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Post Construction BMP Selection - Runoff 
Management to Meet Quantitative Pollution Limits 
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Drivers for Post-Construction BMP 
Selection and Design -

Transportation Agencies 
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Management to Meet Quantitative Pollution Limits 



!"#"$%&

#&

&&

•! GH2-1&R-32*&K?3&SGRKT&
–! D3>*<P-32*&X-O>1-H&8>HH)3-13&^;+?(-*C2&

:H;<;1-O>1&D.+32<&SX8^:DT&82*<;3+7&9)1;?;N-H/&
G>1+3*)?O>1/&=1,)+3*;-H&

–! '>3-H&9-I;<)<&^-;H.&Y>-,+&S'9^YT&
–!R23H-1,+&

•! :1,-1C2*2,&DN2?;2+&K?3&S:DKT&

@2C)H-3>*.&^*;F2*+&

&&

NO)

Emerging Stormwater Issues 

•! National Academy of Sciences 
Report:  
–! Recommends emphasis on volume 

control 
–! Recommends watershed based 

permitting 
–! Recommends EPA ban sources at 

National level – i.e. use of copper in 
brake pads 

•! EPA Stormwater rulemaking now 
underway, but delayed 
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Emerging Stormwater Issues (cont.) 

•! Endangered Species Act (ESA)  

•! Numeric Effluent Limits/Benchmarks 
– Construction, General Industrial, 
and MS4 NPDES Permits 

•! “Retain on site” /volume control 
requirements in permits/TMDLs 

•! EPA Policy Memo on TMDLs: 
–! Utilize Effluent Limits vs. BMP Approach 

–! Volume and Impervious Area as 
surrogates 
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•! Linear 
•! Limited right of way, frequently constrained by adjacent 

land-uses 
•! High speeds 
•! Highly controlled environment 

–! Clear Recovery Zone 
–! Right of way access control on freeways  
–! Fencing and other barriers 

•! 24/7/365 operation 
•! Facilitates emergency response 

   (Police, Fire, Medical, Evacuation) 
•! Seasonal operational activities  
      (traction control conditionsT&
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•! Minor fraction stakeholder 

•! Typical catchments of 3-5 acres 

•! Adjacent to many jurisdictions 

•! Named in multiple TMDLs (serial TMDLs) 

•! DOTs are assigned a WLA 

•! Schedules do not align with project delivery 

 

&



!"#"$%&

$$&

&&

&&

:I-<NH2&G(-HH21C2+&E>*&^M'+&&
9-;1321-1?2&-1,&MN2*-O>1+&

D-E23.&-1,&+-E2&-??2++&*2j);*2,&
&

•!̂ *-;1&;1H23&;1+2*3+&1>3&-NNH;?-JH2&

•!Y-12&?H>+)*2+&
•!:`2?OF2&+P22N;1C&&

•!a*J-1&H>?-O>1+&P;3(&H;<;32,&*;C(3&>E&P-.&



!"#"$%&

$%&

&&

RS)
%6&

X-O>1-H&^M'&:`>*3&P;3(&:8K&

•! G>HH-J>*-O>1&>1&X-O>1-H&D3>*<P-32*&@)H2<-A;1C&-1,&X2P&
@2C)H-O>1+&

•! p'Dgr&SF+_&9Dg&W&9)1;?;N-H&82*<;3+T&E>*&^M'+&
•! Q)1,;1C&D3*)?3)*2&;+&)1;j)2&

•! Y;<;32,&Y2C-H&K)3(>*;3.&>1&:1E>*?2<213&

•! D-E23.&E>*&9>3>*;+3+&;+&J;CC2+3&?>1?2*1&

•! @2F;+;3&-NNH;?-J;H;3.&>E&!&<;1;<)<&<2-+)*2+&

•! '9^Y&G><NH;-1?2&

•! 8*;>*;Od-O>1&&

&&

@>-,7@2H-32,&9Dg&R2J+;32&
&
& !

•! 9-32*;-H+&s&8*-?O?2+&

•! '2?(1;?-H&D3),;2+&

•! 8*>C*-<+&s&82*<;3+&

•! G-+2&D3),;2+&

•! X2P+&s&:F213+&

•! 8*>C*-<&Y;1A+&

RO)

555@(1-@6#,A$1.(%A%'#405-'(4A4#-.%&



!"#"$%&

$6&

&&

R(-3&?>)H,&J2&-1&;,2-H&'Dgm&

•! Q>?)+&>1&3*-1+N>*3-O>1&N>HH)3-13+&&S+;1CH2&H-1,&)+2T&
•! 8>HH)O>1&8*2F21O>17&E>?)+&>1&+>)*?2&?>13*>H&&
•! '*2-3<213&\98+&-NN*>N*;-32&E>*&(;C(P-.+&
•! KHH>P&N>HH)3-13&3*-,;1C&W&>3(2*&(;C(P-.&+2C<213+&>*&>`7

^M'&N*>N2*3.&
•! G>1+3*)?O>1&E>*&(;C(P-.&S-HH>P&+2C<21O1C&*;+A&H2F2H+T&
•! =G"=^&H;<;3-O>1&>1&21E>*?2<213&W&P>*A&P;3(&H>?-H&9Dg&

S;++)2+&P;3(&*)17>1&t>P+T&&
•! 8)JH;?&:,&S>12&1-O>1-H&<2++-C2&E>*&(;C(P-.&^M'+T&&
•! D3-32P;,2&'9^Y&+3*-32C.&SH2F2H&>E&2`>*3T&&&
&

&&

Y-*C2&8-*O?H2&

)
Scott McGowen, P.E. 

