EXHIBIT 21



Assessing the Efficacy of
Current Road Salt Management Programs

University of

Waterloo

NATIONAL WATER
RESEARCH INSTITUTE
INSTITUT NATIONAL DE
RECHERCHE SUR LES EAUX

prepared by:

Dr. M. Stone
Principal Investigator
Geography and Environmental Management, University of Waterloo

Dr. M.B. Emelko
Civil and Environmental Engineering, University of Waterloo

Dr. J. Marsalek
Aquatic Ecosystem Management Research Branch, National Water Research Institute

Dr. J.S. Price
Geography and Environmental Management, University of Waterloo

Dr. D.L. Rudolph
Earth and Environmental Science, University of Waterloo

Dr. H. Saini
Environment and Resource Studies, University of Waterloo

Dr.S.L. Tighe
Civil and Environmental Engineering, University of Waterloo

July 26, 2010




Acknowledgments

Funding for this research was provided by the Ontario Ministry of the Environment and the
Salt Institute. The research team wishes to acknowledge the important contribution to the study
from the following groups and individuals: Regional Municipality of Waterloo Winter
Maintenance Policy and Procedures Working Group (WMPPWG); Philip Hewitson (Director,
Transportation Division, Public Works Services, City of Waterloo); Jim Robinson (Senior
Hydrogeologist, Regional Municipality of Waterloo); Phil Deschene (Director of Public Works,
City of Cambridge); Alex Piggott (Manager of Operations Support, City of Cambridge); Scott
Berry (Manager of Operational Support CSD — Operations, City of Kitchener); Dave Lukezich
(Winter Maintenance Specialist, Regional Municipality of Waterloo); Joe Tiernay, Executive
Director, Ontario Good Roads Association (OGRA), Frank Hull (OGRA); Bob Hodgins; Aaron
Todd, Environmental Monitoring and Reporting Branch, Ontario Ministry of the Environment;
Mort Satin and Dick Hanneman (Salt Institute); Paul Johnson — Chair Ontario Road Salt
Management Group; Phil James and Kyle Vander Linden Credit Valley Conservation Authority,

Jeff Melchin, Quintin Rochfort, Shobanna Sivavaraman, Jamie Di Simone, Leanne Lobe.

The Pervious Concrete Pavement Study would not have been possible without support from the
Cement Association of Canada (Rico Fung, Wayne Dawson), Ready Mixed Concrete
Association (Sherry Sutherland Bart Kanters), Dufferin Concrete (Derek Lapierre, Ross Bain,
Gord Cawker, Kelly Nix), University of Waterloo (Terry Ridgeway), the Centre for Pavement
and Transportation Technology at the University of Waterloo (Vimy Henderson, Tracy Zhou,
Rabiah Rizvi, Sam van Berkel, Cole Lamb, Renee Fung, Antonin du Tertre, Peter Chan, Riyad
Ul-Islam, Mohab El-Hakim, Jodi Norris, Jennifer Yang and Shila Khanal).




Table of Contents

ACKNOWICAZIMENTS. cuuiieiicriierisersnessnsstnssnsensessessesssnssanessesasssenssassnsessresasessesssssnnessessnsssesssssanss connranense 1
LIST OF TABLES oottt sssessssssssessnesssssasossssassssanes et aeaesane v
LIST OF FIGURES.......cccsuruueee R st rereanennese rrseneassasaseasenes veeseeseesnesnnsnsseens veeees Vii
EXecutive SUMMATY .iivciicssreesencsenssniissnssnsnasenessenesassssnsesanessnssssens ceressssnesseretessentaesananannes R ¢
ROAD SALT MANAGEMENT SURVEY (TAC 1,2, 9) ceoevieirericienrniereeeeeneenaens xi
DRAINAGE AND STORMWATER (TAC 4)...uooiererecinenreniecenenesteesieseesesseseseene xiii
PAVEMENT AND SALT MANAGEMENT (TAC 5) cceeineeieeeienrenreneesrensenseeeseeneens xvi

SNOW STORAGE AND DISPOSAL (TAC 8) ..covvveeeenrenireeneerenreseeneneescassesseseenens xviii

L. INtrOAUCHION woueeiuieuiierstiisecsissansisssnsssanissssnissnsnssnssntsnsessasesasasssssssnsonsssnsnnassnnnsnnse reresssansssesensnanis el
BaCKZrOUNG ...oouiiiiiiiiicieceinrcentnrente sttt e s st st s e s s e s sne e b arsesaesaeseeabessasssasasnessenssserenes 1

STUAY GOL...eeiuiricrieitectercrereccteete ettt st esa e s e e saeebeese s s s esanesatessasssassasrsesasessasnsessesssesarsenees 2
Organization of the RePOrt.......ccoeiciiiiniiinicr s 4

2. Road Salt Management Survey......veene teetisseesseeesetessanesessatsns b e s s R e R e R s SR et e R e e R e R e SRR e R R s a s 5
INTEOAUCTION ettt st sttt ee e b e s e s st s sn e bs b sasbsbanns 5
Purpose 0f the SUIVEY.....ccviviiviiiiicienctencccr e 5
METNOAOLOZY ..ttt ettt st s e e e e nenesaesassnesnsnenens 6

Survey Results and ConcClUSIONS ....c..cvvcvvenrireniiniinerescentenireree et e seeessnessrasresees 7
RESPONSE RALE. ..iiieieiiciiiieceieeiier it esrre s eceee e eesrete st st s st e s sveresraesessasaeane 7

