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ABSTRACT

The focus of this research s/tb assess the performance of bioswales in atitig and
treating stormwater runoff from highways and to identify critical parameters that influence the
load of pollutants from the drainage area. These bioswales are located in Philadelphia and are
part of a project initiated by the Pennsylvania Depantinof Transportation to upgrade a major

roadway (Interstate 95) running through the area.

The work includedampling and laboratory analysisrunoff water from 9 storm events
to characterize concentrations of contaminants coming from the highway agdrgto the
bioswales. For one storm event, sampling of vadasee and ponded water was included to
assess how contaminants move or are retained within the bioswale. The various contaminants
include solids, nutrients and metals, which have all been stmba parameters of concern
when dealing with stormwater runoff from highways. In additeosimulated runoff test was
performed to assess the potential risk of a very large storm in mobilizing contaminants within the
bioswale . Stepwisdinear regrasionin IBM SPSSwasused to analyzthe runoff data collected
Characteristics of the rainfglhntecedent dry period, total rainfall, rainfall intensit@re

selected as potential explanatory variables éalipt contaminant concentration load.

Resultsof the runoff characterization showed contaminant concentrationtethaithin
range ofliterature values from a similar drainage area. Estimated annual loads of contaminants
were also in range of what has been observed for highway runoff. \Vadosand ponded
water sampling showed removalahmonia, total phosphorus and chemical oxygen demand
and buildup ofnitrate, total nitrogen and TKN he buildup was likely due téack of ion
interaction withsolil particles, whiclcaused the contaminants &main in the wateSimulated

runoff testingshowed no potential for contaminant mobilization within the bioswale but did



indicate potential areas of contaminant buildup via observation of a dye tracer. Stepwise linear
regressions performed in SPSS shotegdl rainfall as the most significant predictor of
suspended solid, nitrate and total phosphorus load in the bioswales. Rissitidicate that

there are significant differencestweerthe loadbserved fothe two bioswales monitored
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CHAPTER 1- INTRODUCTION

1.1 Problem Statement

Stormwater management practices (SMPs) are used to mitigatieitts of increased
stormwater runoff in urban areas. This includes volume increases due to the presence of
impervious area and possible contamination fdifierentsourcesRunoff waer in urban areas
is an increasing concern because it camyvariouspollutants fromdiffuseand undefined
sourcesas it moves over the lantihis is referred to as ngwoint source (NPS) pollution (Davis
and Cornwell2012. In particular, highways cebe highlytoxic sources opollution because of
the increased amount of traffiwhich carlead to greater emissions, tire and bralearing and
other sources of particulates (Opher and Friedler, 200§ project involves performar
monitoring and asessment cBMPsrecently buit along thereconstruction of thaorthbound
section of Intermte 95 (195) in PhiladelphiaThese SMPs welienplemented by the
Pennsylvania Department of TransportaiipennDOT) as part of their project to upgrade the
Girard Avenue/t95 interchangelhestructures are located within the same blotRichmond

Street between Shackamaxon and Marlborough Stiieetse area of Fishtow(Philadelphia)

Currently, there is not a complete understanding of the composition ofdygiawoff
water(Butler and Vasconcelos, 201&)d the capability of SMPs to remove contamin&ois
this sourcgWinston et al., 2012, Stagge et al., 20112)is work aimedto contribute to a better
understanding of these issues by characterizingutidf water from thisdrainage areand

determining significant factors contributing to pollutant concentraamasloads in SMPs



1.2 Objectives
TheOverall Objectiveof this studywasto characterize the stormwatemnoff from F95
andassesthe perfomance okelectedsMPsrecently installed in the highwagconstruction

areafor contaminant removal
The SpecificdObjectives of the study included

1. Collect and analyzkighway runoff water sampléSMP inlet waterfuring selected
storms in order tol@racterizevater contaminantandtheir potential impact on the
environmentAnalysisinvolved monitoring of select parametétsat are typical
indicators of overall water qualitgissolved oxygen, temperature, hrbidity,
conductivity,solids (totalsuspended, dissolved), nutrients (nitrogen, phosphorus) and

metals.

2. Collectponded and shallow infiltratiowate samplesn the SMPsn order tounderstand

how contaminants may be depositedransported during a storm event

3. Analyzecontaminantsnd tracers during simulated runoff t&&Ts)in order to assess
potential release of contaminants from the SMPs and the distribution of contarmnants

the SMPduring a storm event.

4. Perform satistical analysis usinthe contaminant profiles devgbedduringstorms in
order toestablish relationships betweeontaminant concentratioasdstorm

characteristis.



1.3 Significance

Thisresearch is significaftecause stormwater runoff generat€xSpollutants that
increasingly impair the quality of wexr bodies including water supplies and recreational water
(Opher and Friedler, 20LMPs are the major control system that can lead to significant
reduction of contaminants in stormwater rundtiis workaimedto helpimprovethe
understanding atontaninant concentrations in highway runafidadd to the research already
conducted in the field of stormwater managen{8h¥M) in densely urban aregBavis, 2008;
Roy-Poirier et al., 2010Davis et al., 2012; DeBusk and Wynn, 20Winston et al., 2012)The
findings give information on the permance of select SMPs and if this informatoam be

applied to other SMPs that will be monitored in future stages of the project.



CHAPTERZ - LITERATURE REVIEW

2.1 SWM in Philadelphia

In Philadelphiathe plaaning for green infrastructure began in 1994 wheth the federal
andstategovernment required the city to reduce sewer overflow to meet policy standards
(Fitzgerald and Lefer, 2017).Combi ned sewer s are what serve mo
which ae designed to collect domessiewagewastewater and stormwater runoff in a single
pipe. In 2009, the Office of Watersheds releateal'Green City, Clean Wate(&CCW)'
program which is a 25year plan targeted at controlling runoff frapproximately35% of the
citydéds |l and and capturing 85% of exiading com
Laufer, 2017).CSO is a condition where the combined sewer system and the wastewater
treatment plants have reached capacity due to an increase in flow bgusénfall. In this case,
the combined sewer system discharges wastewater into nearby waterthdirsited to no
treatmento prevent flooding in local areasd at wastewater treatment plarigzgerald and
Laufer, 2017. Unfortunately, thimccurranceeventually leads to contamination amdson of
downstream waterways. In respontbe, city is making it a priority to reduce stormwater runoff

entering the sewer system so it will not reach capacity as frequently.

In additionto the CSOsGCCWaimsto reducethearea ofimpervious surfaces in the
city by replacing or modifying it witlyreen stormwater infrastructur@ $l) (Fitzgerald and
Laufer, 2017. This GSl is usuallycomprised of one or more structug&Ps, and there are

varying types that #hcity can use to meet their goal.



2.2 SMPTypes

SMPsincludestructures such dsoretention basingorouspavement, or green roofs
These structures treat or mitigate stormwéded the associated contaminarispugh physical,
chemical or biologral processe@PWD, 205). This reviewwill focussolely onbioretention
systemsdlso referred to dsioswalesor rain gardenjs as they are thigpe ofSMPsPennDOT
chose to implement tiveat runoffin the study aredor consistency, the term bioswalél be
used to refer to the systems monitored in this resedhehPhiladelphia Water Department
(PWD) defines a bioretention system as fa
storage, vegetation, planting soil, outlet controls and other @oemps to treat, detain and retain
st or mwat er r ubh BWI desighafes\ibretertidh as pheferredSMP to
implement because of their higlerformancelong withcosteffectivenessand relatively low
maintenanc€éPWD, 2015). Also, horetentionsystems can be designed to fit a variety of land
uses and site neetlg makingmodifications to the design parametdtgure 1 showsne of the

SMPs at the study sitevith I-95 running parallel to it in the background.

Figurel. Bioswale at-95site

veg



2.3 Bioswale Effect on Runoff Quantity

Several studies have shotratbioswaleshave a significant effect iattenuating both
the peak flow and total volunté water that would otherwise enter the downstream network
(Davis, 2008Hatt et al., 2009; Li et al., 2009; DeBusk and Wynn, 2@lis et al., 2012
James and Dymond, 2012 his is mostly through the process diltration, along with static
storage, evapotranspirati¢aT), slow release and controlled positive overfl®WD, 2015)
Theeffectivenes®f these processes is depentbn the intensity and volume of storm events

and the dagn of the bioswaléo meet the demands of those evéRi#/D, 2015)

Per the PWD guidance manuahstconstruction stormwater managemesguirements
includeinfiltration of the first 1.5 inches of runoff from all directly connected impervioussarea
(PWD, 2015)This is referred to as the water quality volume, and SMPs must provide enough
static storage to contain the entire volume as agHdequate infiltration so thexty surface
water drains within 72 hours (PWD, 2015). If infiltration is not possible, the water quality
volume must be treated and released at a controlled rate (PO¥B), These processleadnot
only to the reductionfothe stormwater voluméut the removal of potentially harmful pollutants

as well.

2.4 Bioswale Effect on Runoff Quality

The redgtion of nutrientsn stormwater is important becauslevatedconcentrations can
have negative effects in receiving wategtsas eutrophicatioftutrophication is an increase in
growth of algae that is stimulated by an excess of nutrients in the water. The resulting algal
bloom can lead to increases in turbidity and pH, as well as decreased dissolved oxygen (DO)
concentrationslue to the eventual oxidative degradation of the algal biomass (Aldarsen

et al., 2013)LeFevre et al. (2015) reviewed the removahitfogen and phosphorus species in



urban stormwater using bioretentifsam 7 studies conductedl field sites in tle mid-Atlantic
and northeast regions of the U.$he results othese studies are summarized in Tabléé

design of these facilities were cited as conventional with a sand or loam based media, mulch and

vegetation
Tablel. Sumnary d field studies eviewed by LeFevre et al. (2015)
Pollutant Mass Reduction Reference
35% (a) (a) Dietz and Clausen (2005)
Up to 40% (b) (b) Hsieh and Davis (2005)
_ 36-87% (c) (c) Dietz and Clausen (2006)
Nitrate/NQ
75% (d) (d) Hunt & al. (2006)
90% (e) (e) Davis (2007)
43% (Q) (g) Passeport and Hunt (2009)
85% (a) (a) Dietz and Clausen (2005)
Up to 49% (b) (b) Hsieh and Davis (2005)
Ammonia/Ammonium 69-86% (C) (c) Dietz and Clausen (2006)
86% (d) (d) Hunt et al. (2006)
78-88% (Q) (g) Passeport andunt
14-91% (f) () Line and Hunt (2009)
Orthophosphate
52-77% (g) (g) Passeport and Hunt

Theremoval values shown in Tableafe similar when compared to other studies that
showed nitrate reductions of 20% (Elliot et al., 2011) and 72% (Staggelet 2012, ammonia
reductions of 64% (Hatt et al., 2009) and®B% (Elliot et al., 2011) anabtal phosphorugTP)
reductions of 72% (Weiss et al., 2007);&%% (Elliot et al., 2011) and 14.7% (Stagge et al.,
2012). In addition to nitrate reductionpogted, studies showed total nitrogd@N) removal of
77% (Stagge et al., 2012) atadal Kjeldahl nitrogen TKN) removals of 788% (Elliot et al.,

2011). In terms of sediment removal, all studies previously menti@pedtedsuspended solids



(S99 remova values of 766 orhigher 85% (Weiss et al., 2007), 76% (Hatt et al., 2009599%

(Li and Davis, 2009), 330% (Elliot et al., 2011), 99% (DeBusk and Wynn, 2011) and 83%
(Stagge et al., 2012)y.is also worth noting that one study reportedonitflow for the majority

of storm events monitored (DeBusk and Wynn, 2011) and that two of the studies showed
increases in effluent concentration for total phosphorus and nitrogen (Hatt et al., 2009; Li and

Davis, 2009).

Similar to nutrients and sedimentsductbns in metals concentratiofrem stormwater
runoff is important because of possible negative effects downstikéetalsarepotentiallytoxic,
nonbiodegradable ancin have different effects dependmythe specific elementhese
includecausing aisk to human health by increasing thetentialfor diseases sucts@ancer and
hypertension (Mt al., 2016). Bioswales have been shown to reduce ¢anyetals
concentrationsReductions iead (Pbhave been reported 8% (Hatt et al., 200985% (Li
and Davis, 20093nd 62% (Stagge et a2012).Copper (Cu) reductiornsave been reportet
67% (Hatt et al., 2009) and 75% (Stagge et al., 2BR&juctionof zinc (Zn) has been reported
at 84% (Hatt et al., 2009), Z¥% (Li and Davis, 2009) and 88% &8ge et al., 2012). Also
reported in these studies were percent removal of manganese (Mn), which was 38% (Hatt et al.,
2009), chromium (Cr), which was@% (Li and Davis, 2009) and cadmiyf@d), which was

41% (Stagge et al., 2012).