Chief Environmental Engineer 
California Department of Transportation 
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Recycling-what to do with scrap tires? 
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Research Questions 
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–! 8*>F;,2&32?(1;?-H&C);,-1?2&,>?)<213+&-1,&*2H-32,&*2N>*3+"*2+2-*?(&
b1,;1C+&

&

&&

G>1+;,2*&Q)1,-<213-H&8*>?2++&
G-32C>*;2+&SQ8G+T&

•! 8(.+;?-H&8*>?2++2+5&
–!L.,*>H>C;?"L.,*-)H;?&&
–!'*2-3<213&

•! \;>H>C;?-H&'*2-3<213&8*>?2++2+&
•! G(2<;?-H&'*2-3<213&8*>?2++2+&
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%$&

&&

KH32*1-OF2&$&W&K,,*2++&'*-+(",2J*;+/&'DD/&
,G)/&h>H)<2"QH>P&

c 

&&

@4HB8)RPYSN)Z4#%.3("(+)2*)R[NR\)
)
)V);,2H;12+&E>*&:F-H)-O1C&-1,&D2H2?O1C&9>,;b?-O>1+&3>&:I;+O1C&

@>-,P-.&^*-;1-C2&=1E*-+3*)?3)*2&3>&=<N*>F2&R-32*&n)-H;3.&;1&aH3*-7
a*J-1&K*2-+&&



!"#"$%&

%%&

&&

F3"$')F$1'*)H2QK&'6)B("$#]"-)
Y)^($6)+2_953")

^2+;C1&-1,&?>1+3*)?O>1&?>1+3*-;13+5&
•! Y;<;32,&@MR&
•! L;C(&H-1,&H>+3&
•! L;C(&;<N2*F;>)+&?>F2*&
•! aOH;3.&?>1t;?3+&
•! a1A1>P1&+)J+)*E-?2&?>1,;O>1+&
•! G><N-?32,&+>;H+&
•! 8>>*&?>112?OF;3.&3>&2I;+O1C&,*-;1+&
•! L;C(&3*-[?&F>H)<2&

&&

V);,-1?2&^>?)<213&M*C-1;d-O>1&
!"#$%&'#(%)*+(',-*./*
0'(1./2((2#3*41.5'--

62378%9**0"#.//*
%#$*0'5'2:2#3*

;7%1%5('12<%(2.#

!"#$%&'()

0'(1./2(*=12:'1-*
%#$*41%5(25'-

!"#$%&'(*

>?4*@,(2.#-

!"#$%&'(+

A:%)"%(2#3*
A//'5(2:'#'--

!"#$%&'(,

>?4*
?%2#('#%#5'

!"#$%&'(-

+2<2#3*%#$*='-23#

!"#$%&'(.

0'(1./2(*;.-(-*

!"#$%&'(/

0'(1./2((2#3*
B"2$%#5'

!"#$%&'(0

;%-'*+("$2'-

!"#$%&'(12

=.5"&'#(*
@13%#2<%(2.#

C#$'1-(%#$**2--"'-*./*
5.#5'1#

='/2#'**1'(1./2(*
.DE'5(2:'-

=':').,**1'(1./2(*
%)('1#%(2:'-*

41%5(25%)2(9*
%--'--&'#(**%#$*
1'(1./2(**-')'5(2.#

8*>F;,2&
C);,-1?2c&

,2<>1+3*-32&
3(2&21O*2&
N*>?2++&

DN*2-,+(223&\-+2,&DR99&\98&
D;d;1C&'>>H&=1?H),2,&



!"#"$%&

%6&

&&

>('-5$2*Q)'*+)B(%#`2*Q)L2--#3`(+)>("'3-)
7$#%)!"#$%&'"($)2*)H2QK36)F$1'*2a(+)I$('-)
)
)

Michael Barrett, University of Texas at Austin 

XGL@8&&8*>k2?3&%l76%&S?><NH232&$%"$%T&

&&

•! XGL@8&%l76#7&K&R-32*+(2,&KNN*>-?(&3>&9;OC-O1C&
D3>*<P-32*&=<N-?3+&

•! XGL@8&%l7g4&Y>1C&'2*<&82*E>*<-1?2&-1,&Y;E27
G.?H2&G>+3+&>E&\98+&

•! XGL@8&%l7g$&V);,-1?2&E>*&K?(;2F;1C&h>H)<2&
@2,)?O>1&

•! XGL@8&%l7g%&\*;,C2&@)1>`&'*2-3<213&K1-H.+;+&-1,&
'*2-3<213&MNO>1+&&

=1;O-O1C&XGL@8&:`>*3+&
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%g&

&&

Ob)

The Future: 
Making Green “Work Harder” 

 

R-32*&:1F;*>1<213&@2+2-*?(&
Q>)1,-O>1&&SR:@QT&8*>k2?3&
&
=132*1237>E7'(;1C+&\-+2,&
L;C(H.&^;+3*;J)32,&@2-H7';<2&G>13*>H&
S^'@GT&

&&

@2+2-*?(&MJk2?OF2+&

•! ^2<>1+3*-32&3(-3&3(2&(;C(H.&,;+3*;J)32,&*2-H7
O<2&?>13*>H&S^@'GT&32?(1>H>C;2+&E>*&C*221&
;1E*-+3*)?3)*2&?-1&NH-.&-&?*;O?-H&*>H2&;1&
3*-1+E>*<;1C&>)*&1-O>1f+&)*J-1&;1E*-+3*)?3)*2&

•! :F-H)-32&*2H-OF2&N2*E>*<-1?2&-1,&?>+3&

•! :+3-JH;+(&3(2&E>)1,-O>1+&>E&-&E)3)*2&>E&
)J;j);3>)+/&,;C;3-HH.7?>112?32,/&C*221&
;1E*-+3*)?3)*2&&
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%l&

&&

^;+3*;J)32,&@2-H&';<2&G>13*>H+&7MNO@'G&8H-i>*<&

&&

G)**213&^'@G"L;C(&82*E>*<-1?2&=1E*-+3*)?3)*2&
8;H>3&-1,&8*>k2?3&'.N2+&

•! G>13*>HH2,&)1,2*,*-;1&J;>*2321O>1&
•! K?OF2H.&?>13*>HH2,&2I321,2,&,2321O>1&P23H-1,&+.+32<&>)3H23+&E>*&

;<N-;*2,&P-32*&j)-H;3.&N2*E>*<-1?2&>NO<;d-O>1_&Sa'&K)+O1/&XG&D3-32T&
•! QH>>,&?>13*>H&J-+;1&*23*>b3&E>*&P-32*&j)-H;3.&S?>13*>HH2,&>)3H23&*23*>b3&