Salt Management Plans. .......cocecveririiiniiienieereneneesree s see e s e sassnensnesnes 7

Salt Management Plan AWareness. ......coceoveverererrrniciarenenieensensesecnesssaessnereses 9

Operational Changes Since the Adoption of the SMP.......cccovinvinniiiiniinn 10

Salt Management Trailing......ccccoeevereerereernnenenenintenenr e esresneeesssesassasnsians 10

Salt Vulnerable Areas. .....ccceeiireeiiineeeeieeieriniieni e sestcsesressessesse s rsensbons 12

SNOW DISPOSAL «ecuviviriiiririerrree ettt sn e reaen 14

The Code of Practice — Reporting, Benefits and Challenges.........ccconenvevnncnnine 14

CONCIUSIONS ovtviiririieireeireeeeetrsteetesee s e st s be st e e e ess s see s n e steebe e beeneesnesabesneessesnessnssrsrasses 17

ii



3. Drainage and Stormwater (TAC 4)....ciivvevcrennrneressesersssesssssesssssssesssnsseesssssssesssessesessarae 20
Assessing chloride in the shallow vadose zone and groundwater in response to
reduced road salt applications in vulnerable areas ........ccococeeveverreenrereenvrcenreeereeinrerenn 20

e ee i ——eeee b eesanaanees verreonreenn20
Materials and Methods.......cveeveveeeeereeccvnnennnnn. eveeranar——rrreeretea e ra i ———atesasseienarraenan .24

Introduction........eueeeeee... eerrerrtreerteeonsnanraane

Results and Discussion. ....c..cccceeveveeeeeerenieennenionne e ceeererereenresnneresnen 3 |
Conclusions and Implications.................. rreerene e ereeaneas ererereere e eere e rearenee Y
Evaluating chloride concentrations and mass loading in snow in salt
VUINETADIE ATEAS ...ovevveiiriiiiireeteercicerce et sse e cn e s e e sesesre e e B 8
INtrOdUCTION. ...ceieiiiciiitet ettt veereeresnnrennnen 48
Results and DiSCUSSION. ....coueevicuirievinierininriernseesreseerieesesereeressessesaesesassaene SN 52
CONCIUSIONS. c.eeveiiiiiriiniiie ettt esne s sa s se e ea s veerernenneeneennee D4
Assessment of chloride transfer in two Waterloo stormwater ponds ............... ...56
INtrOdUCTION. ceveeiiiticceceree ettt e e s e eesnennans vrerrereenereenens D0
Methods.....cceeiriiniiiecerenirencrrereean, feet ettt aenaereeen Y
Description of Stormwater Management Ponds. ............... reerreerreenenresnaesaresrsreneene D D
Results and DiSCUSSION. .....icveeirrcereenierieicrinsenerecsnenreeneseeereeenees crvernennessennennnns 01
Conclusions. .......cccereeeeiirerereeereeneseessenes ettt saeentes vereenen.00

4. Pavement and Salt Management (TAC 5) wviiiiininnnnsnemneenssomss 09

Performance of Pervious Concrete Pavement in an Accelerated Freeze-Thaw

Climate ......ccoervennene ettt rererte et e saeereens veerveeerreeesressressinensernnnn 09
Introduction........coeevcreenennee. ereeteseeresererassteteer et enesreeneeresntentestentenseneessesnessesssserisss0OD
MEthods.....coveiiriieeeeneecrecree e reesveens reeereereeseeneenseesaenressseeneesssares 10
Testing Methods.. ..ot 73
Results.............. reesraresressreesreestaaenaens ereeree sttt et s raeene veeenaas RO o}
Conclusions............. e PO ...85

Transport and retention of water and salt within pervious concrete subjected to

freezing and typical winter sanding............. SO STRPIPURUTRRUOUPROURORRE . ¥ |
Background and ConteXt.......ccoeviceriicenenenininiiineninicnineiieecresecene s 8 1
Methods and Approach. ........cocevviiviiieniinniii e . 88

Results and DiSCUSSION ...covvevvreereerevvreeeerenneens e rrrreerenssareesssrenessesarsnnssessrerssss 32