2.5 Characteristic s of Highway Runoff

Thequality of highway runoff water can be affected by the mobilization of compounds
left on theroadway and cominffom pavement aridr vehicle deterioration, construction
activitiesor deposition from the air (MacKay et al., 201These compounds can include

sedimentsnutrients organicsand metalsKayhanian et al. (2012) reviewed tbencentrations of



pollutantsfoundin highway runoff from29 studies condcted around the worlidom 1979 to

2010 Theseincluded 13 studies in tHgS, and the range and mean concentrations from these
studies are givemm Table 2 and Table (3ee next pagelbata from Flint and Davis (200,7)

which was collected frorB002 to 2003 in Marylands also included iffable 2 and 3or
comparisonAmong theconclusions, both studies found that a majority of the storms monitored
had higher observed concentrations at the beginning of the (#agtanian et al., 201 Flint

and Davis, 200) Flint and Davis (2007) defined their first flush criterigflashing50% of the

total pollutant load in the first 25% of the runoff volume. They found first flush occurred in 17%
of the storms for SS, 22% faitrate 22% forTKN, 27% for TP, 21% for Cu, 13% for Pb and

14% for Zn (Flint and Davis, 2007).

Table2. Literature values for concentration of solids and nutrients in highway runoff

Mean and rangef concentration | Mean and rangef concentration
Pollutant| reported by Kayhanian et al., 207 reported by Flint and Davis, 20(
(mg/L) (mg/L)
SS 140 (25250) 420 (411,600)
DS 120 (906150) --
TN 2 (1-3) -
NOsz-N 1.5 (1-4) 1.0 (0.144.3)
TKN -- 3.4 (0.810)
TP 0.3 (0.150.75) 0.56 (0.0321.9)
COD 140 (56430) --




Table3. Literature values for concentration of metal®ighway runoff

Mean and range concentration Mean and range concentratior
Pollutant| reported by Kayhanian et al., 20] reported by Flint and Davis, 200
(hg/L) (ng/L)

Cd 55 (25170) 35 (1393)

Cr 1(2-9) --

Cu 40 (10100) 11 (2429)

Pb 50 (0-200) 22 (15-122)

Ni 20 (570) --

Zn 220 (50880) 118 (18603)

In addition to concentrations, loading of contamisan highway runoff is anothevay

to quantifytheamountof pollutantsin runoff. These aresually reported as a mass per drainage

area whichallows for an equal comparison across different stu@edon and Pitt (2002)

reportedypical urban area pollutatdgadsfor different land uses, using data from studies

conductedetween 1979 and 198bata given fofreeways are included in Talslé (see next

page)and 5(see next pageflso included in Table & data from a more recent study (Winston

et

al

2012) for

compari son

t

(0]

t

he

Burton

North Carolina from 2008 to 201Q@ne important pointo take from these data is that highways

are among the highest sowsoé pollutants in urban areas, even for nutrients (Burton and Pitt,

2002).
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Tabled4. Literature values for annual load 6 anchutrients from highway runbf

Pollutantloadreported by | Pollutantloadreported by
Pollutant Burton and Pitt, 2002 Winston et al., 2012
(kg/halyear) (kg/halyear)
SS 880 60-290
TN -- 7.532
NOz-N 4.2 0.815
TKN 7.9 3.2-26
TP 0.9 0.355.8

Tableb. Literature values for annual loadmaktalsfrom highway runoff

Pollutantload reported
Pollutant | by Burton and Pitt, 200!
(kg/halyear)

Cd 0.02
Cr 0.09
Cu 0.37
Pb 4.5
Zn 2.1

2.6 Multivariate Analysis in Stormwater Research

Multivariate regressin analysis is a method in which one variable of interest (termed
dependent variabjeanbe predicted based on a series of other relevant variables (termed
independent or explanatory variabléslexopoulos, 2010)Based on a set of data, a formula
will be determined that can describe how the dependent variable regpohdnges in
explanatory variable@\lexopoulos, 2010)Determining the characteristio$ storm events

(explanatory variableghat havehe mosinfluenceon contaminant concentrationloadin
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runoff water(dependent variablean be done through multivaridieear regressiofArora and

Reddy, 2013; Arora and Reddy, 2014)

Linear regression modsethe relationship between a scalar dependent variable (Y) and
one or more independent iales (X). The relationships are modeled using linear predictor
functions whose unknown model parameters are estimated from th&ltafarm of the linear
regression model is showneaguationl below, where; is theobserved valuéor thei-th
observéion, Bois the regression interce,isthej-t h pr edi ct or 0)gistheg-thr essi o

predictor for tha-th observation anf; is a Gaussian error term:

Possible predictor variabléisat are commdg used instormwater research amgean
rainfall intensity, maximum rainfall intensitygtal rainfall (depth and antecedent dry period
(ADP) (Trenouth ad Gharabaghi, 2016The physical reason behind the influence of &inf
intensity isthe kinetic energy of individual rain drops making contact with surface particles,
causing their dislodgement (Alias et al., 2014). Once dislodged, the particlescaanda: away
by runoff. Both average and peak rainfall intensity have been shown to be signifitant in
resultingtotal pollutant load (Borris et al., 2014, Hwang and Weng, 2015). Similarly, the
influence of rainfall depth can be explained by the prieajd washoff, where a greater rainfall
depth would leadata greater volume of watenore dislodgment of particlesxdmore
dissolution of soluble contaminarftem the road surfacédowever, research has shown that
increasing rainfaltlepth has differenteffect onevent mean concentratioBENIC) thantotal

pollutant load (Han et al., 2006, Davis and Birch, 2010, Hilliges et al., 2013). The increase in

12



volume would lead to an increase in the total mass or load of pollutants washed off, but would
decreas the EMC by dilution (Kim et al., 2004; Trenouth and Gharabaghi, 2016). This is based

on theassumptiorthat the mass of pollutants that could build up on the roadway is finite.

Antecedent dry perio(ADP) is defined as the period of time betweeamsective
rainfall eventsandit is commonly accepted that increasing ADP leads to an increase in buildup
of pollutants (Trenouth and Gharabaghi, 2016). This belief is built upon the idea that the absence
of wet weather allows particles and other substancasaomuéte on the roadway from traffic
or other sources. These pollutants will remain until the next rain event, where they are then
removed by dislodgement angtake by theunoff as discussed earlier. But, research has shown
that this theory is not alays proven to be correct, with sostediesfinding an inverse
relationship between ADP and pollutant load (Kim et &IQ& Li and Barrett, 2008).0Tthis
point, the relationship of ADP to contamindoadis best be described as higlvariableand in

need of further researgfirenouth and Gharabaghi, 2016).
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CHAPTER 3 RESEARCHMETHODS
3.1 Site Description
The bioswads monitored in this resedr are located oRichmondStreet between

Shackamaxoand MalboroughStreets in Fishtow(seeFigure 2 A), which is approximately 2
milessoutre ast of Templ e Un iThedesigniplang id Bigure 2 shaw SMB mp u s .
C (B) and SMP D), with 1-95 running parallel to each. The approximate surface area of the
basins are 395 ${0.098 acres) and 216°t0.053 acres), respectively. The approximate
drainage area to each SMPLi74 nt (0.29 acres) for C and 7281{0.18 acres) for DThe

approximations were made using light detection and ranging (LIDAR) measurements.

= oo REGHHOND —————
e A e i == G (ABANDONED!

SMP_DEVICE C PLAN VIEW 24 Y
o 20 a0 Feer L,’—(—ﬁﬁ?—’g

Figure2. (A) Map of the location of the study are&)(design plan for SMP C(j design plan for SMP
D. Both design plasmhave the basin highlighted in green and the highway highlighted in grey.
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Red = Inlet
A Blue = Outlet

Figure3. (A) Map showing the locations of the inlets and outlets for SMB)spicture near outlet
structure of SMRC with Richmond Streetunning parallel to the righ{C) picture near inlet pipe to SMP
C, (D) picture near outlet structure of SMP D with Ricmddstreet in the backgroundE)(picture near
inlet pipe to SMP D.
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The map given ifrigure 3shows where the inlets and outlets are located for each SMP.
The picturesncluded inthe figure(taken in May 2017) show the type of vegetatioat exists in
the basins during warmer months. Some shrubs and smaller grasses occupy the lowest level of

the basinandthe higher elevations can support larger shrubs and even a few small trees.

3.2 Water Sampling

3.2.1 Runoff Sampling Methodology

Theapproach for runoff characterizaticnvolved collectinggrab samples in-L plastic
bottles from the inlet pipe to the SM&hown in Figure 4)A total of 6 samples werenllected
over 2 hours, with 3 samples collected within the first 30 minutes ter zetsespollutant
concentrations in the early parttbe storm(first flush). After collecting the first sample at the
start of flow from the inlet pipe, subsequent samples were taken 15, 30, 60, 90 and 120 minutes
later. This methodwasused forall stormspresented in this workom October 2016 to October

2017.

Figure4. Inlet pipe to SMP C where runoff samples were colledtethg rain event.
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3.2.2 Vadose Zone and Ponding Sampling Methodology

In addition torunoff samplimg, an extension of sample collectiamasinitiatedto include
not just the runoff water from the inlet but also ponding, vadose, and outflow watér if
present in the SMP.HE objectivehere wado assess thehange in concentratiomgthin the

bioswde. This additional sampling began in October 2017

Pondingwater samplewerecollected usg stormwater sampling bottles from Thermo
Scientific(one bottle for each per SMP). The bottle was secured to the outside of the outlet
structure, approximately-8 inches above the bottom level of the bgsee Figure 5, B One
bottle was also secured to the inside of the structuréegimpt to capture outflow water if it
discharge occurre®/adose zone samplegerecollected using 1900 series soil water samgple
(lysimeters)from Soilmoisture Equipment Cofpee Figure 5, A The samplers operate by
creating a vacuunmside the samplagreaterthan the soil capillarfjorceskeepingwater in place.

This area of negative pressure allows water to flmmfthe sdiinto the sampler.

e
- [P
i&.‘ "

Figure5. (A) Soilmoisture Equipment Corp. suction lysimeters useslample vadoseone water, (B
Thermo Scieritic stormwater sampling bottlesed to capture ponding water.
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Shown in Figure 610 lysimeters wereisedin SMP G one being outside of the basin
(top left) ard the other 9 inside the basin. The locations in red indicate lysimeters reaching
approximately 30 cm (~12 inches) into the soil and the blue indicate lysimeters reaching
approximatey 15 cm (~6 inches) in depthiwo lysimeters weralso installed in SMP D, but
samples collected for ti@ctober 201 5tormwerenotincluded in this workLysimeter samples

were collected within -2 days following the storm event.

‘\ N " —
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Figure6. Placement of lysimeters in SMP C

3.2.3 Analytical Methods

Lab testingnvolved severaimethods for water quality assessment. DO anavpke
measured on site usingHach HQ40d water quality meter witalibrated probeSolids testing
was condcted following the 2540 protocol approved by #8987 Standard Methods Committee
2540 B was used for total solids and 2540 D for suspended solids. The difference between these
two measurements was taken as dissolved s@imisductivity was measured ugithesame
HachHQ40dmeter and turbidity was measured using a LaMotte 2020ivaltaeter both
calibrated before uselach TNTplus 826, 835, 880, 830, 820 and 843 methadsfollowed
for TN, nitrate, TKN ammonia, COD and TRespectivelyMetals concemmations were analyzed

using inductively coupled plasma mass spectrometry-M&). Of all the metals analyzed, 8

18



were isolated as target parameters duringthese of this work: arsenic (Ashromium (Cr),

copper (Cu), lead (Pb), zinc (Zn), cadmium JGubbalt (Co) and iron (FeAdditional details on

these methods @iven in Table 6 (continues on following page)

Table6. Analytical methods for water sampling

Parameter Method Materials & Equipment
Combined glass
Accumet Basic AB 15 with Accumeti8-1
bulb ekctrode (sensitive o _ S
pH pH/ATC combination electrode (Fisher Scientifi

to hydrogen ions) and _
Corporation)

reference electrode

Dissolved oxygen

LDO (luminescent
HQd Portable Meter with LDO probe (Hach)
dissolved oxygen)

HQd Portable Meter with Graphite, 4 pole

Conductivity Conductivity
conductivity probe (Hach)
Turbidity Nephelometry Turbidimeter 2020 we (LaMotte)
Solids (total, Evaporation, filtration Crucibles, glass fiber filters, filtratiodevice,
suspended) and gravimetry analytical balance (precision 0.1 mg/L)

Total nitrogen

Nitrogen Total 'N Tube Low Range 625.0 mg/L
Persulfate digestion
(Hach) and DR5000 Spectrophometer

Nitrate

Nitrate, Nitrogen TNTplus Low Range 0-:23.5
Dimethylphenol
mg/L (Hach) and DRO0O Spectrophometer
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Ammonia TNTplus 0.01£.0 mg/L (Hach) and

Ammonia Salicylate
DR5000 Spectrophometer
Total Kjeldahl Simplified TKN TNTplus 0.616 mg/L (Hach) and
Simplified TKN (sTKN)
nitrogen DR5000 Spectrophometer

Total phosphorous

PhosVer 3 wittacid

persulfate digestion

Total Phosphorous Test 'N Tube 03260 mg/L

(Hach) and DR5000 Spectrophometer

TNTplus Ultra Low Rangei’60 mg/L (Hach) and

COoD Dichromate
DR5000 Spectrophometer
Inductively Coupled
Metals Plasma Mass Agilent 7900 ICPMS with collision reaction cell

Spectrometer (ICIRS)
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Grab samples were preserved on site by storing them in a cooler with ice. The samples
were then transported back to the lab and stored at 4 °C. Samples designated for nutrients and
metals testing weracidified as quickly as possible using 0.2% sulfuric acid (nutrients) or 2%
nitric acid and 0.5% hydrochloric acid (metalgb blanks, field blanks, standards and
triplicatesof samples testedere used to quantify error in these methods. Detailb®n t

precision and accuradgr nutrients testingre shown in Table Gelowand in Appendix A

Table7. Range, Standard Error and Standard Deviation of Hach Test Kits

Standard Deviatin
Test: Parameter Range (mg/L) | Standard Error (%)
(%)

TNT 826: Total Nitroger 1-16 147 11 0.0271 1.3
TNT 835: Nitrate 0.25-13.5 0.701 13 0.0011 0.1
TNT 880: TKN 0-16 1.5-17 0.067 1.4
TNT 830: Ammonia 0.015- 2.00 0.15-11 0.0021 0.01

TNT 820: COD 1-60 2-16 0.5871 1.7
TNT 843: TP 0.05- 1.50 0.38-5 0.003i 0.02
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3.3 Simulated Runoff Testing

3.3.1 Methodology

Simulated runoffests (SRTs) are used in SWM studies to test both the capacity of an
infiltration SMP as well as assess the movement of contaminants through use pfativese
tracers (Cederkvist et al., 201The objective of performing this tastthis studyweretwo-
fold: first to determine the potential release of contaminants accumulating in the SMP in the
eventof a large storm, second to assess the distribofiecontaminants in the SMP through the
use of tracers that will mimic target contaminants. Monitoring the movements of tnaers
done visually (in the case of a dye) and by taking samples at multiple tidig®erentlocations

and analyzing them in ¢éhlab.

