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Abstract

Stormwater Quality Benefits of a Permeable Friction Course on a Curbed

Section

Alexandra V. Houston, M.S.E.

The University of Texas at Austin, 2012

Supervisor: Michael E. Barrett

This paper presents the results of an experimental study aimed at determining the impact of
porous asphalt on the quality of stormwater runoff on highways with a curb and gutter drainage
system. A porous overlay, alsodmn as permeable friction course (PFC), is a layer of porous
asphalt applied to the top of conventional asphalt highways at a thickness of 50 mm to improve
safety and water quality and reduce noise. The quality of highway stormwater runoff was
monitored lefore and after the installation of PFC on an elghe divided highway in the

Austin, Texas area for 15 months. Observed concentrations of total suspended solids from PFC
are more than an 80% lower than from the conventional pavement. Concentratitiomscare

also observed for nitrate/nitrite and total amounts of phosphorus, copper, lead, and zinc. The
data shows that the results with curb and gutter are consistent with past results where runoff

sheet flowed onto vegetated shoulders.
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CHAPTER 1 INTRODUCTION
1.1 Overview

Increased development and urbanization will occur as populations continue to grow. The
proliferation of roadways and other impervious surfaces are part of these development activities.
Such surfaces and the stormwater runoff that they produce can hage arlpact on receiving
bodies.Once pollutants are present in a waterbody, or after a receiving waterbody's physical
structure and habitat have been altered, it is much more difficult and expensive to restore it to an
acceptable condition. Therefore, thee of a management system that relies first on preventing
degradation of receiving waters is recommended.

Stormwater runoff controls are being implemented with increasing frequency to reduce
the impact of land development on the environment. Cuoemirols that are used to meet this
requirement include wet ponds, vegetated filter strips, and sand filters. These controls are often
expensive to construct and maintaithese are also an issue in urban areas, where space is not
adequate to institute ord these controls.

A permeable friction course or PFC as described by the Texas Department of
Transportation (TXDOYis a porous overlay approximately 2 inches thick that is placetbp
of an existing asphalhr concrete highwayRain that falls on théighway drains through the
porous layer to the originanpermeable surfa¢c@and therthe rain drainsvithin the PFCuntil
arriving at the edge of the pavemeREC is commonly used in the United Statgsnefits of
using PFC include reducing noise poltutifrom highways and reducing the amount of water on
roadways. On average PFC reduces the noise level from hot mix asphalt (HMAJdaybels
(Kandhal, 2004). By reducing the amount of water on the roadway, hydroplaning, skidding,
splash and spray are afiduced, which produces better visibility (Van der Zwan et al, 1990).

Recently studies have been done to look at how PFC overlays affect the concentrations of
many pollutants in stormwater runoffhe pollutants in runoff include Total Suspended Solids

(TSS), Total Kjeldahl Nitrogen (TKN)Nitrate and Nitrite, Total and Dissolvéehosphorous



and Total and Dissolved Megal These studies have had favorable results (Ranchet, 1995;

Berbee et al., 1999; Pagotta et al, 2000; Barrett et al., HaB6cetal., 2013. TxDOT is required

by the Texas Commission on Environmental Quality (TCEQ) to treat stormwater runoff within

the Edward Aquifer area. The regulations set by TCEQ, require at least 80% removal of TSS

load created bypew developmen(fTexas Adminigrative Code, 2005)IxDOT is able to list PFC

as a stormwater treatment, which is cost and space effective.

1.2 Objective

The primary objective of this project was to determine if the stormwater quality benefits

associated with use of PFD rural highwaysvould also be observed dnighway sections that

include curb and gutter. Theoject objectives were met through the following tasks:

1
1

Survey of other DOTs

Selection of two sampling sites in the Austin area thatoewainof criteria.

Installation ofan automaticsampler and flow meter at each sampling site, along with a
rain gauge at each unless the selected sites were close in proximity

Monitoring of sites and collection of runoff samples from storm events owverchdh
period

Laboratory analysis for el of the collected runoff samples

Compilation of runoff sample results from laboratory analysis into a database

Statistical and graphical analysis of resultglentify any trends or differences in data



CHAPTER 2 LITERATURE REVIEW
2.1 Introduction

This chapter covers some of the limited literature available from around the world on the
stormwater quality benefits of PFC. There was no literature found on the benefits of PFC on curb

and gutter sections of highways, only rural highways.