Summary and Conclusions. ........ceeceerereernvrereenerenenenees rerrresreses st eee s sreereneee I 8
Clarkson Go Station StUY .....cecveeereeriniinenereineseeenr e sees e eeeenaes reereereneneen99
Introduction.............. s ettt s s et e b s s b neereens verrereenes 99
MEthOAS....viieiiecriiitiercer et cereensesvesenensessasseennens 1 00
Results and DiscusSioNn. .....cocecrveeveenenenienenenecinienveneneeesseeseeesseesseseeseeneennnes 02
COoNCIUSIONS. c..cuviuiviiiciicericcctecnenrctcnnresreseseresieeeeesseesnnssesnsressessenessessesssanieas | 0D
Parking Lot Management — Smart About Salt Program..........cccoceveenecvvrenccnrcececrennennnn. 107
INTrOAUCHION. ..ttt et vans veeveesanrennennns 107
Implications of poor winter maintenance practice and parking lot design for
salt Management.......cccvvveereeerienirecnreenrnercreenaeens cevererrerserteeeranaanaesane eevreeeenens .109
Smart About Salt Program. .......c..ccocvveeciineenucnnnnne TR revere e R B
Program AcChievements. ......cccuverererneecirrienneeereenesseensennes RUUURRRR B § |
Smart About Salt CoUNCIL. ...cc.eviviiiicnirienircreecenererereeeeeeeee e eseeeeveneees ] 12
SUMMALY. cvviieiiieiiiteenteren e ceeesneesennseeresnssnenenens 1 13
5. Snow Storage and Disposal (TAC 8)...c.ccveicinnircsesesnssnnnnsensessssssnsessnessssnsenssnssessserssessres 1 14
Snow Storage Disposal Facilities (SSDFs) and Their Role in Urban Snow and Road
Salt Management: a review of literature related to Guidance for Design, Operation,
and Maintenance............ T ettt ettt ssen et tesnentesesasonensensesesessensereneenssansenens | 14
INErOAUCTION. cevtitrvcereieitireieteecnesi et ereerenseneeeneseesensessaseeessnssersenessesaonunsnsnssenens | 14
Operation of Snow Storage and Disposal Facilities (SSDFs).......... ISRTRR b It
SSDF Treatment TTain. .....coocceveerminrenenvienrersreeceeeniesnessesseeenessens reeereenreaaenes e 128
Summary of Technical Guidance for Design of SSDFS. .....ccccovivniininnnininn 133
6. Barriers to Implementation of the Code of Practice.....cocovvvrsrsrinsnsnnsensnsensecsssansnnnen. 146
7. Conclusions and Recommendations .....c.ccccemvncrieseesissssmsenisessissnsnsssanssnssssssssssossssessssnnnens 148

Conclusions ....c.cceeeecrevernverevnnenns creessiesanenes veseereresnssannas S P PPN SRR |

EUCALION. 1evivviireieiircriiiecereeestsseresseesaessseesnsessnesessesssessnsesssnessassssesesnesersssseensers | 49
Salt Application. ......ccceceveerernerieencereesseenruesuesnennes reerer e nereaeaeas reereerrasnreenenen 150
Research. ...ccccavivirninneeevicvnrerecnineresssnens eeetererereeteeresrrrtrearabnrteesertarasaan e 150
RETCTEIICES cevrereererirnrrecsrerersserrrssarsersssessanarssreersssarsssasnresrasssasanssessnessnssesanserassnssssansssssanessssnsessnessane A3 1

APPENAIX.riirainrisornsrisinessnmssmsiisemsersessssssimssssssssssnssssssssssssssrasssessessssassssssssssssssssssessassnssssssssssssssares § 82

iv



LIST OF TABLES

Table 1. Monitoring Well Locations and Road Types (Sarwar, 2003)......cccccvereenecrereererereeceenes 28
Table 2. Comparison of mean pore water ClI” Concentration above the water table for pre-
and post-BMP cONAItIONS ....coviiriiririiiriiniciineirecsteesseseeereesesresrseresaesassscssessenees 44
Table 3. Comparison of cumulative stored CI” mass above the water table for pre- and post-
BMP CONAItIONS ...eerviviniriiiiiicicintctcesette st ese e sn e saeessennns 45
Table 4. Comparisons of Cl- mass loading to the water table and estimated recharge for pre-
and post-BMP CONAItIONS ...ccvieeiriiriiieriteeiiricrecceeereeseessseeesireesiseesvaesnsesaessnesenassnsnens 46
Table 5. Snow sampling loCAtIONS ....uceriiiirriererec ettt 51
Table 6. Average chloride concentration in roadside snow by road class and sensitivity
(capture Zone travel tME). .c.ooueceerrereeeeeeeneet et sbee et ss e sainnnes 53
Table 7. Chloride concentrations (mg L) in snow with distance (m) from the road ................. 55
Table 8. Chloride concentrations (mean monthly + standard deviation) in mg L™ ........cccoovennnen. 62
Table 9. Monthly mean chloride levels and concentration factors relative to site 17
(background CI CONCENTIALIONS) «.eevveerverrerirruerereieeeereesserresneenssressrensesnessesneesansssions 68
Table 10. Fresh Concrete RESUILS ..c..eevirieiiriieicercierereeinirctie e 73
Table 11. Freeze-Thaw Cycle Precipitation Loading ........coevvenierviinicnnninncnincinienecccnninnenins 75
Table 12. Core Permeability ......coceiciiiiiiciiiiriinenc ettt ceeeseerne b s 77
Table 13. Void Content of Cores .....ovvviiiniiniiiiiniiciicneccenise e 77
Table 14. Compressive Strength of COres .....cciviiriiiiniieieninr s 78
Table 15. Compressive Strength of CyliNders ......cceevecerienerininieinicceteener e 79
Table 16. Slab Surface Distress Development.........cccvreereeneerinieirniieeneseccsecr e 81
Table 17. Slab Weight Changes with Loading .......ccccccucoevrnniimnniiinnicnnrcnnens 82
Table 18. Sand application quantities. Clogging levels 1 and 2 represent 10 and 50 sand
applications at the ‘heavy’ sand application rate.........ccevvieviivvinnnicinniniinenn 90
Table 19. Physical characteristics of the pervious concrete slabs. Wet weight was measured

after dripping from the bottom of the slab had ceased. ........ccocoveevierrnenininvceniiininnn, 92




Table 20. Experimental treatments and the time required to reach steady state flow. Longer
times indicate slower movement of water through the slab. Note: Thaw + 180g Sand
slab CS (7A) was omitted due to inconsistencies in the data. .....oceeeveevveeieveinieceeiinrecreer e 97

Table 21. Summary of precipitation (type and amount) and chloride concentrations

and loads in the GO | and GO 3 parking lotS ......eeceeereveriveiierenrrnereeereee e eves e eveennens 104
Table 22. Mean concentrations of water quality constituents in urban snow piles summarized
from Novotny et al. (1999) and Oberts et al. (2000) ...c..ccovviveevererienenencennineeeereeeeerreseessesens 118
Table 23. SSDF environmental impacts on receiving Waters ........ceeverreverrereereeeereneesneesone 126

vi



LIST OF FIGURES

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.
Figure 17.