An SRTwasperformedfor SMP Cusingmunicipalwater from a nearby fireylrant
pumped into the basit an averagftow rateof approximately 39 cfmThreetracers were used
in thistest, one as a pulse injection and the otfveras a neacontinuous injectionFluorescein
was used as the pulse injection tracer as it israantive and low in potential toxicity compared
to otherdyetracers commonly used (Smart and Laidlaw, 19Zithium and bromide were
choserfor thenearcontinuousnjectionas they occuat low levels inthe natural environment
and havenot been shown to have any adverse effects (Levy and Chambers,L1®81n was
intended to simulate the behavior of cationic contaminants (i.e. ammamietals) and bromide
was intended tsimulated anionic compounds (i.e. nitrate, phosphate)of fluorescein dye
was injected at a concentration of approximately 0.33,kayid 17 mL of the lithium bromide
was added per minute for the duration of the test (~3.5 hours) at a concentration of
approximately 0.76 kg/LSamples were taken @tdifferentlocations within the SMP after

injectionand once the water started to pond significai@gmples for fluorescein analysis were
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taken in 60 mL amber glass bottles and samples for lithium braandigvater quality analysis

were taken in 500 mL plastic bottlés diagram of these locations is shown in Figu gée next

page)ii SO0 i ndi

upstream point A U 0 -2 faest

Il i ne with

t

cat es

he

the source of t h ewastletmest and i
2d00o wnstream of Ub, Al 0-was a p
nl et to the SMP,anidVMonviagth&so hal f w

most downstream poiilly the outlet

Red = Inlet
Blue = OQutlet

D/o

Figure7. Map showing locations oaspling during SRT in SMP C.

3.3.2 Analytical Methods

Concentrations of fluorescein were measured usingcan Infinite M200 Pro

microplate readeaind a 96 well microplate with |2 of sample The excitation (or absorbance)

wavelength for the reader wast to 490 nm and the emission wavelength was set to 520 nm, as

recommended by the supplier of the fluorescBmomide concentrations were measuusthg a

standardized prob@he same testdescribed in 3.2.3 weresed taest the samples for solids,

nutrientsand metals
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3.4 Statistical Analysis

3.4.1 Methodology

The approach taken for analysis of the data was a stepwise multiple linear regression
performed in IBM SPSS. The software models the relationship between a single dependent
variable and ne or more independent variables. In the stepwise approach, the software evaluates
the significance of each independent variable, mostly through determining the correlation to the
dependent variabl@he correlation is only useful if there is a reasona@fethesis to explain it.
For example, a correlation could exist between nitrate and one of the priority metals, but these
cannot be said to explain each ott&SS will only consider adding independent variables to the
regression if they improve the acaay of the model (i.e. are significant). The result of this is
one or more regression models contairong or more independent variables. If none of the
selected independent variableave a significant correlation to the dependemiable, SPSS will

rejectall and no model will be produced.

Beyond just the correlation between the independent and dependent variable, several
other factors were considerathnuallyto evaluate the significance of the models produced. First
of these factors was the lingatationship between the independent variable(s) and dependent
variable, evaluated primarily bite R-squared or adjustedr-square value. Second was to
assesshe ndependence of the datativat thereshouldnotbea simple numerical relationship
causimg the correlation. This was evaluated using the Dewdaison statistic withitSsPSS to
determine the possibility of autocorrelations in itdependent variables of tata. Third was
the homoscedasticity of the data, or the variance along the treniiHmeariancef the
variables should remain consistating the trend linéor homoscedasticity to be preseint

addition to the variance, the residuals should also be consistent (i.e. normally distributed)
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amongst the data. Finally, there should b@msence of significant outliers or influential points
and there should not be multicollinearity in the independent variables, meaning that they should

not be highly correlated with each other.

3.4.2 Variables Included

The goal was to determimenether the contaminant concentration or load could be
explained or predicted by relevant factors, such as the rain fall intensity or antecedent dry period.
Thedependent variablescludel in the analysis werthereforethe contaminant concentraticr
load.Concentrations were statistical values of the parameters for a singlgistommeaximum,
minimum, average anaiedian) or values from specific samples (i.e. samples 1 throughe).
parameters chosen wesespended solids, nitrate and total phosph@sithey are significant
with respect to the environmental and public he@tsed the existing literaturdnet
independent variables selected wiecharacteristics of the rainfall (ADRotal rainfall,
maxmum intensity, average intensity) or thenm@ntation/load of suspended solids. The
rationale behind the choice to include suspended solids is ezt Been shown to be a
significant indicator of concentrations of other contaminants in storm&ghanian et al.,

2012)
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The rainfall chaacteristics were determineding rainfall data collected aite by
Villanova University. Theyollecteddata for 8of the 9 storms included in this worlk. the case
of the one storm naiollected an estimation was made using data collected at 3 PWD rai
gauges surrounding the site. The equati@dts estimates shown belowViessman and
Lewis, 1989, where P is the precipitation reading at a single gauge (inches), D is the distance of

that gauge to the point of estimation (miles) and W =:1/D
t0 oo (2

As show byequation2 and the resultingpproximationsthis method is heavily
influenced by the distance of the gauges from the point of e@glimén this case, the result is
controlledby the gauge located closest to the @R€ 15). Looking atFigure 8(see next page)
the distance from the site to RG 15 is less th/@mof the distance to RG 16 and less th#hof

the distance to RG 05.
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The plots forselected stormis Figure 9show the estimated dadt@m equation 2nirrors
that of RG 15, and often time matches well with the data recorded on site by Villanova-F and t
tests performed in Excel showed equal variance and equal foeatls9 storms when
comparing the 1%ninute totals duringampling for the measureshd estimated data. From this,
it can be reasonably assessed that the estimated data is a suitable substitute for the measured data

for the missingstorm(January 2017)All plots for rainfall datancluded in this worlare in
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Figure9. Plots of rainfall versus times for 4 of the 9 storms sampled. "VU" is the data measured on site
by Villanova, "RG XX" are the data from the 3 PVgBuges and "Estimated'the ainfall data
estimated usingquation2
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For the rainfall values included in the analystddl rainfall, maxmum intensity and
average intensi)yeachwereconsidered during the period where samples were collected. The
criteria for determining ADP was a minimum of 6 hours between events and a minimum of 0.05
inches (1.27 mm) of rainfall to be considered a storm event. These criteria were chosen based on
typical values used and reported in literature (Dunkerley, 200@)values fo each storm are
given in Table 8. Note that the total rainfall, average intensity and maxintensity were

considered onlyor the time where samples were collecé®d not the entire storm

Table8. Storm event chargeristics

Storm Date| Total Rainfall (in) Avg. Intensity (in/hr)| Max. Intensity (in/hr)] ADP (hours
10/27/2016 0.06 0.024 0.120 115
11/30/2016 0.19 0.068 0.120 6
1/20/2017 0.11 0.044 0.116 50
2712017 0.08 0.032 0.160 333
3/27/2017 0.19 0.068 0.280 249
4/6/2017 0.05 0.020 0.120 49
5/22/2017 0.28 0.112 0.520 200
8/29/2017 0.17 0.056 0.080 146
10/9/2017 0.64 0.232 0.520 465

3.4.3Regression Hypothesis
Based on what has been reported in literature and what was observed qualitatively in the data

from each storm, the hypotheses for the outcome of the regression analysis were:

1. ADP would be the most influential prietbr of the contaminant concentration/load in
each SMP

2. There would be differences in theefficients ofregressions produced for SMPs C and D

The reasoning for the first hypothesis is that ADP should be highly influential given that the
drainage area fdhese SMPs is an interstate highway. In theory, the longer ADP would give

more time for solids and other potential contaminants to be deposited on the rosecdrie
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hypothesis is driven purely by the differences seen in concentrations measurego SiWPs.
Since the rainfall characteristics are the same for both SMPs, significant differences in the
regression equations for a given parameter would be more evidence of the differences in the

measured and expected load fromdh@nage areas
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CHAPTER 4 RESULTS AND DISCUS3N

4.1 Runoff Water Sampling

Runoff characterization was completedm October 2016 t@ctober2017following the
approach detailed in section 3.2\ine storms were sampled over this time peri®dmpes
were tested for solids, nutrients and metals concentrations as descsbetian 3.2.3The
following pages show time series plots of the parameters measured, relationships between
selected data along witfeneral statisticsf the concentration§.e. mean, median, mimum and

maxmum value}.

Figurel0. (A) Inlet Pipeto SMP C during a rain event, YBasin and outleiof SMP C during a rain
event, (G basin and outlet for SMP D during a rain event

Shown in Table @&re summary statistiéer the solids and nutrienteeasurements taken
over the course of the 9 stornir the parameters measured, there is a broad range between the
minimum and maximum values in most cases, alitiga large standard deviation. Th&ncbe

explained both by the changedancenration during theeriod of sampling and also the
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difference in values between storms due to certain characteristics. These points will be detailed

in subsequent pages.

Table9. Summay statistics withEPA and DEPcriteria exceedances fsolids and nutrient
concentrationsneasured from October 2016 to October 2017

pH Turb. [Conduct| SS TS DS |[Tot. N|Nitrate | Amm.|[ TKN | Tot. P[ COD
(NTU) | (uS/cm) [(mg/L)|(mg/L)|(mg/L)|(mg/L)| (mg/L) | (mg/L)[(mg/L)|(mg/L)|(mg/L)
Number samples 108 108 108 108 | 108 | 108 96 108 108 60 96 108

Min 7.19 | 1.30 49.2 0 10 8 0.808| 0.135) 0.058| 0.051| 0.057| 6.00
Max 10.01 | 250 8250 600 | 1858 | 1778 | 26.8 | 7.17 | 552 | 205 | 1.42 | 274
Median 8.66 | 234 445 625 | 417 | 300 | 3.29 | 1.68 | 0.344| 1.49 [ 0.241] 65.3
Average 8.56 | 46.1 996 114 | 523 | 409 | 450 | 2.02 | 0.512| 2.40 | 0.309| 70.3

Standard deviation 0.72 | 51.3 1437 135 | 385 | 355 | 4.00 | 1.53 | 0.598| 3.20 | 0.276| 45.6

EPA Drinking Water MGB.5 - 8.5 5.00 N/A N/A | 500 | N/A 10 10 N/A | NJA | N/A | NA
Percent exceedance 54 93 - - 40 -- 8.3 0 - -- --

DEP water quality criteri| 6.0 - 9| N/A N/A N/A | NJA | NA | NA 10 9.67 | NJA [ NJA | NA
Percent exceedance 28 -- -- -- -- - -- 0 0 - - -

In addition to the statistics, exceedance percentages for sdle&dehvironmental
Protection AgencyEPA) and Penndyania Department of Environmental Protection (DEP)
water criteria were included. These areNationalDrinking Water Maximum Contaminant
Level (MCL) from May 2009EPA 816F-09-004) andspecific water quality criteria from Table
3 in Title 25 of the Pansylvania Code, chapter 93The specific water quality criteria was
chosen as it applies to the stretch of the Delaware Ristsouth of the site, which is
considered a warm water fisheye |l | s showing AN/ A0 had no cri
Although the drinking water criter@renot of major concerfor highway runoffthey were
included as they are a comprehensive referdratehelps tassess how harmful the water could
be. The data shoves40 percent exceedance for total sofitlS) lewvels and 8 percent for THs
for thewater quality criteria, 28ercent osamples werabovethe recommended range for pH
andnone were above the levels for nitrate or ammadxae that ammonia is bothnperature

and pH dependent (9.6@g/L correspondto tempeature = 20°C and pH =Y.
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Similar to Table 9, Table 1€hows statistics anekceedances for metals concentrations
from the 9 storms sampled. There is the same broad range of values between the minimum and
maximum concentrations, and there greater exceedance of the drinking waied water
quality criteria In particular, copper and lead show exceedances greater than 90 percent for the
water qualitycriteria. Thishighlightsthe importance of capture and treatmenstoymwater

managementractices for these type of contaminants

Table10. Summary statistiowith EPA and DERFcriteriaexceedance®r metalsconcentrationsneasured
from October 2016 to October 2017