2.2 Stormwater Quality Benefits

A study donein Franceby Ranchet (1995), studied an urksite andfreeway fortwo-
years toinvestigate the impact of porous overlayn runoff quality. The urban site contained
two sites for sampling a PFC section and an impervious stom&trix section. The porous
overlay produced an 87 percent reduction in lead. At the freeway site, there were samples taken
from a PFC site and a conventional pavement Shey only found a 7% reduction in TSS, but
they did find 62 and 67 percent reductioriatal copper and total zinc respectively.

Pagotto et al. (2000) obtained data fronkranchhighway both before and after the
placement of a 30 millimetehick porous overlayFor their study, thepbserveda decrease in
concentration for all the constituents they tested. This included an 81 percent renuctoel
Suspended SolidsT§S), 78 percent reduction in total lead, 66 percent reduction in total zinc,
and a 3 percent reduction in total coppefable 1 shows the concentrations for both the
conventional pavement and the porous pavement thabttesrvedn their study.Pagotta et al.
(2000) assmed that all of the removed solids were filtered out and stayed in the pavements. The

dissolved species were assumed to be removed by adsorption onto the pavement.



Table 1: Concentration comparison from Pagotto et al(2000)

Constituent ng\’;?ggg? | Porous Pavement | Percent Reduction
TSS (mg/L) 46 8.7 81
TKN (mg/L/) 2.1 1.2 43
Total Lead ¢g/L) 40 8.7 78
Total Copper%g/L) 30 20 33
Total Zinc ¢g/L) 228 77 66
Dissolved LeadXg/L) 3.3 2.2 33
DissolvedCopper ¢g/L) 19 16 16
Dissolved Zinc ¥g/L) 140 54 61

Eck et al. (2@2) also monitored the quality of runoff fronat threehighway sitesin
Austin, Texas.The first site contained five samples from the conventional pavement and 47
samples ofrunoff afterthe PFC was placed ovére conventional pavementhe second and
third site had paired samplers (one sampler at the PFC overlay and another up or down road
where conventional pavement is still located) that monitored 15 and 8 storms respetheely.
concentration off SS, total phosphoruscopper, lead and zinc were found to be significantly
lower in the runoff generated from the PFC overlay than the runoff from conventional asphalt
Table2 presents the range ofindings from the three site€cket al. 012f ound t hat PF
benefits last through the design life of the pavem&he expectatiorof stormwater quality

benefits from PFC isonewhere between 8 and 10 years (NCHRP, 2009).



Table 2: Concentration comparison fromEck et al. (2QL2)

Constituent Coz\égﬂgﬁnal PFC Reduction Percent
TSS (mg/L) 117.80222.0 8.8-18 88-93
TKN (mg/L) 1.10-2.11 0.691.0 11-67
NOs*/NO, (mg/L) 0.170.43 0.250.39 -47-25
Total P (mg/L) 0.130.22 0.050.07 48-77
Dissolved P (mg/L) 0.030.06 0.020.03 21-37
Total Copper*g/L) 24-30 9.1-13.5 50-63
Dissolved Copper 5.947.73 5.90-10.54 77-24

(>g/L)

Total Lead ¢g/L) 11.019.6 1.121.3 88-93
Diss(‘i"é/es Lead <1.0 <10 NA
Total Zinc Eg/L) 130173 21.029.3 83-86

Dissolved Zinc ¥g/L) 18.047.1 11.022.0 40-53

There are manyactorsthat may affect constituent concentrations in the runoff. These
factorsinclude the duration of the event, total runoff volume, rain intensity, antecedent dry
period, and the previous rain event (Irish et al, 1998). Irish et al. (1998) indicated that antecedent
dry period conditions and runoff intensity during the pding storm are the most significant
factors that influence loadings of TSS and volatile suspended solids (VSS).

Although these studies were done in different countries and different roadwigty
different pavements, all of them showed reductionTSS and total metals. A summary of

pollutant concentrations from these studies noted above are shdabl@3.