The Historical Chloride Concentration Trends in 5 Higher Priority Well Fields

(Switenky and Hodgins, 2008) ......cocveiiiiriviieiinienerienriseestenieereseneeesnessesnassessessnnne 22
Location of Study Site (Sarwar, 2003) ......ccoeorievieiiiririerrereereene e seeneserenes 25
Greenbrook Wellfield Capture Zones (Sarwar, 2003)......ccccerivivrecreceveneniescesnenens 26

Location of Field Study Sites Within the 10 Year Capture Zone (Sarwar, 2003)....29

Temporal Variations in Chloride Concentration from Greenbrook Monitoring

Belmont Ave Profiles of Soil and Pore Water CI” Concentration and Cumulative
STOTEA CI IMASS ..eueveiiiriieitrieseeiret st s stesanereenestesereessesnesseessesssessaesssessaessassesnssosens 34
Greenbrook Dr. Profiles of Soil and Pore Water ClI° Concentration and
Cumulative Stored CIT Mass ..c.cocciiiniininiencniereeieenteneeesteste st seeeresesseesncsnsaines 35
Barberry Pl. Profiles of Soil and Pore Water CI” Concentration and Cumulative
STOTEA CI IMASS c.uviieiieeieirieeierceerirtesrees e etressaeestesseneeeeesmaesnressasesnnessesasesessacsersons 36
Ottawa St. Profiles of Soil and Pore Water CI" Concentration and Cumulative
SEOLEA Gl IMASS .evvririeieiiiecriereriesire st st erne e sae et r e et eseestesbeensasseessesea et esrnssssastons 37
Lawrence Ave. Profiles of Soil and Pore Water CI° Concentration and
Cumulative Stored ClmIMaSsS ....ceceeivirrrircrriniirnierererrreeniesssenereessreesnessseesssessnesasnens 38

Laurentian Dr. Profiles of Soil and Pore Water ClI° Concentration and

Cumulative Stored CITMass ......ccvvviriiniciiineenreniereesrenresieeees oo e sssesssessssessesns 39
Rex Dr. Profiles of Soil and Pore Water CI” Concentration and Cumulative

STOTEA Cl IMESS cueieveieircirierreriereireresresssresassrnesaaeesserseeessrsnesasarsssssersssaesassesssissssiisiss 40
Well field protection areas in the Regional Municipality of Waterloo.....c..c.cceuueee. 52
Location of river monitoring sites in the Laurel Creek watershed. .........ccccevcenenneane 58

Aerial map indicating the proximity of Pond 33 and Pond 45 to the University

of Waterloo and Laurel Creek ReServoir. ......oovviveeeririeeimnneereneneneeeeeesiienienens 59
Aerial photograph of Pond 33.....c.coiiiiiiiicincerrcre e 60
Aerial photograph of POnd 45. ..ottt sasseseses 60

vii



Figure 18.

Figure 19.

Figure 20.

Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.

Figure 32.

Figure 33.

Figure 34.

Figure 35.

Figure 36.

Mean monthly chloride concentration (mg L™') in Laurel Creek from headwaters
(site 21) to dOWNSIIEAIM (SILE 3). .rvvevrerieierrirereeririerieereeeeeeese e er e ereesserenereesensesssaens 61

Chloride concentrations (mean monthly =+ standard deviation) at the inflow and

OULTIOW OF PONA 331ttt e s e sene s 64
Chloride concentrations (mean monthly + standard deviation) at the inflow and

OULTIOW OF PONA 45....oiviiiiiiiiiiiriicinicnteccieint et sae et asaenies 65
Schematic of experimental deSIZN. ......cocvvuiriiriiereinererineeirrrr e seeeens 71
S1ab CONSOIAALION. .eerverirterrireeirietreet et sae e sse et e e nesba st sesane e seneneas 71
Slabs covered in plastic dUTING CUIING. ...cceviivrerrerreneerrentenenerieneenreseseeesneeseseseas 72
GIlSON PEIMEAMELET .. .c.uerieeeiirierriresresierceeresteeseesesressiessesesreeassessessessassessasassncasseen 74
Freeze-thaw cycling of a 200mm thick slab. .......ccovveeiinininiinccccccinnn 75
Density of the pervious concrete batches......o.evvererrenerierrieceninenesceeneinns 76
Cores extracted from slabs for material characterization. ......c.cocceevvervveevivneenneccnen 76
Slab condition dUuring CYCINE. c..cviccveeriirinirieeeesireenee st ssteerneeree e s sresseesae o sesesnenes 82
Permeability of slabs throughout one year of freeze-thaw cycling........ccceeevemececnn 84
Comparison of permeability to hardened density of slabs......ccccevevververcrecncerinnenn 85

