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Roger Williams Park 
Ponds and Watershed

Coordinate System: NAD83, Rhode Island State Plane feet
Aerial imagery: 2008 Pictometric Licensed Imagery.

File: WatershedBasic

Date: 1/17/2012
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Figure: 1-2

Watershed (Final Nov. 2011)
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2011 Roger Williams Park 
Ponds Bathymetry

Coordinate System: NAD83, Rhode Island State Plane feet

Aerial image: 2008 Pictometric licensed image. Depth contours and raster image of depth provided by EPA 
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Aerial imagery: 2008 Pictometric Licensed Imagery.
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Figure: 2.2

Mashapaug Brook (arrows indicate flow direction)

Pond inlets and outlets

City limits

Upper watershed = 977 acres
Lower watershed = 649 acres
Total watershed area = 1626 acres

Watershed (Final Nov. 2011)
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Land Use

Coordinate System: NAD83, Rhode Island State Plane feet

Land Use: 2003/2004 RIGIS land use with changes to update land use to exisiting conditions in 2011.  Minimum 
mapped unit for land use is 0.5 acres. City limits from RIGIS. Aerial image: 2008 Pictometric licensed image. 
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Mashapaug Brook (arrows indicate
flow direction)
Watershed (Final Nov. 2011)
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!"0%1(2,3+-%(4%56783.-%.(%9(:)%;(:)'.'(:-%

%

R=$=&%&';$A('<,:*=+-F$&?'$=:*(E'=$:>$,1A%E&=$&:$&?'$#:/;=$%('$1%/-$%/;$<%(,';C$$D?,=$='E&,:/$

A('='/&=$&?'$'=&,1%&';$A:++*&%/&$+:%;=$>(:1$E:/&(,@*&,/0$=:*(E'=$*=,/0$%$=,1A+'$+:%;,/0$
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1:;'+C$$D?'$#(:Y'E&$D'%1$*=';$&?'$J%M'$J:%;,/0$!'=A:/='$.:;'+$GJJ!.I$;'<'+:A';$@-$

