of water contamination Metals Automobiles, roof shingles

Nutrients Lawns, gardens, atmospheric deposition
as seen in Table®. As Oil and grease Automobiles

Oxygen-depleting Organic matter, trash

substances
development has occurred over —

Pesticides Lawns, gardens

Sediment Construction sites, roadways

time, more natural surface area Toxic chemicals Automobiles, industrial facilities

Trash and debris Multiple sources

has been covered by impervious

surfaces such as bu||d|ngs and Water Body Type Stormwater’s Rank % of Impaired

as Pollution Source Waters Affected
Ocean shoreline 1st 55% (miles)
pavement' The Center fOf Estuaries 2nd 32% (sqg. miles)
Great Lakes 2nd 4% (miles)
Watershed ProtectiofCWP) shoreline
Lakes 3rd 18% (acres)
Rivers 4th 13% (miles)

estimates that 15 million square
feet of land development is converted from a natural state to some type of impervious
cover every year (1998)mpervious surfaces do not allow the natural systems to absorb
or filter stormwater runoff. Instead, stormwater lands on arpenvious surface, like an

asphalt parking lot, and runs to the nearest stormwater drainage system. According to


http://www.nrdc.org/water/pollution/storm/stoinx.asp

the Environmental Protection Agency EPA~X & RRAYy 3 | a fAGGES & wmn
impervious cover in a watershedrt result in stream degdatiore 09t ! X HnAnnpL ®

The biggest problem with creating large amounts of impervious surface are the
pollutants carried in the stormwater as the surface drains. As stormwater flows over the

impervious surfaces, it picks up numerous
40% evapotranspiration

pollutants that lie ortop of the surface (Figure

2-4). Examples of these pollutants include:

10%
runoff

- Sediment

- Oil, grease, and toxic chemicals from
25% shallow

infiltration 0 ;
25% deep motor vehicles
infiltration

Natural Ground Cover - Pesticides and nutrients from lawns

and gardens
30% evapotranspiration

- Viruses, bacteria, and nutrients from

pet waste and failing septic dgss

- Road Salts

- Heavy metals from roof shingles,

10% shallow

infiltration
5% deep .
infiltration motor vehicles, and other sources

75%=100% Impervious Cover .
emion e Tme - Thermal pollution from dark

Figure2-4 Relationship Between Impervious impervious surfaces such as streets.
Cover and Surface Runoff,
(http://www.epa.gov/nps/urban facts.htn)l

2003)



http://www.epa.gov/nps/urban_facts.html

If impervious pavement was eliminated or reduced, the natural systems would be able to
help filter the wllutants by allowing them to process through the natural soil profile,

thus reducing the amount of pollutants that end up in our rivers and streams.

G DNBESY t SuddinabylithcéThe Solution

In the world of sustainability, everyone uses the teinD NS Sy ® ¢ {2 6KII
GDNBSyé¢ NBFLffte YSIy Ay GKS O2y@SNEI GeA2y |0
2-5)? For most people, thaternet is

the first place people go to research ne

or unfamiliar information. Many search
engines churn out rilions of web sites
that try to define what green truly
means. Some sites talk about the gree

party while others lead you to a discou

Figure2-5 "Green Earth
beverage store. But, in reality, most  (http://www.23hg.com/gasimkhan/photo/2320121/

] andard- 2008)
people think of green as a color, so why

does society instantly relate green sastainability?
To define green, one must truly understand the meaning of the word. The Oxford
New English dictionary defines green as:

- (Green concerned with or supporting protection of the
environment.


http://www.23hq.com/qasimkhan/photo/2320121/standard
http://www.23hq.com/qasimkhan/photo/2320121/standard

From the definitionthe meaning of "Green" ahin the context of the study is more
about a solution or strategy rather than the color.

When thinking about stormwater,rgen solutionsare strategies that result in on
the-ground projectswvhich are designed to reduce stormwater runoff, reduce water
pollution, create recreational amenitigbat protect our natural resources through the
dzaS 2F AGa3INBSY AYTFNI a0NHZOGdzNBEE oF f a2 NBETSNN
bio-retention facilities, streammestoration, stream buffers and other sciéintally proven
methods (KCMO, 2008).

In 1987, Gro Harlem Brundtland, then Prime Minister of Norway, directed a
commission on Environment and Develogmi to the United Nations. THe&BS LJ2 NIi = & h dzN
/| 2YY2Yy Cdzidz2NEZ¢ RSTAYSR Zatrdeétd theyidedsofitie i & | &
LINSASYy G oAGK2dzG O2YLINBYAAAY3I GKS FoAfAle 2
Gro Harlem BrundtlaKk R RSTAY SR GKS ( SNY eteathmughlitA yI 6 S
wasnot the first time people had thought about sustainkyi

Looking at historyarchitects hae found ways to design buildings take
advantage of the natural systems surrounding their new creations. As modern buildings
took shape during the Industrial Ageore and more raw materials were being
consumedby their construction Climate controlled buildirsgglass skyscrapers, and the
seemingly endless supply of fossil fuels created a world without limits. Anything seemed
possible, and for mainstream society, there vimas really a concern as to what huma

nature was doing to the natural systems that made our lives possible.

10



As time passed, more people became concerned with our planets natural
systems; the ozone, forests, air pollution, and more importantly, water. Water makes up
roughly 7075 percentd& G KS 9F NI KQa &adzN¥I OS> FyR Al Aa
GKS aG¢KS 2 (S M) Wahout Bater, anCifs BodrNIOUS state of motion,

our plaret would be very different.

The mairreason for the alarming Watendtothc . _ﬂs-\ \
1a "F]‘ @ SNOW~Water storage in the atmosphere™, Condensation

AN ;
r g E Sublimation

concernwith our natural waer P |

systems ighe current state of
declining water quality facingur

population.

Water stora
In ocea

In an urban setting, The

Water Cycle is disturbed. When

Figure2-6, The Water Cycle

undisturbed land is covered with (USGShttp://ga.water.usgs.gov/edu/watercycle.html, 2008)

forests and meadows, nearly all
rainwater percolates into the ground, fills wetlds and ponds, or is taken up by plant
material. Once the land is covered with impervious roadskanlilings,water runs off
and forms urban stormwater. kban stormwater runoff collects pollutants from
impervious surfaces, finally dischargitigem into diches, pipes, and creeks.
LY MpTHXE 0KS /Sy 2FGSNI!OG gFa LI &aasSRk
pollution problems affecting th&lationsrivers, lakes, and coastal waters. The central

objective of theClean WateAct is torestoreand maintain the chemad, physical and

biologicalini SANA & 2 F ( KBPAP2DOD, .21y SeveyaidelineS alE £

11
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programs vere established as a way to control pollutants into déationsa 2 | § SNJ / & Of S
By 1972, ouNationsRivers, lakes, and waterways had degihde much that only one
third were deemed acceptable for swimming or fishing (EPA, 2000, p. 1). The outcome of
the Clean Water Act was to create a permit system that required anyone discharging
L2t fdzi yGa Ayid2 2dzNJ yl iNat@ndl@dlutahtDisGaige (2 NB 3
Elimination SystentNPDES)

¢tKS bt59{ 61a (GKS daO0O2NYySNRlG2ySéthe2 ¥ (KS
discharge opollutants into the waters of the US. 69t ! X wnnnI LI Mmoo
allowed the quality of water ithe U.S. to increase dramatically. By 2001, nearly two
thirds of theNationsrivers, lakes, and waterways were deemed acceptable for swimming
or fishing (EPA, 2000, 1). The permit process was expanded in 1987 and by 2003 the
program had expanded its stomater requirements.By expanding theequirements
theya KI @S NBadzZ 6§SR Ay GKS NBY2QIf 2F oAftAzy
YAffAZ2YyAa 2F LRdzyRa 2F (2EAQO LRfttdzilydia | yy

Because of The Clean Water Act these padtrses are regulated by the NPDES:

- Municipal Wastewater Systems
- Municipal and Industrial Storm Water Systems
- Industries and Commercial Facilities

- Concentrated Animal Feeding Operations

12



All thefacilities are all required to have an NPDESwpt which has played a key role in

restoring theNI ( A @afefnays for future generations.

GDNBSY¢ tINJAYy3d 5STAYSR

Green parking can be interpreted many different ways. For the purpose of this
study green parking is defined as

GaSPSNI f (tappleytaghtideSraduceé ke contribution

of parking lots to total impervious cover. From a stormwater

perspective, green parking techniques applied in the right

combination can dramatically reduce impervious cover and,

consequently, reduce the amount &G 2 N ¢ I (G SBRA, NHzy 2 ¥ F ¢ 0

2006, p. 1).
As seenn Figure 27, several
stormwater techniques fit the
definition above, but thdocus of this

study is how stormwatetechniques

can influence the environmental

impacts of parking lots. The purpose

. . Figure2-7 Green Parking Islandq)EC, 2004)
of thisstudy is to understand how to

control/managestormwater runoffby applying different stormwater management
strategies. According to the USGS, the main environmental impacts created by
introducing impervious parking lots are:

- Hydrologic Cycle

- Pollutants

- Heat Island Effect

- Waste Impact
- Plant & Animal Disturbance

13



- Decrease in Green Space
- Urban Sprawl

Parking Economics

One of the core issues facing sustainable design is cost. Alternative stormwater
management design strategies that deal with retrofittiparking lots are no different.
To persuade a city, municipality, or private client to do something different or new is
always challenging. Case studies and previous design experience help to validate new
design solutions/strategies, but ultimately a gfiéi Qa OK2 A OS dzadz f f @ NBC
LF¥  yS¢ aGNIGS3e O02ada Y2NB GKIy &a2YS aly
AYLX SYSyllr A2y 2F | yS¢g az2ftfdziaiz2zykadNIasS3ae
to stormwater managemens no different. Plannig/design professionals and venue
operators are familiar with drainage infrastructure and how it functions. Hadlenge
then is prove how traditional stormwater managemeathniques have become
outdated and ultimately cost more. According to Eileenriedier of CEl Engineering
(2007, p. 25), typical retrofit costs can be compared to standard infrastreictosts. The

retrofit cost issues deal with eleven objectives that focus on:

1. Public infrastructure costs are higher when a development is built
within the context of urban sprawl, as compared to smart growth
patterns that conserve land.

2. At the site level, significant cost savings can be achieved from

clustering, including costs for clearing and grading, stormwater and
transportation infrastructureand utilities.

14



3. Installation costs can be between $4,400 and $8,850 cheaper per acre
for natural landscaping than for turf grass approaches.

4. Maintenance cost savings range between $3,950 and $4,583 per acre
per year over ten years for native landscapipgm@aches.

5. Better site design can reduce paving costs.

6. While conventional paving materials are less expensive than
conservation alternatives, porous materials can help total
development costs go down, sometimes as much as 30%, by reducing
conveyance andetention needs.

7. Swale conveyance is cheaper than pipe, systems, by some claims as
much as 80%.

8. The literature is not clear enough to resolve the cost differences
between discrete detention and retention tools by themselves.

9. Costs of retention or detein cannot be examined in isolation, but
must instead be analyzed in combination with conveyance costs, at
which point conservation methods generally have a cost advantage.

10.Green Roofs are currently more expensive to install than standard
roofs. Yet costare highly variable and going down. Green roofs also
have significant cost advantages when looking atdifele costs.

11. Several specific conservation tools can actually have multiple positive
economic effects by themselves, both directly and indigectl

The cosissuesassociated with retrofittinghen must be considered when retrofitting a

surface parking lot with any type of BMP.