‘Precipitation’ apparatus used for the application of the water and the brine
solution evenly to the surface of the pervious concrete slab ... 90

Experimental setup for evaluating water and salt retention in pervious concrete

VWC for the 7D (HS) slab during two experimental runs (thawed and frozen),
both at ‘pristine’ conditions (i.e. no sand application). Note: ‘top’ denotes the
probe located 5cm from the slab surface, while ‘bottom’ denotes the probe
located 15cm from the slab surface. .......cccooeeiiinniiiiininin 93
VWC of the 7D(HS) slab during each different experimental run. The weight in
grams indicates the amount of sand applied to the slab prior to each test................. 94
Breakthrough curves for EC values. 5a (left) illustrates the breakthrough curve
for frozen and thawed conditions with 180g of sand; S5b (right) illustrates the
breakthrough curve for 0 and 180g of sand under frozen conditions. ........ccccccuuune. 95
Average flow rate versus time for CS slab 7B, illustrating the variation in the

time required to reach steady-state flow conditions as a consequence of sand

viil



Figure 37.

Figure 38.

Figure 39.

Figure 40.

Figure 41.

Figure 42.

Figure 43.

Figure 44.
Figure 45.

Figure 46.
Figure 47.
Figure 48.
Figure 49.

Figure 50.

Figure 51.

application and freeze/thaw conditions. Flow rate is expressed as a percent of

the average flow rate for each experimental test independently.........ccccccoveeeervnnee. 97
Location of parking lot and storm water outlets .......occovvvvirvecrreensrerennnn. SRR 101
Compound Weir InStalled .........ocvoveiiiiiiiericineneneeienese e s s senens 101

Temporal variation in temperature, precipitation, chloride concentrations and
chloride loads in runoff from the two parking lots (GO1 left column and GO 3
right column) for the period of record (October 2008 to April 2009). ........ccceucee.. 103
Fluxes and total cumulative chloride loads measured during four runoff events
in 2009 (GO 1 left column and GO 3 right column)........ccceevevrreeeeecenecinresenennnes 106
Historical salt loading data for the Region of Waterloo and the year when
various treatment technologies and procedures to mitigate salt transfer to the
environment Were applied.......coecivevievniinenieecee e 108

Improperly designed drainage from entrance to nursing home. (Photograph by

BODb HOAINS) c.veiiiriiciieriirieciinccstetent st sresee st seees e s ssnesae s basssesenessesanessans 109
Location of snow storage related to excessive salt application (Photograph by

BOD HOA@INS) c.viintieieerieiicierieseesinecreeeesresneseestssres e eseesseessessanessesueessesssessesassrsns 110
Good example of snow storage (Photograph by Bob Hodgins) .......c.ccececceniiirinnnn 110
Poor condition of pavement promotes loss of chloride by infiltration to the

subsurface. (Photograph by Bob Hodgins) ......ccceeveenerviniccinnicniiiciiccccninieen, 110
Concentrations of selected chemicals in snow pile samples.........ccooniviiiiinennnee. 119
Preferential elution of chloride: (a) Top panel - a 200 m” paved parking lot......... 121

Average chloride concentration in and cumulative mass of chloride out in 2007
at the Richmond Hill SSDF (unpublished data). ........ccccevverienrrneniincccnnencninnnnn 123
Buffering of chloride / conductivity peaks during passage through the
Richmond Hill stormwater pond, 2008 (unpublished data).........cccoeverieinnieinnns 124
Percent removals of TSS, Cr, Cu, Ni, Pb, and Zn by settling of snow dump
samples (data source: Droste and Johnston, 1993). ....c..cccoevvirnevnennnnnnnninninnnnn 129
Copper concentrations in OGS, stormwater pond (RHSD1-pond inlet, RHSD2-
pond mid-point, RHSD3 — pond outlet) and drainage ditch (RHSD4) sediments
(Exall et al., 2009)...ccciiceniiieniniiniinerirneesrestssesssseressssesesssnesneeneessesssessnssssenens 130




Figure 52. Lead concentrations in OGS, stormwater pond and drainage ditch sediments

(Exall et al., 2009)

...................................................................................................

Figure 53. Zinc concentrations in OGS, stormwater pond and drainage ditch sediments

(Exall et al., 2009)

...................................................................................................

Figure 54. Fluoranthene concentrations in OGS, stormwater pond and drainage ditch

sediments (Exall et al., 2009)

..................................................................................




Executive Summary

An 18 month study was conducted by a University of Waterloo research team to assess
whether adoption of the Code of Practice has effectively reduced chloride inputs to the
environment in response to best management practices related to salt application and snow
disposal. The study is intended to 1) provide data to support the Environment Canada 2010
review of the Code of Practice 2) evaluate the degree of implementation and effectiveness of
selected best management practices to mitigate chloride transfer to the environment 3) identify
barriers to implementation and 4) make recommendations to improve winter maintenance
practices of roadways and parking lots. The report is divided into sections corresponding to
research that was designed and conducted (surveys as well as field and laboratory studies) to
evaluate the effectiveness of the Transportation Association of Canada’s (TAC) Syntheses of
Best Management Practices (SOBPs) to reduce chloride transfer to the environment. The SOBPs
evaluated in this study include TAC 1 Salt Plans; TAC 2 Training; TAC 4 Drainage and
Stormwater; TAC 5 Pavements and Salt Management; TAC 7 Design of Road Maintenance
Yards; TAC 8 Snow Storage and Disposal and TAC 9 Winter Maintenance Technologies. The
results and conclusions of each study component are summarized below in relation to specific
TAC SOPBs evaluated.