Table 3: Summary of literature data of pollutant concentrations in highway runoff

Constituent Conventional Asphalt| PFC | Reduction Percent
TSS (mg/L) 46.0222.0 7.618 81-94
TKN (mg/L) 1.102.11 0.641.2 10-67
Total Copper*g/L) 24-30 6.8-20 3375
Dissolved Coppet>g/L) 5.9416 5.0-16 -77-24
Total Lead $g/L) 11-40 0.98.7 78-93

Dissolved LeadXg/L) <1.0 <1.0 NA

Total Zinc &g/L) 130228 21-77 66-86
Dissolved Zinc ¥g/L) 18140 11-54 34-61

2.3 Runoff Hydrograph

Pagotta et al. (2000) looked at how the hydraulics in porous and conventional pavement
differs. They showed that the porous asppattduced a smaller peak discharge and a longer
total discharge time. Stotz and Krauth (1994) and Ranchet (1995) also imiladl sesultsin
their studiesAll three of these studies al®valuatedthe differences in thezolume of runoff
between the two pavements. Pagotto et al. (2000) found that higher volumes of water were
produced from the porous overlay than toaventional pavement. Stotz and Krauth (1994) and
Ranchet (1995) found that the porous pavement actually produced lower volumes of runoff than
the conventional pavement.

Permeable Friction Course Drainage Code (PERFCODE) is a computer model used to
modelflow rate. The modelpredictsthe water depth within and on top of the PFC layer along
with the flow rate occurring in the guttas a function of the hyetograph, geometric information,
and hydraulic propertie’ERFCODE was applied to a field monitorsige near Austin, Texas
and hydrographs predicted by the model were consistent with field measurements. For a sample

storm studied in detail, PFC reduced the duration of sheet flow conditions by 80% (Eck, 2010).



CHAPTER 3 MATERIALS AND METHODS

3.1Survey

A survey was conducted to determine how states are currently using PFC. The
Department of Transportation (DOT) for each state was contacted either through email or by
phone and asked if they used PFC on curbed surfaces and if so to whatAxtdiaw up
guestion was asked tteterminewhether the placemegbesall the way to the curb, just to the
edge of the gutter, or terminate near the edge of the travelled laneofitaets for each (DOT)

areshown in Appendix A.
3.2 Site Descriptions

Thetwo sites that were selected for this study are located along Loop 1 (Mopac) between

35"and 4%’ streets in Austin, Texas. A satellite image of the sites is preserféglire1.

Figure 1: Satellite Image of Sites on Mopac (Google maps, 2011)
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Mopac is a highway that has a curb and gutter seet@P FC over | ay. The
overlay was completed in September of 2010 with different mixtonethe north and south
bound lanes. Thigonfiguration provides the abilitto compare theunoff water quality of
different mix designs andchydraulic conductiviees. Also there was an analysis of stormwater
runoff at the 3% street overpass at Mopac that was completed in July-191931994 by The
University of Texas at Austin for TxDO(llrish et al, 1998) The porous overlay was applied to
the same section obad that was previously sampléte study was conductdd yearsearlier,
but with time nothing has changed that would be expected to substantially affect the runoff
guality. The surrounding land use is the same, but the traffic count has increasedf0@ 6
vehicles per dayirish et al., 1995) to 150,000 (CAMPO, 2010)herefore, even though we are

using old data it should givedequatestimates ofhe potential improvement in water quality

The Camp Mabry Site is located off the exit lane fof Sfreet of the southbound lanes
of Mopac. The site makes it able to store the equipment safely inside of Camp Mabry. This site
also allows personnel access and ability to safely park inside the camp and access the equipment.
The Camp Hubbard Site is locdteff the exit lane for the #5Street exit of the northbound
lanes of Mopa@djacento Camp Hubbard. The location of this site made it possible to store the
equipment safely inside the fence of the TxDOT offices. This site also allows personnelyto safel

park and access the equipment inside the fenee lin

3.3Permeability
3.3.1 Mixture Comparison

The northbound lanes of Mopac are paved with an Asphalber Binder (AR Binder),
and the southbound lanes use a Performance Graded Binder (PGR &Jlixdures usesmaller
aggregate sizes than do PG 76 Mixtures as can be se€ablg/4 below. A-R Binders also
require a minimum of 15% crumb rubber modified and in general costs more than the PG 76