15



Best Management Practices

I OO2NRAY3I (G2 GKS ! YSNROIY tdzofAO 22NJ a
Practices (BMR) ae practical control measures (including technological, economic, and
institutional considerations) that have been demonstrated to effectively minimize water
j dzF £ A O & MARGRD®O 4 € As discussed previousigthe amount of
development incrases, the amount of imperious surfasepporting the development
also increases. Once natural surfaces disappkaramount of degradation to existing
g GSNEKSRa | faz2 AyONBI aShEepasttwoldaadbsRe satd G2 G
of land develoment across the country has been more than two times greater than the
NI} GS 2F L2LJz | GA2Yy 3INR folcdatol thie Sdurces ofH nnc O P ¢
pollutantsfrom developmenis to attempt to manage them. KIS dza S a2 X a. @il ® S
most appropriate methR 2 F O2y UNRff Ay3 y2yLIR2AYG &2 dzNOS
prevent or minimize pollution rather than retrospectively respondit S LINRP 6 f SY ¢
(MARG20@B, p. 2 ® .St 26 Aa 0 &Besanhgermient®rfadticesi A TA OF G A

0. at Qao {iedltoigorrhwaisr mianaieinent.

Non-Structural BMF®

Planning ProceduresRunoff problems can be addressed efficiently
with sound planning procedures. Local master plans,
comprehensive plans, and zoning ordinances can promote
improved water quality in many waysuch as guiding the growth

of a community away from sensitive areas to areas that can
support it without compromising water quality.
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SiteBased BMR. These BM& can include buffer strip and
RparianZone preservation, minimization of disturbance and
imperviousness, and maximization of open space.

Structural BME

Stormwater Retention/Detention BME. Retention or detention
BMPs control stormwater by gathering runoff in wet ponds, dry
basins, or multchamber catch basins and slowly releasing it to
receiving waters or drainage systems. Thpsxctices can be
designed to both control stormwater volume and settle out
particulates for pollutant removal.

Infiltration BMPQ. Infiltration BMF are designed to facilitate the
percolation of runoff throud the soil to ground water, and,
thereby, result in reduced stormwater runoff quantity and reduced
mobilization of pollutants. Examples include infiltration
basins/trenches, dry wells, and porous pavement.

Vegetative BMR. Vegetative BM& are landscapg features that,
with optimal design and good soil conditions, remove pollutants,
and facilitate percolation of runoff, thereby maintaining natural
site hydrology, promoting healthier habitats, and increasing
aesthetic appeal. Examples include grassy esydilter strips,
artificial wetlands, and rain gardens. (EPA,2Q8 2

Low Impact Development (LID)

In the latel9y n &hdearly 19 n, &tarmwater management began to address
water quality problems while also focusing on how to control cobisi K S mJhpyam, Q & >
Germary, and France werdnterested in applying distributed, integrated management
techniques to reducing stormwater quantiyhich wouldalleviate problems with
O2Y0AYSR aS6 SN 2 0.Shillire o the bioetentich Sreédiat weren o 0
thought to effectively filter out pollutants created a new thought process focusing on

water quality.
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By 1988, Larry Coffmathen associate director of Programs and Planning,

Environmental Resources in Prince George's Countyhéd@n to eplore ways to

remove pollutantdrom bioretention through a plants biomass. By using the existing

characteristics of a plants root structure, Coffman and various collaborators created a

oplant-soil microbe filter modeled after a terrestrial forest compekaner, 2003, p. 3).

Using plants to remove pollutantgas not a totally new way of thinking, but it further

progressed into the idea of restoring the ecological function of a site. The end result was

still the same in that traditional stormwater methodsll conveyed the natural systems

Small-scale
Controls

Conservation

Mimics natural hydrology
and processes.

Customized Site
Key

Elements
of LID

Preserves native trees,
vegetation and soils.

Maintains natural
drainage patterns.

Ensures each site helps
protect the entire
watershed.

Directing Runoff
to Natural Areas

Encourages infiltration
and recharge of streams,
wetlands and aquifers. Maintenance, Pollution
Prevention and Education
Red loads and i
efficiency and longevity.

Educates and involves the public.

Figure2-8, Key LID Elements,
(UFC, 2004, pb)

Most of LIDprojects were in Maryland or the East Coast of the United States. In 1999,

on site into an infrastructure system.
According to Coffmarihe key elements
of Low ImpactDevelopment(Figure 28)
allow LID to eliminate the traditional
infrastructure and replace that with a
living site that functios without
infrastructure (Hager, 2003).

The roots of Low Impact
Development were born and the process

was implemented in varigs test projects.

the EPA and Prince GgeQ County published:owImpactDevelopment Strategies: An

Integrated Design Approacihis manuad S Ol Y S

techniques and practices. Intieanual LIDIRSFAY SR | &

idKS

18

Gbl A2y fé

Yy

AKe@RNRf23IAOI



design with pollution pevention measures to compensate for land development impacts

on hydrologyk YR & I i SNJ |j dzi (f 1A1}1 Algo cantdined iB thevntpdued as a

set of core goals that became the focus of Low Impact Development-@}ig 2

The coregoals were definedsaa

1.

Provide an improved technology for environmental protection
of receiving waters.

Provide economic incentives that encourage environmentally
sensitive development.

Develop the full potential of environmentally sensitive site
planning and design.

Encouage public education and participation in environmental
protection.

Help build communities based on environmental stewardship.

Reduce construction and maintenance costs of the stormwater
infrastructure.

Introduce new concepts, technologies, and objees for
stormwater management such as micromanagement and
multifunctional landscape features (bioretention areas, swales,
and conservation areas); mimic or replicate hydrologic
functions; and maintain the ecological/biological integrity of
receiving strears.

Encourage flexibility in regulations that allows innovative
engineering and site planning to promote smart growth
principles.

Encourage debate on the economic, environmental, and
technical viability and applicability of current stormwater
practices ad alternative approaches.

The practice®f LIDhave grown over théast15 years andhave fostered further study

and created additional guidelines for communities and design professionals alike.
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CHAPTER-3Methodology

Introduction

A major goal for redeveloping etirgy parking lots with effective stormwater
management is to improve the water quality of the watershed. The intent of this study is
to improve water quality, while also improving spectator comfort at sports venues. The
focus will be on existing faciks, and how retrofitting existing stormwater management
systems can be utilized to achieve this goal. The end result will take the shape of a
revenue generating stormwater management system.

According to the CWPRarge parking lots are an ideal retrofiecauseithey
generate more stormwaterunoff and pollutants on a unit area basign any other land
use in a subwatershéd o/ 2t £ H ByimpEmehniithg dyffgoent types of
stormwater retrofit techniques, the factors that have disrupted/degradked watershed
2P0SNJ GAYS OFly 6S NBYSRAFGSRO® WSGNRFAGGAY T
Largescale parking lot retrofits have been completed across the county, but limited
examples of retrofitting sporting venues have been completed. Byyaimg alternative
methods of stormwater management and applying those techniques to a hypothetical
design study, one can begin to understand the impact of retrofitting large parking lots at
sporting venues.

The design study will be performed on a sedaarking lot at a sports venue. By
understanding how to control or effectively manage the impacts stormwater has on
existing parking lots, one can create a set of design strategies for the future. By applying
different structural and nosstructural retofit strategies to an existing surface the study
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will try to understand how to deal with stormwater pollution from large impervious
surfaces.

While examples of structural and nén(i NHzO i dzNJ in the Kans@ssCityS E A a
area, nolargescaleparking lds haveA YL SYSYGSR NBGNRBRFAGGAY3I GS
The lotsconstructedin the Kansas Ciigrea are relatively small (ued 100 parking stalls)
and parking lotsizi A f A T hatébeen desigded in conjunctiomith new
construction. Due to its agethe Truman Sports Complex has over 20,000 parking spaces

on impervious asphalising traditional stormwater management

ResearclDesign

The research will focus on fostagesof design and implementation. The first
step will be to understand the esting planning and design strategies of retrofitting an
existing impervious parking surface. By conducting a literature review of planning
policies design, economics, and construction methpaise will be able tainderstand
the standards used to retrofain impervious parking surfaceSecondly, e study will
conduct interviews of design professionals adentify the designstandards and
objectives related to retrofit stormwater strategies. Taking the information gathered
from the background, the stydwill begin to shape and mold the analysis strategies.

Next, the study will use two comparative case studies. The focus of the case
study research will be to compare a newly constructed lot versus a lot that has been
retrofitted with BMP techniques. Thevo case studies will have the requirement of being

large-scale parking lots that used retrofitting techniques to reduce and manage the
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impact of stormwater runoff. By using largescale parking lot wvill allow one to
understand the design standardadobjectives of a new lot verses that of a facility that
was retrofited to improve the water qualitpf the watershed A the same timethe

study will focus on how toreate a better environment for spectators thie venue.
Unfortunately, a local casgtudydoes not exist in the Kansas City metropolitan area, so
one will not have the benefit of studyirtbe effects of regional factors in the Midwest.

By gaining knowledge through interviews with design professionals that \@orke
on the case studprojects, one can understand the retrofit design strategies for the
completed project and compare that to new construction. Using a set of analysis tools
developed by the CWP, (Tabld B the retrofit design strategies will focus on:

1. Site Context

2. DesigrOpportunities

3. Economics

4. Installations and Maintenance

Finally, the study will take the analysis tools and conduct a comparative analysis
of the case studies usirgmodified version of th&ight Step Process for Storntera
Retrofitting(Figure 31) RS ¥ A Y SR 0 Brban 8ubwatershedRestoration Manual
#3. The stormwater retrofitting process will allow the author to evaluate the proposed
RSaA3dy az2fdziazyQa STFSOUADBSYySaa 2F AYLINERJA
process deal withnformation gathering and for this study will be combined into one

step, creating a six step process for analysis and evaluation.
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Table3-1, EightSteps in the Stormwater Retrofitting Proces

(CWP, 2007, p. 192

Step and Purpose .

Key Task‘s

Step 1: Retrofit Scoping
Refine the retrofit strategy to meet local
restoration objectives

Screen for subwatershed retrofit potential
Review past, current and future stormwater
Define core retrofitting objectives

Translate into minimum performance criteria
Define preferred retrofit treatment options
Scope out retrofit effort needed

Step 2: Desktop Retrofit Analysis
Search for potential retrofit sites across
the subwatershed

Secure GIS and other mapping

+ Conduct desktop search for retrofit sites

Prepare base maps for RRI

Step 3 : Retrofit Reconnaissance
Investigation

Investigate feasibility of retrofit sites in
the field

Advanced preparation
Evaluate individual sites during RRI
Finalize RRI sheets back in office

Step 4: Compile Retrofit Inventory
Develop initial concepts for best retrofit
sites

Complete storage retrofit concept designs
Finalize on-site retrofit delivery methods
Assemble retrofit inventory

Step 5: Retrofit Evaluation and
Ranking

Choose the most feasible and cost-
effective sites

Neighborhood consultation
Develop retrofit screening criteria
Create retrofit project priority list

Step 6: Subwatershed Treatment
Analysis Determine if retrofits can
achieve subwatershed restoration
objective

Compute pollutant removal by storage
retrofits

Compute pollutant removal by on-site
retrofits

Compare against restoration objective

Step 7: Final Design and
Construction

Assemble design package to lead to
successful retrofit construction

Secure environmental permits

Obtain landowner approval and easements
Perform special engineering studies

Put together final design package

Contract and project management

Step 8: Inspection, Maintenance &
Evaluation

Ensure retrofits are working properly
and achieving subwatershed objectivesl

Construction inspection
Retrofit maintenance
Project tracking and monitoring

/ 2 t Maduak represent over two decades of work and provedsampling of 25
urban watershed retrofit§CWP, 2007)he techniquesand process represented in the
manual where chosefor its simplistimature. / 2 t Manual#3defines the retrofitting
process and provides the methods necessary to analyze a conceptual retrofit and
measure the intended result€Even thoughother methodsmay beappropriate,/ 2 ts Q

Six step proceswas choserior its in-depth backgound and focus on retrofitting urban
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watersheds By usingthe analysis methodiescribed by the CWBne can define and
understand therelationships between a theetical retrofit of the Truman Sports
Complex and retrofits of a similar nature that have been built.