ROAD SALT MANAGEMENT SURVEY {(TAC1, 2,9)

To determine the degree to which voluntary road salt management plans programs have been
implemented in Ontario, information was gathered through meetings with salt management
working groups (RMOW Winter Maintenance Policy and Procedures Working Group, Ontario
Road Salt Management Working Group, Toronto Conservation Authority, Credit Valley
Conservation Authority and Regional Municipality of Waterloo), by convening a Salt
Management workshop (May, 2008) and an International Conference on Road Salt Management
(May 2009) at the University of Waterloo and by conducting a survey of Ontario Road
Management Authorities.

An online tool (SurveyMonkey) was used to administer a survey that was sent to 432 public
works officials in Ontario that included 40 cities, 6 Regional Municipalities, 25 Counties, 85

Towns, 1 District and over 260 Townships/Villages and Municipalities. Seventy out of 432
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public works officials responded to the survey resulting in a response rate of 16.3%. The survey
respondents included Regional Municipalities (20%), Cities (19%), Counties (13%), Townships
(19%) and Towns (29%). Results of the survey are presented below.

Survey Results. The survey indicates that the Code has been adopted by a relatively high
number of Ontario Municipalities (89% of the larger municipalities have Salt Management
Plans). While the release of the Code in 2004 accelerated the rate of production of Salt
management Plans, a number of municipalities required several years in preparing their plans. In
some cases (43%), salt management plans are not reviewed as encouraged by the Code. Salt
Management Plans cover principles of safety, environmental protection and accountability well
but most have inadequate provision for continual improvement, measuring progress and
communications. Many authorities have not updated their plans since initially prepared but some
respondents intend to review plans in the near future. An increasing effort is required to
encourage review and ongoing improvement of operations. Communication of the Salt
management Plans and training to contractors and seasonal staff could be improved in many
municipalities. The level of salt management training has been improved considerably through
the efforts of the Ontario Good Roads Association and the Ontario Road Salt Management
Group. According to the survey, 63% of the respondents have annual training programs. The
learning goals set out in TAC’s SOBP-Training are generally covered but some key areas — the
more complicated learning goals — are not adequately covered. The Code has been effective in
promoting the development of training packages but implementation is should be improved.
Record-keeping has improved since the publication of the Code and the requirement for Annual
Reporting. However some records that are necessary to measure effective monitoring and
continuous improvement are lacking.

Since the release of the Code, mapping of salt vulnerable areas has increased with 51% of
respondents indicating they have identified salt vulnerable areas and developed policies in
proximity to these areas. Improved guidance in this area is strongly recommended. The Synthesis
of Best Management Practices for maintenance yards has improved yard planning and design,
upgrading and good housekeeping practices. Since the code was developed, the greatest
improvement has been in the areas of salt storage and handling but the least improved areas are

management of salt impacted water and environmental monitoring. There is a lack of awareness
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of this SOBP and more promotion is warranted. Approximately 61% of municipalities have snow
disposal sites but most of these sites are not designed in accordance with the Code or the SOBP.

The authorities’ responded positively about the benefits of the Code of Practice as a measure
to advance salt management and environmental protection in Ontario. The key benefits of the
Code are: 1) Increased awareness of the importance of salt management to protect the
environment and of best management practices that are available 2) Provided validation for best
practices and the need to improve winter control operations 3) Set a framework for salt
management plans and benchmarks for salt management that lead to greater standardization 4)
Accelerated the rate of introduction of best management practices and the adoption of new
technologies 5) Reduced salt use and associated environmental impact 6) Reduced costs through
salt reduction 7) Improved monitoring and recordkeeping.

The respondents identified several concerns and challenges regarding the Code that are

primarily related to implementation challenges. Code-specific concerns were 1) There is a need

to provide more detail, advice and direction regarding how to comply with the Code
requirements 2) Municipalities require a simple and cost-effective way to map salt vulnerable

areas and guidance on developing management practices for these areas. Implementation

challenges include 1) Still difficult to change old practices and get Council and senior
management commitment to change 2) The lack of resources, particularly money, is one of the
main barriers to implementing the Code 3) Meeting public expectations and the challenge of
changing levels of service is a challenge 4) Getting staff properly trained and getting best
practice implemented in a consistent way continues to be a challenge 5) Coping with changing
winters is a challenge. Other challenges include a lack of understanding or acceptance of the
need for salt management and the environmental impacts of this practice. Changes in personnel
at the staff, management and political levels since the Code was published underscore the

importance of continual re-education.

DRAINAGE AND STORMWATER (TAC 4)

Three monitoring studies were conducted to evaluate the effectiveness of BMPs to manage
chloride loss from drainage and stormwater. They include studies 1) to assess chloride in the
shallow vadose zone and groundwater in response to reduced road salt applications in salt
vulnerable areas 2) to measure the chloride concentration and loading in roadside snow pack of

salt vulnerable areas and 3) to quantify chloride transfer in two Waterloo stormwater ponds.
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Chioride in the shallow vadose zone and groundwater in response to reduced
road salt applications in salt vulnerable areas. In response to progressively elevated
concentrations of chloride (CI') in some municipal well fields within the Regional Municipality
of Waterloo (RMOW), several Best Management Practices (BMPs) were initiated in 2003-2004
in the vicinity of the impacted well fields in an attempt to reduce road salt leaching the water
table which included a reduction in total road salt application of 25% in urban road network. The
influence of salt reduction on groundwater quality in the Greenbrook Well Field, Kitchener was
assessed by conducting a series of field monitoring activities designed to compare the quantity
and mobility of chloride in the vadose zone for pre (2003) and post-BMP conditions (2009).