>1H.T&

•! K,F-1?2,&*-;1P-32*&(-*F2+O1C&+.+32<+&
•! K)3><-32,&C*221&-1,&JH)2&*>>E+&E>*&O<;1C&?>13*>H&;1&?><J;12,&+2P2*&

+.+32<+&
•! D2?)*;3.&-1,&21F;*>1<213-H&<>1;3>*;1C&-3&,*;1A;1C&P-32*&P2HH&

(2-,+M3(2*+&
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%!&

&&

8;H>3&'2?(1>H>C.5&&
G>13*>HH2,&a1,2*&^*-;1&\;>*2321O>1&

PN)

&&

PR)D3_&0>+2N(&@'G&R23H-1,&Q>*2J-.&
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%#&

&&

PS)@'G&M)3H23&G>13*>H&D3*)?3)*2&

&&

^;+3*;J)32,&@'G&Q;1,;1C+&3>&^-32&

•! ^;+3*;J)32,&D<-*3&@2-H&';<2&G>13*>HH2*+&-*2&J2;1C&
,2<>1+3*-32,&3>&<-A2&C*221&;1E*-+3*)?3)*2&pP>*A&
(-*,2*r&&
–! +;C1;b?-13H.&<>*2&P23&P2-3(2*&F>H)<2&?>13*>H&&E>*&GDM+&&&

–! -J;H;3.&3>&<-I;<;d2&3*2-3<213&-1,&;1bH3*-O>1&

•! h2*.&?>+372`2?OF2&t>>,&?>13*>H&E-?;H;3.&*23*>b3&
>NO>1&W&?*2-32&P-32*&j)-H;3.&F>H)<2&P;3(;1&t>>,&
?>13*>H&F>H)<2&-1,&<-;13-;1&t>>,&?>13*>H&

PO)
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%Z&

&&

D)<<-*.&

•! XGL@8&N*>k2?3&*2N>*3+&N*>F;,2&3>>H+&E>*&
N*>k2?3&2F-H)-O>1&-1,&\98&^2+;C1&3>&;<N*>F2&
?><NH;-1?2&

•! :<2*C;1C&*2+2-*?(&b1,;1C+&-1,&32?(1>H>C;2+&
-*2&+(>P;1C&N*><;+2&E>*&;<N*>F;1C&N>HH)O>1&
-1,&F>H)<2&?>13*>H&E*><&(;C(P-.+&-1,&>3(2*&
^M'&E-?;H;O2+&

&&

Post Construction BMP Selection - Runoff 
Management to Meet Quantitative Pollution Limits 

&

E()@Q56(*)
0'-K2*Q"#*)!"'"()L(.'$"%(*")#7)
,$'*-.#$"'/#*)

0'-K2*Q"#*)!"'"()L=,-)I..$#'9K)
"#)>((/*Q)!.(92]9)8#335"'*")
B(c52$(%(*"-))



!"#"$%&

%o&

&&

•! :1,-1C2*2,&DN2?;2+&K?3&SH>P&?>NN2*&-1,&d;1?&
3-*C23+T&

•! '9^Y+&
•! 9Dg&82*<;3+&
•! :?>H>C.&@2j);*2,&82*E>*<-1?2&

RD^M'&=++)2+&

&&

\-+;?&-1,&J.=6.0%7&'*2-3<213&@2j);*2<213&
–! !#&&)5$%7'-)99%"L'MNO'"%D)$65'
–! !#&&)5$%7'P#.0L'QNO'"%D)$65'
–! 'DD5&Z4e&*2<>F-H&SJ-+;?&3*2-3<213T&
–! 8(>+N(>*)+&
&

@23*>b3&@2j);*2<213&
–! 8*>F;,2&t>P&?>13*>H&-1,&3*2-3<213&3>&B#'7!'7(!$(5A

4(C"#$%'4D"'(.!-$.&3(2&2I;+O1C&N-F2<213&;1&3(2&
8)C23&D>)1,&K*2-&

:1F;*>1<213-H&@2j);*2<213+&;1&RK&
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64&

&&

•! 8(.+;?-H&?>1+3*-;13+5&<>+3&>E&3(2&N*>k2?3+&;1&3(2&
8)C23&D>)1,&-*2-&-*2&;1&(;C(H.&)*J-1;d2,&-*2-+&
P;3(&H;<;32,&-F-;H-JH2&+N-?2+&3>&;1+3-HH&3*2-3<213&
E-?;H;O2+&

•! aOH;O2+&-1,&>3(2*&;1E*-+3*)?3)*2&?>1t;?3+&

•! h2*.&H;<;32,&-F-;H-JH2&-1,&-NN*>F2,&p21(-1?2,r&
3*2-3<213&\98+&S-NN*>F2,&J.&:?>H>C.T5&
–! +3>*<P-32*&P23H-1,+/&&
–! <2,;-&bH32*&,*-;1&S2?>H>C.&2<J-1A<213T/&&
–! ?><N>+3&-<21,2,&F2C23-32,&bH2*&+3*;N&SGKhQDT&-1,&&&
–! ?><N>+37-<21,2,&J;>bH3*-O>1&+P-H2&SGK\DT_&

'(2&G(-HH21C2+&

&&

^2+;C1&G(-HH21C2+&
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6$&

&&

^2+;C1&G(-HH21C2+&

•! X>&2<J-1A<213&>*&
+322N&
2<J-1A<213+&

•! G>1t;?3&P;3(&J*;,C2&
E>)1,-O>1+/&
*23-;1;1C&P-HH+&-1,&
)OH;O2+&

•! :H2F-O>1&
,;`2*21?2+&

•! :I;+O1C&P23H-1,+&

•! L;C(&C*>)1,P-32*&
2H2F-O>1+&

&&

•! =11>F-OF2&,2+;C1+/&J-+2,&>1&E)1,-<213-H+&>E&
(.,*>H>C./&(.,*-)H;?+/&-1,&N>HH)O>1&*2<>F-H&)1;3&
N*>?2++2+&SpG)+3><&<-,2"^2+;C12*r&\98+T_&&&

