SC

STORMWATER CENTER

FINAIREPORT OAICOLD CLIMATE PERMEABLE INTERLOCKING
CONCRETE PAVEMENT TEST FACIMIAEE
UNIVERSITY OF NEW HAMPSHIRE STORMWATER CENTER

May 2013

Submitted to

INTERLOCKING CONCRETE PAVEMENT INSTITUTE FOR EDUCATIONAHAND RESE
NEW ENGLAND CONCRETE MASONRY ASSOCIATION
NORTHEAST CEMENT SHIPPERS ASSOCIATION

Preparedand Conductedby

Robert M. Roseen, D.WRE, PE., PhD. James J. Houle, CPSWQ

Associate, Geosyntec Consultants Program Manager, Outrea Coordinator
Principal Investigator, Adjunct ProfessONHSC Phone: 603767-7091

Phone: 617992-9067 james.houle@unh.edu
rroseen@geosyntec.com

Timothy A. Puls, EIT Thomas P. Ballestero, PE, PhD

Site Facility Manager Director

Phone: 6033436672 Phone: 603862-1405
timothy.puls@unh.edu tom.ballestero@unh.edu

University of New Hampshire Stormwater Center (UNHSC)
'"E PP ,ido }o}A}e Z} - HEZ uU E A, ui%bid MEA:/Mivindjukh.edu/unhsc/



http://www.unh.edu/unhsc/

Acknowledgements

Many thanks to the generous donorsiam made this research possible:
Genest Concrete Works, Inc.

Hanson Hardscaped®ucts

New England Concrete Masonry Association
Nicolock PayvP ~S}v o

Northeast Cement Shippers Association
Oldcastle Architectural Products

Pavers by Ideal

Pavestone Company

SF Concrete Products

Techo Bloc, Inc.

Unilock

PICHrinalPerformance Report
The University of New Hampshire Stormwater Ceiary 2013



FINAIREPORTON K> >/D d W ZD > /Ed Z>K </E' KE Z d
W s D Ed d *"d & D>Zdzii
z d, hE/s Z"/dz K& Et, DW",/Z ~dKZDtd Z Ed Z

TABLE OF CONTENTS

ot g Lo 1 =T T =T a1 o PSRRI 2,
1.0 EXECUTIVE SUMMARY ... oottt et e e 1.
2.0  INTRODUCTIQN. ...ttt ettt e e e e e e e e e e e e e e e e eren s 2.
3.0 FIELD FACILITY ettt ettt e et e e e e e e e e nb e 2.
3.1 System Description, Configuration and Sizing 2
3.2 Subgrade Soils 7
3.3 Reference TSS Information 7
4.0 INSTRUMENTATION AND MEASURING TECHNIQUES...........coooiiiiieeees 8
4.1 Flow 8
4.2 Rainfall Collection and Measurement 8
4.3 Other Measurements 8
4.4 Water Quality Analysis 8
5.0 TEST PROCEDURES.. ...t eeeeeanees 9.
5.1 Field Sampling Procedures 9
6.0  MAINTENANCE.... .o e e 11
7.0  DATA EVALUATIQN ..ottt 12
8.0  RESUL T S et 13
8.1 Water Quality and Quantity Performance 13
8.2 Particle Size Distribution 21
8.3 Reallime Water Quality Parameters 21
8.4 Thermal Performance and Comparison 22
9.0 OUTREACH AND EDUCATIQN......ciitiiiitiieie ettt e e e e 22
10.0 SUMMARY AND CONCLUSIQNS.......iiiiiiiiiiiiiiiee ettt 23
11.0 REFERENGCGES..... .. o ettt e et e e e e e eaaa s 24
APPENDIX A: University of New Hampshire Hood House Drive and Jdratlelgx  Site Plans.
...................................................................................................................................... 25.

PICHrinalPerformance Report
The University of New Hampshire Stormwater Ceiary 2013



APPENDIX B: Analysis of soils from test pits at Hood House, University of &lepsHire

Durham, NH dug on April 15, 20L0........iiii i e et e e e e e e e e e e aes 32
APPENDIX C: General specifications for Tymco 210 Regenerative gp&we................. 41
APPENDIX D: General specifications for Tymco 500X HigltD&imp Regenerative Air

YTV =T=T 01 PP 42
APPENDIX E: Photos of various conditions of the UNH PICP installation theitesting
=T 1 oo RPN 43
APPENDIX F: Results of particle size distribution analysis by laser diffnact................... 44
APPENDIX: Final factsheet in the UNHSC 2012 biennial report...........ccocoeveeiiiviiiinnnnnnn. 46
APPENDIX H: Concrete paver teSt reSUIIS. .......oouuuiiiiiieeei e 49
APPENDIX I: Memo from UNH FaCilities..........couuuiiiiiiiei e 51

LIST OF FIGURES

Figure 1: Augus2010 installation of PICP system (clockwise from top left) demolition aadagxm, placement of
subbase aggregate, finished product, underdrain installation...............ccooiiiiiiiiii e 3.
Figure 2: Location map Of the PICP TeSE SILe.........uuuiiiiiiiiiiiae ettt e e e e e e s e e eeaaae s 4.
Figure 3: Typical PICP Hood House Drive Cross Section. The concrete haunches on bdik gideste curbs

are not typical to most PICP applications. The use of the concrete in this detail is spdufiUniversity of New

[ B2 L ] 1] =SS PPSERRRR S T
Figure 4: Check dam and perforated underdrain configurations. On the left is J Lot and the right is Hood House
Drive. J Lot is the section being monitored for this StUAY...........uuueiiiiieiiiiiiii e LS
Figure 5: T Lot PI@® influent monitoring [0CAtION.............euuiiiiiiie e G.......
Figure 6: Picture of T Lot effluent location. T Lot is to the upper right in thisepiCtur............ooooiiiiiiii 6...
Figure 7: Total suspended solids (TSS) concentrations for varied land uses and at UNH StGenteatéSource:
National Stormwater Quality Database, 2005, UNHSC, 200.7).....ccuiiiiiiiiiiiiiiiiiiieieieae e eeeieeiieeeeeeeee e e e
Figure 8: Surface Inundation Test Equipment; A variation on ASTM C 1701 anddB.3385..........ccccvvveeeeeenn 9.
Figure9: Infiltration rate monitoring over time of 3 separate locations representing different loadohgsage

(o] T T T (=T 1 oo PP PU PR PPR I
Figure 10: Total Volume of Influeamtd Effluent and Rainfall Depth for the Research Period of the Permeable
Interlocking Concrete Pavement TreatMent SYSTEIM..........uuuiiiiiiiiia e e e e e e e e 16.....
Figure 11: Thermal performance comparison of PICP, porous asphalt, pervious concreteentional asphalt.
Measurements taken 0N JUNE 21, 2QL2........ooii ittt ettt e e e e e e e bbb e e e e e e e e e e s s e aanbeereees 22.......
Figure 12: Run on from an intersecting pedestWatkWa .............cccuurriiriieeee e s e e e e s e s e e e ee s 43....
Figure 13: Loss of No. 8 stone along curb line due to erosion and cleaning..........ccccceeevevivvcciiiiieeeeeeeeennnn 43..
Figure 14: Another area of run on from an intersecting pedestrian Walkway............ccccvvveeeviiiiiciiiiineenreeee 43.
Figure 15: No. 8 joint stone has settled approxXimat@hyChl.............cceevveeriiiiiiiiiiiiiiric e 43....
Figure 16: Snow cover after plowing but before sun begins to warm up pavement...............ccccoeieviviennee. . 43,
Figure 17: Run on from intersecting MUB driVe..........cooiiiiiiiiiiiiiiiieaeiiiieeeeee e iiieneeee e A3

PICHrinalPerformance Report
The University of New Hampshire Stormwater Ceiary 2013



LIST OF TABLES

Table 1: Laboratory analytical methods and detection limits for each analyte...............oooooi s 8
Table 2: RainfalRunoff event characteristics for 26 storm events; 18 events sampled for water qualityeanals
Table 3: RainfalRunoff event statistics for 26 storm events including volume reduction calculatians.......... 15
Table 4: Water quality performance for sediments with pollutant mass balance................ccccoccveeeeennn, 17
Table 5: Water quality performance for hydrocarbons and zinc, with pollutant mass balance.................... 18

Table 6: Water quality performance for total nitrogen and dissolved inorganic nitrogen K0 NH,), with

POIULANT MASS DAIANCE. ... ettt et e e e e e e e e s e e b et e e e e e aaeeeeeeaannnneeneeeas 19.........