Binders(TxDOT, 2006)



Table 4: Percent Passing by Weighor Volume and Binder Content (Rand, 2006)

130 100.0 100.0
i o 80.0-100.0 95.0100.0
3/ 8¢ 35.060.0 50.080.0
#4 1.0-20.0 0.0-8.0
#8 1.0-10.0 0.0-8.0
#200 1.0-4.0 0.0-4.0
Binder Content, %
| 5570 | 8.0100

The aggregate used on the northbound lanes was of poor geigitye2 shows the
coring sample taken from the exit lane of the northbound lanes of Mopac. The sample shows

compaction occurring that should not be happening.

Figure 2: Coring sample from the northbound lanes of Mopac

3.3.2 Testing

On November 5, 2010 permeability tests were conducted at Camp Mabry and Camp

Hubbard. A falling head test was performediin, and the procedure that was followsd



providedin Eck et al. (2010)Both test locations were in the right hand traffic lane. TXDOT
provided traffic control. Three tests were conducted at each location with the average of the time

measurements used to compute the hydraulic conductivity.

3.4 Site Setup

Monitoring equipmenandsampling began in Novemb2010 for both siteRunoff rates
were recorded within the gutters and flow weightester quality samples were collected using
an automated sampler.

An ISCO 4230 Bubbler Flow Meter monitors the depth of runoff in the guttdr an
calculates the corresponding flow rate every one mingieg a depth/discharge relationship
The data is stored within the flow meter until the memory is full (approximately one week) and
is downloaded to a computer using ISCO Flowlink software.

Just ystream of the flow metethe runoffsamples are collectagsing an ISCO 3700
Portable Sampler. The sampler collects fieightedcompositesamples of the runoffifter a
certain amount of volume passes in the gutter that is based off of the catcheaeandrthe
volume of runoff per aliquot, the sampler will begin to take a sanjle.samples are pumped
through a Teflon suction line that attaches to the pump tubing within the sampler and into a 10L
Nalgene bottle. A stainless steel strainer is attathieke end of the suction line to keep debris
from clogging the suction line.

A locked storage box onsite houses the bubbler flow meter and the automatic sampler. A
solar panel on top of the box and avif?t marine battery within the box power the equgnt.
All tubing and wires from the equipment to the storage boxpkeed inconduit to keep them

safe.A photograpro f Ca mp Hu b b aissticdvs inFggreBi p me n t
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Figure 3: Storage box containing flow meter and sampler

3.4.1 Camp Mabry Setup

Thebubble line (from the flow metegt the Camp Mabry sitwas attached with Liquid
Nails inside the gutter in the seam where pooling was not expected to happen within the gutter.
The end of the suction line with strainer was attached to the deepest part of the gutter to keep it
in place.

Street sweepers and ilsly cars driving in the exit lane have run over the intake for the
sampler ancknocked it looseThis has occurredultiple times since its placement, but since
attaching it in three different spots with Liquid Nails in October 2011, disconnection has no
been an issud®ue to the fact that debris was piling up on the intake, the lodassincebeen
moved upstream from the previous locatidigure 4 shows where the line and intake are

currently placed and where the intake was previously installed.

11



Previous Placement of
Bubbler Flow Line

AL.

LSS Y Ry

Bubbler Flow

Line
_ll TN\, /5

Figure 4: Camp Mabry curb and gutter

The flow rate was progmamed according to the depth of the water measured in the
gutter. The rating curve took some time to develop and is sholigume5.Manni ngbés equa
was initially used topredict flow rate as a function of watdepth in thegutter,however, the
resulting runoff volumes differed substantially from the rainfall volu@e ner al | y Manni
eqguation works well, but the exact slope ld road wasinknownand therun overof PFC into
the gutter caused problems predictindh e  Ma moonghmess GceefficienPERFCODE was

12



then usedo develop a rating curvgy plotting the modeled flowgainsthe measured level. This

method proved to wor&nd produced runoff coefficients that were acceptable.