•! G)+3><&3*2-3<213&\98+&-*2&?*2-32,&3>&<-3?(&
+;32&?>1,;O>1+&-1,&-*2&1>3&*2-,;H.&-F-;H-JH2"
,2+?*;J2,&;1&+3>*<P-32*&<-1)-H+_&

•! RD^M'&D>H)O>1+5&

–!R>*A&3>C23(2*&-+&-&<)HO,;+?;NH;1-*.&32-<&&

–! =1F;32&+3-A2(>H,2*+&3(*>)C(>)3&3(2&,2+;C1&N*>?2++&

L>P&RD^M'&MF2*?><2+&3(2&G(-HH21C2+&-1,&
9223+&3(2&:1F;*>1<213-H&@2j);*2<213+&
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6%&

&&

•! =1E>*<-O>1&D>)*?2+5&
–! (]N5""PPP_P+,>3_P-_C>F"N*>k2?3+"+*646"<-12]2J*;,C2*2NH-?2<213"&
–! (]N5""?;F;H721C;122*;1C_-+?2_>*C"H;1A"?2"%4$4"+2N"!!m+v4&
–! (]N5""PPP_t;?A*_?><"N(>3>+"P+,>3"+23+"#%$l#!%%%g6%#l%6$"P;3("

!666g66$Z%"&

•! Y21C3(5&$/!44&E223&-NN*>I;<-32H.&
•! \*;,C2&*)1>`&*2?2;F2,&1>&3*2-3<213&&
&&&&&)1,2*&2I;+O1C&?>1,;O>1&

&
&

D@&646&W&9-12]2&\*;,C2&@2NH-?2<213&

&&

D@&646&W&9-12]2&\*;,C2&@2NH-?2<213&

R..)$61$%'!%&#8.'

•! K&3*2-3<213&\98&
)1,2*12-3(&-&?;3.&
N-*A/&-&)1;j)2&,2+;C1&
3(-3&<-.&(-NN21&>1H.&
;1&G;3.&>E&\*2<2*3>1/&
RK_&

•! '(2&G;3.&9-.>*&-1,&
:1C;122*;1C&9-1-C2*&
-NNH-),2,&RD^M'&E>*&
3(;+&;11>F-OF2&,2+;C1_&&&



!"#"$%&

66&

&&

-=655%.8%&'
•! =1bH3*-O>1&\98+&3.N;?-HH.&*2j);*2&H-*C2&+)*E-?2&-*2-&&
•! ';1.&-F-;H-JH2&E>>3N*;13&-3&>12&21,&>E&3(2&J*;,C2&&&

Sl47u&I&l47uT&
•! &922O1C&Y=^&*2j);*2<213+&
•! &M1&3>N&>E&3(2&3*2-3<213&\98/&;3&<)+3&J2&,2+;C12,&

-+&-&<;1;&N-*A&+>&N2>NH2&?-1&+;3&,>P1/&(-F2&H)1?(2+&
-1,&H>>A&>)3&3>&3(2&J-.&

•! &D?(2,)H2&W&$&<>13(&3>&b1;+(&3(2&,2+;C1&

D@&646&W&9-12]2&\*;,C2&@2NH-?2<213&

&&

D@&646&W&9-12]2&\*;,C2&@2NH-?2<213&

-=655%.8%&'
•! KF-;H-JH2&+N-?2&;+&

+<-HH&
•! Y>?-32,&;1&3(2&+322N&

2<J-1A<213&S%L5$hT&
+H>N2&

•! =1bH3*-O>1&-*2-&<)+3&
J2&t-3&

•! =1bH3*-O>1&*-32&<)+3&
1>3&J2&3>>&(;C(&>*&3>>&
H>P/&;,2-HH.&;3&;+&-J>)3&
%&;1"(*&;1&+-3)*-32,&
?>1,;O>1&
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6g&

&&

D@&646&W&9-12]2&\*;,C2&@2NH-?2<213&

4)5/1).'
&
=1bH3*-O>1&
C-HH2*.&;+&
H>?-32,&*;C(3&
12I3&3>&3(2&
*>)1,-J>)3_&

&&

=1bH3*-O>1&V-HH2*.&G*>++&D2?O>1&
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6l&

&&

=1bH3*-O>1&V-HH2*.&8H-1&h;2P&

&&

=7g4l&LMh&Y-12&R;,21;1C&
&•! KNN*>I;<-32H.&

64&<;H2+&H>1C&
•! Y>?-32,&;1&

(;C(H.&)*J-1;d2,&
-*2-+&

•! Q;F2&,;`2*213&
?;O2+&

•! aNC*-,2&
2I;+O1C&?)HF2*3+&
3>&b+(&N-++-C2&
?)HF2*3+&

•! 9-1.&2I;+O1C&
P23H-1,+&
3(*>)C(>)3&3(2&
N*>k2?3&+;32&
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6!&

&&

D3-1,-*,&F+_&9>,;b2,&92,;-&Q;H32*&^2+;C1&S9Q^T&

&&

99Q^&;+&:1,7>E78;N2&'*2-3<213&\98&
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6#&

&&

99Q^&L>P&^>2+&=3&R>*Am&

&&

QH>P&DN*2-,2*&9)+3&\2&QH-3&
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6Z&

&&

99Q^&=1+3-HH-O>1&P;3(&9>1;3>*;1C&:j);N<213&

<%D)$65'
*%"0%.+68%&'
?S&%"$%7L'
•! ^;++>HF2,&

G>NN2*5&
6!_!e&&

•! ^;++>HF2,&
w;1?5&!g_!e&

•! 'DD5&og_le&

&&

G>1+3*)?O>1&8(>3>+&"&99Q^&Y>?-O>1&
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6o&

&&

G>1+3*)?O>1&8(>3>+&"&QH>P&DN*2-,2*&=1+3-HH-O>1&

&&

QH>P&DN*2-,2*&9)+3&J2&QH-3_&&&
7:-+;2*&D-;,&'(-1&^>12&
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g4&