Table 7: Water quality performance for total phosphorus and ephosphate with pollutant mass balance....20
Table 8: Redime water quality parameters Per EVENL.............uuuiiiiiiiiiaeei it a e e e 21

PICHrinalPerformance Report
The University of New Hampshire Stormwater Ceiary 2013



FINALZ WKZd KE hE, K> >/Dd W ZD >COECRETEK </E'
W s D Ed d *"d &d/>hdE/s Z2~/dz K& Et, DW”*,/Z "dKZDt c
CENTERD z TiiT

iXiy hd/s ~hDD Zz

University of New Hampshire Stormwater Center (UNHKSQpleted a two year field
verificationstudy ofa permeableinterlocking oncretepavement (PICP) stormwater
managementsystem The purpose of this study was to evaluate the cold climate functionality
of aPICHn an institutional settingMonitoringtook placefrom October2010 through April
2012 on the University of New Hampshire (UNidain campusn Durham, NH The instattion
convertedHood House Drive and adjoining J Lot from a standard asphalt surfactd @
system in the summer of 201The preexisting condition included no stormwateontrol
measuresand conveyed surface roff into the municipal storm sewel hePICFsystemwas
designed byAppledore Engineering, Inc. in association WItHHSC anthe Interlocking
Concrete Pavement Institute (ICFAn ICPI recommended Plif®file was used for the study
sitefor the drive and a modified section with reservoir was used in the paiieg The
treatment area includes direct rainfall over the system arearamdon from three pedestrian
walkways andMemorial Union Buildin@rive. Concrete pvers and thewroundinggrassed
landscapingre separated by granite curbindrainfall is designed fdter down throughthe
PICP system and into an infiltration reservdixcess stormwateis drained throughinternal
drainage whicldischargesubsurfacdo the munici@l stormsewersystem

Pollutant loading is estimated by monitoringnoff from an adjacent parkingt at Thompson
Hall (T Lotyvhichis similar in size, usage, alutation Projectobjectives includd: 1) Water
Quantityand Water QualityMonitoring, 2) Surface Infiltration Testing, BhermalPerformance
and Comparisongnd4) Educational Outreachn particular the Test Facility hdeen

examined with respect toold climate functionality. Assessment of eleven water quality
parameters comparinthe PICRot and a reference lot was used to evalugterformance
metricsfor the system. All analyses and procedures comply with the Technology Acceptance
and Reciprocity Partnership (TARP), and the Technology AcceptanceoRrdEoology (TAPE)
guidelinego the maximum extent possible. The UNH®€rates under a detailed Quality
Assurance Project Plan (QAPP) which is available on request.

Following 2 years of monitorirthat included26 storms andl8 water samplingevents the
performance forvolume redution and pollutantload reduction wagxceptionafor an

instillation on a sandy clay soil (H8ETheUSDA Soil Survéyr the siteisa HollisCharlton

(very rocky, fine sandy loam). Local infiltration measurements are consisténtatés of a

HSGB soll at 3 in/hr.Volume reduction and subsequently pollutant mass removal exceeds 95%
for all contaminants measured includisgdiment (TSS and SSCatais(total Zinc- TZr),

petroleum hydrocarbonsI(PH, and nutrients (TP, orthB, TN;TKNDIN= NO3, NO2, NH4)
Reductiorsin effluent concentrations ere not observedor these same contaminants. This
waspresumably due t@ concentration of pollutants caused by an exceptional volume
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reduction. Effluenvolumesin any single eventever exceede® gallons and peak flows were
all less than 1 gallon per minute (with one exception)

Surface infiltratiortesting showsnodestaverageperformance for the PICP installatiof
substantial declinén infiltration was observed faareas subjected to rwon. Infiltration rates
declined 69% over 21 months yet still retained greater than 1000 inadrelsqur capacity.
Minimal maintenance was performed during the period of monitoringpacts from ruron
underscorethe importance ofdesigns minimizing ruon.

Thermalanalysesvere conducteccomparingfour pavement surface typest three different
times.PICP surface temperaturesre observed to be loweahan that for porous asphalt,
pervious concrete, and standard asphalt

Outreach activitiesvere conducted during 201and 2012 Threeporous pavementesign
workshops were performedAfull-dayICPLrainingwas performed in collaboration with David
Smith, the ICPTechnicaDirector. The trainingncluded dfield visitto the Test Facility alongsd
other porous pavement installations throughout the UNH campus and the regionciparits
learned key design principles necessary to successfully design, evaluat#yspnd install
porous pavemergfor stormwater management.

IXIEdZK h d/KE

Under an greementwith the Interlocking Concrete Pavement Instit{t€PI)field verification
testing of apermeableinterlocking concrete avement (PICP)reatment system was conducted
by the University of New Hampshire Stormwater Cer{ft¢lHSC) on the Universiggmpus in
Durham NH. Testing consistl of determining the water qualitand quantity performance for
a range of parameters including sediments, metaigrients, petroleum hydrocarbonsnet
effluent flow,and surface infiltration rates

PICP performanceevaluationsvere conducted erosstwo seasons and range ofainfall
conditions important variables reflective of naturdileld performance conditions. This report
presents theanalysesand monitoringfrom October 201Ghrough April 2012. Ths included
monitoring of26 rainfall events and sampling @8 events in total.

TX&/ > & [>/dz
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The climatology of the area is characterized as a coastal, cool temperate févestage annual
precipitation is %6 inchesthat is nearlyuniformly distributed throughout the year, with average
monthly precipitation of 4.02 in +0.5. The mean annual temperature is 48°F, with the
average low in January a#°F, and the average high in July at/B.

The UNHest site isa 13,500 square footPICPsystem installed in the summer of 200d the
UNH main campus in Durham, NfFigurel, Figure2). The preexistingHood House Drive
(7,000 square footand J Lof6,500 square footyvere standard asphalt surface$he areas
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previouslyhad no stormwateicontrolsand conveyedsurfacerunoff to the downsloperoad and
existingmunicipal stormwater systemiHood House Drive and J Lot &esavilyused parking
and driving surfaces durirte school year ThePICP systemwasdesigredto: provide
treatment by filtrationthrough thesubbase promote infiltrationand groundwaterecharge
and underdrain to a central monitoring locatioeventuallyflowingto the municipalstorm
sewer. The PICP installation treats direct rainfall and-aimfrom three intersecting pedestrian
pathways ad one moderately used road/Vhilethe entire installationwas monitored for long
term infiltration capacity and surface temperatui@ly the dot portionwas monitored for
water quality.

&)PUEPP U3 T8 00 8]}V }( W/ W «Ce5 u ~ 0} IA]e (E}u 8}% o0 (8-
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Appendix A includes pject construction drawings and detailSystem configuration indCPI
recommendedorofile (Figure3). Concrete pavensere placed on &-inch bedding course of
ASTM No. 8 aggregateAppendix H provides test results on the concrete pavers which conform
to ASTM C 936The No. 8 aggregatgas also used to fill thpints between the paversThe
bedding course is supported bylanch open graded base layer of No. 57 aggregatss layer
was placed on a stone subbase reservoir of variable thickness of ASTM Needasgdlhe
thickness of the No. 2 subbase was 20 inches in the J Lot (the upper poréas) and 17
inches thik along the drive portion leading to Main Stre&elow the subbase are native soils
of sandy loam which hawehighinfiltration capacityof approximately3 in/hr., measured in a
test pitlocationprior to installation. The subbase and surface slopeshaf PI® system are 6%
and deggned with internal grade controlwocheck dam and perforated undinain
configurations(Figure4) were installed in theeservoirlayer; one draining J Lot and the other
Hood House Drive into an underground monitoring cham@ére J Lotinderdrains are

installed downstream of the check dams while the Hood House Dnglerdrains are installed
upstream. The check dams are constructefi30mil (0.762 mm)mpermeable PV@ner

installed in a stepped patterr-{gure4). The perforatedunderdrains are placed 4 inches above
the native soils. The J Lot configuration is intended to retain stormwaterdes events to
promote denitrification within the subba&s The Hood House Drive configuration is intended to
allow high flow events to bypass through the system more quickly. Bwthgurations allow

the design storm event to infiltrate into the native soils. Each configomatas a unique outlet
into the monitoring chamberTo date monitoring efforts have focused on timain parking

area (J Lot) dhe PICP system.
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The referencenfluent monitoring and rain gaugeere located offT Lot Figureb), which is
approximately 400 feet from thBICReffluent monitoring location.T Lot isadjacent to
Thompson Hall and Dimond Library on the main University ca@pdiss similar in size, usag
and rainfall characteristicsT Lot is a 12,006quarefoot standard asphalot with
approximately 50 parking spaces, granite curbing, and traffic consadtimgth passenger
vehicles and routine bus traffi¢he area, likélood House Drivand J bt, is subject to frequent
plowing,and deicinggalting throughoutwinter months. Literature reviews indicate that
pollutant concentrationdrom T Lotare above or equal to national norms for parking lot runoff.
T Lot is drained by a typical catch basid @iping network.A 12 inch HDPE pipe conveys a
portion of T Lot runoff to a surface locatidrigure6) where nonitoring equipment is installed
to collect datagather samplesand monitor flow and rainfall depths.