As Cr Cu Pb Zn Cd Co Fe
(Ho/L) | (ug/L) | (po/L) |(uo/L)|(ug/L) | (Ho/Ll) | (ug/L) | (uo/L)

Number samples 95 82 95 95 72 95 89 95
Min 0.186 | 0.944 4.89 1.23 | 9.20 [ 0.015| 0.047| 86.4
Max 16.4 201 197 97.3 | 1385 | 1.08 | 7.15 | 10638
Median 1.04 | 14.33 46.0 9.91 | 117.5] 0.099| 0.80 | 577
Average 235 | 31.2 59.8 20.7 | 256 | 0.207| 1.46 | 1540

Standard deviation 3.37 | 48.0 49.2 23.8 | 315 | 0.254| 1.70 | 2452

EPA Drinking Water MGL 10 100 1300 15 5000 | 5.0 N/A 300
Percent exceedance 5.1 8.5 0 37 0 0

-- 75
DEP water quality criterif 150 74 9.0 2.5 N/A |1 0.250] N/A | 1500
Percent exceedance 0 8.5 98 93 -- 32 -- 32

In addition to concentrations, the load of selesttaminants to these SMPs were
calculatedusing the conadration values at each time point multiplied by a tweighted value
of the flow into the SMPA detailedtablefor each SMRs givenin Appendix C An estimation
of the total annual loaid also ncluded in Appendix Dbased on a ratio of the measured amount
of rainfall over the 9 storm® the typical annual rainfall total for Philadelphiahelresulting
annual loadsire within range oexceed the literature valugszen in Tables 4 and 5, indicady
this site represest significant source of contaminamntdso worth noting is that no overflow
was observed for the 9 storms sampled during this Wdrik. means that all the stormwater

coming in to the SMP was removed via infiltration into the stfbsa soil.
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4.1.1 Solids

Along with measuring solids concentrations direathgasuringurbidity and
conductivitywas doneacross storms for comparisdfigure 11 shows visually how the trends
are similar between turbidity and suspended sdtidsettain storms, particularly for the August
2017 storm that shows elevated levels of suspended solids. As will be seen in later figures, this
storm in particular produced higher concentrations for a majority of parameters meabiged.
was likely caused byheabsence of raifor 6 days(i.e. ADP = 6 daysheforetheevent and the
presence oéctive construction on the highwagrlierin the month This was at a point orR95

just upstream of the SMPs n&2olumbia Avenue.
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Figurell Time series plots of turbidity arsdispended solideeasured for the 9 storms in SMP C (top
left, bottom left) and SMP D (top right, bottamght)
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Similar to Figure 11, Figure 12 shows relatively consistent trends in specific conductivity
conmpared to dissolved solids concentrations for both SMPs. Of note is the difference between
SMP D (relatively consistent values) and SMRv@lues decrease oviame, excepin the case
of 3 events). This odd trend in C where the specific conductivity asdlsed solids
concentrations increased over time occurred for storms sampled in January, March and April
2017.A possiblereasorfor thiswould be the application of salt to the highway, but weather
observations within a week of the sampling dates doesuggest this was the ca3é&ere could
have been salt leftover on the highway from an ice/snow event prior to a week befatre,
would be expectedtbe seen in higher concentratialues at the beginning of the stoffilmese

trends show the opposiéad are a specific only to SMP C.
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Figure12. Time series plots of conductivigolids and dissolved solids measured for the 9 storms in SMP
C (top left, bottom left) and SMP D (top right, bottoight)
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The plots in Figure 13utther highlight the relationship of turbidity with suspended solids
and conductivity with dissolved solids. Regressinalgsis performed in Excel showedR-
squaredf 0.71 (n = 110, p<0.001) and a correlation factor of 0.84 for turbidity and suspended
solids. Upon further inspection of the graph in Figurgléf$), it can be seen that this
relationship is likely heavily influenced by a cluster of poattthe higher end of thegression
Based on this, the relationship of turbidity as a predictosdspended solids concentration is
deemednsignificant. However, the relationship of specific conductivity to dissolved solids
(Figure 13, rightcan be said to be significaiRegression showed &isquare of 0.91 (n =

103, p<0.001) and a correlatiorctar of 0.95with no significant outliers.
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Figure13. Plots showing the linear relationship betweenprrsded solids and turbidity (I@&nd
dissolved solids and conductivitsight).

4.1.2 Nutrients
Similar to whatwas showrfor the solids concentrations, nutrient concentrations tended
to be higher towards the beginning of the storm and then decrfeasaanples taken later in the

storm.Figure 14(see next pagehows the time series plots for nitrate dimdifor the 9 storm
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sampledOn average, there was a 59% decrease in the concentration measiectthird
sample (t = 30 minutes) compared to the first sample for narata 51% decrease for TN
(considering data from both SMP C and D). Té¢hanges likely due to thalislodgmeneffect

of the rainfall removing contaminants from thighway in he initial stages of the storm. As the
storm contnued therewerelessand lesgollutants present in the runoff wathre to the wash
off occurring earlier onAlso of note a& elevated concentratiomsthe first sample of runoff for

total nitrogerfor the August 2017 storm, the sastermthat showed higher concentrations of

solids.
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Figurel4. Time series plots dfitrateand total nitrogemeasuredor the 9 storms in SMP C (top left,
bottom left) ad SMP D (top right, bottom rightTotal nitrogen only includes data from 8 of the 9
storms.
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Figure 15, showing TKN and ammonia concentrations, further illustratesitpeeness

of the August 2017term. Elevated peak concentrations exist, especially for ammonia in SMP C.

The peak ammonia concentration for the August storm (5.52 mg/L) is a 231% increase from the

next highest value recorded (1.67 mg/L in February 2017 sttrropntrast, the peakmnonia

concentrationn SMP Dfor Augustis only 0.84 mg/L, suggesting the occurrence is specific only

to C. The same relationship holds true when looking at TKN, which was measured at a peak

concentration of 20.5 mg/L in C and 9.76 mg/L in D. This diffeeeisaot something that was

expected, given that both SMPs are located within the same block and they both receive runoff

from a similar drainage area.
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Figurel5. Time series plots dbtal Kjeldahl nitrogen (TKN)andammoniameasured for the 9 storms in
SMP C (top left, bottom left)rad SMP D (top right, bottom rightTKN only includes data from 7 of the
9 storms.
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The same elevated trend with the data from the August 2017 storm can be seen in Figure
16 for bothTP and COD. Ayain, the trend across all storms was &éigontaminant level
earlierin the storm and less as it continued on. But, one difference is that there is greater
consistency between SMP C and D, with D even showing higher concentrations in some cases
for TP. The averagd@P concentration across aamples takeim C (0.32 mg/Lwasslightly
more tharD (0.30 mg/L).However, the average peak concentration for storms in D (0.56 mg/L)
was slightly more than C (0.54 mg/L). As for COD, the average peak concamtras higher
in SMP C (124 mg/L) compared to D (94 mg/L), and the October 2017 storm produced the

highest value measured (274 mg/L).
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Figure16. Time series plots dbtal phosphoruand chemical oxygen demanteasured for th@ storms
in SMP C (top left, bottom left)ral SMP D (top right, bottom rightTotal phosphorus only includes data
from 8 of the 9 storms.
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4.1.3 Metals
Metals concentrationshowed similar overall trends across the storms sampled. Figure 17
shows 3 of th& target metalfor both SMPsThere is no& visible increase the August 2017

storm which is the major differenagmparing the metals data to the solids and nutrfenthis

event
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Figurel7. Time series plots afoppe, lead and iromeasured for the &torms in SMP C (leftand SMP
D (right). Data from the October 2017 storm was not included.
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4.2 Ponding and Vadose-Zone Sampling

Tables 11 and 1Bighlightthe results of sampling from tl@ctober 2017 storm that
included not just runoff sampling but also sampling of ponding and vaxtse (lysimeter)
water. Whathese resultshow is a removal of some contaminants and a possible buildup of
othes. Looking at ammonia, Téhd COD, there is a clear decrease from theertrations
measured in the runoff water compared to the ponding and lysimeter Wagecan be
explained by the effects of dilution in the ponding water @&ndoval by adsorption to soll
particles (ammonia) or particulate species (TP and CB)for the other nitrogerspecies, a
different trend exists. Instead of a decrease or similar concentration in the lysimeter water
compared to the ponding, there is an increéseTNand TKN, the peak lysimeter
concentration is virtually the same as the peakffummcentration, and in the case of nitrate it is

actually greater when comparing the two.

Tablell Runoff, ponding, and lysimeter watmncentrations (mg/Lfor October 2017 storm in SMP C

SMP C TN Nitrate Ammonia TKN P COD

Peak Conc., Runoff 18.1 4.00 1.23 16.0 0.93 274
Average Conc., Runoff 5.03 1.31 0.21 3.55 0.27 85.1
Ponding Conc. 3.44 0.56 0.10 2.80 0.18 41.2
Peak Conc., Lysimeter 18.8 7.26 0.13 16.2 0.20 90.2
Average Conc., Lysimet 14.8 5.11 0.10 9.47 0.13 70.3

Tablel2. Runoff and ponding water concentrations (mg/L) for October 2017 storm in SMP D

SMP D TN Nitrate Ammonia TKN P COD

Peak Conc., Runoff 12.1 3.22 0.52 8.96 0.45 126
Average Conc., Runoff  4.18 1.08 0.24 3.12 0.30 52.2
Ponding Conc. | 4.67 0.78 0.17 3.86 1.22 84.8




The higher concentrations of nitrate seen in lysimeter waterecargdained by its high
solubility in waterand the absence of interaction with negativeigrged soil paidles.
Ammonia @sammonium), although equally soluble, is more likely to remain adsorbed to soil
particles through electrostatic interactioAkso, contributions to nitrate could have come from
other surces outside the runoff such@sdation of orgart nitrogen or ammonia frommulchor
decomposing plants within the basifithe SMP The process of nitrification and denitrification
could have affected the concentrations obsefraed the lysimeters as well. laerobic
conditiors, bacteria will converammonia into nitrate through niftcation. Denitrification,the
conversion of nitrate into nitrogen gas, will occur in the absence of oxygen which is ofpical
soils with a high water content. The texture of the soil within the SMP can also play$oitse.
with a coarse texture such as sand will allow for higher mobility of anions like nitrate. Nitrate is
less likely to bond to the soil particles and will remain in the walémough phosphorous (as
phosphate) is also anionic, its lower solubility nexyplain a limited mobility in soil and a lower

concentration in pore water as compared with runoff water.

4.3 Simulated Runoff Testing

Among themost significantesults of the simulated runoff testingrethe
concentrations of theater qualiy parameters that wetested for in runoff water. Although the
source water used in these tests is presumed to contain very low levels of these contaminants
(municipalwater) it is still worthwhile toquantifythem. This is in theventthat the high
volume of water released into the SMP causes mobilization of contaminants that might be
trapped in the shallow soil. As seen in Figure 18, ¢selts show that this wa®t thecase. low
concentrationsompared to what was observed in runoff samplegesesnfor all parameters

aside from COD. Some spikes in COD concentrations were seen, but thiisalyasaused only

42



by higher concentrations of fluoresceirthe water whicltaused positivanalyticalinterference
in thetest Also, the basin of the SMP ds contain organic matter (i.e. mulch, soil, plant
material) that was reuspended during the test dikely caused increases in COD as well.
Despite thisit can e said that for SMP C that there is little chance of contamination being

present from whas stored in the soil media during a large rain event.

Water Quality - Simulated Runoff Test
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Figure18. Box and whisker plot of water quality concentrations in samples taken during SRT in SMP C

In addition to the water quality measurements, fluoresceinesdrations showed
relevant results ihighlightingthe areas where the highest concentrations of the tracer were
observed after injection at the source. As can be seen in Figure 19, peak concentrations of
fluorescein were observed both at the sourceilmtdS) and one of the upstream locations (U),
both around 12 mg/(influent pulse concentration was 0.33 kg/Lhepeakconcentration of
fluorescein was less in all other Iticas (10 mg/L at M, 7 mg/L at O, 4 mg/L at Ub and less
than 1 mg/L at I). Asvell as the difference in value of the peaks, there is also a differetie in
timing. The peak concentration at the source was measured in the sample taken at 11:45, while

the peak concentration at the outlet was not until 30 minutes later
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Figurel19. Time series plot of fluorescein concentrations measured in samples taken during SRT in
SMP C

The resultof the analysis of fluoresceare evidence of the travel time of the dye within
the SMP and atsthe effect of the path éfbw during the test. In looking dhe image in Figure
20, the fluorescein is traveling towards the outlet (left side of the picture) at a faster rate in the
middle of the basin compared to the edges. It became apparent during the testtieaistiie
the basin not in the most direct flow path saw less movement of the fluorescein. This would
suggest the presence of dead zones in these areas, where contaminants couldtaaburing
high flow eventsThe analysis of bromide concentrations wiamnclwsivesothey are not

includedin this work
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Figure20. Image taken of basin in SMP C during SRT. Bright green color is fluorescein dye dispersing
through ponded water in basin.