The end result will be to apply the lessons learned to the study area using the
G5SaAirdy t2Ayld aSiK2R¢ (G2 RSGSNXCWP,R00RE G NB T A
By usinghe SixStep Process f@alculating Pollutant Loads and Pollutant Load
ReductiorRS FA Yy SR 0 Brbait EubwalershedRestoration Manua| t@
analysis can evaluate and measure pagential success of a design solution. For
comparative purposes, the study will use nine steps to compare the pollutant loads of

existing sites versus pollutant loads of a conceptual design solution.
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Figure3-1, Methodology Diagram
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Retrofitting Purpose

The ideal scenario of any new facility would be to recreate @ueinal drainage
patterns that existed on site before development. As the knowledge base has gvown f
stormwater management, LIEirategies have become the norm, but time has not stood
still over the last 100 years as seen in Figu& 3There has beesubstantial
development in the management of stormwater in the urban environmeew
developments have
fostered the need to
created strategies for
stormwater management
that meetsthe
expectations of a new

 gINBSy20AShGe o

Unfortunately, the creation

Figure3-2, Channelized Stormwater Management

(http://www.greatlakes.org/Page.aspx?pid=10272010) ofd ANB Sy ¢ SOSt 2 LIY

also meas that decadesf stormwater infrastructureexiststhat does not meet the

OdzZNNBy G &Gl yRI NRaietg But dlua\bppedstexidim NeBilfigsE a2 O
Ideally, existindacilities would be eliminated but cost, ting, and a basic understanding

of how stormwater infrastructurgg 2 NJ & R2 Say QU plxusifeSSosnivatey A y I (0 A |
retrofitting becomes so critical to the reduction of stormwater pollution and

improvement of water quality. TableBoutlines the core flierences between

constructing new stormwater infrastructure verses that of urban retrofit practices.
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Table 3-2 Why Retrofitting is Different from New Stormwater Desig(@NP, 2007p. 3

Why Retrofitting is Different from New Stormwater Design

Urban Retrofit Practices

New Stormwater Practices

Construction costs are 1.5 to 4 times greater

Designers seek least costly options

Requires significant data collection

Much of the data may be borrowed from past designs

Assessment and design costs are higher

Focus on low cost design and construction

Sized to meet subwatershed restoration
objectives (or best one can do)

Sized to meet local stormwater design standards

Typically installed on public land

Installed at new development projects

Urban soils often cannot support infiltration

Soils may support infiltration

Fingerprinted around existing development and
infrastructure

More flexibility on where to locate practices on the site

Must be acceptable to adjacent neighbors and
landowners

Aesthetics are not always a major design factor

Most are publicly maintained and the public
expects that they will be

Most require private maintenance, which is not
frequently performed

Not all candidate sites are feasible

Nearly all sites are made to work

Often tied into existing stormwater conveyance
system

Usually creates the new stormwater conveyance
system

Integrated with other restoration practices

Stand-alone practice

Public investment in watershed infrastructure

Private investment in stormwater infrastructure

Site visit is prerequisite for design

Design may occur without site visit

A
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systems were built long before federal and state water quality regulati@tsme more
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body of water without even a thought towards treatment. NPDES regulations have

improved the way stormwater is treated on site and the perpriticess for ew

development. NPDES8gulations force new developments to treat stormwater on site,
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developments.

According to Jim Lenhart, Chief Technology Officer with Contecm®tder
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existing stormwater infrastructure, the benefits of building new systems will not be fully
utilized because the problems just keep moving from one location to the next. There has
to be a unified treatment plan that considers old infirasture along withthe new

piecesso a holistic solution to stormwater treatmenén be formed Stormwater

retrofitting will only become more critical as our existing infrastructure continues to age

and our population increases.

Urban Stormwater RetrofitManual

The CWP has established itself as a leader in defining the standards for protecting
and restoring watersheds across the county. For the past 22 years, the organization has
g 2 NJ t8 protedt, restore, and enhance our streams, rivers, lakes|amet, and bays
(ONVP, 1998). / 2 t A f creale vidb?e salutions and partnerships for responsible
land and water management so that every community has clean water and healthy
naturalred 2 dzNOS& G2 adzaidl Ay RAGSNRS tAFTSe o/2t3
In the last t& yearsCWP hag 2 N] SR Ay O2ya2dzyQuAzy 6AGK
2 3GSerGSNI alylF3aSyYSyid (2 LINRddie$hel aSNASa
techniquestaresi 2 NB  a Y| £ f  dzNBVP, Z0O% p. . BaNEaIR ka6 /
Stormwater Retrofit Practicesleak with urban stormwater retrofits applied to the
subwatershed level. The key to restorsigovatershedss to create stormwater
treatment locations in areas whetley did not exist or were ineffective (QR\2007).

Creating stormwater treatment locati@will help restoresubwatershedsincethey can
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aremove pollutants, promotenore natural hydrology and minimize strearthannel
SNRPaAA2YE O6/2t3 HANTI LI® HOOD ¢KS o0l aAao N

- Correct Past Mistakes

- Reduce Flood Damage

- Educate & Demonstrate

- Trap Trash & Floatables

- Reduce Flows to Combined Sewer
- Renovate Stream Corridor

- Remove Pollutant of Concern

- Reduce Bank Erosion

- Support Stream Repair

- Restore Entire Watersheds

Theinteii 2F GKS NBaSI NOK A a stiapallolvyoeStarriweatar (S (0 K.
retrofit of an existing parkintpt at a sports venue.

In addition to the watershed diagnosis, the stugBeksto understandthe
relationshipbetweenrainfall andrunoff.  The rainfall frequency spectrum (Figuf8)3s
dzZaSR (2 GaRSTAYS (GFNBSG NHzy2FF @2fdzySa F2NJ

Thisa LJS O (idnsdrses the

average frequency dhe depth

of rainfall events that occur

i ches)

duringa normal year, adjusted

Rain fall Depthy (i

IT-yr.24-hrt\. T2N ayz2eFlLtt§ o/ 2tz

[

J0.5" L 0% s ‘
l .

! Wi |

Figure3-3, Rainfall Frequency Spectrum Example
(CWP, 2007 p. 6
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Accordig to the CWP, the rainfall spectrénR S Ftteyp&centof rainfall events

that are equal to or lesthl Y

(KS AYRAOFIGSR NIAYTI €

RS LJI K ¢

see from Table-3, 90% of the storm events in the Kansas City Area produce about one

inch of rainfall. Typically, across the country, 0.8 to 1.21 inches of rain falbliyy80

percent of the time (@/P, 2007). Table-3 defines this 90 percent rain event for

selected US cities. It is also relatively easy to create a rainfall frequesctywsp for any

city using the guidelines provided by the Center for Watershedeeton.

Table3-3 Rainfall Statistic and Frequency Spectrum Data

(CWP, 2007p. 7)

Rainfall Statistics and Frequency Spectrum Data for Select US Cities
P

recipitation Rainfall event: Depth in inches
i anpual | pays? | s0% | 75% | 0% | 95% | se%!
Atlanta, GA 50 77 0.5 0.9 1.6 2.1 34
Knoxville, TN 48 85 0.4 0.7 12 1.5 24
New York City, NY 44 74 0.4 0.7 1.2 1.7 27
Greensboro, NC 43 73 - -- 1.6 - 2.7
Boston, MA 43 76 0.4 0.6 1.2 1.6 26
Baltimore, MD 42 71 0.4 0.8 1.2 1.6 25
Buffalo, NY 41 88 0.3 0.5 0.8 1.1 1.8
Washington, DC 39 67 0.4 0.8 1.2 1.7 24
Columbus, OH 39 79 0.3 0.6 1.0 13 2.1
Kansas City, MO 38 63 04 0.7 14 17 3.2
Seattle, WA 37 90 - -- 1.3 1.6 1.7
Burlington, VT 36 79 0.3 0.5 0.8 1.1 1.7
Chicago, IL 36 76 0.2 0.6 0.8 1.0 2.6
Dallas, TX 35 32 - -- 1.1 - 32
Austin, TX 34 49 - - 1.4 - 3.2
Minneapolis, MN 29 58 0.3 0.6 1.0 14 24
Coeur D’Alene, ID 26 88 0.2 0.3 05 0.7 1.1
Salt Lake City, UT 17 44 0.2 04 0.6 0.8 N2
Denver, CO 16 37 - - 0.7 - -
Los Angeles, CA 13 22 - -- 1.3 - -
Boise, ID 12 38 - - 0.5 - -
Phoenix, AZ 8 29 - — 0.8 - 1.1
Las Vegas, NV 4 10 - - 0.7 - 0.8

O, =

o

Notes: Dashed lines indicate no data available to compute.
Excludes rainfall depths of 0.1 inches or less
Average days per year with measurable precipitation
The 90% storm is frequently used to define the water quality volume

The 99% storm is equivalent to the one year storm and is used to define the channel
protection volume.

Data for the City of Chicago obtained from:
http://www.weather.gov/climate/local_data.php?wfo=lot

ifall

ate
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The importance of the Rainfall Frequeny Spectrum to the study is that a rain

event that occurs 90 percent of the time is used to define water quality volume, while a

one year storm (99% storm) is typically used to define channéégtion volume (CWP,

2007). It is important to focus on the fact thaurface pollutants are carried off by the

first Yzinch to kinch of rainfall, offirst flusré Kewern, 2009p. 1J). Highly urbanized

land developments typically have large amountswgbervious areas. By focusing on the

AFANAIG

quality.
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After the target storm event has been established, one of the biggest challenges

is establishing the optimization poifar retrofit treatment. Figure 3} diagrams the

High

Infeasible
or
Unacceptable

Low

4 Number of
. Acceptable \
., Sites

Treatment as
Percent of
Total Load

Infeasible
or
Unacceptable

Capture Volume
(runoff inches)

1.25

Figure3-4, Optimization Point for Retrofit Treatment

(CWP, 2007p. §

optimal point for
retrofit treatment. In
essence, the larger the
treatment volume, the
less likely the site can
support the number of
retrofit opportunities
on site. The
optimization point

occurs when thez are

31
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just enough acceptable retrofit sites to treat the accepted wajeality treatment
volume. Theestimate of water quality volumtargetsisbased ora subwatershe@®

imperviousness.

Retrofitting Design Strategies

As stated previousl|yheretrofit design strategies will focus on five issues critical
to analyzing the success or failure of implementing a stormwateofietio an existing
site. The retrofidesign strategies will focus on:

1. Site Context

2. DesigrOpportunities

3. Economics

4. Installation and Maintenance

With the help of Manual 3Jrban Stormwater Retrofit Practicethe retrofit strategies
define and measure the success of the retrofit practices usin@uiadysis toolThe

Design Point Methgddeveloped by the CWP.

Site Context The study explorgthe ste context, what exists on site and defines
the parameters of the watershed by its history. By focusing on the diagnosis of a
watershed, the study will:

Review Past, Current and Future Stormwater Management

Define Core Retfiting Objectives for Subwatershed

Translate Objectives into Minimum Retrofit Treatment Performance Criteria
Define the Preferred Methods of Retrofit Treatment

Estimate Retrofitting Effort Needed in the Subwatershed

arwdE
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Design Opportunitieg There are mawn different ways to redevelop existing
surface parking lots through the use of stormwater retrofit techniques. The critical
decisions that the study will explore will be to understand what treatment options were
used and how the site functions after thetablished design parametevgere
implemented. According to thdrban Subwatershed Restoration Man@athe core
retrofitting design strategiefor subwatershedsire:

- Extended Detention
- Wet Ponds

- Wetlands

- Bioretention

- Filters

- Infiltration

- Swales

One design strategieare definedthey canbe analyzed in terms of pollutant load
reduction using the information iable3-4. The design can focus on the Best
Management Practices that would allow the stormwater retrofit to have the greatest

possible sacess from the standpoint of form and function.