Pageb
PICP PerformandevaluatiorReport
The University of New Hampshire Stormwater Ceieary 2013



s -
.
—ﬁ UNIVERSITY of
" PARKING N
&= tﬂ 1 2 3 4
Mirmtes Walking
e
—
-
L e

&IPBE W] SuE }( d >}

Page6
PICP PerformandévaluationReport
The University of New Hampshire Stormwater Ceieary 2013

((ou vs o}

S1IvX dZP8%] SHEZX p% % E E]P:



IXtu PE "rloe

Prior to system design and construction, subgrade soils were examioksic&egorized as
Hydrologic Soil GroufHSGB (NEH630.07, 200With anaverage infiltration ratef 3 inches

per hour. Three test pits were dug however duelédge outcrops were discoveread two of

the test locations average infiltration rate fromeasured at one location on Hood House Drive
was used Appendix Bpage32) details test pit investigationg.wo st pits(test pit #1 and #3)
were dug dowrto 48 inches or until ledgeutcropsimpeded further excavationAppendix B
contains infiltration capacity (IC) and partisiee distribution (PSD) of dudsesoils located
under Hood Hous®rive Infiltration data is only availabl®r Test Pit #2 and was measured at
an average 3 inches per hour.

3IXe (& v d™™ /v(}&u S]}v

Comparisons of the TSS concentrations &oted land uses are presentedhigure?7. Urban
highway pollutant concentrations tend to be twice the mean concentration mealsiae
parking lots and residential uses. Historidalta collected from th&JNH facility is within the
national norm for commercial parking lots and is within the range of typical ciorat®ns
observed for a range of land us€3xccasional storms are monitored that have exceptionally
high solids concentrations.
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Influent and effluent fow monitoring is accomplished with the useTdledyne ISC&712
automated samplersThe samplers are equipped with Teledy8€ O30 Bubbler Flow
Modules whichwork in conjunction with Thelmar compound weiBseestablished flow rating
curves(Lehigh University, 1992) are used to convert depth readings to flow.rates

0X4Z Jv( oo }oo S]J}v v D euE u vs

Rainfallis monitored using a Teledyne IS€X3 Rain Gauge. The gauge collects direct rainfall
through a6-inchdiameteropening ina 2-foot high anodized aluminum housingater flows
through an HDPE funnahdinto atipping bucket. The tipping bucket is calibrated to take a
reading every @1-inch of rainfalldepth. The rain gauge connects to and stores data inl8@0O
6712 sampler locad off T Lot.

OXKSZ E D *uCE u vse

Temperature, pH, specific conductivity, and dissolved oxggemonitored usingy SI 600XL
multi-parameter sondes. These parameters are monitored at the effluent locdtiang wet
weather events only Moisture,temperature, and electrical conductivity are measured with
the system base materials usiDgcagon Devices 5TE probes in conjunction with Decagon
DeviceEm50 Data Loggers. The 5TE probes were installed glaogmentof the PICP
system Probes were installed in pairs at each interface of the base materials (i.daetimeen
the native soils and No. 2 stone reservoir; two between the No. 2 an&Nstone layers, etc.)
Probes are pairetbr redundancy andhecause access tbeir location is impossiblence
installed

X85S E YU 0]SC v 0Ce]e

Samples were processed and analyzed by an EPA and National Environmentabtyabora
Accreditation Conference (NELAC) certified laboratory using the standdlshdologies
outlined inTablel.

d oiw > }E S}EC v oCS] o u SZ} « v Sv 8138 K]u]sSe (}CE 4

Analyte Analytical Method =~ Sample Detection Method Deection
Limit (mg/L) Limit (mg/L§

Nitrate/Nitrite in water EPA 300.0A 0.1 0.008

Total Suspended Solids SM 2540 D Variable 1-10 0.4

Suspended Sediment ASTM EB977 Variable 1-2 1

Concentration

Total Phosphorus EPA 365.3 0.01 0.008

Zinc in water EPA 200.7 0.01 0.001-0.05

Total Petroleum SW 3510C 8015B s E] o G iXA 0.1-3.0

Hydrocarbons-Diesel Range
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®Method detection limit is different than sample detection itrwhich will often be highedue to
availablesample volume.
SM = Standard Method, SW = Solid Waste

iXd "d WZK hz »
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PICP effluent is capturdy an automatedampler (large runoff eventgy a 5-gallon bucket

(small runoff events)For the majoriy of events a Hallon bucket wasufficient to hold

the entire effluent volume.In these cases full sample (total capture) methods were used as
opposed to automated composite samples. Total capture metheate utilized due tahe
increased accuracy associated with system performance antteheendousvolume reducton
occurring byinfiltration into the native soilsThetotal capturevolume ishomogenized,
measuredandsplitinto 1 literISCAPro-Pak bagsising a United States Geological Survey
(USGpDekaport Cone Sample SplittBiCP influensamplingwas achieed using a prtable
ISCGB712 automated sampler. Influent samplesre collected using a flow weighted sampling
program. Programs are set to achieve a minimum of 70% coverage over the dwfatien

storm event. Individual samples are automatically disgkdinto 1 liter Pro Pak bags. Pest
processing consists of compositing all relevant samples into identical $ditnples using the
USG®Pekaport Cone Splitter. THeliter disposable LDPE sample bags are used to assure clean,
non-contaminated sample container§samples are sealed and labeled with a unique, water
proof, adhesive bar code that corresponds with a field identification letefaining

information relating to the stormwater treatment unit and date of samplingcdrds are kept

that correlate sample bar code with sample time, date, flow, and other real water quality
parameters.This begins the chaiof-custody record that accompanies each sample to track
handling and transportation throughout the samplipgpcess.
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Infiltration rate (IR) measurements are developed using a modified surfaoéation(SI)
device. The modified Slasfalling head testhat measurethe time to infiltrate a known
volume of water(0.56 gallonshhrough the permeable surfacigure8). S| measurements
were takenat threeseparate locations on theICP lobver 11 timesthroughout the study The
Sltest is a modification of an ASTMaStlard D 33803 (ASTM, 1988) which thefalling head
Sltest involveslacing a cylinder of known diameter onto the pavement surface wisittten
sealed to thgpavement surface (Briggs, 2006he UNHSC Sl tessimilarto ASTM @701 for
pervious concretén which both methods measure the infiltration rate of a known volume of
water through a pervious pavement. The difference is that the Sl is a fallingtéstatiat

starts time zero when the full volume of waterdsliveredto the infiltration device. @701
specifies that the known volume be delivered to the dewdta rate that maintains a surface
depth between 18hm to 15mm and starts time zero as soaveater contacts the pavement
surface. Another difference is that the®les aclosedcell foam foot to seal the cylinder to the
pavement surfacand C1701 specifies the use of plumbers putty as a sealaiso, C 1701
generally requires at least 5 ¢rhs of water to conduct, whereas the modified Sl requires 0.56
gallons.

Sl testsvere used to monitothe infiltration capacity othe PICP systerthrough the duration
of the study Locationdor infiltration capacity measurementere chosen to represen
different use scenarioslLocationl islocatednear the entrance to Hood House Drive and
represents a high use area. This locati@eeives run on from kmorialUnion BuildingDrive,
sediment trackindrom vehicles entering the lot, aridaf litter froma pair of deciduous trees.
Location 2s subject to less vehicle traffic, less impervious surface ruis dogated on a more
gradual slope, antlas an evergreen tree that drops needles onto the surface of the test lot.
Location 3s locatedin a levelparking stalthat receives little traffic, has no organic litteaild
up, and is representative of a low loading ardR measurements over the research period are
shown inFigure9. A siteaverage for the study area is plotted and based on relative area
contributions and infiltration capacity.
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Throughout the monitoring periodNHSC worked with ICPI and Stormwater Compdéialnc.

to develop a longerm maintenance strategy to maintain aesthetics and infiltration capacity of
the PICP systenthe firstattempt to clean the pavement in the fall of 2010 with a Tymco 210
Regenerate Air Sweeper (see Appendixp@ge4l, for general specificationsyas sopped

due to the excessive removal stione from between the paver#é decision wasnadeto

postpone vacuum cleaning until clogging wiagre evident In the spring of 2011hree areas of
concernwere identified andaredescribed as follows

x A pair of demuous treedocatednear the entrance to blod House Drive drop leaves
onto the pavement. The leaves then pack between the pavers and clqggitie.

x A large evergreen located near the middleHfiod House Drive drops pine needles
onto the pavement, whie are subsequently geond into thejoints from vehicldraffic.