&&

G>1+3*)?O>1&8(>3>+&

&&

QH>P&<)+3&J2&
2F21H.&
,;+3*;J)32,&-HH&
-H>1C&3(2&
H21C3(&>E&3(2&
t>P&+N*2-,2*&

'2+O1C&a+;1C&R-32*&'*)?A&3>&D;<)H-32&3(2&QH>P&@-32+&
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g$&

&&

Y>>A;1C&\2-)OE)H&

&&

9>,;b2,&92,;-&Q;H32*&^*-;1&F+_&92,;-&Q;H32*&^*-;1&
•! 99Q^&E>>3N*;13&;+&<)?(&+<-HH2*&3(-1&3.N;?-H&

9Q^/&3()+&?>1+3*)?O>1&?>+3&-1,&<-;1321-1?2&
?>+3&P>)H,&J2&H2++&;1&3(;+&*2C-*,_&

•! 99Q^&;+&3.N;?-HH.&H>?-32,&-P-.&E*><&3(2&
*>-,P-./&-1,&9Q^&;+&H>?-32,&-H>1C&*>-,P-.&
2<J-1A<213&-1,&(-+&+><2&+>u&+(>)H,2*&;++)2_&

G>+3&-1,&9-;1321-1?2&G>1+;,2*-O>1+m&
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g%&

&&

•! R(21&E-?2,&P;3(&+3*;?3&*2j);*2<213+&-1,&
,;[?)H3&?>1,;O>1+/&p+3-1,-*,r&\98+&<-.&1>3&
P>*A&

•! X22,&3>&;11>F-32&-1,&-,-N3&,2+;C1+&3>&b3&+;32&
?>1,;O>1+&-1,&*2j);*2<213+&

•! Q-?3>*+&E>*&+)??2++5&
–!9)HO7,;+?;NH;1-*.&32-<+&
–! D3-A2(>H,2*&;1F>HF2<213&
–! GH>+2&P>*A;1C&*2H-O>1+(;N&J23P221&,2+;C1&21C;122*+&

-1,&?>13*-?3>*+&
&

Y2++>1+&Y2-*12,&

&&

Y2&XC).21&
L.,*-)H;?+"D3>*<P-32*&:1C;122*&
L2-,j)-*32*+&L.,*-)H;?+&M[?2&
R-+(;1C3>1&D3-32&^2N-*3<213&>E&'*-1+N>*3-O>1&
$l#44&^-.3>1&KF2_&X&
D2-]H2/&RK&oZ$66&
&
'2H_&S%4!T&gg47l4#4&
:<-;H5&1C).21HxP+,>3_P-_C>F&
&

G>13-?3&=1E>*<-O>1&
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g6&

&&

8#$#5-)8'`(%(*")=`($3'6-)'*+),K(2$)
8#"(*/'3)7#$)I++$(--2*Q)H2QK&'6)
8#335"'*"-))

9;?(-2H&\-**2]/&8(_^_/&8_:_/&^_&R@:&
a1;F2*+;3.&>E&'2I-+&-3&K)+O1&
0)12&#/&%4$%&

Post Construction BMP Selection - Runoff 
Management to Meet Quantitative Pollution Limits 

&&

82*<2-JH2&Q*;?O>1&G>)*+2&
•! Overlay of porous 

asphalt placed on top of 
regular pavement 

•! Water drains through 
the pavement rather 
than across it 



!"#"$%&

gg&

&&

8QG&G><N>+;O>1&
8($%('13()U$29/#*)4#5$-()

4#*`(*/#*'3)I-.K'3")

\;3)<;1>)+&
\;1,2*&

Q;12&
KCC*2C-32&

G>-*+2&
KCC*2C-32&

&&

K?A1>PH2,C2,&D-E23.&-1,&X>;+2&\212b3+&

•! @2,)?2&+NH-+(&-1,&+N*-.&
•! @2,)?2,&321,21?.&3>&(.,*>NH-12&
•! =<N*>F2,&F;+;J;H;3.&
•! \2]2*&3*-?O>1&?(-*-?32*;+O?+&
•! n);232*&



!"#"$%&

gl&

&&

DNH-+(&-1,&DN*-.&

Conventional Asphalt PFC 

&&

d[)

Where is PFC? 
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g!&

&&

dN)

&&

'DD&'2<N>*-H&'*21,&



!"#"$%&

g#&

&&

dS)

Water Quality at TX1 

4#*-/"5(*") 4#*`(*/#*'3)
I-.K'3") 8U4) B(+59/#*)

e) .Y`'35()

'DD& $$Z& Z_Z& o%& 4_4$!&

'>3-H&8& 4_$6& 4_4#& gZ& 4_4g#&

'>3-H&G>NN2*& %#& $6& l4& 4_4$4&

^_&G>NN2*& !& $4& 7##& 4_4gl&

'>3-H&Y2-,& $6& $& o$& 4_4%l&

'>3-H&w;1?& $!#& %o& Z6& 4_44%&

^;++>HF2,&w;1?&& g#& %%& l6& 4_$6o&

&&
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gZ&

&&

8-;*2,&D-<NH2+&W&'y%&

!
"!

#!!
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$!!
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&!!
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(
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(
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12

3456

789

9:;<6;5=:;4>

&&

dX)

Water Quality at TX2 

4#*-/"5(*") 4#*`(*/#*'3)
I-.K'3") 8U4) B(+59/#*)

e) .Y`'35()

'DD& $gZ& $Z& ZZ& z4_444&

'>3-H&8& 4_$l& 4_4l& !6& 4_44!&

'>3-H&G>NN2*& 64& $6& l#& z4_444&

^_&G>NN2*& !_6& o_4& 7gg& 4_4$l&

'>3-H&Y2-,& $$& $_6& ZZ& z4_444&

'>3-H&w;1?& $64& %$& Zg& z4_444&

^;++>HF2,&w;1?&& $Z& $$& g4& 4_4g6&
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go&

&&

db)

Comparison of TX, NC, CA Data 

&&

df)