Table3-4 Pollutant Renoval Capability (CWP, 2007p. 159

Comparison of Pollutant Removal Capability ‘

Stormwater Stormwater Pollutant
Treatment : Organic .
Option TSS TP TN Metals Bacteria Cafbioh Oil & Grease

Extended Detention ® X O @) O X @
Wet Ponds ® ® O ® ® @) ®
Wetlands ® (O] O @) (O] X ®
Bioretention ® X O @ ® @ ®
Filtering o ® O ® ® ® ®
Infiltration o ® O (] ? ® ®
Swales ] X O ® X (O] ®
Rooftop Varies
KEY
@ = Excellent Removal (76 to 100%) Legend ]
® = Good Removal (51 to 75%) TSS Total Suspended Solids
O = Fair Removal (26 to 51%) TR Total Phosphorus
X = Low Removal (0 to 25%) TN Total Nitrogen
? = Unknown Removal 33




Economicg New products, technologies, or ideas that have evolved over a period of
time create opportunities for new design salons. The biggest problem new iddase
is a perception of cost. With anytig new there is a lack of understanding of how a
uniqueproduct or technique is applied. Because of this learning curve, there will always
be the initial reaction by the construction indiusfNE G2 al e&s aGKFG O2ada
Representativease studiegxistthat prove nontraditional methods of stormwater
management can be done cost effectively, but an economic analysis using comparative
cost analysis must be done on any theoretical design to understandost impacts of
proposed design solution The econoima analysis focuses on comparing the retrofit
construction costs to the cost of new construction.

1. Comparative Cost Models
2. Preliminary Cost Estimate
3. Life Cycle Costs

Installation and Maintenance Installation practices and the maintenance of a
project wil ultimately shape the success of a project. Ideas are great, but if the design
cannot delivetthe clientexpectationsthe project will be deemed a failure. The
practicality of the design from an installation and maintenance perspective must be
assessd by two coregoals

1. Can the proposed design kéiciently and effectivelybuilt?
2. Howwill maintenance be handled to ensutieat the proposed design will
meet the project goals?

Thetwo coregoals will be analyzed against the traditional methods ofalltetion and

maintenance and define the success of a project.
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Analysis ofSormwater Management

Once the design issues are understood, the analysis or modeling of a proposed
stormwater management solution can begin. The site has been defined, shgnde
parameters understood, cost data has been reviewed, and the installation and
maintenance procedures have been established. The result is a finalized design solution
that reduces pollutant load and improves water quality while enhancing spectator
comfort. Theonly way to thoroughly test a desigolution is to put the design through
an analysis process that will test the proposed design against the existing conditions
using a desktop retrofit analysis as defined in Manual 3. The only modificabidhis t
process will be steps 5 and 6, which will evaluate the desigmahd constructed
project. Thestudy will not end with physical construction of the intended design, rather
hypothetical design that is analyzed.

Stormwater Retrofitting Analysis $ie

Retrofit Reconnaissance Investigation
Compile Retrofit Inventory

Retrofit Evaluation and Ranking
Subwatershed Treatment Analysis
Final Design

Evaluation

o gk wnNRE

While hypothetical in nature, analysis modeling provides a critical step in the
development of ag proposed design solution. By understanding what has been done in
the past, and what could potentially be done to an existing site, one can make informed
design decisions. The end result is a set of design criteria that suggests the benefits of

the apdied design solution.
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Design Analysisd ¢ KS 5SaA3dy

t2Ayl0 aSUK2RE

One of the main goals of redeveloping existing parking lots with stormwater

management is to improve the water quality of the watershed. Impervious surfaces have

disturbed the hydrologicycle of the watershed and its ability to function naturally. The

first step in the Design Point Method is to use the basic fplas of the Simple Method.

TheSimple Method (Figure- 0

stormwater runoffF N2 Y avYl f §

Sa0AYHGSA

dZNB Iy OF § O hemiayuals £

GOGKS FyydzZ f L2t dz

0/ 2tz

acknowledges that the Simpledthod as ananalysigool sacrifices accuracy due to the

fact that it does not use local stmwater quality monitoring datalt does however

’ Pollutant Load Export Equation providean accurate wayo

L = [(P)P)(Rv) + (12) J(C)(A)(2.72)

Where:

L = Average annual pollutant load (pounds)

P = Average annual rainfall depth (inches)

P; = Fraction of rainfall events that produce runoff

R, = Runoff coefficient, which expresses the fraction of
rainfall that is converted into runoff

C = Event mean concentration of the pollutant in urban
runoff (mg/l)

A = Area of the contributing drainage (acres)

12 and 2.72 are unit conversion factors

Figure3-5, Pollutant Removal Capabilitg & ¢ K S
a S K @\ 32007p. B1)

F NBSF G2 |

calculate the reduction of
pollutant loads on individual
stormwater retrofits (CWP, 2007).
Figure 35, defines how to
GOIfOdz S GKS | yydz

loads exported in pounds per year

from the contributing drainage

NEB i NRL¥ At isadsoimapbriant O reeognize t& Sirhgte

method is used to calculate individual retrofits less than one square mile in size. If a

watershed is larger than one square mile, a more comprehensive modeling analysis
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should take place (CWP, 2007).eBtudy site Truman Sports Compléas a watershed

area of 400 acres (0.625 square miles).

Procesg; Calculating Pollutant Loads

The Design Riot Method uses nine basic steps to calculate pollutant loadsreef
and after a retrofit. The basgteps are:
1. Calculate Site Imperviousness of the Existing Site
2. Calculate the Pr&etrofit Pollutant Load of the Existing Site
3. ldentify the Stormwater Retrofit
4. Calculate Site Imperviousness of the Proposed Design
5. Calculate the PrRetrofit Pollutant Load of the Pposed Design
6. Determine the Retrofit Pollutant Removal Efficiency
7. Adjust the Removal Rates
8. Calculate the PodRetrofit Pollutant Load
9. Calculate the Pollutant Load Reduction of the Retrofit
Calculate Site ImperviousnegdJsinga simple GIS base map or aéri
photography of the study site, a desktop analysis can take place to calculate the sites
imperviousness. The CWP defines impervious cover as:

cany hardsurface in the catchment that cannaffiltrate rainfall, such as

rooftops, roadssidewalks, drivewgs and any othecompacted gravel or

dirt surfaces. As general rule, mafmade surfaces that are not

vegetatedd K2 dzf R 0S O2YaARSNBR #YLISNIDA2dzaé o/

It is important to realizehat unless impervious cover is removedsites imperviousneas

will remain the same after a retrofit is complete.
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Calculate the Prdretrofit Pollutant Load Thenext step is to identify the
pollutant load that currently exists on site. Using the Simple Method (FigGjetg
average annual pollutant load prioo retrofitting options can be calculated. The Simple
Method allows one to understand what types of pollutants are typically found on site
based on its land use characteristics.

The greatest factor in the pollutant load calculations are the pollutant
concentrations (C) represented in the equation. Looking at Tabletlse method
provides an estimated mean concentration of the stormwater pollutant of conceris. It
important to note that the concentratiornalues have been derived from a collection of
samples from the National Stormwater Quality Database (NSQD)cofkentration
values can obviously be more accurate if testing results from monitoring wells can be
utilized. For this project, it isot feasible to use monitoring wells due to thencepual

nature of thestudy, so the values in Tables3will be utilized for the calculations.

Table3-5, Summary of Pollutant Event Mean Concentrations Associated with Stormwater,
(CWP, 2007p. B4)

mary of Pollutant EMCs Associated with Stormwater Hotspots

TSS Total P | Total N Fecal | totalcu? | Total zn?
Coliform

Land Use Median Event Mean Concentrations (mg/L or ppm, except where noted)
Lawns 602 21 9.1 2,40 17 50
Landscaping 37 - - 9,400 94 263
Residential Roof 19 014 1.5 26 200 312
Commercial Roof 9 0.14 2.1 110 7 256
Industrial Roof U7 - - 580 62 1390
Res/Comm
Parking Lot 27 0.15 1.9 180 51 139
:_n(;dtustrlal Parking 208 _ _ 270 34 204
Driveway 173 0.56 21 1,700 17 107
Local Residential
Street 172 0.55 14 3,700 25 173
Commercial Street 468 - - 1,200 73 450
Gas Station 31 - - - 88 290
Auto Recycler 335 - - -- 103 520
Heavy Industry 124 -- - - 148 1600
Sources: Claytor et al., 1996; Steuer et al,, 1997; Bannerman, 1993; and Waschbuch, 2000.
' MPN/100 mL, which represents the most probable number (MPN) of bacteria that would be found in
100 mL of water
2 Cu and Zn values are shown in ug/l
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Identify the Stormwater Retrofig The next step in the retrofitting practice is to
choose the stormwater treatment optionUsng the information gathered by the\zP,
there is a range of eight treatment types that can be utilized as retrofitting design
strategies (CWP, 2007).

Extended Detention

Wet Ponds

Grass Swales

Wetlands

Bioretention

Filtration

Infiltration

Swales

Other (Green Roofs, Rain Barrels,

© N OOh DR

Eachofte2 LJ0A 2y & GRAFFSNE IAINBlLGte Ay Ada LRt f dz
0SYySTAGAa YR NBIONRTAG Byddndutctinghah dndlydigofthe 2t = H
Truman Sport€omplexone can focus on the retrofit strategies and decisions can be
made o which type(s) of retrofit to use on the proposed design solution

Determine the Retrofit Pollutant Removal EfficienefhS / 2t RSTAYy Sa a4y
L2t fdzi yG NBY2@Ft NIYaGSa F2NJ SIOK auz2N¥gl GS
Determining retrofit pollutan removal efficiency is the core of the Design Point Method.
The biggest influences on pollutargmoval rates are the sitepecific factors that
enhance or reduce the overall effectiveness of the treatment option (CWP, 2007). The
bagc strategy behindhe Design Point Ethod is to use a predefined series of tables that
award points based on certain site specific conditions and design factors that are

represented on a retrofit site. By selecting the appropriate treatment technique, the
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designer can agg a point table(s) based on that score. From that point table the
designer can apply the point data into the design point tables (FigeaBd perform
the calculations. The design point tables used to establish the point rankings for the

stormwatertreatment options are shown in Appendix B.

Applying the Design Point Method
A bioretention retrofit is being proposed to serve a contributing drainage area that is one acre in

size and 35% impervious. After review of the retrofit concept design, the designer awards the
following points for the project:

Negative Factors that Reduce Removal Rates
= Does not provide full WQ,, due to space constraints
= Filter bed less than 18 inches deep, due to limited available head
= Single cell design, due to space constraints
= Underdrain needed, to address cold climate conditions and impermeable soils

Positive Factors that Enhance Removal Rates
= Filter media soil P-Index less than 30, to enhance phosphorus removal
= Upflow pipe on underdrain, to enhance nitrogen removal

Design Factors X _| Points
Exceeds target WQv by more than 50% +3
Exceeds target WQv by more than 25% +2
Tested filter media soil P Index less than 30 (phosphorus only) X [=+3
Filter bed deeper than 30 inches +1
Two cell design with pretreatment +1
Permeable soils; no underdrain needed + 2
Upflow pipe on underdrain X |-+%
Impermeable soils; underdrain needed X |-1
Filter bed less than 18 inches deep X [-1
Single cell design X [-1
Bioretention cell is less than 5% of CDA -1
Does not provide full water quality storage volume X |-2
Filter media not tested for P Index (phosphorus only) -3
NET DESIGN SCORE (max of 5 points) -4
NET PHOSPHORUS SCORE -1

Since both design scores are negative (-4 and -1), the median pollutant removal rates are
decreased using the equation provided in Table B.9. The adjusted removal rates for the retrofit
are shown below:

Total Suspended Solids 24% Bacteria 26%
Total Phosphorus -11% Hydrocarbons 82%
Total Nitrogen 41% Chloride 0%
Total Zinc 48% Trash/Debris 82%
Total Copper 48%

Figure3-6, SampleDesign PoiniTable,(CWP, 200,7B-6)
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Adjusting the Removal Ratedf the design score is positive, the equation shown
in Figure 37 is used to increase the removal rate for the pollutant of concern. If the
design score is negative, the equatisimown in Figure-8 is used to decrease the

removal rate for the pollutant of concern.