X Areas of ruron from intersecting pedestrian paths convey sediment onto the
pavement. Sedimerttas clogged the joistand grass has begun to grow.

A secondattempt atvacuum cleaning was conducted with a Tymco 500X High Side Dump
Regenerative Air Sweeper (see Appendip&yed?2, for general specifications.he machine
alone vas ineffective at removingackeddebris from between the pavein these areas of
concern The use of a leaf blower and pressure washer helped to dislodge sitine upper
layer of debris, but more was packed underneath. In areas that were nggetbtre No. 8 joint
stones had settled approximately 1 inch. In these areas debris such as cidgarstesticks,
and trash were observed lgad in the paver jointaNith the stones at this depth the Tymco
could dislodge more of the stones, but did not pull many directly into thepeopSome of the
stones were seen bouncing away from the vacuum head a$yheco passed over the
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pavement It wasalsoevident that many of the pavers were loose and couldvobbled by
foot. Winter plowing and freezéhaw did notdislodgeany of the pavers. In August 2011
additionalNo. 8 joint stone was used tolfiin the seamsThis provd to stabilize the loose
pavers and no further settling was observed through the naimty period.Photo
documentationof various conditions is provided in Appen#ixAn operation and maintenance
procedure for PICP placementsais area of acute interest for additional research

Results from work b$mith and HuntZ010 indicatedif a regenerative air machine is not used
regularly, withdrawal of accumulated sediment requires use of a full vacuum neactese
machines hav@reater suction power tharegenerative air machinesghich requires stone
replenishment after cleaning

Winter mantenance including plowing arahti-icing/de-icing was handled independently by
UNH facilities. A memo regarding equipment and procedures used is iddludgpendix I.

6Xid s >h d/KE
Dataanalyses are presentdd examine PICP performance for water quality, quantity,
infiltration, and surface reflectivityDataand resultsare presented along with simptatistical
analyses texamine performance trend®ata analysescluded arange of approaches:

X evaluation of storm characteristics

x table of influent and effluent event mean concentratio®\VQ, volume and pollutant

mass summaries

X simple statistics summary

X particle size distributiofPSDganalysis

X thermalsurvey information from various pavements

Storm characteristickr each samplé storm event are presented iTable2. Included in this
table are characteristiosf 8 events thatcouldnot be sampled for water quality analysesuO

of these 8events 6 had 100% total volume reductiand thus no effluent volume with which to
produce water quality results. This helps to illustrate the infiltratapacityof the native
materialsprovidingexcellent groundwater recharge amdnoff reduction

EMC’sare presented inTable4 through Table7 along with volume and mass reductitor a

range of seasons. EMC’s arged torepresent the flowproportional average concentration of a
given parameter during a storm event. An EMC is the total constituent massdilwdée total
runoff volume. When combined with flow measuremaetlata, the EMC can be used to estimate
the pollutant loadng from a given storpror onan annual basidVith respect to determination

of EMC samples for the effluent flows both fleveighted composite samples and total capture
samples were taken. Total captufentire storm volumeyasused when availabldue tothe
higher data quality expectationTotal pollutant nass in the effluent samplesgere flow
weightedto produce a relative EMftom total capture samples as a function of rainfall depth
and the square footage of the test loCalculations are made acciing to the following
equations:
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Equation I Vi = A,* P.* 0.98 *7.48(gallons)

Equation 2V, =1—(V,/V))

Equation 3:Mass, = {* EMG, * 3785

Equation 4: Masg: = Vb * TGu * 3785

Equation 5: %Mass Reduction = Massu/Massn )

Where:
Vi = Direct volume into the systeror the runoff volume from impervious surface
A, = Area of the pavement (6,500)it
Pe = The precipitation associated with the event.
V, = The volume out of the system collected and directly measured out of gteray
underdrain.
V; = The amount ofvater volume reduction expressed as a percentage.
Mass, = the total mass, in grams, of pollutant entering the system
Masst = the total massin grams, of pollutant leaving the system
EMG, = the measured laboratory results from the flow weighted composite sample
takenat the reference influent locatiogT Lot)
TGut = the measured laboratory results from the total capture sample taken at the
effluent location.
And with:
0.98 = a runoff conversion typical of paved or impervious surfaces.
7.48 = volume conversion factor to yield gallons from cubic feet.
3785 = a conversion factor to get from gallons to liters and milligrams to grams.

0 XRESULTS

O0Xits &E Ypo]S5C v Yp vsS]SC W CE(}EuU Vv

Results presented below for tHCP Test Facilitgpresent data collectettom the period of
monitoring fromOctober 201Ghrough April 2012 conducted at the UNHSC field facility. The
data set reflects rainfall acro$sur seasons and covers a wide range of rainfall characteristics.
Table2 displays rainfall event characteristicand influent and effluent voluméor 26 storms of
which 18 events had sufficient volume to monitor for water quality. Storms rangedzanfsom

low intensity to high intensity, small volume to large volume.
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d oflRanfatZpv}(( A v Z E 3S6@EJmI¢ven(MEIA vSe » u%o0 (}JE A S E <p 0]85C Vv «

Storm Rainfall . [v(op v§ ((op vs§ v y {8 @E
. . w | Rainfall Total Total -
(S LE §] . o <4 W | &g W | &q EC W| Season | Y 0]8
o Intenslty ./oo S 4 @) s}opu o) slouu ) ~C Iy
~Jvidul]|l (in) (gal) (gal)
6/1/2011 270 0.09 0.13 69 516 0.000 0.000 8 Spring No
6/9/2011 510 0.10 0.36 76 1429 0.009 0.410 8 Spring Yes
6/11/2011 1485 0.04 1.08 31 4288 0.013 0.284 2 Spring Yes
6/18/2011| 4005 0.10 0.17 76 675 0.000 0.00d 1 Spring No
6/22/2011 2520 0.03 0.81 23 3216 0.005 1.399 4 Summer Yes
6/24/2011 800 0.15 0.50 115 1985 0.022 0.154 1 Summer No
6/29/2011 215 0.03 0.11 23 437 0.000 0.000 4 Summer No
7/13/2011 310 0.18 0.40 137 1588 0.000 0.00( 7 Summer No
7/25/2011 1805 0.03 0.23 23 913 0.016 3.815 7 Summer No
7/29/2011 505 0.04 0.25 31 993 0.009 0.125 3 Summer Yes
8/2/2011 660 0.06 0.11 46 437 0.000 0.000 4 Summer No
8/6/2011 985 0.04 0.53 31 2104 0.035 0.955 4 Summer Yes
8/8/2011 580 0.12 0.37 92 1469 0.000 0.000 1 Summer No
8/9/2011 630 0.03 0.50 23 1985 0.024 0.530 1 Summer Yes
8/15/2011 1330 0.08 1.85 61 7346 0.044 5.00( 5 Summer Yes
8/21/2011 500 0.19 0.61 145 2422 0.095 4.00( 2 Summer Yes
9/6/2011 520 0.04 0.87 31 3454 0.035 1.294 9 Summer Yes
9/22/2011 1700 0.05 0.40 38 1588 0.027 1.544 2 Summer Yes
9/23/2011 835 0.07 0.59 53 2343 0.018 0.314 1 Summer Yes
10/2/2011 1075 0.03 0.64 23 2541 0.020 0.66( 1 Fall Yes
10/13/2011 2510 0.07 1.28 53 5082 0.016 0.834 9 Fall Yes
11/10/2011 710 0.06 0.98 46 3891 0.039 0.894 11 Fall Yes
11/30/2011 335 0.04 0.64 31 2541 0.020 0.92( 7 Fall Yes
1/17/2012 1780 0.05 0.10 45 357 6.600 2.853 3 Winter Yes
1/26/2012 1280 0.03 1.11 49 4407 0.200 1.584 3 Winter Yes
4/22/2012 1660 0.04 2.32 9212 0.120 2.985 27 Spring Yes
* Total Influent Storm Volume calculated from Rainfall Depth, system arehrunoff coefficient of 0.98
** Indicates whether or not storm samples were sent for water quality analyses

Table3 presents the volume reduction for tHRICP system for each of @@ents monitored.
FigurelO presentsrainfall depth and influent and effluent volumes fmonitored storms.Table
4 through Table7 presentthe water quality, volume reduction, and pollutant mass reductions
for each monitored storm and simple summary statistics.

BEMC dfluent concentrations were typically higher than the influent concentrationrfearly
every concetration measure however this must be considered in the context of volume
reduction. Volume reduction was so exceptional that the effluent conceinadppears to
have been concentrated. However the median effluent volumes were less thaltoh gnd as
such quality performance must be evaluated in the context of load reduction. Mass lo
reduction was typically greater than 95% for all contaminants.