800

w
2 600 A
2 /
& 400
% /
= 200
LL /
0 ——————————— : ‘
0 50 100 150

Level (mm)

Figure 5: Rating curve for Camp Mabry site

The volume pacindor sample collectiorwas programmed according to the estimated
catchment area and the minimum design stdrthaliquots of 320 mL were chosen for the

minimum design storm.
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The largest storm that could be sampled would be 53,97&®Iie#&8 inch storm.
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3.4.2 Camp Hubbard Setup

In addition to the flow meter and sampler, an ISCO 674 Rain Gauge is also located at the
Camp Hubbard site approximatelyfeet away from the storage box. The rain gauge is a tipping
buck which measures rainfall in increments of 0.01 inch. Rainfall data is sent to the flow meter

every minuteFigure6 shows the rain gauge located at Camp Hubbard.

M\

XY
R

\
e
2
N

)

o

Figure 6: Rain gauge located at Camp Hubbard

The bubble line (from the flow meter) was attached with Liquid Nails inside the gutter in
a seam wherpooling was not expected to happen. The end of the suction line with strainer was
attached to the deepest part of the gutter using caulk to keep it in place.

The actual placement of the tubing in the gutter has been a recurring problem. The
original placenent of the bubble line in the gutter was in a place where excess overlay was in the
gutter which caused pooling and inaccurate readings of the level in the Bigtee 7 shows
where the line is currently placed and the past placement along with where the intake is located

within the gutter.
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Figure 7: Camp Hubbard curb and gutter

Frequent repairs have been required to keep the equipment at Hubbard operational. The
wire from the rain gauge to the flow meter was cut (assumed from edging of the trees) and
needed to be spliced. In addition, street sweepers and possibly cars driViagekittlane have
run over the intake for the sampler datbcked it looseThis has occurred multiple times since
it was placed, but since securing it in at least three places with the Liquid Nails in October 2011,

it has not been an issue. A final is$1#s been clogging of the rain gauge.
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The flow rate was programmed according to the depth of the water measured in the
gutter. The rating curve took some time to develop and is showigime 8. Like the Camp
Mabry, Manningds Equation was originally wused
this proved to not describe the relationship well. PERFCODEowes again used to develop the

relationship that was deemed fit to describe the site.
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Figure 8: Rating curve for Camp Hubbard site

The volume of runoff that passes through the gutter is used to pace the sampler. The
volume pacing was programmed according tod@bmated catchment area and the minimum

design storm. 10 aliquots of 320 mL were chosen for the minimum design storm.
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The largest storm that could be sampled would be 33,07 @lie#&8 inch storm.
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3.5Sampling Procedures

Every week and prior to an expected storm the gfitben the intake to therain was
cleared using an air blower, all tubing is secured down and in the correct place, clean sampling
containers are put inside each sampler, and the rain gauge is checked to make sure that it is free
of any accumulated debriBoth of the sites werebserved during storms if possible, to make
sure everything was running correctly. If not, maintenance was performed to fix any issues

After storm events, the sample containers were removed from the samplers and sealed
with lids. If the sufficient volumevas collected (approximately 3 liters), the samples were taken
to the Lower Colorado River Authority (LCRA) laboratory for analyHishe sufficient volume

was not collected, the containers were removed and cleaned and then replaced.

3.6 Analytical Procedures

The samples were taken to LCRA as soon as possible after the end of the rain event. If

the samples could not be delivered immediately, they were stored in a refrigerdtOr wattdt

taken to LCRAOG6s Environment trsantd mdihods ot analysis Ser v

are shown imableb.
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Table 5: Parameters and methods for analysis b¥nvironmental Laboratory Services

Practical

Parameter Units Method Qualification
Limit
Total Suspended Solids (TSS) mg/L SM2540D 1.1
Total Kjeldahl Nitrogen (TKN) mg/L E351.2 0.1
Nitrate and Nitrite as N (N§/NO,) mg/L SM4506NO3-H 0.02
Total Phosphorusss P in water mg/L E365.4 0.02
DissolvedPhosphoruss P in water mg/L E365.4 0.02
Total Copper (Cu) pg/L E200.8 2.00
Dissolved Copper Mg/L E200.8 1.00
Total Lead (Pb) ug/L E200.8 1.00
Dissolved Lead ug/L E200.8 1.00
Total Zinc (Zn) ug/L E200.8 5.00
Dissolved Zinc ug/L E200.8 4.00

The Practical Qualification Limi{PQL) is the minimum concentration that can be
guantifiedwith the analysisAny constituent with a concentration below the PQL was then only

listed as less than PQL.