Adjusting Removal Rates for Adjusting Removal Rates for
Retrofits with a Positive Design Score Retrofits with a Negative Design Score

Adjusted RR = Median RR + [(DS + 5) = Adjusted RR = Median RR + [(DS + 5) =

(High End RR — Median RR)] (Median RR - Low End RR)]

Where: Where:

RR = Removal rate (%) RR = Removal rate (%)

DS = Design score DS = Design score

Note: A maximum of five positive design points Note: A maximum of five negative design points

is allowed is allowed
Figure3-7, Adjusting Renoval Rates for Figure3-8, Adjusting Renoval Rates for
Retrofits with a PositiveDesign Score Retrofits with a NegativeDesign Score
(CWP, 200,7p. B6) (CWP, 200,7p. B6)

Calculate the PosRetrofit Pollutant Load; The fifth step in the design point
method is to calculate the posetrofit pollutant load exported from the drainagarea.
The drainagearea that is contributing to .

Method for Calculating Post-
the retrofit and the equation determines
Lpost = Lpre * [1 - (RR)]

annual amount of pollutant load that can Whisie:
Lpost = Annual pollutant load exported from the

be expected once the retrofit is site after stormwater retrofit (pounds/yr)
RR = Adjusted removal rate (%) calculated in
complete (CWP, 2007). Figur®3 5l

Lore = Annual pollutant load exported from the
site before the stormwater retrofit (pounds/year)

defines the equation for calculating the
Figure3-9, Calculating PosRetrofit

ost retrofit polutant load.
P P Pollutant Loading(CWP, 200,7p. B7)
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Calculate the Pollutant Load reduction of the RetrafiiThe final gep in the
process igo calculate how effective the retrofit was in reducing the pollutant load.
Using Figure-30, the design simply subtracts the predetermined pollutaad before

the retrofit process from the post

Method for Calculating the

Pollutant Load Reduction of the Retrofit

retrofit pollutant load. The outcome
LR = Lpost - I-pre
Where: is the annual pollutant load removed
LR = Annual pollutant load removed by the
proposed retrofit (pounds/year) by the proposed retrofit (CWP, 2007).
Lpost = Annual pollutant load exported from the
site after stormwater retrofitting (pounds/year) It is important to note that the analysis
Lore = Annual pollutant load exported from the
site prior to stormwater retrofitting (pounds/year)

process determines the possible

Figure3-10, Calculating Pollutant Loa&eduction
of the Retrofit (CWP, 2007p. B7)

treatment types forthe proposed
design. Any retrofit strategy will have

to test the different treatment types to determine the best overall retrofit solution.
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Case Study Research

Case Studg ¢a w S (i N2 F A Noith§de MalR Sieattle Washington

Site Context- The parking lot design for Northgate Mall iea®le, Washington is
like many of themalls you would see across theuntry, except for the parking lot on the
west side of the mall. This 2&re parking lot retrofit is an example of how prigat
development can meet the needs of sustainable dediprthgate Mall is located north
of downtown Seattle, Washington (Figurel® & Figure 3L2) in the area of Seattle
O2YY2yfée (y26y | &Toddy@dughiyks000Ropke va i THArndah ® Q

Creekwatershed that ultimateldrains into Lake Washington.

Lake
Washington

Puget
Sound

Figure3-11, Northgate Mall Site LocatioiGoogle Earth2010, Adapted by Authgr
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Figure3-12, Aerial of Northgate Mall & Thornton Creek Water Quality Channel

(Google Earth

200N dapted by Authgr
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Built in 1950, the mall was hyped as the first mall in the United S{atbsek,
2007).h NR IAY L f f @ lopentetBedzky R 2uNEht vETsidhes since been
enclosed and has thtypical mix of large anchor stores intermixed with smaller
Wo2dziAljdzSQ adGeftsS NBOGFALE @ l'a GHKéaanditf f INB G
SELI yRSR Ayid2 2yS 2F {SIidtSQa tINBS&adG ¢! i
Ly GKS wmdp n Q sallylii$idbiiuthe BrviRnmérgalfiimpdds of
paving over a creek with a parking lot. It was the perfect solution to solving the
Northgate Mall drainage problems. Why build detention or retention areas when there
is perfectly good stream to draintherbal LJ- NJ Ay 3 f20da® 2 KFG o1 a
settlers mined for peat well intothe cpn JKORE y2¢6 6S02YS | LI NI 2F
remaining open channel streanidolt, 2006) Thus, the entire 64cre mall site was
draining into Thornton Creek.
The Thornton CreekWatershed is made up of roughly 7,48@resof highly
developed urban land (SPU, 2000f these 7,402 acres, 3,642 acres, or nearlydfalf

the watershed isovered by impervious surfaceBable3-6). The mall site itself sits on

the north branch ofThornton Creekn a subwatershed of roughly 640 acres.

Table3-6, Amounts of Impervious Surface in Thornton Creek Watershed (by Land Use)

(Seattle Public Utilities, 2000. 344)

S landilise ‘ Area ’ % Effective Impervious Area
(acres) Impervious (acres)
Residential — single family 3,738 45 1,682
Residential — multi-family/mixed use 271 75 203
Commercial 580 75 435
Industrial 87 70 61
Parks, open space 320 10 32
Schools 309 45 139
Right-of-way 1.682 60 1,009
Vacant 302 10 30
Unknown 115 45 52
Total | 7,402 | [ 3642
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The main source of pollution to Thornton Creek is urban runoff. Although
population has increased, the watershed is almost completely built out, and land use has
not changed sigificantlyin the last 13 years (Tackett, personal comm., 2009).

CKS /AGeQa adu2NN¥ol GSN) dziAfAGET G KNSI983.NF Ay | 3
¢ KS dzi A f A (& QdiregNiBeistarnyiaiek, managk thedexistidy conveyance
system, alleviate floodmy and mitigate water pollution§PU, 2000

In 1997, Thornton Creek was one of 22 Puget Sound lowland streams studied by
the University of Washington to assess the cumulative effects of urbanization on
streams. Researchers examined instream charactesigtiparian conditions, physio
chemical watequality, and biological attributesThornton Creek represented the
watershed with the highest level of urbanization, measured by percentage of impervious
surface aea within watershed boundaries (SPU, 2000).

In the Thornton Creek watershed there are many sources ofgwnt pollution.

The most problematic is urban runoff that carries pollutants from roads, buildings,
parking lots, parks, and other areas (SPU, 2000). The three main elements that create
pollutant sources for the mall parking lot are:

Street and Parking Lot Depositiofin urban areas, street and parking lot

deposition frequently is a major soure@d collector of urban runoff

pollution. Such deposited materials may include street dirt diek |

Pollutants frequentlybind to dirt particles. Street dirt may arise from

traffic, road deterioration, vegetative residue, and decomposed litter.

Litter includes cans, glass, paper, cigarette butts, and garbage.

Vegetation, animal excrement, déanimals, automotive fluids, and

spilled or improper disposal of solid and liquid wastes generated from

household or commercial activities onto the streets are picked up when it

rains and contribute to polluted or contaminated runoff
(SPU, 2000, p-2).
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Vehicles Internalcombustion engine exhaust emits primarily cissted
particles containing hydrocarbons. Many other pollutants are deposited
into the environment by automobiles and trucks. Fluids such as oil and
antifreeze leak onto roadwaysjorn metals and brake pads deposit toxic
mineral dusts onto roads, tires wear and deposit rubber particles, poorly
maintained vehicles drip oils and other automotive fluids onto street
surfaces, and various solids and fluids are rinsed from vehicleghand
loads they transport. These fluids and solids are rinsed from roadways
and other impervious areas when precipitation falls, which results in
polluted creeks and tributaries. Residential car washing also contributes
soap and other chemicals to tl#orm system and Thornton Creek

(SPU, 2000, p-2).

Excessive Storm Flowsligh levels of impervious surface contribute to

high storm flows in the stream. Stream banks and beds and ditches also

erode due to increased stream velocities during s of heavy

rainfall. Turbidity and sediment problems are caused (SPU, 200Q)p.9
According tolracy Tacketfpersonal communication, 2009kreen Stormwater

Infrastructure Program Managéor the City, he four main municipal laws and

regulatiors affecting water quality and habitat in the Thornton Creek watershed are:

- Stormwater, Grading and Drainage Control Ordinance and related best
management practices

- t SNY¥AG wSOASE tNROSaak{SIaGdtsSQa [IyR |

- State Environmental Policy Act (SEPA)

- Enviroomentally Critical Areas (ECA) Ordinance

¢KS o0A3I3ASald KdzZNRfES OFYS Ay GKS &ALINAyYy3 2
RSOSt 21LISN) ONBI GSR | YFHadSNI Xy G2 SELI YR
impervious surfaces to the developmenthe community wasot in favor of the mall
expansion. With the creek passing through many residential areas in the neighborhood,

the community wanted to put a halt to the mall dumping its stormwater directly into the
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creek (Figure-d3)that caused damaging floods toany of the surrounding properties
(Tackett, personal comm., 2009).

In 1993, Northgate residents publishagblan to redevelop Northgate Mall and
the surrounding developmerds adpedestrianfriendly urbancented 6. 2 8 STRE H AN p |
plan was deemed théNorthgate Area
Comprehensive Planand the City as the e
future for the Northgate development
eventually adopted it.Six years later,

Simon Properties Inc., submitted a

developmental master plan to the City of

Seattle for the one million square foot Figure3-13, Storm Drain, Northgate Mal(Boyer,
expansio of the mall over the next 15 http:/seattletimes.nwsource.com/ABPub/zoom/html/:

002280398.htm[2009

years. The plan included:

- A Hotel

- 30 Screen Cinema

- Office Space

- Retail

- Transit Plaza

- 450 Residential Apartments.

- 3 New Structured Parking Garages

The community members were appalled by the proposed plan. The two coesigsat
violated the Northgate Area Comprehensive Plan were:

1. The automobilecentric nature of the Simon development plan

2. The potential rerouting of Thornton Creek's, which now flows undersbuth
parking lot of the mall.
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¢KS I O 2enRifLaSER SRLIINGSad ONBIF GSR o6& (KS

frustrating to the neighborhood because there were already large asphalt lots
surrounding the development. The new development was just adding more impervious
surface to the watershed and not taking stepsimprove the stormwater management

on site. The proposal to reroute a section of stormwater pipe around the proposed
development would only lead to more flooding downstream and not solve any of the
community issues (Nabbefeld, 1999).

Since the pipe waactually a leg of Thornton Creek that had been channelized, it
0SOIYS LINRPOEfSYFHUAO T2NJ G§KS RS gdhewldc8ion U 2
because of city requirements. The developers sought a variance from the city and that
outraged the commaity even more due to the salmon run reestablishment project
planned in the lower portions of Thornton Creek (Boyer, 2005). Lawsuits and petitions
would follow and the legal process created aydar debate on the future of Northgate
Mall (Nabbefeld, 1999 The neighborhood, developer and city were at an impasse.

Finally in 2003, Hingsturned around when thévlayorand the City Council struck
the deal to try to revive Northgate's developmg(i@oyer, 2005) The citywas committed
to build a new library andommunity centemnorth of the Mall, sahey sought
developers' commitments to build housing and make éinea more pedestriaifriendly.