Pagel4
PICP PerformandevaluatiorReport
The University of New Hampshire Stormwater Ceieary 2013



d o3RainfalZpv}(( A v3 «J)}¥Fskgmevents]v op JvP A}OuUS]}E @ po 3]}veX

) d}sS o /v(c d}S o ((o & shE
S s}opu )~¢ S}opu o)y¢ Z u &1
(gal) (gal)
6/1/2011 516 0.00 100.00%
6/9/2011 1430 0.41 99.97%
6/11/2011 4289 0.29 99.99%
6/18/2011 675 0.00 100.00%
6/22/2011 3216 1.40 99.96%
6/24/2011 1985 0.16 99.99%
6/29/2011 437 0.00 100.00%
7/13/2011 1588 0.00 100.00%
7/25/2011 913 3.82 99.58%
7/29/2011 993 0.13 99.99%
8/2/2011 437 0.00 100.00%
8/6/2011 2105 0.96 99.95%
8/8/2011 1469 0.00 100.00%
8/9/2011 1985 0.53 99.97%
8/15/2011 7346 5.00 99.93%
8/21/2011 2422 4.00 99.83%
9/6/2011 3455 1.29 99.96%
9/22/2011 1588 1.55 99.90%
9/23/2011 2343 0.31 99.99%
10/2/2011 2541 0.66 99.97%
10/13/2011 5083 0.83 99.98%
11/10/2011 3891 0.90 99.98%
11/30/2011 2541 0.92 99.96%
1/17/2012 357 2.85 99.20%
1/26/2012 4408 1.59 99.96%
4/22/2012 9213 2.99 99.97%
n 26 26 26
Average 2586 1.18 99.93%
Median 2045 0.75 99.97%
Standard 2145 1.41 0.00
Deviation
Coefficient of 0.83 1.20 0.00
Variation
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d 0dW t & E <p 0]3C % E(}Euwith %}@Eops]usviess o v X

d}S o "ue% v N Ju vSe ~dNNe
< Vi Vo %\ D Jv| D }ug D <« ]1 D e« }{{ 9 D:-
(L) (L) ~uPIl> ~uPl> (9) (9) Z p 8]
6/9/2011 5,411 1.40 99.97% 400 540 2164 0.76 99.97
6/11/2011| 16,233 3.00 99.98% 29 140 471 0.42 99.9]
6/22/2011| 12,175 3.00 99.98% 10 12 122 0.04 99.97
7/29/2011| 3,758 1.10 99.97% 51 45 192 0.05] 99.97
8/6/2011 7,966 5.00 99.94% 38 29 303 0.15 99.95
8/9/2011 7,515 9.50 99.87% 75 100 564 0.95 99.89
8/15/2011| 27,806 18.93 99.939 24 110 667 2.08 99.6
8/21/2011 9,169 15.14 99.83% 360 940 3301 14.28 99.5
9/6/2011 13,077 4.90 99.96% 22 74 288 0.36 99.87
9/22/2011 6,012 1.00 99.98% 42 280 253 0.28 99.84
9/23/2011| 8,868 0.80 99.99% 56 100 497 0.08 99.99
10/2/2011] 9,620 0.75 99.99% 31 48 298 0.04 99.99
10/13/2011) 19,239 3.16 99.989 80 130 1539 0.41% 99.9
11/10/2011) 14,730 3.40 99.989 150 70 2209 0.24 99.9
11/30/2011] 9,620 3.34 99.97% 140 51 1347 0.17 99.9
1/17/2012 1,353 10.80 99.20% 110 8 149 0.09 99.94%
1/26/2012| 16,684 6.00 99.96% 77 15 1285 0.09 99.9¢4
4/22/2012 | 34,871 11.30 99.979 320 17 11159 0.19 100.0
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91%) 112 151 1,489 1.15 99.97
Median 9,620 3.37 99.97%) 66 72 530 0.22 99.97
St Dev 8,389 5.31 0.00 121 234 2,573 3.30 0.00)
Coefficient
of Variation 0.67 0.93 0.00 1.08 1.56 1.73 2.88 0.00
A% V N Ju vS }v VSE S]}v ~AN e
< Vi Vo %V D Jvl D }u§ D e« ]1 D ¢« }d 9 D:-
L) L) ~uPl> ~uPl> (9 (9 Z Y S]
6/11/2011| 16,233 3.00 99.98% 29 140 471 0.42] 99.91
6/22/2011 | 12,175 3.00 99.98% 18 19 219 0.06) 99.97
8/6/2011 7,966 5.00 99.94% 29 20 231 0.10 99.96
8/9/2011 7,515 9.50 99.87% 53 69 398 0.66 99.84
8/15/2011 | 27,806 18.93 99.939 21 100 584 1.89 99.6
8/21/2011 9,169 15.14 99.83% 320 390 2,934 5.91 99.8
9/6/2011 13,077 4.90 99.96% 32 160 418 0.78 99.8]
10/2/2011 9,620 0.75 99.99% 42 530 404 0.40 99.9(
11/10/2011| 14,730 3.40 99.989 140 49 2,064 0.17 99.9
11/30/2011f 9,620 3.34 99.97% 61 48 587 0.16) 99.97
1/17/2012 1,353 10.80 99.20% 110 1 149 0.01 99.99%
1/26/2012| 16,684 6.00 99.96% 79 16 1,318 0.10 99.9¢
n 12 12 12 12 12 12 12 12
Average 12,162 6.98 99.88%) 78 129 815 0.89 99.9¢
Median 10,897 4.95 99.96%) 48 59 445 0.28 99.93
St Dev 6,517 5.53 0.00 85 165 861 1.66 0.00
Coefficient
of Variation 0.54 0.79 0.00 1.09 1.29 1.06 1.88 0.00
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d 05t § E <p 0]8C % E(}EuU v (}E ZW@th@p}ocB W v 3vu kv b v X

d}S o W SE}o pu ,C E} & }lver ]+ 0 ZvVvP ~dW,r
< Vi Vo %\ D Jvl D }u§ D ¢ ]\ D e}y 9 D :-
L) L) ~pPI1Y ~pPIx (mg) (mg) | Z p §]
6/22/2011| 12,175 3.00 99.98% 430 157.5 5,23% 0.47 99.9
7/29/2011| 3,758 1.10 99.97% 800 158 3,006 0.17 99.9
8/6/2011 7,966 5.00 99.94% 610 410 4,859 2.05 99.9¢
8/9/2011 7,515 9.50 99.87% 410 350 3,081 3.33 99.84
8/15/2011| 27,806 18.93 99.93¢ 320 158 8,894 2.98 99.9
8/21/2011| 9,169 15.14 99.83% 1,400 158 12,836 2.38 99.9
10/13/2011] 19,239 3.16 99.989 710 5,100 13,640 16.12 99.8
11/10/2011] 14,730 3.40 99.989 660 1,100 9,722 3.74 99.9
11/30/2011f 9,620 3.34 99.97% 570 370 5,483 1.24 99.9
n 9 9 9 9 9 9 9 9
Average 12,442 6.95 99.94% 657 884 7,420 3.6 99.9¢
Median 9,620 3.40 99.97% 610 350 5,483 2.38 99.97%
St Dev 7,297 6.23 0.00 318 1,609 4,018 4.85 0.0
Coefficient
of Variation 0.59 0.90 0.00 0.48 1.82 0.54 1.34 0.00
d}S 0 ¢]Jv r ~deve
< Vi Vo D Jv| D }pug D e ]\ D ¢} 9 D -
S %\ y
(L) (L) ~uPIl> ~uPIl> (mg) (mg) Z u 3]
6/9/2011 5411 1.40 99.97% 0.14 0.26 758 0.36 99.9]
6/11/2011| 16,233 3.00 99.98% 0.03 0.12 487 0.36 99.9
6/22/2011| 12,175 3.00 99.98% 0.03 0.01 365 0.03 99.9
7/29/2011| 3,758 1.10 99.97% 0.10 0.07 376 0.0§ 99.9
8/6/2011 7,966 5.00 99.94% 0.05 0.07 398 0.35 99.9]
8/9/2011 7,515 9.50 99.87% 0.03 0.05 225 0.48 99.74
8/15/2011| 27,806 18.93 99.939 0.03 0.05 834 0.99 99.8
8/21/2011| 9,169 15.14 99.83% 0.11 0.3 1,009 4.54 99.55%
9/6/2011 13,077 4.90 99.96% 0.03 0.29 392 1.42 99.64
9/22/2011| 6,012 1.00 99.98% 0.07 0.08 421 0.08 99.9¢
9/23/2011| 8,868 0.80 99.99% 0.03 0.07 266 0.04 99.9¢
10/2/2011| 9,620 0.75 99.99% 0.02 0.03 192 0.03 99.94
10/13/2011] 19,239 3.16 99.989 0.05 0.12 962 0.39 99.9
11/10/2011] 14,730 3.40 99.989 0.11 0.09 1,620 0.31 99.9
11/30/2011f 9,620 3.34 99.97% 0.05 0.06 481 0.2( 99.9
1/17/2012| 1,353 10.80 99.20% 0.24 0.03 325 0.32 99.9
1/26/2012( 16,684 6.00 99.96% 0.06 0.03 1,001 0.14 99.9
4/22/2012| 34,871 11.30 99.979 0.01 0.005 349 0.0¢6 99.9
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 0.07 0.10 581 0.57 99.91
Median 9,620 3.37 99.97% 0.05 0.07 410 0.32 99.94
St Dev 8,389 5.31 0.00 0.06 0.09 374 1.05 0.00
Coefficient
of Variation 0.67 0.93 0.00 0.86 0.95 0.64 1.86 0.00
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d 06t § E PW]TN}EuU v (}E 3}3 0 VISE}P v vVEE}PloAI EK/IBEP v] V]
with %}00uS vS u X o0 Vv