3.7 Statistical Analysis

The results from the analysis of the samples warmpiled in a Microsoft Excel
spreadsheet. The data was statistically analyzed usingtést and correlation in the data
analysis pack.For all of the statistical analysis, amglues that were less than the PQL level
were replaced with the PQL concentration.

The Camp Mabry site and Camp Hubbard site were compared to eachusitigpra
pared ttest,andthen the data from both sites were compdcethe data retrieved frofarrett
et al. (1998)klong Mopac using two sampig¢estsassuming unequal varianCehe paired-test
assumes the datill behave like a normal distribution, so this assumption was cheékeeh

performing the two sampleteést, first the variances were ched. An Ftest was performed to
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decide if the variances were equal or unequal to makettseiesssumption of unequal variances
was met.The ttest gives a ontil and twatail (twice the ondail) test Pvalue. The Rralue is a
number between 0 and 1 thepresents the probability that two data setsfram@ the same
underlying populationFor this study, a significance level of 0.10 was used, because¢hefsi
the data set was small (8forms). A Pvalue that was less than 0.@¢@nfirmsthat the difeérence
in constituents is statistically significant. The ttadl P-value is used in this study, because it
gives a much more conservative answer.

Since TSSis acommon surrogate for other pollutat®ked at when studying water
guality, a correlation test between TSS and the other constitwastdone. The relationship
betweenthe length of the antecedent dry peramt the concentrations of the constituenss

also evaluated
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CHAPTER 4 RESULTS

4.1 Survey Results

Figure9 shows the states that currently use PFC based on a survey completed in 2011. It
shows ifDOTsuse it on curb and gutter $@ns andin what configurationOut of the 45 state
DOTs that responded to the survey, nine states (20%) currently use PFC from gutter to gutter or
curb to curb on curbed sections of highway. Two states (4%) currently use PFC only on the
travelled lanes of the highway. Twelve statesp2ise PFC but not on curb and gutter sections

of their highways. The remaining 22 states (49%) do not currently use PFC.

® - Cutter to Gutter

@ - Travelled Lanes Only
® - Not Used on Curb Sec
® - Not Used

- No Answer

Figure 9: PFC use in the United States

4.2 Permeability Results

The falling head permeability test completed on both sides of the highway produced very

different hydraulic conductivities. The Camp Mabry site uses a PBnder, and the resulting
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hydraulic conductivity was 2.14 in/§he Camp Hubbard site uses arRAbinder, and the
resulting hydraulic conductivity was 0.76 in/§he Performance Graded Binder allowed water

to flow into and through the pavement much quicker than the AsRoalberbinderdid.

4.3 Rain Events

Since the equipment was installed in NovemberR©®10, 21 rain events have been
successfully sampled and analyzé&tie date, total rainfall, total runoff (if available) for each
site, runoff coefficient for each site, and sample location for each rain even are presented in

Table6. The runoff coefficient was calculated with the following equation.
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Table 6: Rain event data