By streamlininghe Northgate buildingpermit process and sehg up éan advisory panel

Wi

of neighborhood groups, envinmentalistsR S @St 2 LISNE F Yy R LINR LIS NI &

helped to shape the plans to meet the neighborhoods needs (Boyer, 2005).
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Thecore retrofitting objectiveghat were specifically addressettalt withtwo
points d contentionfor the communityithe lack of pedestrian connectionand the
channelization of Thornton Creek. @ddress theconcerns, the Mall Developer sold off
part of the development property to the City Skeattle TheCitybecame the prime
developer for the residential mixedse devedpment (Boyer, 2005). In exchange the City
would use the former parking lot site to create a residential mixed used development
that would centeron a green spaceThat green space would become the Thornton
Creek Channel and the surrounding stormwatemagement system that was developed
in conjunction with the expansion of the Northgate Shopping Mall would help to
transform the Thornton Creek Watershed (Boyer, 2005).

The City felt that if they could fix the stormwater management problems on site

by creding the Thornton Creekhanel

- _NE 103
e & o Yo -nf-----—'GSTiEET

(Figure 314, 315). Creating the 1
chanelwould also solve the ;
stormwater management problems fol

the lower branch of the Thornton

3rd AVENUE NE
5th AVENUE NE

Creek at no cost to the Northgate Mall
developer. Seattle Public Utilitiesias
then charged th the task tobuild the

Thornton Creelchannel on 2.7 acres _ o Mewomsmer
Figure3-14, Thornton Creek Channel

of land that cuts diagonally through the(Seattle Public Utilities, 2009, p. 6)

Residential Development.
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The project will divert stormwater from Northgate Mall through charined
landscapewith soil and native plants to filter thwater and slow it downéfore it
reaches Thornton Creek. Surrounding surface lots from the Northgate Mall expansion
would also flow from the stormwater connection points to the channel (Tackett, personal
comm., 2009). But the city felt like it needemido more to treat the large amount of
impervious parking lot surface with a stormwater management system that would treat
the lots before going to the
drainage channel.

According toTracy
Tackett,the sheer volume of
the surface lots themselves
) created aneed to slow down

the water before it reached

Thornton Creek Channel.

Figure3-15, Thornton Creek Channel
(Seattle Public Utilities, 2009, p. 16)

& y A yei§hi gercentof

{SFOGGf SQa NIAYyTFI ¢
2yS @SFEN) al2NyY S@gSydaszée FyR GKFEG | OO0O2NRAY 3
aqguatic life (Tackett, personal comm.,08). With the focus on the ongear storm, the

City of Seattlestablished theNatural Drainage Systems Progr&uals. These goals

were defined as:
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- Control small storms to protect aquatic biota.
- Controloneto two year storms to preventhannel ersion.
- Improve Water Quality by Reducing

PetroleumHydrocarbons,
Metals (copper, lead, zinc),
FecalGoliform,
Pesticides &Herbicides
Nitrogen
Water Temperature,
pH
With such a huge pushback from the community over the salmon runs, the City
wanted tomake sure all the new development functioned as one cohesive plan from a
stormwater management perspective. At the center of this plan wasac6a mall
development staring the city directly in the face. The mall developer and the city had
come to an greement that the mall would not lose one space from the proposed
original agreement.  The City wdygckto the drawing board and analyzed their
options (Table &%) on how they could best create a system within an existing parking lot
that would treatstormwater on site and not lose one single parking space.
The engineering firm of KPFF was hired by the city to perform an analysis of
options for the city. The optionsin Tabla3 NBLINB &Sy d | adzyYlF NB 27
According tdDavid Schwartzli ¢ ay Qi dzy G Af (GKSe& Llzi GKS SO
the summary of the options that it became clear to everyone involved that treating the
lots with a nontraditional approach to stormwater management provided better design

and drainage bnefits. The other substantidbenefit was that it also proved to be very

cost effective (Schwartz, personal comm., 2009).

52



Table3-7, Summary of Northgate Mall Design Options
(City of Seattle, 20Q0%. 2

Summary of Options
Option | Features

1 Standard regulatory approach

- Central water quality vault

- "telescoped” swales throughout main parking lot
2 - unit pavers along "Retail Drive," perimeter stalls
- porous asphalt in lower-use Southwest lot
- "telescoped” swales throughout main parking lot
a - unit pavers along "Retail Drive,” perimeter stalls
- replace porous asphalt in SW lot with additional "telescoped” swales;
"telescoped" swales throughout main parking lot
4 - replace unit pavers with catch basin water quality filters along perimeter of lot
- replace porous asphalt in SW lot with additional "telescoped” swales;

DesignStrategies- The centratetrofitting objective forthe project was the
creah 2y 2F (KS a¢ St Sla&)Ohditegdschiad the swalesScame dra@hi 3
an analysis of how a malarking lot functions on a daily basis. For most of the year a

mall parkinglot will never reach capacity. Only a portion of perkinglot will be used

| -
RGP QRPRBDERE 1D |
=3 L‘ i ¢ I
, & o s ‘
X A ok b ol B s S | ’r z J
JLILLLIULER
‘ 1] ¥

Figue 3-16, Plan of Northgate MallDesign solution utilized a 250 radius to establish parki
relationships to mall entry points.

(SVR Desighttp://www.svrdesign.com/docs/MontgomeryCo%20
%20Planning%20and%20Design %D Applied%20LID%20Techniques.R6D5). 53
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while the rest of the lot will remain emptyOnly during peak shopping evem| the lot
be full.

Using the analysis of uses a guidedesigners came up with a radial pattern that
provided more space for traditional shoppers on a daily basis, while taking space away
from areas of the lot tht were used less frequently.The swale design (Figurel3 & 3
18) was then formulated around that idea and with the use of four basic retrofit concepts

the City was able to meet their stormwater management goals.

Engineered Planting

Soil

Figure3-17x { SO X D@ O2TIAYyAES { 61 t S¢
(SVR Desighitp://www.svrdesign.com/docs/MontgomeryCo%20
%20Planning%20and%20Design%@DApplied%20L1D%20Taajues.pdf 2005).

The components of the project were:

1. Telescoping Vegetated Swales series of increasingly larger landscape cells
(i.e. bioswales, strands) for filtration, infiltration and sedimentation prior to
discharge

2. Biofiltration Planters Vegetated open channels or swales that infiltrate and
trangport runoff water
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3. Clarification pondRaingarden Ponds that supplement storage and pollutant
removal
¢tKS O2yaidNHzOGAZ2Y (SOKYA ljstgedowdid Ninid KS a4 |
point and consigof soail,
vegetation, rocks and treés
= Tackett, persnal comm.,
2009) Thegreen space
nearest the mall process
water, but most of the

% treatment happens in the

%
3
L

( 7 larger sectionsThe curb

Fiéure3-18 ac¢St H a LJAT |3é TdcketRd0®.¢ =  cuts in the parking lot also

allow water to flow from the parking surface into the swales for filtrati&il medium

inthed ¢ I t S anatirdySngatscany oil cars have lgfin the pavement. The water

eventually filters into thegroundandh y 102 G KS ¢K2Nyd2y [/ NB8S1 [/ KI

personal comm., 2009).The whole system was a process that allowed the development

to creatively manage its stormwater treatment system in a complex urban watershed.
Economics Thetotal cost of the project was roughbixmillion dollars. While

there were skeptics at first, th&eattle Public Utilities staff determined that

¢a naural drainage approach is not only feasible in parking lot
redevelopment, but can provide additional drainage and aesthetic
benefits not realized by a traditional code compliance approdoh
addition, the team determined that if a project has water qtyali
requirements, a natural drainage approach can be about 12% less
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expensive. The team concluded that swales are generally less cost per acre

than porous pavement. The use of porous pavement reduces total

impervious surface on the site and, in the casermt pavers, can offer

other benefits such as improved aesthetics, pedestriay-inding, and

OGN FFAO OF f YAy 3E o/ AGte 2F {SradatsS:

The use of a natural drainage approaehs critical for the client to understand
from a cost benefit analysis.cgording to Tackett, the swales also meet their stormwater
management goals when it came to capacities, so they were also able to save money by
not having to introduce large areas of other stormwater management techniques like
porous pavement, or some typ unit paving. Looking at TableB3it became relatively
obvious that constructing the swales (Figur&® would offer the best opportunity for

improving water quality for the site.

Table3-8, Economic Analysis of Northgate Mall Design Options,
(City of Seattle, 2005, p. 2)

Economic Analysis

Design Drainage Benefit Cost (in millions)
Swales |Pavers |Asphalt Water Demo Infiltration Construction
Quality
Option 1 $6.2
Option 2 \ v N VW VW VW $6.4
Option 3 v N W W W $6.1
Option 4 N N N v $5.7

* Construction cost estimate includes total parking lot redevelopment.

Figure3-19> ! SNAIf hofAljdzS a¢SftSad2LAy3a {41
(Microsoft Visual Earth, 2009) 56



Another benefit according to Tackett was the life cycle co$taditional asphalt
has to be periodically repairedhd replaced. Eliminatingreas oftraditional asphalt and
replacing tle areas with native plant material (Figure@) will save on the yearly
maintenance costs for the lot. The use of permeable cetecpavers was also
considered andks usewould have
added to the life cycle dhe lot.
Ultimatelypermeable concrete
paverswere never used because
was proven that the swales could

treat the parking lot independently

of any other stormwater

Figure3-20x a ¢ St Sa02LAy3 {41!

managemat technique thus (Tracy Tackett, 2009)

saving the project moneyAnother step in the analysis process that must be weighed
before carrying out thentended designs to determinethe feasibility of installation and
maintenance.

Installation/Maintenance ¢ Like any facility, mintenance will always serve as a
critical control measure for a proje@tsuccessCan the project physically be built on site
as designed and provide the intended treatment functionita facility is poorly
maintained the original design intent witlever be achieved. After a design has been

carried out, the longerm success will be judged on how well the facility functions with

the intendeddesign program. Maintenance usually has a lot to do with how successful

any facility meets the expectatiomd a client.
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The biggest ongoing maintenance issueNorthgate Mallwill be maintaining the
swales themselves (Figure23) to ensure that they function properly. The stormwater
treatment capacity is directly related to having living plant matdrighe swales.
According to Tackett, the project used tiéashingi 2y { GF S 5SLI NI YSy
guidelinedor a standard biofiltration
swaleinstallation. By specifyingrasses
that are 46 inches in heighthe design
was able to meet ittarget waer quality
' treatment flow depth of 23 feet (U,
2000) Native plant materials by nature

Y take care of themselves, but according to

Figure3-21> | SNALf +ASs W Tackett the initial installation is critical
(Google Earth, 2009). and has to be monitored correctly to
insure that plants become establishednd@ the plant material is established, yearly
maintenance of trimming back the native plant material is all that is required.
Lessons LearneglAccording to Tacketthere were three major lessons thtte
City learned during the constructigghase and though post occupancy evaluation.
These were:
1 A curbsystem needs to have structural integrity to act as a
whed stop or have sufficient soil behind the curb to act as a
structural member. Weef a0 2LJA ¢6SNB WO f dz§ Sy3aaysSs
of the project, but nothingvas replaced from a design

standpoint that replaced the wheel stops.

1 The lack of walking paths or sidewalks next to the bsavale.
The thought through the design procesas that people would
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walk down thedrive aisles towards the shopping center. That

RARY QU SyUdANBfte KILLISYy SOSNE GAYS FyR
material in the bieswale has suffered from constant

pedestrian traffic.

1 The construction techniques of retrofitting an existing lot needs
to be monitored and areas where existing conditionsetne
renovated conditions have to be detailed correctly. The
construction sequence was not properly thought through and
the bio-swales were built at the end of the project. This
created somesteepslopes in the swale itself but also
undermined the existingsphalt lot. Settlement #n created
a2YS dzyRSaANIoftS t2¢ LRAyGa Ay OGKS LI N
the drainage to work correctly.