Total Nitrogen (TN)
. Vi Vo D Jv| D }u§ D ec ]\ D e }d 9 D e
S %\ .
(L) (L) ~uPIl> ~uPl> (mg) (mg) Z u 8]
6/9/2011 5,411 1.40 99.97% 4.0 7.6 21,644 10.64 99.95%
6/11/2011| 16,233 3.00 99.98% 0.8 3.1 12,986 9.30 99.93%
6/22/2011| 12,175 3.00 99.98% 1.1 2.7 13,392 8.10 99.94%
7/29/2011| 3,758 1.10 99.97% 2.0 6.3 7,515 6.93 99.91%
8/6/2011 7,966 5.00 99.94% 0.9 5.0 7,170 25.00 99.65%
8/9/2011 7,515 9.50 99.87% 0.6 3.7 4,509 35.15 99.22%
8/15/2011| 27,806 18.93 99.939 0.8 2.9 22,245 54.89 99.75%
8/21/2011| 9,169 15.14 99.83% 2.1 2.9 19,254 43.91 99.77%
9/6/2011 13,077 4.90 99.9694 0.5 1.6 6,538 7.84 99.88%
9/22/2011| 6,012 1.00 99.989%4 1.3 3.1 7,816 3.10 99.96%
9/23/2011| 8,868 0.80 99.999% 0.6 1.9 5,321 1.52 99.97%
10/2/2011| 9,620 0.75 99.9994 0.8 15 7,696 1.13 99.99%
10/13/2011] 19,239 3.16 99.989 1.0 3.4 19,239 10.74 99.94%
11/10/2011] 14,730 3.40 99.989 15 1.3 22,095 4.42 99.98%
11/30/2011] 9,620 3.34 99.97% 1.6 3.5 15,391 11.69 99.92%
1/17/2012| 1,353 10.80 99.20% 2.9 2.5 3,923 27.00 99.31%
1/26/2012| 16,684 6.00 99.96% 0.9 1.1 15,015 6.60 99.96%
4/22/2012| 34,871 11.30 99.979 1.1 4.9 38,358 55.37 99.86%
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 1.36 3.28 13,895 17.96 99.8
Median 9,620 3.37 99.97% 1.05 3.00 13,18p 9.97 99.9]
St Dev 8,389 5.31 0.00 0.90 1.74 8,858 17.97 0.00
Coefficient
of Variation 0.67 0.93 0.00 0.66 0.53 0.64 1.00 0.00
J**}JoA /V}EP v] E]JSE}P v ~ /E-
. Vi Vo D Jv| D }u§ D ¢ ]\ D e }d 9 D e
S %\ g
(L) (L) ~uPIl> ~uPIl> (mg) (mg) Z u 8]
6/9/2011 5411 1.40 99.97% 0.2 0.05 1,082 0.07 99.999
7/29/2011| 3,758 1.10 99.979% 0.5 2.9 1,879 3.19 99.83%
1/17/2012| 1,353 10.80 99.20% 0.6 0.25 812 2.70 99.67%
n 3 3 3 3 3 3 3 3
Average 3,507 4.43 99.72% 0.43 1.07 1,258 1.99 99.81
Median 3,758 1.40 99.97% 0.50 0.25 1,082 2.70 99.81
St Dev 2,041 5.52 0.00 0.21 1.59 555 1.68 0.00
Coefficient
of Variation 0.58 1.24 0.00 0.48 1.49 0.44 0.84 0.00
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d o/W t8§ & <u 0]SC % E(}EuU Vv

(}E §)}§ -phOaphateitd } E 1 »

% }oOUS VS U e OV
d}S 0 WZ}e%Z}Eps ~dWe
. Vi Vo D Jv| D }ug D e ]\ D ¢ }d 9 D e
S %\, .
(L) (L) ~uPI> ~uPI> (mg) (mg) Z U s]
6/9/2011 5411 1.40 99.97% 0.81 1.10 4,383 1.54 99.9¢
6/11/2011| 16,233 3.00 99.98% 0.17 0.50 2,76( 1.5( 99.9
6/22/2011| 12,175 3.00 99.98% 0.11 0.14 1,334 0.42 99.9
7/29/2011| 3,758 1.10 99.97% 0.17 0.27 639 0.39 99.9%
8/6/2011 7,966 5.00 99.94% 0.13 0.48 1,034 2.4(Q 99.7]
8/9/2011 7,515 9.50 99.87% 0.09 0.49 676 4.66 99.3]
8/15/2011 | 27,806 18.93 99.939 0.06 0.37 1,66 7.0( 99.5
8/21/2011( 9,169 15.14 99.83% 0.27 0.92 2,474 13.9B 99.4
9/6/2011 13,077 4.90 99.96% 0.10 0.21 1,304 1.09 99.9
9/22/2011( 6,012 1.00 99.98% 0.21 0.36 1,263 0.36 99.9
9/23/2011( 8,868 0.80 99.99% 0.06 0.17 532 0.14 99.91
10/2/2011| 9,620 0.75 99.99% 0.12 0.21 1,154 0.16 99.9
10/13/2011] 19,239 3.16 99.989 0.16 0.13 3,07 0.4] 99.9
11/10/2011) 14,730 3.40 99.98Y 0.39 0.19 5,74% 0.61 99.9
11/30/2011] 9,620 3.34 99.97% 0.12 0.26 1,154 0.87 99.9
1/17/2012| 1,353 10.80 99.20% 0.26 0.05 352 0.54 99.8
1/26/2012| 16,684 6.00 99.96% 0.14 0.12 2,33 0.7 99.9
4/22/2012 | 34,871 11.30 99.97Y 0.06 0.05 2,092 0.51 99.9
n 18 18 18 18 18 18 18 18
Average 12,450 5.70 99.91% 0.19 0.33 1,889 2.07 99.84
Median 9,620 3.37 99.97% 0.14 0.24 1,323 0.68 99.9¢
St Dev 8,389 5.31 0.00 0.18 0.28 1,414 3.45 0.00
Coefficient
of Variation 0.67 0.93 0.00 0.93 0.85 0.75 1.67 0.00
Ortho - Phosphate (OrP)
y Vi Vo D Jv|] D }ud D+ ]{ D¢}y 9D -
[ %\, o
(L) (L) ~uPIl> ~uPIl> (mg) (mQ) Z 8]
6/9/2011 5,411 1.40 99.97% 0.250 0.010 1,353 0.014 100.d
6/11/2011| 16,233 3.00 99.98% 0.080 0.005 1,299 0.015 10%
6/22/2011 | 12,175 3.00 99.98% 0.040 0.005 487 0.01p 100.4
7/29/2011| 3,758 1.10 99.97% 0.060 0.05( 225 0.05p 99.9
8/6/2011 7,966 5.00 99.94% 0.060 0.250 478 1.250 99.7
8/9/2011 7,515 9.50 99.87% 0.040 0.120 301 1.140 99.6
8/15/2011 | 27,806 18.93 99.939 0.020 0.03d 556 0.5688 99.9
9/6/2011 13,077 4.90 99.96% 0.060 0.005 785 0.02p 100.4
9/22/2011| 6,012 1.00 99.98% 0.078 0.008§ 469 0.00B 100.4
9/23/2011| 8,868 0.80 99.99% 0.030 0.025 266 0.02p 99.9
10/2/2011| 9,620 0.75 99.99% 0.059 0.015 568 0.01f 100.4
10/13/2011) 19,239 3.16 99.989 0.082 0.017% 1,578 0.054 10%
11/10/2011) 14,730 3.40 99.989 0.123 0.007 1,81p 0.007 10%
11/30/2011f 9,620 3.34 99.97% 0.026 0.007 250 0.02B 99.9
1/17/2012| 1,353 10.80 99.20% 0.003 0.001 4 0.011 99.73%
1/26/2012| 16,684 6.00 99.96% 0.010 0.009 167 0.054 99.9
4/22/2012 | 34,871 11.30 99.979 0.001 0.003 35 0.03% 99.9
n 17 17 17 17 17 17 17 17
Average 12,643 5.14 99.92%) 0.06 0.03 625 0.1943 99.9
Median 9,620 3.34 99.97% 0.06 0.01 478 0.0234 99.9¢
St Dev 8,606 4.90 0.00 0.06 0.06 552 0.3996 0.09
Coefficient
of Variation 0.68 0.95 0.00 0.97 1.90 0.88 2.06 0.00
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One set of influent and effluent samples were sent to Microtrac Inc. in L&tggr analysis of
particle size distribution by laser diffractiofihe equested range was 0.621500 microns. The
influent samplewas a composite from the influent reference parking lotHdll)and the