Performance Comparison 

Constituent 
Grouped OGFC vs. Austin Sand Filters 

p-value OGFC  
Mean 

OGFC 
Median 

Filter 
Mean 

Filter 
Median 

TSS (mg/L) 0.202 6.666 - 5.557 - 

Total P (mg/L) < 0.001 0.057 - 0.159 - 

Nitrogen (mg/L) < 0.001 0.827 - 2.010 - 

Total Cu (µg/L) 0.020 6.469 - 8.551 - 

Dissolved Cu (µg/L) < 0.001 4.108 - 6.801 - 

Total Pb (µg/L) - - 0.650 - 1.400 

Dissolved Pb (µg/L) - - 0.080 - 1.000 

Total Zn (µg/L) 0.075 19.492 - 26.843 - 

Dissolved Zn (µg/L) 0.001 10.176 - 19.298 - 



!"#"$%&

l4&

&&

dd)

Water Quality Benefits 

&&

D>)*?2&>E&R-32*&n)-H;3.&\212b3+&

•! @2,)?2,&+NH-+(&-1,&+N*-.&<;1;<;d2+&P-+(;1C&
>E&N>HH)3-13+&E*><&F2(;?H2&)1,2*?-**;-C2&-1,&
21C;12&?><N-*3<213&S+>)*?2&?>13*>HT&

•! @2,)?2,&3*-1+N>*3&>E&N>HH)3-13+&>1&3(2&*>-,&
+)*E-?2&

•! Q;H3*-O>1/&+2]H;1C/&-1,&+>*NO>1&P;3(;1&8QG&
S3*2-3<213&?>13*>HT&



!"#"$%&

l$&

&&

M1C>;1C&@2+2-*?(&

&&

82*<2-JH2&Q*;?O>1&D)<<-*.&

•! @)1>`&E*><&8QG&;+&<)?(&?H2-12*&3(-1&3(-3&E*><&
?>1F21O>1-H&N-F2<213&E>*&N-*O?)H-32&-++>?;-32,&
N>HH)3-13+&

•! R;,2H.&)+2,&+>H2H.&E>*&+-E23.&-1,&1>;+2&J212b3+&
•! ^>2+&1>3&N*>F;,2&F>H)<2&*2,)?O>1&
•! =,2-H&<23(>,&3>&*23*>b3&2I;+O1C&(;C(P-.+&E>*&

P-32*&j)-H;3.&
•! =3f+&Q@::{{&



!"#"$%&

l%&

&&

G><<>1&n)2+O>1+&

•! 8*2F;>)+&J-,&2IN2*;21?2+&W&:-*H.&<;I&,2+;C1+&SMVQGT&
N*>12&3>&E-;H)*2&J2?-)+2&>E&,*-;1,>P1&

•! 9-;1321-1?2&W&'.N;?-HH.&1>12&;1&3(2&aD/&F-*;2+&;1&:)*>N2&

•! G>+3&W&DH;C(3H.&<>*2&,)2&3>&(;C(2*&j)-H;3.&-CC*2C-32&

•! Q*22d2"'(-P&W&l&.2-*&+3),.&;1&=1,;-1-&;1,;?-32,&
N-F2<213&?>1,;O>1&?><N-*-JH2&3>&?>1F21O>1-H&
N-F2<213&

•! D1>P"=?2&W&@2j);*2+&<>*2&E*2j)213&-NNH;?-O>1&>E&
,2;?2*+&

&&

N[O)

More Info At: 

:?A/&\*-,H2./&R;1+3>1/&@_/&-1,&L)13/&R_/&\-**2]/&9_/&R-32*&j)-H;3.&>E&,*-;1-C2&
E*><&N2*<2-JH2&E*;?O>1&?>)*+2/&K<2*;?-1&D>?;23.&>E&G;F;H&:1C;122*+&0>)*1-H&>E&
:1F;*>1<213-H&:1C;122*;1C/&h>H_&$6Z/&X>_&%/&NN_&$#g&W&$Z$/&Q2J*)-*.&%4$%&

BH21d21,>*E/&0_\_/&:?A/&\_0_/&G(-*J212-)/&@_&0_/&-1,)\-**2]/&9_/&n)-1OE.;1C&3(2&
J2(-F;>*&>E&N>*>)+&-+N(-H3&>F2*H-.+&P;3(&*2+N2?3&3>&,*-;1-C2&(.,*-)H;?+&-1,&*)1>`&
P-32*&j)-H;3./&:1F;*>1<213-H&-1,&:1C;122*;1C&V2>+?;21?2/&h>H_&yh===/&X>_&$/&NN_&
oo7$$$/&Q2J*)-*.&%4$%_&
 
:?A/&\*-,H2./&\-**2]/&9_/&-1,&G(-*J212-)/&@-1,-HH/&G>)NH2,&+)*E-?27+)J+)*E-?2&
<>,2H&E>*&+;<)H-O1C&,*-;1-C2&E*><&N2*<2-JH2&E*;?O>1&?>)*+2&(;C(P-.+/&K<2*;?-1&
D>?;23.&>E&G;F;H&:1C;122*+&0>)*1-H&>E&L.,*-)H;?&:1C;122*;1C/&h>H_&$6Z/&X>_&$/&NN_&
$67%%/&0-1)-*.&%4$%&
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l6&

&&

Post Construction BMP Selection - Runoff 
Management to Meet Quantitative Pollution Limits 

)
)

&K++23&9-1-C2<213&W&B22N;1C&3*-?A&>E&&\98+&3>&
:1+)*2&3(2;*&:`2?OF212++&

&
8("($)>'g(h'"A)8<?<)i)!"#$%&'"($)@8L?!)4##$+2*'"#$)
=_9()#7)?*Q2*(($2*Q)j)4#*-"$59/#*)Y))
?*`2$#*%(*"'3)?*Q2*(($2*Q)L2`2-2#*)

&&

MF2*F;2P&>E&K++23&9-1-C2<213!