Analysis¢ Retrofitting large parking lots for the enhanced treatment of
stormwater is not new. The design and implertation can be applied to most existing

conditions creating a practical yet effective stormwater management system. According

to Tackett, retrofits in the Seattle area are:

- Practical

- Demonstrated results

- Installed examples now common place

- Acceptedpractice with many jurisdictions

- Accepted treatment by the public

- Value added

CKS YFadSNI LIy F2NJ 0KS a! Nbly [/ SyiddSNE
represents how a number of different stormwater treatment practices can come
together and influence the wagrojects treat stormwater. Ultimately, most projects are
not that complex, but the ideas and practices learned with thideeelopment can be

applied to about any parking lot. Fortunatelye City, developer, and community all

came together to creatsomething that benefited everyone.
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Northgate Mall Case Study Calculations

Step 1¢ CalculateSite Imperviousnessf the Existing Site The existingnall site
(Figure 322) is made up of roughi§41,142 square feet (19.31 acres) of ar€eable 39).
Of this areay/ 77546 square feet was defined as impervious surface area primarily made
up of buildings, asphalt parking lots and concrete sidewalkg. mall as expectedhad
very little permeable surface. Of tl&3,598square feet (1.8 acres) of perious surface,
none of this area was used for stormwater treatmeiihe design of the parking lots
themselves was a traditional mix of asphalt with high and low points that directed
surface runoff to the catch basins located throughout the site. imtegior lots were

made up of asphalt.

Table3-9, Northgate Mall Existing Site Imperviousness,
(Authors Calculations, 20}

Step 1:Calculate Site
Imperviousness
Using a base map (Figure23) calculate the

areas below

Site Size 19.31 AC 841,144 Sq. Ft. Percentage of Total Site Ared
Impervious Area 17.85 Ac 777546 Sq. Ft. 92.47%
Pervious Services 1.46 Ac 63,598 Sq. Ft. 7.56%

Total Area 19.31 Ac 841,144 Sq. Ft. 100%
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Looking at calculations, thmall site before retrofitting was made up of 92.47
percent of impervious area. The pervious surface, which made up only 7.56 percent of
the total, was mostly landscape parking islands. Wiiéegervious surfacdoesnot
look like it would have a huge impact on the site, it is critical to understandpbeia
relationships betweemervious and imperviousurfaces and how they impact the
storage potential on site. With a limited amount of pervious area, the design team had

to develop creative solutions to deal with storage locations.
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Figure3-22, Northgate Mall before Retrofltr; Seattle, WA. Photo shows existin@arking loton the
west side of the mall and overflow lot to the south of mal{Google Earth, 2009).
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Figure3-23, Northgate Mall after Retrofit¢ Seattle, WA Photo shows the two parking lot
retrofit projects that were constructed.(Google Earth, 2009).




Step 2¢ Calculate Pre-Retrofit Pollutant Loadof the Existing Site Using the
Pollutant Load Export Equation, (Figuré)3he average annual pollutant load prior to
retrofitting can be calculated. The first step in the process i®fmd the values for the
Pdlutant Load Export Equatidior eachpollutant type. By defining values to the
equationallowsthe analysis tainderstand what types of pollutants are typically found
on-site based on its land use characteristics. According to the CWP and the EPA (CWP,
2007, p.4) the pollutants of concern for large parking lots are:

1. Total Suspended Solids

2. Total Phosphorus

3. Total Nitrogen

4. Metals(Zinc & Copper)

It is important to understand that other pollutants, such as hydrocarbons
(petroleum such as oil) and trash/ded, typically have the same removal rates as Total
Suspended Solids. In most circumstanbgsgrocarbonsither quicklystick tosediments
or they are suspended in stormwater runoff and would have the same removal rates as
Total Suspended Solids (CWR)20

Due to the fact that most parking lot retrofits deal with a large amount of
impervious surface, it is important to understand what is feasible due to the conakpt
nature of the intended researchl'he maximunireatment area is often constraineoly
the amount ofimpervious covedefined on any particular site. TablelB illustrates the
process for calculating the pollutant load exported for each pollutant type prior to the

retrofit.
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Table3-10, Northgate Mall¢ Pre-Retrofit Pollutant Load Calculations
(Authors Calculations, 2010)

Step 2:

Northgate Mall - Calculate Pre-Retrofit Pollutant Load of the Existing Site

1 .Define the values for the Pollutant Load Export Equation (Figure 3-5) for Each Pollutant type

Pollutant Load Export Equation:

L=[(P)(Pj)(Rv) +(12)](C)(A)(2.72)

P = Seattle's Average Annual Rainfall = 37 Inches
Pj = Fraction of Rainfall Events that produce runoff = 90% or 0.9
Rv = Runoff coefficient, 0.05 + 0.009(I) - Where: | = The amount of impervious cover on the site = 92%

0.878 = 0.05+0.009(92)

C= Event mean concentration established from Table 3-5
(Zinc and Copper have been converted to mg/l from u/l)

Total Suspended Solids = 27 mg/I
Total Phosphorus = 0.15 mg/I
Total Nitrogen = 1.9 mg/I
Copper = 0.051 mg/I

Zinc =0.139 mg/!

A = Area of contributing drainage in Acres = 19.31 Acres - The site area contributing drainage

Total Suspended Solids Total Phosphorus Total Nitrogen Copper

P= 37 P= 37 P= 37 P= 37
Pi= 0.9 Pi= 0.9 Pji= 0.9 Pi= 0.9
Rv= 0.878 Rv=0.878 Rv= 0.878 Rv= 0.878
c= 27 C= 015 c= 19 C=  0.051
A= 19.31 A= 1931 A= 19.31 A= 1931

Zinc
P=
Pj=
Rv=

A=

37
0.9
0.878
0.139
19.31

2. Calculate the average annual pollutant load using the Pollutant Load Export Equation (Figure 3-5)

Total Suspended Solids
L=[(37)(0.9)(0.878) +(12)](27)(19.31)(2.72)

L=

3,455 lbs per Year (1,567 kg per Year)

Total Nitrogen
L=[(37)(0.9)(0.878) +(12)](1.9)(19.31)(2.72)

L=

Zinc

243 |bs per Year (110 kg per Year)

Total Phosphorus

L=[(37)(0.9)(0.878) +(12)](0.15)(19.31)(2.72)

L= 19 Ibs per Year (9 kg per Year)

Copper

L=[(37)(0.9)(0.878) +(12)](0.051)(19.31)(2.72)

L= 7 |bs per Year (3 kg per Year)

L=[(37)(0.9)(0.878) + (12)](0.139)(19.31)(2.72)

L=

18 lbs per Year (8 kg per Year)

3. Summarize Pre Retrofit Pollutant Loads

Total Suspended Solids
Total Phosphorus
Total Nitrogen

Metals

Zinc
Copper

3,455 Ibs per Year (1,567 kg per Year)
19 Ibs per Year (9 kg per Year)
243 |bs per Year (110 kg per Year)

18 Ibs per Year (8 kg per Year)
7 |bs per Year (3 kg per Year)
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In most subwatersheds, it is hard to fiedough feasite storage retrofits to treamore

than 50percentof subwatershed are@CWP, 2000)To achieve a higher level of

treatment, often onsite retrofits will have to be explored. Because of the high level of
impervious surfaces typically found in large parkotg, the focus of the study will be

onsite retrofits. Table3-11 is usedo estimate the aggregaté/ater Quality Volume

(WQv) storage needed. The Northgate Mall is in the city of Seattle, Washington, so with
an impervious area of around 90 percent, tige would need to treat 4,058 cubic feet of
water per acre. At 19.31 acres, the site would have to t#8860 cubic feet of

stormwater for every 1.3 inches of rain.

Table3-11, Estimate of WQv for US Cities
(CWP, 2007.p. 7)

An Estimate of WQv for Select US Cities (in order of descending annual rainfall)

90% Subwatershed Imperviousness (%)
city ol 10% 30% 60% 90%
(in.) WaQv (cubic feet/acre)’

Atlanta, GA 1.6 813 1,859 3,427 4,995
Greensboro, NC 1.6 813 1,859 3,427 4,995
Austin, TX 1.4 71 1,626 2,998 4,371
Seattle, WA 1.3 661 1,510 2,784 4,058
Los Angeles, CA 1.3 661 1,510 2,784 4,058
Knoxville, TN 1.2 610 1,394 2,570 3,746
New York City, NY 122 610 1,394 2,570 3,746
Boston, MA 12 610 1,394 2,570 3,746
Baltimore, MD 12 610 1,394 2,570 3,746
Washington, DC 1.2 610 1,394 2,570 3,746
Kansas City, MO 1.1 559 1,278 2,356 3,434
Dallas, TX 1.1 559 1,278 2,356 3,434
Columbus, OH 1.0 508 1,162 2,142 3,122
Minneapolis, MN 1.0 508 1,162 2,142 3.122
Buffalo, NY 0.8 407 929 1,713 2,497
Burlington, VT 0.8 407 929 1,713 2,497
Phoenix, AZ 0.8 407 929 1,713 2,497
Chicago, IL 0.8 407 929 1,713 2,497
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I OO2NRAY3I (G2 GKS [/ 2t fargetktéragé lirheyfdR I NR Y S|
runoff reduction ranges from 20 to 50ercentof the targetWQe o6/ 2t X Hnnnz L
Using the standard measure for target storagfee mall site would have to find an onsite
storage area between-40 acres to treat therolumerequired. The desire to keep the
numberof existing parking spaces site limited the amount of potential impervious
area, so the criteria for onsite storage area was not achieved with an impervious area of
2.83 acres. For most parking lots, meeting this requirement becomes challenging
becauseof space limitations. To achieve this goal, the focus of onsite retrofit techniques
becomes important.
Step 3¢ Identify the Stormwater Treatment Optiolg As previously described,
the Northgate Mall used bioretention in the form of an onsite dramagvale to treat
stormwater. Tle onsite drainagewales treated stormwater for the 28cre asphalt
parking lot. The range of pollutant removal rates for bioretention areas is defined in

Table 312.

Table3-12, Bioretention Removal Rates
(CWP, 2007,B)

Range of Reported Removal Rates for Bioretention Areas

Pollutant Low End Median High End
Total Suspended Solids 15¢ 60* 75"
Total Phosphorus -75 o) 30
Soluble Phosphorus -10 0 50
Total Nitrogen 40 45 55
Total Zinc 40 80 95
Total Copper 40 80 100
Bacteria 20 50 80
Hydrocarbons 80 90 95
Chloride 0 0 0
Trash/Debris 80" 90* 95*
* Adequate pretreatment must be provided to reduce sediment loads to bioretention areas or
clogging and practice failure may result
See Appendix D for data sources and assumptions used to derive these removal rates
Low End and High End are the 25" and 75" quartiles
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Step 4¢ CalculateSite Imperviousness of DesigriJsang figure 323, the study
can calculate the sites imperviousness of the ilsthdesign. If the design wast built,
a conceptual design solution would be utilized to understand the imperviousness of a
potential solution.