Camp

Camp

Storm Rainfall Camp Hubbard Mabry Camp Mabry Sample
Date (in.) Hubbard Runoff Runoff Runoff Location
Runoff (L) Coefficient ) Coefficient
12/28/2010]  0.25 160424 15.0 27584 1.6
1/9/2011 | 1.78 202907 2.7 136153 1.1 Hubbard &
Mabry
1/14/2011 | 1.25° 440636 8.3 178308 2.0 Hubbard &
Mabry
4/11/2011 | 0.25 8894 0.8 19971 1.1 Hubbard
5/12/2011 | 2.86" 109761 0.9 131700 0.7 Mabry
5/20/2011 | 051 24959 1.1 30826 0.9 Hubbard &
Mabry
6/22/2011| 1.74 71538 1.0 84618 0.7 Hubbard &
Mabry
10/8/2011| 0.38 12842 0.8 30340 1.1 Hubbard &
Mabry
10/9/2011 | 1.43 48881 0.8 90734 0.9 Hubbard &
Mabry
11/15/2011 0.78 23217 0.7 48665 0.9 Hubbard &
Mabry
11/26/2011  0.96 33238 0.8 43031 0.6 Hubbard &
Mabry
12/2/2011| 059 22690 0.9 30162 0.7 Hubbard
12/4/2011 | 0.75 33042 1.0 57983 1.1 Hubbard &
Mabry
12/5/2011|  0.59 25741 1.0 36852 0.9 Hubbard &
Mabry
12/15/2011|  0.39 15146 0.9 26834 1.0 Hubbard &
Mabry
12/16/2011]  0.27 13892 1.2 26234 1.4 Hubbard &
Mabry
12/22/2011)  0.97 29235 0.7 73991 1.1 Hubbard &
Mabry
1/9/2012 |  0.74 20350 0.6 60437 1.2 Hubbard &
Mabry
1/24/2012 | 323 100584 0.7 254884 1.1 Hubbard &
Mabry
21412012 | 0.19 5444 0.7 48905 3.7 Hubbard &
Mabry
2/13/2012| 0.21 2344 0.3 13404 0.9 Hubbard&
Mabry
217/2012 |  1.97 82047 1.0 512051 3.7 Hubbard &
Mabry

*National Weather Service rain gauge at Camp Mabry vdNERAA)
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4.4 Camp Mabry Water Quality

Since stormwater monitoring began in November 2010, 19 storms have been sampled at
the Camp Mabrgite. The concentrations in the runoff from the sampled starenpresented in

Appendix B.Table 7 shows the mean, median, standard deviation, ander for all the test

constituents.
Table 7: Summary Statistics of the Concentratios at Camp Mabry
Constituent Mean Median Star_ldgrd Range Units
Deviation

TSS 45.6 12 56.3 3.4162 mg/L
TKN 1.736 0.987 2.409 0.22810.9 mg/L
NO;"/NO, 0.388 0.365 0.321 0.0721.45 mg/L
Piotal 0.204 0.084 0.387 0.021.7 mg/L
Paissolved 0.08 0.02 0.73 0.020.812 mg/L
ClUotal 20.8 13.2 19.8 4.0884.2 eg/
Cugissolved 13.8 9.5 10.5 4.7-40.8 eg/
Photal 3.99 1.73 471 1-19.1 eg/
Phyissonved 1.21 1 0.73 1-4.1 eg/
ZNiotal 65 42.8 65 15.8276 eg/
ZNgissolved 35 19 43 12-183 eg/

The water quality data fronBarrett et al. (1998)s used to establish differences and
trends in water quality runoff from conventional pavement and PFC overldgs. mean
concentrations after the PFC installation are compared to the mean concentrations from the

previous study along with theirWalues are shown ihable8.
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Table 8: Comparison of concentrations from conventional pavement and PFC at Camp Mabry

Conventional

Reduction

Constituent Pavement PFC % P-value
TSS (mg/L) 259 45.3 83 1.0E03
NO;"/NO, (mg/L) 1.25 0.38 70 1.5E06
Total P (mg/L) 0.52 0.20 60 6.7E03
Total Copper (ug/L) 52.8 20.6 61 1.8E04
Total Lead (ug/L) 153 3.91 97 7.2E06
Total Zinc (pg/L) 294 63 79 1.9E07

TSS, nitrate/nitrite,total phosphoruscopper, lead, and zinc concentrations have all been

significantly lovered with the placement of PFC, and theivafues are all well below the

significance level of 0.1.

The concentrations of TS8as looked at more closely to see if it will allow TxDOT to
use the pavement as far stormwatertreatmentto meet the TCEQ standardshel runoff
concentrationsfrom each sampled everare shown inFigure 10. The average runoff
concentration from the conveéonal placement is also on the graph. The mean concentration of
TSS after the PFC was applied was 83% lower than the TSS from the convention pavement
runoff. Between the dates of May 11, 2011 and November 11, 2011, the TSS concentrations

were significanty higher. Some possible reasons for this could be due to the debris piling up on

the intake or due to large number of days between storms during that time.
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