4.4 Regression Analysis

The initial steptakenin performing a regression analysis using the data collected was to
create a correlation matrix. This was helpful in determining if any correlations elettgeen
the parameters measurtb@t could be reasonably explaindthe result of the correlationatrix
(performed in Excelis shown in Appendix ECells highlighted in green show correlations
greater than +/0.8. Among these were DS correlated to TS, TN correlated to TKN and SS
correlated to TP and several of the priority metals. The strongestatiomevas with

temperature and dissolved oxyged.99).

After creating thecorrelation matrix, the first typef regression attempted utilizedl the
concentration datéor a given parameter (i.e. nitrate, Td)the dependent variable. This

approachallowed forthe maximum number afbservations to be entered into the regression
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The regressions were significabut onlywhenother parameters collected at the same time
points were used as the independent variable (i.e. SS). Attempting to useecissicscof the

rainfall as independent variables yielded regressionsRvgfuared values approachingibe
reason was that thrainfall characteristics for easftorm were a single valyee. ADP = 6 hours

for November 2016 storm). This single valuwoot be modeled in a regression with 6 other
values that are variable across the storm. An example of this issue is given in Figure 21. The
regression attempted was using SS concentration as the dependent variable and ADP as the
independent variabl®o regression equation can be fitted to this data as the SS concentrations

for a given storm are fixed to the x value corresponding to the ADP for that same storm.
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Figure21. Result of initial attempt at regressionnggSS concenttion and ADP

Since the individual concentration data could not be used to produce a relevant regression
with the rainfall characteristics, the alternative became using the contaminargdtadgedor
each storm along with statistics of the concemnatlata (i.e. maximum concentration, avgra

concentration, etc.pAlso, SMPs C and were considered individually, to assess if any
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significant differences existed in the relationships for gmaltice Since 9 storms were

includedin this work, this dbwed a maximum of 9 observations for each regression.

A total of 69 models werattemptedn SPSS, 16 of which producsdynificant
regression equation8. summaryof the 16is presented in Table 18 the following pageThe
table shows the dependentiable modeled irach regression, the SMP, the independent
variablg€s)included and statistics highlighting the quality of the regressionRi$guarel
values are the adjust&dsquare for the regression and the Durbiviatson statistic gives
evidence opossible autocorrelations in the regressiomukbin-Watsonvalue of 2 indicates no
autocorrelationvalues approaching 0 indicate positive autocorrelation and values approaching 4

indicate negative autocorrelation.
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Tablel3. SPSS Regression Synopsis Table

DV? SMP | (Model #) Accepted I¥| R [Rsquard], N | P-value|Durbin Watsoff| Rejected IV
NO3- Load C (TR 0.916 0.816 9 0.001 ADP, MRI, ARI
(2) TR, ADP 0.959 0.893 9 0.007 2.834 MRI, ARI
0.049
NO3- Load D (TR 0.901 0.785 9 0.001 2.213 ADP, MRI, ARI
SS Load C (1) TR 0.920 0.824 9 <0.001 2.174 ADP, MRI, ARI
SSload| D (D) TR 0893 | 0769 | 9 0.001 ADP, MRI, ARI
(2) TR, ARI 0.964 0.906 9 0.008 2.298 ADP, MRI
0.016
SSConc.,d1 C (1) ADP 0.739 0.482 9 0.023 2.571 TR, MRI, ARI
TP Load C () TR 0.909 0.797 8 0.002 2.342 ADP, MRI, ARI
TP Load D (TR 0.902 0.782 8 0.002 ADP, MRI, ARI
(2) TR, ARI 0.983 0.954 8 0.003 2.020 ADP, MRI
0.005
TP Load C (1) SS Load 0.988 | 0.973 8 <0.001 2.170 ADP, TR
TP Load D (1) SS Load 0.969 0.930 8 <0.001 1.740 ADP, TR
TP Max Conc  C (1) SS Max Conc 0.890 | 0.758 8 0.003 1.907 ADP, TR
TP Max Conc D (1) SS Max Conc 0.967 0.924 8 <0.001 2.161 ADP, TR
TP AvgConc C (1) SS Avg Conc 0.930 0.842 8 0.001 2.769 ADP, TR
TP Avg Conc D (1) SS Avg Conc | 0.974 | 0940 | 8 | <0.001 1.527 ADP, TR
TP Med Conc C (1) SS Med Conc 0.911 0.802 8 0.002 2.526 ADP, TR
TP Med Conc D (1) SS Med Conc 0.967 | 0.924 8 <0.001 1.825 ADP, TR
TP Conc C&D (1) SS Conc 0.893 0.795 100 <0.001 1.078 Turbidity

a. Dependent variable. NO3- = nitrate. SS = suspened solids. TP = total phosphorus. Conc = concentration

b. Accepted independent variables. TR = total rainfall. ADP = antecedent dry period. ARI = average rainfall intensity

c. Coefficient of correlation

d. Adjusted coefficient of determination

e. Durbin Watson statistic, testing for autocorrelation in the residuals of the regression.
A value of 2 means no autocorrelation. Values approaching 0 indicate positive autocorrelation and values approach
4 indicate negative autocorrelation.

f. Rejected independent variables. MRI = maximum rainfall intensity.

Also included in Table 138re the rejected independent variables. These were variables
tested by the stepwise regression and not included, mostly due to the significance and
collinearity. The other 53 models thatddhot produce any regression equations were those using
statistics of concentration as the dependent variable. A significant correlation did not exist
between these variablasd the characteristics of rainfall. One of these model outputs was
includedin Appendix o show how SPSS displays amtput where no regression equation

could be fitted to the data.
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Table 13shows that ADRvas excludedh 14 of 16 model®ecause of lack of
significance This is contray to what wasypothesized and whhts been siwnin most
literaturereportingsimilar analysisAlso, the rainfall intensityeither maximum or average) was
not included in 5 othe7 modelswhere it wasa possible predictor variahl&hese results
indicate that total rainfall is the most influentiattor affecting the contaminant load for SS,
nitrate and TPOf these 16 models,few can be said to be less significant. The model predicting
suspended solids concentration in the first sample of rim&MP Chas the lowest adjustétt
square (0.482 and given that the same regression was not produced for SMP D, this
relationship is likely nossignificant. Similarly, the equations showing multiple independent
variables are questioned because there is not an agreement between the two SMPs. For example
the model predicting nitrate load in SMP C has two independent varitdi@sdinfall and
ADP) but the model predicting nitrate load in SMP D only includes one (total rainfall). In this
case, although the adjustResquard is improved in the model bydding the second variable, it

is much more likelylte equation using only total rainfall is the more accypegdictor.

The DurbinWatsonstatistic was included with the intention of measuring simiérit
(autocorrelation) between explanatory varialitethe data sets useflutocorrelationcan lead to
the underestimation of the standard error in a regresstaoh would show false significance of
a predictor For this analysis, DurbiWatson values between 1.5 and 2.5 were deemed
acceptable. Only 4fdhe 16models violate this standarch particularthe model using
suspended solid concentratiand turbidityto predict total posphorus concérationgavea
Durbin-Watsonvalue of 1.078. From a statistical perspective, this waddtate gositive
autocorrelation, lsowing thatsuspended solidand turbidity are ceorrelated, and shoultbt be

used together aggnificant predicta. As previously stated, it can be expected that suspended
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solids would be a predictor of certain parameters in storemwditis is particularly true for
phosphoruswhich carnsorbto the sediment which would cause an increase in total phosphorus

load as the suspended solids load incre@d@dl et al., 1996).

After review of the aginal 16 modelsTable 14 shows thinal 6 that utilized total
rainfall as the predictor variabl&he constant, coefficient aradljustedR-square for the
regressions are given in the talilld note is thator suspended solids, the constants are similar
but the coefficients for total nafiall differ between the two SMP$he same can be said for
nitrate while the equations for total phosphorus show similar coefficlauntslifferent constants
Overall,the differences seen in the regressiddey reflect the differences in physical

corfiguration and drainage aréatween the two SMPs.

Tablel4. Results of the stgyise regression analysis

Regression Equation for SS Load (g) = A + B x (Total Rainfall

SMP A B R square
C -142 4909 0.824
D -152 2615 0.769

Regression Equation for TP Load (g) = A + B x (Total Rainfall

SMP A B R square
C -0.060 10.3 0.797
D 0.001 9.16 0.782

Regression Equation for Nitrate Load (g) = A + B x (Total Raif

SMP A B R square
C 1.88 37.5 0.816
D 0.029 18.3 0.785

Thedegree of limitation inhe 16modelsproducedcan beanalyzedyy looking at the full
output given by SPS. These are gen in Appendix Gor the six models in Table 14s
exampls). Questions on the validity of each modah be assessed lopking at the gp plots of
the standardized residuals and the scatterplots of the standardized residuals vs. the predicted

values. he pp plots would ideally show a straigle, indicating that the residuals are

5C



normally distributed and the errorrendomlyequal along the trend line. The scatterplot would
show the points spread out from one another, indicating homoscedastitigrelfare any areas
in the scatterplot where data is clustered together, the homoscedasticity of the data set should be

guestionedin such a case, other regression method should be used, e.g., weighteqgligeest.

Looking atthe graphs for thee6 models,the most consistent and acceptable results are
for the models predicting nitrate load in both SMPs. Mod®l$E and TP show greater enror
the residuals and a lack of homoscedasticity from the scatterplots. The limiter in all of these
models ighat theras thelow number of data pointsvhich limits the reliability of the
prediction.Combining the data for both SMPs to increase the number of observations was
attempted but did not improve significarfoe models using total rainfall as the pretdr. Again
this isbecause thealues for total rainfall were the same for both SMPs and the loads measured
for each storm differedCollecting data from more storms wolikkly produce more significant
regressions. Nevertheless, it can at least betlsai(ll) the total rainfall is a strong indicator of
the contaminant concentrationglasesites, (2) suspended solids is very well correlated to total
phosphorusind(3) significant differences can be expected between the loads of contaminants

(specifcally SS, TP and nitraté) the two SMPs.
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CHAPTER 5 CONCLUSIONBND RECOMMENDATIONS

5.1 Conclusions

After performing the analysis described in this report, relevant conclusions can be made
that highlight the importance of these SMPs inemihg runoff from a portion of Interstate 95.
In general, the performance of the SMPs exceeded what has been reported in literature, mostly
due to the fact that no overflow was observed for the storms that were safiygléalck of
overflow was determinetb be due to the effective drainage area contributing to the SMPs being
less than what was planned for when the basins were des@@meckentrations/loads that were
measuredfell within the range ofeported valuedJ.S.EPA andPA DEP guidelines indicatéhat

concentrations of total nitrogen and most of the priority metals could be a problem over time.

There was a clear trend loiigherconcentration in the first sample of the runoff event,
suggestinghat thedislodgment and mobilization of contaminaatsthe highwayaused by
rainfall/runoff was most significant early on in the stoRarticularlyhigh concentrations were
observed for the storm monitored in August 2@$¢ompared to the otherfhis wadikely
caused by construction activity, but cahbe fully reasoned without more information. Lack of

storms sampled between May and August also makes this point unclear.