effluent was a subsample of the effluent total capture. Samples were taken from the 8/91201
event.The median particle diameter for both samples were very fine, approxima2ely’ 4
microns. Results are included as Appendix F on p&ge

OXReatd]jJu t § E YU 0]SC W E u S E-

Water quality parameters were monitorddr 14 of the 18 sampled events using an YSI 600XL
Multi-parameter probe.Parameters include dissolved oxygen, conductivity, pH, and
temperature. Table lists the average values over the duration of each event with summary
statistics covering th entire monitoring period. During Augiuand September of 2011 the
conductivity / temperature probe began to malfunction anémrecording either static or
inaccurate values, therefore they have been removed from the data set.

d obReal3]u A 8 E <p 0]83C % E u 3 E+* %% E A viX

A EP Z ordlu t3§ E Yu 0]3C
) I=e}0A) o 1 514 d u% &
S Oxygen —A] pH CF)
~uPlo

6/9/2011 No Data

6/11/2011| No Data

6/22/2011| No Data

7/29/2011 9.5 327.2 8.0 68.9

8/6/2011 7.6 460.4 7.9 69.2

8/9/2011 9.5 430.5 8.4 68.6
8/15/2011 8.9 217.9 8.0 67.1
8/21/2011 9.9 7.8

9/6/2011 3.2 9.1

9/22/2011 17.1 7.6

9/23/2011 17.4 7.6

10/2/2011| No Data

10/13/2011 5.3 44.6 6.3 61.7
11/10/2011 11.2 84.6 7.3 55.0
11/30/2011 8.0 545 6.2 54.3
1/17/2012 16.8 429.3 6.7 42.2
1/26/2012 13.1 97.4 7.1 41.0
4/22/2012 11.5 108.1 8.9 54.7
n 14 10 14 10
Average 10.7 225.5 7.6 58.3
Median 9.7 163.0 7.7 58.4
St Dev 4.1 161.6 0.8 10.1
Coefficient
of Variation 0.4 0.7 0.1 0.2
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Thermalperformancein the form of surface reflectivity was examined June, 21, 201fr the
PICP lot in comparison withree other pavementdypes Thermalperformanceexamined the
surface temperature of various pavements when exposed to direct sunlightghiaut an
entire summer day. Measurements were taken on each surface at 7 a.m.ml2and 5 p.m.
with an infrared thermometer, Mastercool model #52224 The devie measures near infrared
or 750to 2,500nm wavelengthsand emissivity is set at 0.95. Pavement types selected to
compare with PICP are porous asphalt, pervious concrete, and convandigphalt.This nm
range is similar to that used to determine solaflective index or SRResults can be found in
Figurell.
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The UNHSBasconduced numerous outreach and education efforts including workshops,
presentations at national conferences, and publications.

Twoporous pavement workshopand one PICP specific workshepre performedduring the
monitoring periodon 06/02/2011, 10/06/2011 and 06/11/2012PICP only)rhe PICP workshop
was conducted in partnership with ICPI and David Smitie.workshogs providedstormwater
management professionals with the most up to date characteristics of ssfotg®rous
pavementPICPapplications. Té fulkday training included a field vigi the PICP Test Facility
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and in some casealongside with other porous pavement iafiations throughout the UNH
campus and the region. Participants leadrkey design principles necessary to successfully
design, evaluate, specify, and install porous pavemfartstormwater management.
Additional workshop events may be organized and conducted following projegtleton.

UNHSC will use additional educational outreach as follows. UNHSC produeesialt@port
on the testing results of the various stormwater systems and management @acBtCP
research resultarein the nextreport and a copy has been included in AppendiAs.
electronic version of théull biennial report is available for download &et UNHSC website
at http://unh.edu/unhsc/sites/unh.edu.unhsc/files/docs/UNHSC.2012Red®xt10.12.pdf

iiXnhDD Zz E KE >h"KE?

The range of statistical analyses presented reveals constant and repeptafdrmance
trends.Mass pollutant removals were calculated to best represent overall systefarpence.
While conceivable that the PICP systdmasediverse unit operations and processes to address
and effectively remove sediments, and sediment associated pollutants TSSCTZn, THD},

all pollutant reductiorrecognizedn this analysis is associated wittass reduction through
volume control(infiltration). Thus, he final performance reporfor the PICP systeindicates
very strong volume reduction and overall polat mass reductionOf course, a large volume
spill would be an issue for any infiltration systdmgeneral appropriate design and siting
would becritical criteria to ensure groundwater protection.

The surface vacuuming of the PICP did not prove tarbeffective method of regenerating the
infiltration capacity of the systemManipulation of the vacuum sweeper to maintain
appropriate suction proved difficult. ¥ore thorough investigation is needed to determine the
full impact of vacuumingowevervacuuming less frequently with greater suction and
replacement of the No. 8 joint stone may be a worthwhile direction to itigate. While
infiltration rates were seen to decline following the installation of new 8I@intstone,

average IR still remaed upwards of 1,000 in/hrThe replacement of missing No. 8 witine

top 1 inch of the joints should not be viewed as a means to increase surfaceiidfiltr In the
same respect overaihfiltration rate declined by 69% over 21 monthgwever withaverage IR
upwards 0of1,000 inches/houthe system is working as expected

The thermal performance of the PICP surface was compared to porobalageervious
concrete, and standard dense mix asphalt on June 21, 2012. The weathsunnyall dayand
the measurement locations were exposed to direct sunlight throughout the ghedpd.The
average ambient air temp was 88°F. The RBistentlyremained cooler tharach of the
other pavement types indicating the potential for thermal bufferii®yevous studies have
demonstrated that that stormwater control measures like PICP that provetgrment by
infiltration and filtration can moderate runoff temperatures by thermal exchangth cool
subsurface materials (Roseen et al 2011). Numerous agemuiklcales are beginning to
consider the thermal impacts of stormwater management upon cold water streams
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http://unh.edu/unhsc/sites/unh.edu.unhsc/files/docs/UNHSC.2012Report.10.10.12.pdf

Of future interest is to explore the winter maintenance and performameePiCP. Research on
porous asphalt (PAgt the UNHS@Gas shown that PA exhibits greater frictional resistance and
can become clear of snow and ice faster than conventional pavements. Substadtietions

of up to 77% in annual salt loads for awing/deicing practices were demonstratewinter
maintenarce of the PICAncluding plowing and aniting/de-icing was handled independently
by UNH facilities. A memo regarding equipment and procedures useduded in Appendix I.
UNH Facilities Departmestaff wasnot instructed to reduce application ratesm Hood House
Driveand managed the PICP like all other dense pavements on campus

iiXi REFERENCES

1. Roseen, R., A. Watts, et al. (2011). Examination of Thermal Impacts Fromv&ter Best
Management Practices. Durham, NH, University of New Hampshina8&ter Center
Prepared for US EPA Region 1.

2. Smith, D. and B. Hunt (2010). Structural/Hydrologic Design and Maintenaneeaédble
Interlocking Concrete Pavements. Green Streets and Highways, D@wokerado, ASCE.

3. National Engineering Handbook, Part 63@i#ogy,Chapter 7 Hydrologic Soil Groups,
2007, NEH630.07, United States Department of Agriculture.
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WW E /pnalsis of soils from testeo ]S 3§ ,}} ,}pe U hv]A E«]SC }( E A, u%o
MEZ uU E, PP }v % E]Jo iAU TiiiX
April 30, 2010

Performed By: Timothy Puls, Field Facility Manager
Reviewed By: Robert Roseen, Director

UNH Stormater Center

35 Colovos Road

Durham, NH 03824

RE: Analysisf soils from test pits at Hood House, University of New Hampshire Durhidm, N
dug on April 15, 2010.