•! D3*-32C;?&-NN*>-?(&3>&<-1-C2&\98+&3(-3&N*>F;,2+&
H>1C732*<&J212b3&-1,&<;1;<;d2&H;E2&?.?H2&?>+3&

•! 8*>?2++&3>&<-1-C2/&>N2*-32/&-1,&<-;13-;1&&
;1E*-+3*)?3)*2&&

•! =132C*-32+&NH-11;1C/&21C;122*;1C/&>N2*-O>1+/&-1,&?>+3+&
3>&*2-H;d2&?>+372`2?OF2&-1,&*2H;-JH2&N2*E>*<-1?2&&

•! G>1+;,2*&*2C)H-3>*.&?><NH;-1?2&
•! 8*;1?;NH2+5&

–! =1F213>*.&
–! G>1,;O>1&:F-H)-O>1&
–! @2<2,;-O>1&
–! '*-?A;1C&



!"#"$%&

lg&

&&

=1F213>*.!

Overview&

•! G>HH2?3&+N-O-H&-1,&-]*;J)32&;1E>*<-O>1&

•! a1,2*+3-1,&(>P&\98+&N*>F;,2&+3>*<P-32*&
<-1-C2<213&SDR9T&7&ED-$+'F&-1,">*&ED-2&'F!
! '*2-3<213&W&*2,)?2&?>13-<;1-13+&J2E>*2&2132*;1C&+)*E-?2&

P-32*&
! G>13*>H&W&@2,)?2&N2-A&t>P&-1,&F2H>?;3.&3>&N*2F213&2*>+;>1&s&

+2,;<213-O>1&&
! @2,)?O>1W&*2,)?2&*)1>`&F>H)<2&

•! @2?>C1;d2&DR9&,2+;C1+&(-F2&2F>HF2,&>F2*&O<2&
•! =<NH2<213&3>&-,,*2++&D3>*<P-32*&X8^:D&N2*<;3&

*2j);*2<213+&

&&

B#'+&'6)!"#$%&'"($)>'*'Q(%(*"!
•! &'*-,;O>1-H&=<NH2<213-O>1&

–! L;C(H.&,;+3*;J)32,&S+N*2-,&>)3T&-H>1C&*>-,P-.+&
–! G>1F21O>1-H&-NN*>-?(5&?>HH2?3&W&?>1F2.&7&3*2-3&
–! '.N;?-HH.&H;12-*&

•! &:F>HF;1C&KNN*>-?(&
–! =132C*-32&P;3(&*>-,P-.&,*-;1-C2&
–! a+2&>E&p\98&3*-;1+r&
–! :IN-1,;1C&\98&3.N2+&S2_C_&(.J*;,&,2+;C1+/&N*>N*;23-*.&

,2F;?2+/&)1,2*7C*>)1,&E-?;H;O2+T&
–! Q>?)+&>1&P-32*+(2,&122,+&&

=1F213>*.!
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ll&

&&

4#%%#*)J>8),6.(-&
•! D3>*<P-32*&8>1,+"R23H-1,+5&

–! @2321O>1&8>1,&
–! ^2321O>1&8>1,&
–! :I321,2,&^2321O>1&8>1,&
–! D3>*<P-32*&R23H-1,+&

•! =1bH3*-O>1&^2F;?2+5!!!
–! '*21?(&
–! \-+;1&

•! Q;H32*;1C&^2F;?2+5!!
–! D-1,&Q;H32*+&
–! \;>*2321O>1&Q-?;H;O2+&
–! \;>+P-H2+&

=1F213>*.!

&&

Common BMP Data 
\98&=1E>*<-O>1&

–! \98&H>?-O>1&
–! \98&-]*;J)32+&
–! D3*)?3)*2+&S2_C_&@;+2*/&=1H23+/&

9-1(>H2+/&M)i-HH+T&
–! DN;HHP-./&G(-112H+&
–! ^*-;1-C2&-*2-+&

^>?)<213+&
–! ^2+;C1&8H-1+&s&@2N>*3+&
–! K2*;-H&9-N+&s&8(>3>+&
–! K++2++<213&@2N>*3+&
–! R>*A&M*,2*+&

=1F213>*.!



!"#"$%&

l!&

&&

="K($)J>8)L'"')

•! R-32*+(2,+&"&D)J7R-32*+(2,+&
•! =<N2*F;>)+&K*2-&'*2-32,&
•! Y-1,&a+2+&S8>HH)3-13&Y>-,+T&
•! :1F;*>1<213-H&Q2-3)*2+&
•! 8*>N>+2,&S2_C_&8H-11;1C&8*>k2?3+&T&

=1F213>*.!

&&

G>1,;O>1&:F-H)-O>1&
=`($`2(&&

•! G>1O1)>)+H.&-++2++&?>1,;O>1&
•! =1+N2?O>1&

–! K++2++&+3-J;H;3.&s&DR9&N2*E>*<-1?2&
–! :F-H)-32&J-+2,&>1&,2+;C1&3.N2&
–! =,21OE.&*2<2,;-H&122,+&
–! 8*>F;,2+&H>1C732*<&,-3-&

•! ^23-;H2,&K++2++<213&S-+7122,2,T&
–! Q)*3(2*&-++2++&\98&E)1?O>1+&
–! a+2&3>&;,21OE.&21(-1?2<213&>NO>1+&
–! R237R2-3(2*&<>1;3>*;1C&3>&2F-H)-32&

3*2-3<213&N2*E>*<-1?2&
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l#&

&&

C*-.(9/#*)8$#"#9#3!