Sampling of ponding and lysimeter water in SMP C from October 2017 showed a
reduction for ammonia, total phosphorus and G3Pomgared to the runoff watemcreased
concentrations for certain nitrogen species were observednmelygs samplesThis is believed
to be due t®pecific ion interaction with the soil media, causing anions like nitrate to not be
adsorbed ontsoil and taremain in the wateFurther monitoring and sampling of these

locations will lead to a better understanding of the fate of contaminants monitored.
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Results from simulated runoff testing showed little potential for resuspension of
contaminants by the inemsed flow to the basin of SMP C. Concentrations of phosphorus and
nitrogen species were all below 5 mg/L. The SiR¥ confirm the presence of dead zones in
certain areas of the basin by observation ofatdycer. Areasnthe sides and upstream in the
basin allowed for the fluorescein to accumulate for a longer period of time as they were not in
the direct path of flow. Differences in the magnitude and timing of the fheakescein
concentrationsbserved at the sampling locatist®wed the travel timigom the inlet to the

outlet of the SMRas well as dilution of the tracer

After performing stewise linear regression, total rainfall was shown to be the most
significant predictor of contaminant load for nitrate, suspended solids and total phosphorus.
Antecedent dry period and rainfall intensity were shown to be well correlated in some cases but
less significant of a predictoFhe relationship of suspended solids as a predictor of total
phosphorus was shown to be significant from the models prodéitseg.the differences in
concentrations measured in the two SMPs were significant enough taddéremcesn the
coefficients of the regression equations predicting contaminantrieféetting differences in the

SMP configuration and drainage areas

The overall goal of this project is to observe how these SMPs evolve over time and if
their performance is altered in any way. It is too early to comment on this based off the results of
this work, but changes in performance in the coming years cewydnell be possible given the
load of contaminants into these SMPs. Reduction of permeability in the soil and buildup of
contaminants are problems commonly cited and could be observed in these SMPs in the coming

years of operation.
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In terms of what PennDT can take from this work, certain observations like the lack of
outflow from the SMPs are important to considére structuresnay beoversized for the
drainage area they ser@ndthis may change as the permeability of the SMPs is expected to
decreask but this has created a positive impact where the contaminants in the inlet water have
been retained in the SMP aark notdischarged to the storm sew&he regression equations
produced for these SMPs can be useful in predicting loads of contangneantshe total
amount of rainfall, but these models are likely not applicable to other SMPs that are a part of this
project.This is ecause of the differences between the regressions for SMPs[Caemtithat the

data from both SMPs cannot be combined i single modedithout reducing the significance

5.2 Recommendations

Based on theesultsand conclusioemade recommendations for future resdanc
relation to these SMPs includéditions to the sampling protocol and closer attenti@xternal
factors that could affect the concentrations observed in the ridexdfeasedampling intervals
at the beginning of the runoff evesate recommendedo bette characterize changes in
concerration. This can be accomplished by use of autosarsplhich can be programmed to
take samples at a set time intervdlso, aitosamplers would also allow for samplioger a
longer period of timeThis would be useful to confirm if the trend of decreased@ainations in

later stages of theunoff event lolds true for time periods past 2 hours

Attention should be given to construction and other activity that could influence the
drainage areas to the SMH#iis could be road work that leads to the buildup of more
particulates or sediment on the highwasure changes in the size of the drainage area to these

SMPsdue to modifications (i.e. site grading) or the application of deicers to the road during
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winter storms that would increase the salinity of the rufi@mmunication with those
overseeing or monitong the construction can give information on this if it could be something

affectingthe runoff discharged into the SMPs
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APPE

NDICES

APPENDIX A: QA/QC FB SOLID AND NUTRIENRANALYSIS

SS TS Tot N Nitrate
St. Dev. (mg/L) 3.5-33.1 |14.1-33.9 0.02-1.30({0.001 - 0.101
St. Dev. (%) 35-10.6 | 56-7.1] 0.91-115| 0.259-3.1
Blank - average (mg/L) 0-3.0 0-13.0 | 0.04-1.33| 0-0.075
Blank - relative to mean (%4) 0- 3.9 0-18 | 0.65-53.2| 2.57-3.86
Standard - average (mg/L N/A N/A 3.60-7.74| 5.39-6.75
Standard - error (%) N/A N/A 1.36 - 48.1| 0.667 - 12.5
Ammonia TKN Total P COD
St. Dev. (mg/L) 0.002 - 0.01] 0.061 - 1.40.003 - 0.01y 0.577 - 1.73
St. Dev. (%) 2.92E-05 - 3.852.66 - 30.1 0.394 - 4.4 0.320 - 2.17
Blank - average (mg/L) | 0.005 - 0.159] 0-0.298 |0.005 - 0.038 1.5-1.61
Blank - relative to mean (%4) 0.47 - 69.1 | 3.08-20.4| 2.0-26.9 1.4-2.9
Standard - average (mg/L) 0.891-1.02|1.02-13.2 0.996 - 1.05 51 -52.5
Standard - error (%) 0.15-11.0 | 1.50- 122 0.376 - 5.00 2.00 - 5.00
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APPENDIX B RAINFALL DATA
The charts included in thegopendix show the rainfall data for each storm. Included are the data
measured from the rain gauge on site by Villanova University (VU), the data measured at the
three PWD rain gauges surrounding the site (RG 15, RG 16, RG 05) and the estimated data using

Equaton 2from Viessman and Lewis (1989).
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APPENDIXC. CONTAMINANT LOADS

Storm Contaminant
Intensity
Total Average | during Total Total
rainfall | Duration | intensity |sampling] ADP Load (g) {1Load (g)
(mm) (h) (mm/h) (mm/h) (d) SMPC| SMPD
16-Oct 10.9 11 0.99 0.51 5
SS 166 60
Nitrate 5.6 2.8
Total P 0.22 0.13
Copper 0.11 0.03
Lead 0.05 0.012
Iron 1.69 0.52
16-Nov| 262 | 14 19 | 22 | o025
SS 301 115
Nitrate 4.8 1.2
Total P N/A N/A
Copper 0.17 0.04
Lead 0.07 0.03
Iron 5.5 1.6
17-Jan 2.8 3 0.94 0.76 2.1
SS 223 76
Nitrate 3.4 1.46
Total P 0.60 0.35
Copper 0.16 0.029
Lead 0.06 0.011
Iron 3.7 0.64
17-Feb| 58 2 2.9 2.9 14
SS 222 54
Nitrate 7 1.2
Total P 0.5 1.1
Copper 0.19 0.06
Lead 0.05 0.01
Iron 2.0 0.4
17-Mar | 3.3 5 066 | 1 | 10
SS 1503 593
Nitrate 14.7 6.3
Total P 4.0 2.3
Copper 0.82 0.31
Lead 0.36 0.18
Iron 44 22
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Storm Contaminant
Intensity
Total Average| during Total Total
rainfall | Duration | intensity |sampling] ADP Load (g) {Load (g)
(mm) (h) (mm/h) | (mm/h) | (d) SMPC| SMPD
17-Apr 26.7 14 1.9 0.18 2
SS 74 22.4
Nitrate 1.67 0.70
Total P 0.16 0.11
Copper 0.04 0.010
Lead 0.016 0.005
Iron 1.15 0.34
17-May | 8.1 11 074 | 23 8
SS 765 102
Nitrate 10.7 3.2
Total P 1.9 1.41
Copper 0.56 0.16
Lead 0.15 0.07
Iron 14.4 5.5
17-Aug| 18 12 1.5 1.2 6
SS 1093 597
Nitrate 9.9 3.36
Total P 2.1 3.16
Copper 0.25 0.09
Lead 0.16 0.09
Iron 13 5.5
17-Oct | 16 6 2.7 15 | 19
SS 3068 1649
Nitrate 26 12
Total P 6.4 5.9
Copper N/A N/A
Lead N/A N/A
Iron N/A N/A
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APPENDIX D ESTIMATED ANNUAL ONTAMINANT LOADS

SMP C |Total Load (g)Total Load (Ibs)Annual Load (Ibs/acre-yr)Annual Load (kg/ha-yr)

SS 7415 16.3 575 645
Nitrate 83 0.18 7.9 8.9
Total P 15.9 0.03 2.2 2.4
Copper 2.1 0.005 0.16 0.14
Lead 0.9 0.007 0.07 0.04
Iron 86 0.19 6.7 7.9
SMP D |Total Load (g)Total Load (Ibs)Annual Load (Ibs/acre-yr)Annual Load (kg/ha-yr)

SS 3268 7.2 409 495
Nitrate 33 0.07 4.9 6.0
Total P 14.5 0.03 3.2 3.9
Copper 0.7 0.007 0.09 0.11
Lead 0.40 0.007; 0.05 0.06
Iron 36 0.08 4.5 5.5

0¢ €& Ao "Ye o @ )

Average annual rainfall for city of Philadelphia = 41.5 inche@iwen by the Nabnal Climatic

Data Center)

Rainfall for storms sampled = 4.01 inches

Annual loads were normalized by dividing by the drainage area of the BMR (f for C, 728

m? for D)
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APPENDIX F SPSMODEL OUTPUT WITHREJECTED INDEPENDENT

VARIABLES

Regression
Dependent Variables (Y): Max Nitrate Concentration, SMP C (mg/L)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 14:27:24
Comments
Input Data C:\Users\tue56501\Desktop\
Nitrate SMP C.sav
Active Dataset DataSet2
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 9
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.
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Syntax

Resources

Processor Time
Elapsed Time
Memory Required

Additional Memory Required

for Residual Plots

REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN
/DEPENDENT MaxConc

IMETHOD=STEPWISE ADP
TotalRainfall MaxIntensity

Averagelntesnity

/SCATTERPLOT=(*ZRESID
*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

00:00:00.02
00:00:00.01
5072 bytes

632 bytes

Warnings

No variables were entered into the equation.
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Descriptive Statistics

Mean Std. Deviation N
MaxConc 4.4944 2.07257 9
ADP 179.2556 149.87085 9
TotalRainfall .1967 .18221 9
MaxIntensity .2267 .17550 9
Averagelntesnity .0729 .06602 9
Correlations
MaxConc ADP TotalRainfall MaxIntensity
Pearson Correlation MaxConc 1.000 .381 -.138 -.073
ADP .381 1.000 .692 671
TotalRainfall -.138 .692 1.000 .805
MaxIntensity -.073 671 .805 1.000
Averagelntesnity -.158 .693 .998 .837
Sig. (1-tailed) MaxConc .156 .362 426
ADP .156 .019 .024
TotalRainfall .362 .019 .004
MaxIntensity 426 .024 .004
Averagelntesnity .342 .019 .000 .002
N MaxConc 9 9 9 9
ADP 9 9 9 9
TotalRainfall 9 9 9 9
MaxIntensity 9 9 9 9
Averagelntesnity 9 9 9 9
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Correlations

73
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Appendix G: Accepted SPSS Model Outputs

Regressi on
Dependent Variables (Y): Nitrate Load, SMP C (g)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 14:24:51
Comments
Input Data C:\Users\tue56501\Desktop\
Nitrate SMP C.sav
Active Dataset DataSet2
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 9
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.
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Syntax

Resources Processor Time
Elapsed Time
Memory Required

Additional Memory Required

for Residual Plots

REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN

/DEPENDENT Load

/METHOD=STEPWISE ADP

TotalRainfall MaxIntensity

Averagelntesnity

/SCATTERPLOT=(*ZRESID

*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

00:00:00.45

00:00:00.31

5072 bytes

632 bytes

[DataSet2] QUserstue56501DesktopNitrate SMP C.sav
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Descriptive Statistics

Mean Std. Deviation N
Load 9.2556 7.45572 9
ADP 179.2556 149.87085 9
TotalRainfall .1967 .18221 9
MaxIntensity .2267 .17550 9
Averagelntesnity .0729 .06602 9

Correlations

Load ADP TotalRainfall MaxIntensity
Pearson Correlation Load 1.000 .839 916 .765
ADP .839 1.000 .692 671
TotalRainfall 916 .692 1.000 .805
MaxIntensity .765 671 .805 1.000
Averagelntesnity .905 .693 .998 .837
Sig. (1-tailed) Load . .002 .000 .008
ADP .002 . .019 .024
TotalRainfall .000 .019 . .004
MaxIntensity .008 .024 .004
Averagelntesnity .000 .019 .000 .002
N Load 9 9 9 9
ADP 9 9 9 9
TotalRainfall 9 9 9 9
MaxIntensity 9 9 9 9
Averagelntesnity 9 9 9 9
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Correlations

Averagelntesnity

Pearson Correlation

Sig. (1-tailed)

Load

ADP
TotalRainfall
MaxIntensity
Averagelntesnity
Load

ADP
TotalRainfall
MaxIntensity
Averagelntesnity
Load

ADP
TotalRainfall
MaxIntensity

Averagelntesnity

.905

.693

.998

.837

1.000

.000

.019

.000

.002

Variables Entered/Removed 2

Variables
Model Entered Method
1 TotalRainfall Stepwise
(Criteria:

Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).
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2 ADP . Stepwise
(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

a. Dependent Variable: Load

Model Summary ¢

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 .9162 .839 .816 3.19491
2 .959p .920 .893 2.43370 2.834

a. Predictors: (Constant), TotalRainfall
b. Predictors: (Constant), TotalRainfall, ADP

c. Dependent Variable: Load
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ANOVA?