The groundwater monitoring data show that post-BMP chloride levels in the vadose zone at
most of the field locations were ~50% lower than for pre-BMP conditions. However, chloride
concentrations in groundwater remained fairly constant or increased slightly at two locations
where specific safety concerns (sidewalks adjacent to public schools) resulted in the application
of elevated levels of sidewalk deicing salts. The data indicate that substantial improvement in
shallow groundwater quality (specifically Cl" concentrations), resulted from the implementation
of road salt BMPs. A detailed comparison of the soil core data collected from the unsaturated
zone as measured in 2001 and 2008 indicates a significant reduction in average soil CI’
concentration occurred following the implementation of the BMP activities. When these data are
combined with estimates of groundwater recharge rates at each of the field monitoring stations,
an average reduction of 60% in road salt mass loading to the water table was observed between
the initial study (2003) and the 2008 study. The data support the overall conclusion that
significant reductions in road salt loads to the subsurface resulted from the implementation of the
BMP strategies in 2003. The study shows that a considerably lower percentage of the total
applied road salt mass is entering the subsurface under the new salt management practices as
compared to historical practices. The trends observed in the groundwater CI” data collected from
the monitoring network correlates well with the observations made from. a detailed assessment of
chloride occurrence and distribution in the unsaturated zone. Accordingly, monitoring of changes
in groundwater quality in shallow monitoring wells prbvide useful quantitativé assessment of the
performance of different BMPs in the urban environment. The actual time lag associated with the
implementation of the BMPs and an observable influence at the water table, however, will

depend on the thickness of the unsaturated zone and the vertical soil water velocity. The
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groundwater quality data clearly illustrate that the reduction in CI" concentration at the water
table is a transient process that will take years to be fully realized.

Distribution and mass loading of chloride in snowpack of salt vulnerable zones.
A field monitoring program was designed to quantify the spatial distribution and mass loading of
chloride in roadside snowpack of salt vulnerable areas. The factorial design included measuring
chloride concentrations and mass loading (kg m™)in 3 well field capture zones (2, 5 and 10 year
travel times) for 3 road classes (2, 3 and 4) within each capture zone, for 3 cities (Waterloo,
Kitchener, and Cambridge). The data show that average chloride concentrations declined with
distance from the road way. Variability in the data is related to several factors that influence both
the redistribution of snow in urban environments and salt demand. Chloride concentrations in
snow varied considerably as a function of road class, well field and sensitivity area (capture zone
travel time).

Chloride transfer in two Waterloo stormwater ponds. A field study was conducted to
examine the effect of landuse and road density/type on chloride concentrations in Laurel Creek
and to evaluate the role of stormwater management ponds as a chloride source to receiving
waters. Ten sampling stations in Laurel Creek (from its headwaters to the central part of
Waterloo) as well as both the inflow and outflow of two stormwater management (SWM) ponds
(conventional design— Pond 45 and hybrid extended detention design — Pond 33) were monitored
in Waterloo, Ontario during the fall 2008 and winter/spring 2009. Chloride concentrations in
Laurel Creek as well as the inflow and outflow of two stormwater ponds often exceeded the
CCME chronic toxicity level (250 mg L) and occasionally exceeded the CCME acute toxicity
level (750 mg L™). Mean monthly chloride concentrations increased throughout the winter and
spring at most sites but were typically lower in the less urbanized headwater sites than in areas
with increasing impervious cover and road density/traffic volume. Mean monthly chloride levels
at two monitoring sites (Keats and 5B) were often 10 to 20 times higher than background levels
in Beaver Creek (site 17). The study found that inflow concentrations of chloride were similar
for the two stormwater ponds of varying design but their outflow concentrations varied
coﬁsiderably over the study period. In the hybrid design (Pond 33), mean monthly outflow
chloride levels peaked in December (~700 mg L) but remained at < 100 mg L' for the
remainder of the winter. In contrast, chloride levels in the conventional design (Pond 45) were

more variable and average monthly chloride concentrations increased steadily at the outflow
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from ~50 mg L™ in October-08 to ~400 mg L in April-09. The study suggests that the hybrid
design pond (which consists of two settling ponds separated by a berm and a final vegetated

area) was more effective at reducing chloride discharge at the outflow.