Introduction

This report contains infiltration capacity (IC) and particle size distob#SD) of subase soils
located under Hood House driveway on the University of New Hampshire) (d&iH campus.
Refer to attached map for location of test pits. Test pits 1 and 2 were dug d8wnches or
until ledge impeded further excavation. Test pitS @re not included in this report.

Test Pit 1

Excavatia

X At 24" down an unmarked utility was found. This was an old rusted pipe 1.5” in
diameter that was of unknown use. UNH facilities personnel came out pechpipe,
but there was no determination of what the pipe was used for or if it was in use. It was
assumed to be an abandoned pipe, but we moved the pit location over td avoi
work around the pipe.

x At 24” down soil changed from coarse sand to sandy clay. Soil sample was taken

x At 36” down soil is sandy clay. Soil sample was taken.

X At 48" down theexcavator hit ledge that seemed to be continuous throughout the pit.

Infiltration Capacity
X No IC test was done due to ledge.
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Particle Size Distribution of Soil Samples
x Soil Sample taken at 24” depth

. Sieve Mass Mass Percent
US sieve . . . .
opening retained | passing | finer by
number .
(mm) (9) (9) weight
d M Mp p
4 4.750 988.70 100.00
10 2.000 156.50 |832.20 84.17
20 0.850 143.30 | 688.90 69.68
40 0.425 130.80 |558.10 56.45
60 0.250 99.50 458.60 46.38
100 0.150 36.70 421.90 42.67
200 0.075 63.40 358.50 36.26
pan 358.50 | 0.00 0.00
Hood House Test Pit 1 - 24"
100 -
90 /./ o
£ 80
2 60
S 50
E 40 gl =
8 30
(O]
a 20
10
0
0.01 0.1 1 10
Grain size (mm)

Dio=<0.075mm
D30 =<0.075mm
D50 = 0.300 mm
Dso = 0.500 mm

X Other Information
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o0 17.77% moisture content as a percentage of cdeled mass. Determined using
ASTM Designation: D 2900.

x Soil Sample taken at 36” depth

. Sieve Mass Percent
US sieve . . Mass .
number | OPENING retained passing (q) flngr by
(mm) (9) weight
d M Mp p
4 4.750 978.30 100.00
10 2.000 204.40 773.90 79.11
20 0.850 199.40 574.50 58.72
40 0.425 137.00 437.50 44,72
60 0.250 101.70 335.80 34.32
100 0.150 51.60 284.20 29.05
200 0.075 31.70 252.50 25.81
pan 252.50 0.00 0.00
Hood House Test Pit 1 - 36"
100 »
920
e 80 /
k=)
g 70
3 60 ol
¢ 50
'“é 40 = Pl
% 30 o
o 20
10
0
0.01 0.1 1 10
Grain size (mm)

Do =<0.075mm
D3 =0.160 mm
D50 = 0.540 mm
D50 = 0.890 mm
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x Other Information

o 12.85% moisture content as a percentage of cdeled mass. Determined using

ASTM Designation: D 2900.
Test Pit 2

Excavation

x At 24” down ledge along curbed side of the pit was found. The ledge extended
approximately 1 foot into the pit. There wasargh room to continue digging in the

same location.

X At 24” down soil is sand that was placed as-babe for existing driveway. Soil sample

was taken.

x At 36” down soil is coarse sand. Soil sample was taken.

X At 48" down soil is sandy clay. Soil sample veken.

Infiltration Capacity

x IC test was conducted using a Turf Tech infiltration device. Results areoasfoll

X
Time —* Time ! Le|32|er ngIC IC
(min) Min) fievel(in)  (n)y  G(nmin)  (inhe)
0 - 0250 - - -
11 0375 0125  0.125 8
2 1 0469 0094  0.094 6
3 1 0500 0031  0.031 2
4 1 0531 0031 0031 2
5 1 0563 0031  0.031 2
6 1 0594 0031 0031 2
7 1 0625 0031  0.031 2
8 1 0688 0063  0.063 4
9 1 0719 0031  0.031 2
0 1 0750 0031  0.031 2
11 1 0813 0063  0.063 4
12 1 0875 0063  0.063 4
13 1 0906 0031  0.031 2
14 1 0938 0031 0031 2
15 1 0969 0031 0031 2
16 1 1.000 0031 0031 2
| Average 3
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Hood House - Test Pit 2

8
X
Co )
s ‘\
g \ A N
=2 %ﬁ%ﬁi
1
o ‘
0 3 9 12 15 18
Time (min)
Particle Size Distribution of Soil Samples
X Soil Sample taken at 24” depth
US sieve Slevg Mas; Mass E’ercent
number | OPENING retained passing (q) finer by
(mm) (9) weight
d M Mp p
4 4.750 977.30 100.00
10 2.000 92.00 885.30 90.59
20 0.850 82.50 802.80 82.14
40 0.425 196.00 606.80 62.09
60 0.250 194.30 |412.50 42.21
100 0.150 126.60 | 285.90 29.25
200 0.075 37.70 248.20 25.40
pan 248.20 | 0.00 0.00
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Hood House Test Pit 2 - 24"

100 -
1
920 J'/
80 val
70

60
50

40 A
30 ,//

20
10

Percent finer by weight

0.01 0.1 1 10

Grain size (mm)

Do =< 0.075mm
D3g=0.160 mm
D50 = 0.300 mm
Dso = 0.400 mm

X Other Information
0 6.99% moisture content as a percentage of cdeiled mass. Determined using
ASTM Designation: D 29D0.

x Soil Sample taken at 36” depth.

. Sieve Mass Percent
US sieve . . Mass .
aumber opening retained passing (g) flngr by
(mm) (9) weight
d M Mp p
4 4.750 1174.80 100.00
10 2.000 266.50 908.30 77.32
20 0.850 197.00 711.30 60.55
40 0.425 212.60 498.70 42.45
60 0.250 176.20 322.50 27.45
100 0.150 105.30 217.20 18.49
200 0.075 48.10 169.10 14.39
pan 169.10 0.00 0.00
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Hood House Test Pit 2 - 36"

100 Val
90

80
70 A
60 /

50
40 o

30 P
20 -
10

Percent finer by weight

0.01 0.1 1 10

Grain size (mm)

Dio=<0.075mm

D3g=0.270 mm
D50 = 0.560 mm
D50 = 0.830 mm

X Other Information
0 8.57% moisture content as a percentage of odeied mass. Determined using
ASTM Designation: D 29D0.

Page38
PICP PerformandevaluatiorReport
The University of New Hampshire Stormwater Ceieary 2013



x Soil Sample taken at 48" depth.

. Sieve Mass Percent
US sieve . . Mass .
number | OPENINg retained passing (q) flngr by
(mm) (9) weight
d M Mp p
4 4.750 1052.00 100.00
10 2.000 266.00 786.00 74.71
20 0.850 185.60 600.40 57.07
40 0.425 176.20 424.20 40.32
60 0.250 147.90 276.30 26.26
100 0.150 98.20 178.10 16.93
200 0.075 43.90 134.20 12.76
pan 134.20 0.00 0.00
Hood House Test Pit 2 - 48"
100 va
20
£ 80
R X
> 60
3 o a
S 40 w
8 30
£ 20 /_,/
10 ol
0
0.01 0.1 1 10
Grain size (mm)

Dio=<0.075mm
D3o=0.290 mm
D50 = 0.605 mm
D50 = 0.990 mm

x Other Information
0 11.18% moisture content as a percentage of cdeled mass. Determined using
ASTM Designation: D 2900.
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Location Map for Test Pits at Hood House
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InfluentSample
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Effluent Sample
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Below is the feedback from Tom Byron, UNH Manager of Grounds and Evesgganse to
guestion regarding standard practices and effectiveness of winter plowid@gatticing/de-
icing management of the PICP.

From: Byron, Thomas

Sent: Monday, March 25023 7:09 AM

To: Geuther, Mark

Cc: Fortin, Robert; VanDessel, Larry; Howard, Dave
Subject: RE: Hood House Drive Questions

1. What type of equipment was use to remove snow? It's a 1 ton truck that plowsréeat a

with a steel cutting edge. The small arelasain be shovels or snow blowers we have had no
problems.

2. Did Hood House Drive receive deicing materials? Whaf#gpek salt was used just like the
rest of the campus | don’t think there was any less or more used.

3. Did snow on Hood House Drive nfaliter, the same, or slower than snow and ice on asphalt
pavements?As far as melting | would say it's slower just because of the drainage. When
applying salt as it melts it makes art@that helps with melting and because of the drainage it
doesn’t spead out as well.
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