Model Sum of Squares df Mean Square F Sig.
1 Regression 373.250 1 373.250 36.566 .001°
Residual 71.452 7 10.207
Total 444.702 8
2 Regression 409.165 2 204.582 34.541 .001¢
Residual 35.538 6 5.923
Total 444.702 8
a. Dependent Variable: Load
b. Predictors: (Constant), TotalRainfall
c. Predictors: (Constant), TotalRainfall, ADP
Coefficients 2
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 1.883 1.619 1.163 .283
TotalRainfall 37.487 6.199 .916 6.047 .001
2 (Constant) .565 1.344 420 .689
TotalRainfall 26.330 6.544 .643 4.023 .007
ADP .020 .008 .394 2.462 .049
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Coefficients 2

Collinearity
95.0% Confidence Interval for B Correlations Statistics
Model Lower Bound Upper Bound Zero-order Partial Part Tolerance
1 (Constant) -1.945 5.711
TotalRainfall 22.828 52.147 916 916 916 1.000
2 (Constant) -2.724 3.854
TotalRainfall 10.316 42.344 916 .854 464 521
ADP .000 .039 .839 .709 .284 521
Coefficients 2
Collinearity Statistics
Model VIF
1 (Constant)
TotalRainfall 1.000
2 (Constant)
TotalRainfall 1.921
ADP 1.921

a. Dependent Variable: Load
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Excluded Variables

Collinearity Statistics

Partial
Model Beta In t Sig. Correlation Tolerance VIF
1 ADP .394P 2.462 .049 .709 521 1.921
MaxIntensity .078b .286 .785 116 .352 2.844
Averagelntesnity -1.981° -.854 426 -.329 .004 225.257
2 MaxIntensity -.053°¢ -.240 .820 -.107 .327 3.061
Averagelntesnity -2.183¢ -1.339 .238 -.514 .004 225.736
Excluded Variables 2
Collinearity Statistics
Model Minimum Tolerance
1 ADP 521
MaxIntensity .352
Averagelntesnity .004
2 MaxIntensity .310
Averagelntesnity .004

a. Dependent Variable: Load

b. Predictors in the Model: (Constant), TotalRainfall

c. Predictors in the Model: (Constant), TotalRainfall, ADP
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Collinearity Diagnostics @

Variance Proportions

Model Dimension Eigenvalue  Condition Index  (Constant) TotalRainfall ADP

1 1 1.753 1.000 A2 A2
2 .247 2.665 .88 .88

2 1 2.609 1.000 .04 .03 .03
2 .267 3.126 .92 .20 .07
3 124 4.588 .04 a7 91

a. Dependent Variable: Load

Residuals Statistics @

Minimum Maximum Mean Std. Deviation N
Predicted Value 2.8339 26.5330 9.2556 7.15161 9
Residual -2.69597 4.25546 .00000 2.10765 9
Std. Predicted Value -.898 2.416 .000 1.000 9
Std. Residual -1.108 1.749 .000 .866 9

a. Dependent Variable: Load
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Charts

Frequency

Histogram

Dependent Variable: Load
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Regression Standardized Residual
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Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Load
1.0

Expected Cum Prob

0.2

0.0 T T

I
0.0 0z 04 0.6 o0&
Observed Cum Prob
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Regression Standardized Residual

Scatterplot
Dependent Variable: Load

2—

-1 =

7

Regression Standardized Predicted Value
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Regression
Dependent Variables (Y): Nitrate Load, SMP D (g)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 14:38:06
Comments
Input Data C:\Users\tue56501\Desktop\
Nitrate SMP D.sav
Active Dataset DataSet3
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 9
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.
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Syntax

Resources Processor Time
Elapsed Time
Memory Required

Additional Memory Required

for Residual Plots

REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN

/DEPENDENT Load

/METHOD=STEPWISE ADP

TotalRainfall MaxIntensity

Avglntensity

/SCATTERPLOT=(*ZRESID

*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

00:00:00.36

00:00:00.31

5072 bytes

632 bytes

[DataSet3] QUserstue56501DesktopNitrate SMP D.sav
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Descriptive Statistics

Mean Std. Deviation

Load 3.6333 3.70641 9

ADP 179.2556 149.87085 9

TotalRainfall .1967 .18221 9

MaxIntensity .2267 .17550 9

Avglntensity .0729 .06602 9

Correlations
Load ADP TotalRainfall MaxIntensity  Avglntensity

Pearson Correlation Load 1.000 a77 901 .706 .888
ADP T77 1.000 .692 .671 .693
TotalRainfall 901 .692 1.000 .805 .998
MaxIntensity .706 671 .805 1.000 .837
Avgintensity .888 .693 .998 .837 1.000

Sig. (1-tailed) Load .007 .000 .017 .001
ADP .007 .019 .024 .019
TotalRainfall .000 .019 .004 .000
MaxIntensity .017 .024 .004 .002
Avgintensity .001 .019 .000 .002

N Load 9 9 9 9 9
ADP 9 9 9 9 9
TotalRainfall 9 9 9 9 9
MaxIntensity 9 9 9 9 9
Avgintensity 9 9 9 9 9
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Variables Entered/Removed 2

Variables Variables
Model Entered Removed Method
1 TotalRainfall . Stepwise

(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

a. Dependent Variable: Load

Model Summary °

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 .9012 .812 .785 1.71871 2.213
a. Predictors: (Constant), TotalRainfall
b. Dependent Variable: Load
ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 89.222 1 89.222 30.204 .001°
Residual 20.678 7 2.954
Total 109.900 8
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a. Dependent Variable: Load

b. Predictors: (Constant), TotalRainfall

Coefficients 2

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .029 .871 .033 .975
TotalRainfall 18.328 3.335 .901 5.496 .001

Coefficients 2

Collinearity
95.0% Confidence Interval for B Correlations Statistics
Model Lower Bound Upper Bound Zero-order Partial Part Tolerance
1 (Constant) -2.030 2.088
TotalRainfall 10.442 26.214 .901 .901 .901 1.000

Coefficients 2
Collinearity Statistics

Model VIF

1 (Constant)

TotalRainfall 1.000

a. Dependent Variable: Load
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Excluded Variables 2

Collinearity Statistics

Partial
Model Beta In t Sig. Correlation Tolerance VIF
1 ADP .294b 1.372 .219 489 521 1.921
MaxIntensity -.057° -.190 .855 -.077 .352 2.844
Avglntensity -2.563° -1.049 .335 -.394 .004 225.257

Excluded Variables 2

Collinearity Statistics

Model Minimum Tolerance

1 ADP 521
MaxIntensity .352
Avglntensity .004

a. Dependent Variable: Load

b. Predictors in the Model: (Constant), TotalRainfall

Collinearity Diagnostics @

Variance Proportions

Model Dimension Eigenvalue  Condition Index  (Constant) TotalRainfall
1 1 1.753 1.000 A2 A2
2 247 2.665 .88 .88

a. Dependent Variable: Load
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Residuals Statistics 2

Minimum Maximum Mean Std. Deviation N
Predicted Value .9452 11.7589 3.6333 3.33958 9
Residual -2.31114 2.78886 .00000 1.60771 9
Std. Predicted Value -.805 2.433 .000 1.000 9
Std. Residual -1.345 1.623 .000 .935 9

a. Dependent Variable: Load

Charts

Histogram

Dependent Variable: Load

Mean = -1 39E-17
3 St. Dev. = 0935
M=59

2—-

Frequency

2 -1 0 1 2
Regression Standardized Residual
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Normal P-P Plot of Regression Standardized Residual

1.0

Dependent Variable: Load

0.5
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Regression Standardized Residual

Scatterplot
Dependent Variable: Load

2—

-1 =

7

Regression Standardized Predicted Value
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Regression
Dependent Variables (Y): Suspended Solids Load, SMP C (g)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 13:35:41
Comments
Input Active Dataset DataSet0
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 9
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.
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Syntax

Resources

Processor Time
Elapsed Time
Memory Required

Additional Memory Required

for Residual Plots

REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN
/DEPENDENT Load

IMETHOD=STEPWISE ADP
TotalRainfall MaxIntensity

Averagelntensity

/SCATTERPLOT=(*ZRESID
*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

00:00:04.70
00:00:01.20
5072 bytes

632 bytes

[DataSet0]
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Descriptive Statistics

Mean Std. Deviation N
Load 823.8889 972.43360 9
ADP 179.2556 149.87085 9
TotalRainfall .1967 .18221 9
MaxIntensity .2267 .17550 9
Averagelntensity .0729 .06602 9
Correlations
Load ADP TotalRainfall MaxIntensity
Pearson Correlation Load 1.000 .768 .920 .694
ADP .768 1.000 .692 .671
TotalRainfall .920 .692 1.000 .805
MaxIntensity .694 671 .805 1.000
Averagelntensity .902 .693 .998 .837
Sig. (1-tailed) Load .008 .000 .019
ADP .008 .019 .024
TotalRainfall .000 .019 .004
MaxIntensity .019 .024 .004
Averagelntensity .000 .019 .000 .002
N Load 9 9 9 9
ADP 9 9 9 9
TotalRainfall 9 9 9 9
MaxIntensity 9 9 9 9
Averagelntensity 9 9 9 9
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Correlations

Averagelntensity

Pearson Correlation

Sig. (1-tailed)

Load

ADP
TotalRainfall
MaxIntensity
Averagelntensity
Load

ADP
TotalRainfall
MaxIntensity
Averagelntensity
Load

ADP
TotalRainfall
MaxIntensity

Averagelntensity

.902

.693

.998

.837

1.000

.000

.019

.000

.002

Variables Entered/Removed 2

Variables
Model Entered Method
1 TotalRainfall Stepwise
(Criteria:

Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).
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a. Dependent Variable: Load

Model Summary °

Adjusted R Std. Error of the
Model R R Square Square Estimate Durbin-Watson
1 .9202 .846 .824 407.65421 2174
a. Predictors: (Constant), TotalRainfall
b. Dependent Variable: Load
ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 6401743.180 1 6401743.180 38.522 .000P
Residual 1163273.709 7 166181.958
Total 7565016.889 8

a. Dependent Variable: Load

b. Predictors: (Constant), TotalRainfall
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Coefficients 2

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -141.641 206.555 -.686 .515
TotalRainfall 4909.475 791.003 .920 6.207 .000

Coefficients 2

Collinearity
95.0% Confidence Interval for B Correlations Statistics
Model Lower Bound Upper Bound Zero-order Partial Part Tolerance
1 (Constant) -630.065 346.783
TotalRainfall 3039.052 6779.899 .920 .920 .920 1.000

Coefficients 2
Collinearity Statistics

Model VIF

1 (Constant)

TotalRainfall 1.000

a. Dependent Variable: Load
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Excluded Variables 2

Collinearity Statistics

Partial
Model Beta In t Sig. Correlation Tolerance VIF
1 ADP .251° 1.275 .250 462 521 1.921
MaxIntensity -.132° -.500 .635 -.200 .352 2.844
Averagelntensity -3.594b -1.889 .108 -.611 .004 225.257
Excluded Variables 2
Collinearity Statistics
Model Minimum Tolerance
1 ADP 521
MaxIntensity .352
Averagelntensity .004

a. Dependent Variable: Load

b. Predictors in the Model: (Constant), TotalRainfall

Collinearity Diagnostics @

Variance Proportions

Model Dimension Eigenvalue  Condition Index  (Constant) TotalRainfall
1 1 1.753 1.000 A2 A2
2 247 2.665 .88 .88

a. Dependent Variable: Load
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Residuals Statistics

a

Minimum Maximum Mean Std. Deviation N
Predicted Value 103.8325 3000.4231  823.8889 894.54899 9
Residual -490.15906 711.84094 .00000 381.32560 9
Std. Predicted Value -.805 2.433 .000 1.000 9
Std. Residual -1.202 1.746 .000 .935 9
a. Dependent Variable: Load
Charts
Histogram
Dependent Variable: Load
Mean = -2.12E-16
3 Std. Dev. = 0.933
M=9
= 27
(=)
o
=]
o
o
e
'8
1
0 T
-2 -1 a0 1 2

Regression Standardized Residual
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Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Load
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Regression Standardized Residual

Scatterplot
Dependent Variable: Load

2—

-1 =

7

Regression Standardized Predicted Value
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Regression
Dependent Variables (Y): Suspended Solids Load, SMP D (g)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 14:04:00
Comments
Input Data C:\Users\tue56501\Desktop\S
uspended Solids SMP D.sav
Active Dataset DataSetl
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 9
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.

10¢



Syntax

Resources

Processor Time
Elapsed Time
Memory Required

Additional Memory Required

for Residual Plots

REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN

/DEPENDENT Load

/METHOD=STEPWISE ADP

TotalRainfall MaxIntensity

Averagelntensity

/SCATTERPLOT=(*ZRESID

*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

00:00:00.36

00:00:00.29

5072 bytes

632 bytes
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Descriptive Statistics

Mean Std. Deviation N
Load 363.1111 533.50456 9
ADP 179.2556 149.87085 9
TotalRainfall .1967 .18221 9
MaxIntensity .2267 .17550 9
Averagelntensity .0729 .06602 9
Correlations
Load ADP TotalRainfall MaxIntensity
Pearson Correlation Load 1.000 .730 .893 .567
ADP .730 1.000 .692 671
TotalRainfall .893 .692 1.000 .805
MaxIntensity .567 671 .805 1.000
Averagelntensity .867 .693 .998 .837
Sig. (1-tailed) Load .013 .001 .056
ADP .013 .019 .024
TotalRainfall .001 .019 .004
MaxIntensity .056 .024 .004
Averagelntensity .001 .019 .000 .002
N Load 9 9 9 9
ADP 9 9 9 9
TotalRainfall 9 9 9 9




Correlations

Averagelntensity

.867

.693

.998

.837

1.000

.001

.019

.000

.002
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Variables Entered/Removed 2

Variables Variables

Model Entered Removed Method

1 TotalRainfall . Stepwise
(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

2 Averagelntensity . Stepwise
(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

a. Dependent Variable: Load

Model Summary ¢

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 .8932 .798 769 256.48002
2 .964P .929 .906 163.67205 2.298

a. Predictors: (Constant), TotalRainfall
b. Predictors: (Constant), TotalRainfall, Averagelntensity

c. Dependent Variable: Load



ANOVA?