Table3-13, Northgate Mallg Calculations of Site Impervious Area of the Design

(Authors Calculations, 2010)

Step 4:Calculate Site
Imperviousnessof Design
Using a base map (Figure23) calculate the

areas below

Site Size 19.31 AC 841,144 Sq. Ft. Percentage of Total Area|
Impervious Area 16.48Ac 717,896 Sq. Ft. 85.34%
Pervious Services 283Ac 123,275 Sq. Ft. 14.66%

Total Area 19.31 Ac 841,144 Sq. Ft. 100%

Step 5¢ Calculate PreRetrofit Pollutant Load of the Desigq Since the design is
installed and the areas have been defined in step 4, therpt®fit pollutant load can be
calculated using the sameqress as defined in step 1. This calculation defines the
conceptual preretrofit pollutant loads of the intended design. Tabld8outlines the
steps to calculate these loads. Again, the event mean concentration (C) is based on the
values defined iTable 35, as monitoring well samples were not available for this study.
The pollutant load results will then be adjusted up or down usingsgeific factors in

the design point method.
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Table3-14, Northgate Mallg Calculations oPre-Retrofit Pollutant Load of the Design
(Authors Calculations, 2010)

Step5:  Calculate Pre-Retrofit Pollutant Load of the Design

1 .Define the values for the Pollutant Load Export Equation (Figure 3-5) for Each Pollutant type

Pollutant Load Export Equation: L=[(P)(Pj)(Rv) +(12)](C)(A)(2.72)

P = Seattle's Average Annual Rainfall = 37 Inches
Pj= Fraction of Rainfall Events that produce runoff = 90% or 0.9
Rv = Runoff coefficient, 0.05 + 0.009(I) - Where: | = The amount of impervious cover on the site = 85%
0.815 = 0.05+0.009(85)
C= Event mean concentration established from Table 3-5
(Zinc and Copper have been converted to mg/! from u/l)
Total Suspended Solids = 27 mg/I
Total Phosphorus = 0.15 mg/I
Total Nitrogen = 1.9 mg/I
Copper =0.051 mg/|
Zinc = 0.139 mg/I
A= Area of contributing drainage in Acres = 19.31 Acres - The site area contributing drainage

Total Suspended Solids Total Phosphorus Total Nitrogen Copper Zinc

pP= 37 p= 37 p= 37 P= 37 p= 37
Pi= 09 Pi= 09 Pj= 0.9 Pi= 09 Pi= 09
Rv="0.815 Rv=" 0.815 Rv="0.815 Rv="0.815 Rv="0.815
= 27 C= 015 C= 19 C= 0.051 C= 0139
A= 1931 A= 1931 A= 1931 A= 1931 A= 1931

2. Calculate the average annual pollutant load using the Pollutant Load Export Equation (Figure 3-5)

Total Suspended Solids Total Phosphorus

L=((37)(0.9)(0.815) +(12)](27)(19.31)(2.72) L=[(37)(0.9)(0.815) +(12)](0.15)(19.31)(2.72)
L= 3,207 lbs per Year (1,455 kg per Year) L= 18 Ibs per Year (8 kg per Year)
Total Nitrogen Copper

L=[(37)(0.9)(0.815) +(12)](1.9)(19.31)(2.72) L=[(37)(0.9)(0.815) +(12)](0.051)(19.31)(2.72)
L= 226 lbs per Year (103 kg per Year) L= 6 lbs per Year (3 kg per Year)
Zinc

L=[(37)(0.9)(0.815) + (12)](0.139)(19.31)(2.72)
L= 17 lbs per Year (8 kg per Year)

3. Summarize Pre Retrofit Pollutant Loads

Total Suspended Solids 3,207 Ibs per Year (1,455 kg per Year)
Total Phosphorus 18 Ibs per Year (8 kg per Year)
Total Nitrogen 226 Ibs per Year (103 kg per Year)
Metals
Zinc 17 lbs per Year (8 kg per Year)
Copper 6 |bs per Year (3 kg per Year)
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Step 6 Pollutant Removal Efficiency Using the Design PoiMethod, the site
was scored and ranked using tabld3. The negative factors for the design were:

1. The design doesot provide the full WQv (4.0 acres) due to the sgge
requirements on site. The mailte had only 1.45 acres of impervious area
availabé out of 19.31 acres, so the criteria for onsite storage area was not
achieved due to the developers desire not to eliminate parking spaces.

2. Single Cell DesignSpace Requirements. The use of an additional treatment
cell, or drainage body, was not usdde to the size of the parking lot. While
the swales occur throughout the parking lot, they treat the same pollutant
sources without the added benefit of draining into another stormwater

treatment type.

3. Underdrainage was needed due to the impermeabligssansite.

After the method was implemented, a negative design score was derived.

Table3-15, Bioretention Design SheetNorthgate Mall,Red points indicate the
LRAYyGa G2 G201 thsp20h0) dzi K2 NRa /| £ Odzt | G2

Bioretention Retrofits

Points - Susp Solids, N, Points
Design Factors X Points Zn, Cy, Phosphorus
Exceeds target WQv by more than 50% +3
Exceeds target WQv by more than 25% +2
Tested filter media soil P Index less than 30 (phosphorus only) +3
Filter bed deeper than 30 inches X +1 +1 +1
Two cell design with pretreatment +1
Permeable soils; no underdrain needed +2
Upflow pipe on underdrain +1
Impermeable soils; underdrain needed X -1 1 -1
Filter bed less than 18 inches deep -1
Single cell design X -1 -1
Bioretention cell is less than 5% of CDA X -1 -1
Does not provide full water quality storage volume X -2 -1
Filter media not tested for P Index (phosphorus only) -3 -3
Net Design Score (max 5 points) -4
Net Phosphorus Score (max 5 points) -7 (-5 max)
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Step7 - Adjusting Removal Ratef®r Each Pollutant Typec By adding up the
points in Table &5, the total score is negative four out of a possible five (p@siiv
negative). The removal rates then are adjusted negatively using equation shown in Table

3-8. The calculations are shown in Table63

Table3-16, Northgate Mallg Calculations of Adjusted Removal Rates
( dziK2NQR& [/ F€OdzE  GA2Y &S HAmMAL

Step7:  Adjusting Removal Rates

Total score is negative, Adjusting Removal Rates for each pollutant using Figure 3-8

Adjusted RR Percentage = Median Removal Rate + [(Design Score + 5) * (Median Removal Rate - Low End Removal Rate)]

Total Suspended Solids Total Phosphorus Total Nitrogen

Adjusted RR = 60+((-4 < 5) * (60-15)] Adjusted RR = 5+[(-5 + 5) * (5-(-75)]  Adjusted RR = 45+[(-4  5) * (45-40)]
Adjusted RR = 24% Adjusted RR =-75% Adjusted RR = 41%

Total Zinc Total Copper

Adjusted RR = 80+[(-4 + 5) * (80-40)] Adjusted RR = 80+((-4 + 5) * (80-40)]

Adjusted RR = 48% Adjusted RR = 48%

Step 8¢ PostRetrofit Pollutant Load; The eighth stepn the process is to
calculate the postetrofit pollutant load. Using Figure-8, the postretrofit pollutant
loads are adjusted. Using the adjusted removal rates, based on thepgtafic factors in
the point tables, the actual pollutant loads are reduced. The results are shown in Table

3-17.
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Table3-17, Northgate Mallg Calculations of PosRetrofit Pollutant Load
( dziK2NQR&a /IfOdzE F GA2Yy&AZ HAMANO

Step 8:

Calculate the Post-Retrofit Pollutant Load

1. Using Figure 3-9, calculate the annual pollutant load exported from the site after the stormwater retrofit

Lpost = Lpre*[1-(Removal Rate)]

Total Suspended Solids Total Phosphorus Total Nitrogen
Lpost = 3,207 * [1-(0.24)] Lpost = 18 * [1-(-0.75)] Lpost =226 * [1-(0.41)]
Lpost = 2,437 Ibs per Year Lpost = 32 Ibs per Year Lpost = 133 Ibs per Year
(1,105 kg per Year) (15 kg per Year) (60 kg per Year)
Total Zinc Total Copper
Lpost = 17 * [1-(0.48)] Lpost = 6 * [1-(0.48)]
Lpost = 9 Ibs per Year Lpost = 3 Ibs per Year
(4 kg per Year) (1 kg per Year)

Step 9 Pollutant Load Reduction of the RetrofitThe final step in the process is

to calculate the pollutant load reduction of the retrofitising Figure-30, the pollutant

load reduction of the retrofit can be calculated. The results are shown in Tdl8e 3

Table3-18, Northgate Mallg Calculations of Pollutant Load Haction of the Retrofit
( dziK2NR& /I £OdzE  GA2YAS HAmMAOU

Step 9:

Calculate the Pollutant Load reduction of the Retrofit

1. Using Figure 3-10, calculate the annual pollutant load removed by the proposed retrofit
Load Reduction = Lpost - Lpre

Total Suspended Solids Total Phosphorus Total Nitrogen
LR =2,243 - 3,455 LR=32-19 LR =133-243

LR =-1,212 Ibs per Year LR =13 Ibs per Year  LR=-110 lbs per Year

(-550 kg per Year) (6 kg per Year) (-50 kg per Year)
Total Zinc Total Copper
LR=9-18 LR=3-7
LR =-9 Ibs per Year LR = -4 Ibs per Year

(-4 kg per Year) (-2 kg per Year)

* Note - A negative Load Reduction is reducing the pollutant of concern while a positive Load Reduction is
exporting more of the pollutant of concern into the stormwater system
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Since the final design solution has already been constructed, the hypothetical
results based off the existing aerial photography can be compared to the actual built
solution. As a hypothetical way to calculate pollutant load reductions, the Design Point
Method does not always deal with every sgpecific factor. From the numbers, the
Design Point Method suggested removal rates that were greater tihase actually
achieved by the built solution An analysis of the calculations (Tabieé&reveals tha
all the pollutants except for Total Phosphorusgere reduced by theetrofit.

Table 319, also defies bioretention as a poor wag remove totalphosphorus,
so that would explain why the actual built solution is exporting phosphorus (the positive
number in Table &8) out of the stormwater treatment solution rather than removing
this pollutant. As a hypothetical measurement, it suggests to the designer that soll

testing should take place prior to specifying the appropriate soil type to implement.

Table3-19, Comparison of Pollutant Removal Capability
(CWP, 2007, p. 158&odified by Authoy

Comparison of Pollutant Removal Capability ‘

Stormwater Stormwater Pollutant
Treatment i
Option TSS | TP TN | Metals | Bacteria | 292" | o1 g Grease

Extended Detention ® X O O © X ®
Wet Ponds @ ® O ® ® O ®
Wetlands ® ® O O ® X ®
Bioretention ® X O & o ® ®
Filtering ® ® O ® ® ® ®
Infiltration @ ® O @ ? £ ] o
Swales @ X O @ X ® (]
Rooftop Varies
KEY Legend
@ = Excellent Removal (76 to 100%) Legen .
® = Good Removal (51 to 75%) TSS Total Suspended Solids
O = Fair Removal (26 to 51%) TP Total Phosphorus
X = Low Removal (0 to 25%) TN Total Nitrogen
? = Unknown Removal
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Sitespecific factors can enhance or redube overall effectiveness of a
treatment option. The results of the Design Poinetilod can provide the designer a fair
idea as to the effectiveness of each treatment optibor the Northgate Mall site, the
despn reduced the impervious surface by roughly eight percent. In doing so, it kept the
number of parking spaces while reducing the amount of pollutants that are typically seen
in large parking lots.

2 A0K GKS [/ AGe 27F {y&arsioint SN AR F20H8 VG GKKSS
Natural Drainage Systems Progr&uals of improving water quality by reducing

PetroleumHydrocarbons,

Metals (copper, lead, zinc),
Nitrogen

Ultimately, the City deemed the project a success because it laid the groundwork for

parking lot retrofits in the greater Seattle area.
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Case Studgca b Sg ¢ t | NISKelldar Fiddthicago, lllinois

SiteContext- US Cellular Field is home to the Chicago White Sox, a professional
baseball team, and is located iIK6 W{ 2 dzi K { ARSQ 2 F24). Rt 32> L
MmppmE | { / StfdzZ NI CASER ¢l & oAffSR a GKS
previous facilityComiskey Parkad become outdated and wasplaced 200 feet away

by a new facility. Thesurrounding site (Figure-35) is made up of eight parking lots with

roughly 6,500 spaces on site.

Figure 3-24, US Cellular Field Site Location, Chicago, lllinois

(Google Earth, 2009, Adapted by Author) 75



























































































































































































































































































