•! =1+N2?O>1&9-1)-H5&@2H;-JH2/&@2N2-3-JH2&8*>?2,)*2+&
•! 8-*-<232*+5&

–! Q>?)+&>1&+N2?;b?&\98&2H2<213+&
–! D?>*;1C&S2_C_&&$&3>&lT&
–! G-32C>*;2+5&&D;32/&DR9/&D3*)?3)*-H&

•! @-O1C5&
–! V>>,&3>&R>*+2&S2_C_&&K/&\/&G/&^/&:T&
–! @2H-32&?>1,;O>1&P;3(&*2<2,;-H&*2+N>1+2&

•! ^-3-&G>HH2?O>15&
–! =1+N2?O>1&,-3-5&&+?>*2+/&<2-+)*2<213+/&?><<213+&
–! Q;2H,&8(>3>+5&&+;32&s&,2E2?3+&

G>1,;O>1&:F-H)-O>1&

&&

B'/*Q)!9K(%')?k'%.3(&

K&v&Q)1?O>1-H&P;3(&1>&N2*E>*<-1?2&>*&+3-J;H;3.&?>1?2*1+&
&SX>&-?O>1&*2j);*2,T&

&\&v&Q)1?O>1-H&P;3(&<;1>*&;++)2+&
&S9-;1321-1?2&<-.&J2&122,2,T&

&G&v&Q)1?O>1-H&P;3(&<>,2*-32&;++)2+&&
&S@2<2,;-O>1&<-.&J2&12?2++-*.T&

&^&v&Q)1?O>1&<-.&J2&?><N*><;+2,&,)2&3>&<-k>*&N*>JH2<+&
&S@2<2,;-O>1&H;A2H.&12?2++-*.T&

&:&v&Q)1?O>1&;+&,232*;>*-O1C&,)2&3>&?*;O?-H&N*>JH2<+&
&S@2<2,;-O>1&*2j);*2,T&

G>1,;O>1&:F-H)-O>1&
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lZ&

&&

=`($`2(&)
•! 9-;13-;1"@2+3>*2&+3-J;H;3.&-1,">*&N2*E>*<-1?2&
•! \-+2,&>1&=1+N2?O>1+&>*&D?(2,)H2,&K?OF;O2+&
•! '.N2+5&

–! &G>**2?OF2&W&-,,*2++&;++)2+&*2H-32,&3>&H-?A&>E&<-;1321-1?2&
–! &@>)O12&W&-11)-HH.&N2*E>*<&N*2+?*;J2,&-?OF;O2+&
–! &G.?H;?-H&W&<)HO7.2-*&;132*F-H+&N2*E>*<&N*2+?*;J2,&-?OF;O2+&
–! &@2(-J;H;3-O>1&W&*2+3>*2";<N*>F2&\98&2H2<213+&
–! &:1(-1?2<213&W&*2?>1bC)*2&\98&E>*&J2]2*&N2*E>*<-1?2&

•! R>*A&M*,2*+&
–! p8)1?(&Y;+3r&>E&-?OF;O2+&s&-11>3-32,&NH-1+"<-N+"N(>3>+&
–! '*-[?/&aOH;O2+/&:1F;*>1<213-H&@2+>)*?2+/&@;C(37>E7R-./&:sD&

!

@2<2,;-O>1&

&&

@2<2,;-O>1&

?3(%(*"-)#7)')0#$l)=$+($)
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lo&

&&

@2<2,;-O>1&
!)'.)+'()"8%+'+=%'7%+6#5&'T'

&&

!
?k'%.3(-m))
4#$$(9/`()>'2*"(*'*9())
B(K'1232"'/#*&

@2<2,;-O>1&
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!4&

&&

=`($`2(&&
|!&G>1O1)>)+H.&3*-?A&A2.&,-3-&3>&-;,&;1&,2?;+;>17<-A;1C&
|!&9-;13-;1&-++23&,-3-5&=1F213>*.&W&G>1,;O>1&W&@2<2,;-O>1&
|!&Y>C&?>+3&,-3-5&&Y-J>*/&9-32*;-H+/&:j);N<213/&G>13*-?3>*+/&23?_&
|!&9-1-C2&2I;+O1C/&N21,;1C/&-1,&E)3)*2&\98+&
|!&^2b12&P>*A&t>P+5&

V=D&

=1F213>*.&

:F-H)-O>1&

@2<2,;-O>1&

R>*A&
M*,2*+&

@2<2,;-H&
K?O>1+&

'*-?A;1C&

@2?2;N3+&
23?_&

&&

;C!)2-)').$2%'$6)"##3A)15")$(c52$(-)2*`(-"%(*")

'*-?A;1C&

);(#+'"'1'-()!9K(%')?k'%.3()
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!$&

&&

));C!)>#+(3)

•! =1F213>*.&+N-O-H&s&-]*;J)32&,-3-&
•! =1+N2?O>1&*2?>*,+&S?.?H;?-HT&
•! @2<2,;-O>1&*2?>*,+&S?.?H;?-HT&
•! ^><-;1+5&&
–! D3-1,-*,&N)HH7,>P1&H;+3+&
–! G>1+;+3213&,-3-&?-N3)*2&

•! ^>?)<213&<-1-C2<213&

'*-?A;1C&

&&

;C!)!#n&'$()
G*2-32&"&:,;3&"&n)2*.&"&h;2P&\98&DN-O-H&"K]*;J)32&^-3-&&s&
^>?)<213&9-1-C2<213&

'*-?A;1C&



!"#"$%&

!%&

&&

;C!)?*"($.$2-(m))
n)2*.&"&h;2P&\98&
DN-O-H&-1,&K]*;J)32&
^-3-&&s&^>?)<213&
9-1-C2<213&

'*-?A;1C&

&&

I*'36-(-)T)B(.#$/*Q))

'*-?A;1C&



!"#"$%&

!6&

&&

n)2+O>1+&-1,&K1+P2*+&

•! 8H2-+2&+)J<;3&j)2+O>1+&F;-&3(2&V>'>&R2J;1-*&
\-*&

&&

G>1?H),;1C&@2<-*A+&

•! 8H2-+2&bHH&;1&-1,&+)J<;3&3(2&+;<NH2&>17H;12&
j)2+O>11-;*2&S27<-;H&P;HH&N*>F;,2&,;*2?O>1+T&

•! '(2&P2J;1-*&P;HH&J2&-F-;H-JH2&E>*&>17,2<-1,&
F;2P;1C&-1,&-&N,E&>E&3(2&N*2+213-O>1&E>*&
,>P1H>-,&-3&3(2&G2132*&P2J+;325&&

–!(]N5""21F;*>1<213_3*-1+N>*3-O>1_>*C"&&&

•! '(-1A&.>)&E>*&.>)*&-]21O>1&-1,&N-*O?;N-O>1&