PAVEMENT AND SALT MANAGEMENT (TAC 5)

Performance of Pervious Concrete Pavement in an Accelerated Freeze-Thaw
Climate: Transport and retention of water and salt within pervious concrete
subjected to freezing and typical winter sanding. Pervious concrete has been shown to
reduce stormwater volume and the concentration of many contaminants (with the exception of
chloride) in urban runoff. In freeze/thaw environments, where the application of road salt is
necessary, it is necessary to understand the impact of pervious concrete structures on the
movement of water and hence, the transport of the Cl'within the water. To accomplish this, a
study was conducted to characterize the hydrologic performance of pervious concrete under
frozen and thawed conditions, with varying additions of sand using both brine (23% salt
solution) and fresh water. The overall impact of sand application to the surface of pervious
concrete is a reduction in the speed of the movement of water through the pores, causing a delay
in the peak flow received at the base of the concrete. In all experiments, the salt was transported
through the pervious concrete very quickly. Salt underwent some dispersion with the application
of sand and under frozen conditions, due to the more tortuous flow paths. Contrasting this is the
impact of freezing water within the pores of the concrete. Although the overall impact of frozen
water is similar to sand (i.e. slows water movement), the water is able to Have this effect
throughout the entire depth of the concrete, as water is able to freeze within the pores near to the
base as well as at the surface of the concrete. This would also have consequences on the timing
of salt transport, as it is a dissolved constituent within the water, and would also remain in the
matrix of the concrete. However, these represent extreme conditions. Our observations indicate
that the infiltration capacity of the pervious concrete structures, as tested, exceeds the probable
maximum water loading rate that will be encountered in Southern Ontario, with or without sand;
frozen or unfrozen.

The focus of the Ontario Clean Water Act is to reduce significant risks to drinking water by
identifying vulnerable areas (wellhead protection areas, intake protection areas and other highly
vulnerable areas) and developing plans to reduce significant risks to acceptable levels and

prevent future significant risks. Chloride is listed as a potential threat to drinking water as
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indicated in Section 1.1 of Ontario Regulation 287/07. Implications of the Ontario Clean Water
Act for road salt management include 1) Improved design and delivery of parking lot winter
maintenance programs 2) Increased adoption of new technology 3) Improved delineation of salt
vulnerable areas and refined winter maintenance procedures in intake protection zones (IPZs) 4)
Increased level of training (certification) for road authorities and private contractors 5)
Integration of salt management plans with source water protection committees (SPCs) objectives
to delineate source waters, identify threats and develop and implement SWP Plan and 6)
Improved stormwater management practices. While pervious pavement technologies can
effectively reduce runoff, they can negatively impact groundwater quality when improperly
located and poorly designed. To meet the future requirements of the Clean Water Act, better
design guidance is required for the use of this material for parking lots located in salt vulnerable
areas.

Clarkson Go Station Study. A study was conducted to measure and compare the chloride
flux in runoff from two parking lots treated with different de-icing compounds (common road
salt and a commercially available alternative de-icing material Mountain Organic Natural
Icemelter) during the period October 2008 to April 2009. The data show that chloride losses
from a parking lot treated with Mountain Organic Natural Icemelter were demonstrably higher
than for a parking lot treated with road salt. More systematic study of the effectiveness (road
safety) and associated environmental impacts of road salt and a range of alternative deicers are
required to provide contractors with appropriate guidelines for optimal application rates and
related spreading technology. Such information coupled with enhanced training, improved
technology for salt application, better record keeping and reporting protocols would lead to
significant reductions in the discharge of chloride from parking lots to the environment.

Parking Lot Management - Smart About Salt Program. In 2004, the Region of
Waterloo developed and launched the Smart About Salt (SAS) Program. This locally initiated
program incorporates a multi-faceted approach designed to reduce the application of salt on
parking lots and sidewalks of both public and private properties by 1) working collaboratively
with transportation operations staff from the municipally 2) developing guidelines and site plan
design recommendations to minimize the need for de-icing on new developments 3) building

public awareness through education programs and 4) implementing the Smart About Salt
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accreditation program for private snow contractors and clients to recognize and incorporate
beneficial salt management practices on parking lots and sidewalks.

Given the increasing need to develop programs that further reduce the transmission of
chloride to the environment, the Smart About Salt program is an example of a management
mode] that can be effectively developed and administered by stakeholders to reduce the use of
deicing chemicals by private contractors while achieving safe levels of service on parking lots
and sidewalks. The program is based on developing partnerships and educational programs that
promotes environmental leadership. If this or similar programs were widely implemented, it
would likely promote optimal salt application and reduce winter maintenance costs while at the
same time minimizing chloride discharge to the environment. There is some evidence to suggest
that certification of contractors and improved record keeping practices may reduce liability and
insurance costs.

There is a critical need to train and certify private contractors and to develop appropriate
winter maintenance guidelines and practices for parking lots. The excessive addition of deicers to
parking lots is in part related to the poor design of parking lots and related stormwater design of
buildings. There is a real need to improve parking lot and building design standards to minimize

the risk of water freezing on pavement which then necessitates additional applications of deicer.

SNOW STORAGE AND DISPOSAL (TAC 8)

Snow Storage Disposal Facilities (SSDFs) and Their Role in Urban Snow and Road
Salt Management: Guidance for Design, Operation, and Maintenance. When snow is
transported from urban areas to snow storage disposal facilities (SSDFs), it contains a range of
particulate and dissolved constituents that can potentially be released into the environment
during snowmelt. Snow removal, transport, storage and snowmelt and potential impacts of these
processes on the environment are of concern in both urban and natural environments with
transportation corridors. A review of recent literature on SSDFs is presented which describes
current knowledge regarding 1) the basic characteristics of operation of SSDFs, 2) how such
knowledge is used for developing guidance for planning, design and operation of SSDFs and 3)
what is the potential role of SSDFs in the context of road salt management. Such information is

necessary to improve guidance documents for the design of snow storage and disposal sites.
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