Model Sum of Squares df Mean Square F Sig.
1 Regression 1816542.887 1 1816542.887 27.615 .001b
Residual 460474.002 7 65782.000
Total 2277016.889 8
2 Regression 2116285.642 2 1058142.821 39.500 .000¢
Residual 160731.247 6 26788.541
Total 2277016.889 8
a. Dependent Variable: Load
b. Predictors: (Constant), TotalRainfall
c. Predictors: (Constant), TotalRainfall, Averagelntensity
Coefficients #
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -151.216 129.956 -1.164 .283
TotalRainfall 2615.223 497.668 .893 5.255 .001
2 (Constant) -72.682 86.190 -.843 431
TotalRainfall 18523.866 4766.498 6.326 3.886 .008
Averagelntensity -44001.688 13154.354 -5.445 -3.345 .016
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Coefficients 2

95.0% Confidence Interval for B

Correlations

Model Lower Bound Upper Bound Zero-order Partial Part
1 (Constant) -458.513 156.081
TotalRainfall 1438.426 3792.021 .893 .893 .893
2 (Constant) -283.582 138.219
TotalRainfall 6860.664 30187.067 .893 .846 422
Averagelntensity -76189.233 -11814.144 .867 -.807 -.363
Coefficients @
Collinearity Statistics
Model Tolerance VIF
1 (Constant)
TotalRainfall 1.000 1.000
2 (Constant)
TotalRainfall .004 225.257
Averagelntensity .004 225.257

a. Dependent Variable: Load
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Excluded Variables

Collinearity Statistics

Partial
Model Beta In t Sig. Correlation Tolerance VIF
1 ADP 215 .902 402 .345 521 1.921
MaxIntensity -.432° -1.698 141 -.570 .352 2.844
Averagelntensity -5.445bP -3.345 .016 -.807 .004 225.257
2 ADP .239¢ 1.904 115 .648 .520 1.925
MaxIntensity 271° .781 470 .330 .105 9.543
Excluded Variables 2
Collinearity Statistics
Model Minimum Tolerance
1 ADP 521
MaxIntensity .352
Averagelntensity .004
2 ADP .004
MaxIntensity .001

a. Dependent Variable: Load

b. Predictors in the Model: (Constant), TotalRainfall

c. Predictors in the Model: (Constant), TotalRainfall, Averagelntensity
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Collinearity Diagnostics @

Variance Proportions

Model Dimension Eigenvalue  Condition Index  (Constant) TotalRainfall = Averagelntensity

1 1 1.753 1.000 A2 A2
2 .247 2.665 .88 .88

2 1 2.681 1.000 .04 .00 .00
2 .318 2.901 .89 .00 .00
8 .001 53.143 .06 1.00 1.00

a. Dependent Variable: Load

Residuals Statistics @

Minimum Maximum Mean Std. Deviation N
Predicted Value -26.5222 1574.2008  363.1111 514.33035 9
Residual -339.73804 138.26196 .00000 141.74416 9
Std. Predicted Value -.758 2.355 .000 1.000 9
Std. Residual -2.076 .845 .000 .866 9

a. Dependent Variable: Load
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Charts
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Normal P-P Plot of Regression Standardized Residual
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Regression Standardized Residual
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Regression
Dependent Variables (Y): Total Phosphorus Load, SMP C (g)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 14:50:33
Comments
Input Data C:\Users\tue56501\Desktop\T
otal Phosphorus SMP C.sav
Active Dataset DataSet4
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 8
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.



Syntax REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN
/DEPENDENT Load

IMETHOD=STEPWISE ADP
TotalRainfall MaxIntensity

Avglntensity

/SCATTERPLOT=(*ZRESID
*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

Resources Processor Time 00:00:00.55
Elapsed Time 00:00:00.33
Memory Required 5072 bytes

Additional Memory Required 632 bytes

for Residual Plots

[DataSet4] QUserstue56501DesktofTotal Phosphorus SMP C.sav
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Descriptive Statistics

Mean Std. Deviation

Load 1.9838 2.21752 8

ADP 200.9125 144.38069 8

TotalRainfall 1975 19477 8

MaxIntensity .2400 .18268 8

Avglntensity .0735 .07055 8

Correlations
Load ADP TotalRainfall MaxIntensity  Avglntensity

Pearson Correlation Load 1.000 .758 .909 .709 .891
ADP .758 1.000 .762 .652 .756
TotalRainfall .909 762 1.000 .824 .998
MaxIntensity .709 .652 .824 1.000 .853
Avgintensity .891 .756 .998 .853 1.000

Sig. (1-tailed) Load .015 .001 .024 .001
ADP .015 .014 .040 .015
TotalRainfall .001 .014 .006 .000
MaxIntensity .024 .040 .006 .004
Avgintensity .001 .015 .000 .004

N Load 8 8 8 8 8
ADP 8 8 8 8 8
TotalRainfall 8 8 8 8 8
MaxIntensity 8 8 8 8 8
Avgintensity 8 8 8 8 8




Variables Entered/Removed 2

Variables Variables
Model Entered Removed Method
1 TotalRainfall . Stepwise

(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

a. Dependent Variable: Load

Model Summary °

Adjusted R Std. Error of the
Model R R Square Square Estimate

Durbin-Watson

1 .9092 .826 797 .99841

2.342

a. Predictors: (Constant), TotalRainfall

b. Dependent Variable: Load
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ANOVA?

Model Sum of Squares df Mean Square F Sig.
1 Regression 28.441 1 28.441 28.531 .002b
Residual 5.981 6 .997
Total 34.422 7
a. Dependent Variable: Load
b. Predictors: (Constant), TotalRainfall
Coefficients @
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -.060 521 -.116 912
TotalRainfall 10.349 1.937 .909 5.341 .002
Coefficients 2
Collinearity
95.0% Confidence Interval for B Correlations Statistics
Model Lower Bound Upper Bound Zero-order Partial Part Tolerance
1 (Constant) -1.334 1.214
TotalRainfall 5.608 15.090 .909 .909 .909 1.000
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Coefficients 2
Collinearity Statistics

Model VIF

1 (Constant)

TotalRainfall 1.000

a. Dependent Variable: Load

Excluded Variables 2

Collinearity Statistics

Partial
Model Beta In t Sig. Correlation Tolerance VIF
1 ADP .157° .562 .598 244 420 2.382
MaxIntensity -.124° -.383 717 -.169 321 3.113
Avglntensity -3.804° -1.654 .159 -.595 .004 235.603

Excluded Variables #

Collinearity Statistics

Model Minimum Tolerance

1 ADP 420
MaxIntensity 321
Avglntensity .004

a. Dependent Variable: Load

b. Predictors in the Model: (Constant), TotalRainfall
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Collinearity Diagnostics @

Variance Proportions

Model Dimension Eigenvalue  Condition Index  (Constant) TotalRainfall
1 1 1.735 1.000 A3 A3

2 .265 2.559 .87 .87
a. Dependent Variable: Load

Residuals Statistics 2@
Minimum Maximum Mean Std. Deviation N

Predicted Value 4573 6.5632 1.9838 2.01568
Residual -.90754 2.11387 .00000 .92435
Std. Predicted Value -.757 2.272 .000 1.000
Std. Residual -.909 2.117 .000 .926

a. Dependent Variable: Load
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Charts
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Mormal P-P Plot of Regression Standardized Residual
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Regression Standardized Residual

Scatterplot
Dependent Variable: Load
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Regression
Dependent Variables (Y): Total Phosphorus Load, SMP D (g)

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity

(in/hr), Average Intensity (in/hr)

Notes
Output Created 06-MAR-2018 15:02:00
Comments
Input Data C:\Users\tue56501\Desktop\T
otal Phosphorus SMP D.sav
Active Dataset DataSet5
Filter <none>
Weight <none>
Split File <none>
N of Rows in Working Data 8
File
Missing Value Handling Definition of Missing User-defined missing values
are treated as missing.
Cases Used Statistics are based on cases

with no missing values for

any variable used.



Syntax

Resources

Processor Time
Elapsed Time

Memory Required

REGRESSION

/DESCRIPTIVES MEAN
STDDEV CORR SIG N

/MISSING LISTWISE

ISTATISTICS COEFF
OUTS CI(95) R ANOVA
COLLIN TOL zPP

ICRITERIA=PIN(.05)
POUT(.10)

/NOORIGIN
/DEPENDENT Load

IMETHOD=STEPWISE ADP
TotalRainfall MaxIntensity

Avglntensity

/SCATTERPLOT=(*ZRESID
*ZPRED)

/RESIDUALS DURBIN
HISTOGRAM(ZRESID)
NORMPROB(ZRESID).

00:00:00.34
00:00:00.25

5072 bytes

Additional Memory Required 632 bytes

for Residual Plots

[DataSet5] QUserstue56501DesktofTotal Phosphorus SMP D.sav
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Descriptive Statistics

Mean Std. Deviation

Load 1.8088 1.97693 8

ADP 200.9125 144.38069 8

TotalRainfall 1975 19477 8

MaxIntensity .2400 .18268 8

Avglntensity .0735 .07055 8

Correlations
Load ADP TotalRainfall MaxIntensity  Avglntensity

Pearson Correlation Load 1.000 .781 .902 .584 .875
ADP .781 1.000 762 .652 .756
TotalRainfall .902 762 1.000 .824 .998
MaxIntensity .584 .652 .824 1.000 .853
Avgintensity .875 .756 .998 .853 1.000

Sig. (1-tailed) Load .011 .001 .064 .002
ADP .011 .014 .040 .015
TotalRainfall .001 .014 .006 .000
MaxIntensity .064 .040 .006 .004
Avgintensity .002 .015 .000 .004

N Load 8 8 8 8 8
ADP 8 8 8 8 8
TotalRainfall 8 8 8 8 8
MaxIntensity 8 8 8 8 8
Avgintensity 8 8 8 8 8




Variables Entered/Removed 2

Variables Variables

Model Entered Removed Method

1 TotalRainfall . Stepwise
(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

2 Avglntensity . Stepwise
(Criteria:
Probability-of-F-
to-enter <= .050,
Probability-of-F-
to-remove >=
.100).

a. Dependent Variable: Load

Model Summary ¢

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 .9022 .814 .782 92211
2 .983P .967 .954 42490 2.020

a. Predictors: (Constant), TotalRainfall
b. Predictors: (Constant), TotalRainfall, Avgintensity

c. Dependent Variable: Load
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ANOVA?

Model Sum of Squares df Mean Square F Sig.
1 Regression 22.256 1 22.256 26.175 .002b
Residual 5.102 6 .850
Total 27.358 7
2 Regression 26.455 2 13.228 73.268 .000¢
Residual .903 5 181
Total 27.358 7
a. Dependent Variable: Load
b. Predictors: (Constant), TotalRainfall
c. Predictors: (Constant), TotalRainfall, Avgintensity
Coefficients #
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .001 481 .001 .999
TotalRainfall 9.155 1.789 .902 5.116 .002
2 (Constant) .356 .233 1.524 .188
TotalRainfall 70.062 12.656 6.903 5.536 .003
Avglntensity -168.495 34.938 -6.013 -4.823 .005
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Coefficients 2

Collinearity
95.0% Confidence Interval for B Correlations Statistics
Model Lower Bound Upper Bound Zero-order Partial Part Tolerance
1 (Constant) -1.176 1.177
TotalRainfall 4.776 13.533 .902 .902 .902 1.000
2 (Constant) -.244 .956
TotalRainfall 37.528 102.596 .902 .927 .450 .004
Avglntensity -258.307 -78.684 .875 -.907 -.392 .004

Coefficients 2

Collinearity Statistics

Model VIF
1 (Constant)
TotalRainfall 1.000
2 (Constant)
TotalRainfall 235.603
Avglntensity 235.603

a. Dependent Variable: Load
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Excluded Variables 2

Collinearity Statistics

Partial
Model Beta In t Sig. Correlation Tolerance VIF
1 ADP .223b .793 464 334 420 2.382
MaxIntensity -.494b -1.906 115 -.649 321 3.113
Avglntensity -6.013° -4.823 .005 -.907 .004 235.603
2 ADP .165¢ 1.439 .224 .584 416 2.406
MaxIntensity .278¢ 1.081 341 A75 .097 10.341

Excluded Variables 2

Collinearity Statistics

Model Minimum Tolerance

1 ADP 420
MaxIntensity 321
Avglntensity .004

2 ADP .004
MaxIntensity .001

a. Dependent Variable: Load
b. Predictors in the Model: (Constant), TotalRainfall

c. Predictors in the Model: (Constant), TotalRainfall, Avglntensity
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Collinearity Diagnostics ?

Variance Proportions

Model Dimension Eigenvalue  Condition Index  (Constant) TotalRainfall Avglntensity

1 1 1.735 1.000 13 13
2 .265 2.559 .87 .87

2 1 2.658 1.000 .04 .00 .00
2 341 2.794 .87 .00 .00
3 .001 52.566 .09 1.00 1.00

a. Dependent Variable: Load

Residuals Statistics @

Minimum Maximum Mean Std. Deviation N
Predicted Value 4891 6.1046 1.8088 1.94405 8
Residual -.38576 .51097 .00000 .35910 8
Std. Predicted Value -.679 2.210 .000 1.000 8
Std. Residual -.908 1.203 .000 .845 8

a. Dependent Variable: Load
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Charts
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Mormal P-P Plot of Regression Standardized Residual

Expected Cum Prob

Dependent Variable: Load

1.0

0.8

0.67

0.4+

0.0
0.0

I T I
0.z 0.4 0.6 0.3

Observed Cum Prob

13¢

1.0



Regression Standardized Residual
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