RWOb.$G455UI$&:$A(:<,;'$%$@(:%;8@%=';$%=='==1'/&$:>$%<'(%0'\$+:/0$(%/0'$E:/;,&,:/=C$$$

$

JJ!.$*='=$+:%;,/0$E:'>>,E,'/&=$@%=';$:/$+%/;$*='$%/;$B%&'(=?';$>+:B=$>:($@:&?$@%='>+:B$

%/;$=&:(1>+:B$&:$E%+E*+%&'$B%&'(=?';$+:%;,/0C$$D?'$1:;'+$A(:<,;'=$>:($=,1A+'$>+:B$%/;$

A:++*&%/&$+:%;$%&&'/*%&,:/$:>$*A=&('%1$.%=?%A%*0$%/;$]A'E&%E+'$#:/;=$%/;$%++:B=$>:($

,/A*&=$>(:1$=A'E,>,E$=:*(E'=$,/E+*;,/0$%&1:=A?'(,E$;'A:=,&,:/F$B%&'(>:B+F$%/;$,/&'(/%+$

('E-E+,/0C$

$

D?'$1:;'+$B%=$/:&$;'=,0/';$&:$=,1*+%&'$=?:(&8&'(1$,1A%E&=$>(:1$&'1A:(%++-$>+*E&*%&,/0$

,/A*&=$=*E?$%=$=&:(1B%&'($(*/:>>$>(:1$=,/0+'$'<'/&=F$@*&$(%&?'($A(:<,;'=$%/$,/;,E%&,:/$:>$

=&'%;-$=&%&'$E:/;,&,:/=C$$JJ!.$,=$*=';$?'('$&:$A(';,E&$+'<'+=$:>$A?:=A?:(*=$%/;$/,&(:0'/$

,/A*&=$%/;$B%&'($@:;-$E:/E'/&(%&,:/=$%=$B'++$%=F$E?+:(:A?-++$%$%/;$]'EE?,$;,=M$&(%/=A%('/E-$

B,&?,/$&?'$A:/;=C$$D?'$1:;'+$%++:B=$>:($'%=-$'<%+*%&,:/$:>$=:*(E'$E:/&(:+$1%/%0'1'/&$

:A&,:/=$%/;$E:1A%(,=:/$:>$+:%;$(';*E&,:/$@'/'>,&=$&:$?'+A$='+'E&$&?'$1:=&$E:=&$'>>'E&,<'$

1'%=*('=$G=''$233"'4%5(6$>:($1:;'+$,/A*&$('H*,('1'/&=F$('>'('/E'$<%(,%@+'=F$('>'('/E'=F$

%/;$:*&A*&$=A('%;=?''&=I$

 
!"0"<%%1(2,3+-%8:)%=8>:'.2)+%(4%?8.+,-@+)%8:)%5:A7(:)%B2.,'+:.%C(8)':>%.(%

.@+%D?9%9(:)-%

D?(''$=*@B%&'(=?';=F$:/'$'%E?$>:($]A'E&%E+'$#:/;F$.%=?%A%*0$#:/;F$%/;$&?'$!"#$#:/;=F$

%/;$;'=,0/%&';$6F$4F$%/;$7F$B'('$1:;'+';$,/$&?'$!"#$#:/;=$JJ!.$1:;'+$G=''$7%8/9"()*:;IC$

$

D?'$1:;'+$B%=$E:/>,0*(';$&:$1%&E?$&?'$>+:B$A%&&'(/=$:@='(<';$,/$&?'$>,'+;C$$"%&'($>+:B,/0$

>(:1$&?'$]A'E&%E+'$#:/;$=*@B%&'(=?';$>+:B=$,/&:$&?'$.%=?%A%*0$#:/;$=*@B%&'(=?';$

*+&,1%&'+-$;,=E?%(0,/0$,/&:$&?'$!"#$#:/;=C$$D?'$!"#$#:/;=$=*@B%&'(=?';$B%=$1:;'+';$%=$

;(%,/,/0$;,('E&+-$,/&:$&?'$A:/;$=-=&'1C$$!NPN]$+%/;$*='$;%&%$>(:1$4557\455LF$&?'$1:=&$

('E'/&$+%/;$*='$;%&%$%<%,+%@+'F$B'('$*=';$&:$E%+E*+%&'$+%/;$*='$%('%=$B,&?,/$'%E?$

=*@B%&'(=?';C$$c*&(,'/&$+:%;,/0$%/;$A('E,A,&%&,:/$E:'>>,E,'/&=F$%&1:=A?'(,E$;'A:=,&,:/F$

B%&'(>+:B$/*1@'(=F$%/;$,/&'(/%+$('E-E+,/0$,/A*&=$='+'E&';$>:($*='$,/$1:;'+,/0$%('$;'=E(,@';$

,/$233"'4%5(6C$$$b/8=,&'$B%=&'B%&'($;,=A:=%+$%/;$A:,/&$=:*(E'=$B'('$%==*1';$&:$@'$/:&$

%AA+,E%@+'$@'E%*='$&?'$B%&'(=?';$,=$='B'(';$%/;$&?'('$%('$/:$M/:B/$1%Y:($A:,/&$=:*(E'=C$$

.:;'+$E%+,@(%&,:/$B%=$A'(>:(1';$*=,/0$;%&%$>(:1$='<'(%+$=:*(E'=$;'=E(,@';$,/$233"'4%5(6C$$$

$

R+&?:*0?$%++$&?'$,;'%+$;%&%$B'('$/:&$%<%,+%@+'$&:$E%+,@(%&'$&?'$JJ!.$1:;'+$>:($&?'$!"#$

#:/;=F$&?'$A(';,E&';$1'%/$E?+:(:A?-++$%$E:/E'/&(%&,:/$%/;$1,/,1*1$%/;$%<'(%0'$]'EE?,$

;,=M$<%+*'=$%('$<'(-$E+:='$&:$1'%=*(';$<%+*'=$G<=>."()*::IC$$D?'$,/8A:/;$A(';,E&';$&:&%+$

A?:=A?:(*=$<%+*'=$%('$=+,0?&+-$+:B'($&?%/$&?'$1'%=*(';$%<'(%0'$,/8A:/;$<%+*'F$@*&$B'++$

B,&?,/$%EE'A&%@+'$&:+'(%/E'=F$%/;$%E&*%+$<%+*'=$%('$@'$'QA'E&';$&:$>+*E&*%&'$=*@=&%/&,%++-$

;*(,/0$%$0,<'/$-'%($%/;$%<%,+%@+'$;%&%$1%-$/:&$@'$=*>>,E,'/&$&:$'=&%@+,=?$%/$%EE*(%&'$

%<'(%0'C$$D?'$1:;'+$=?:*+;$@'$<,'B';$%=$%$&::+$&:$A(:<,;'$0*,;%/E'$:/$&?'$('+%&,<'$'>>'E&$$



Tongue Pond

Spectacle Pond

Mashapaug Pond

Roger Williams
Park Ponds

3

1 2

3
CRANSTON

PROVIDENCE

Roger Williams Park 
Ponds Watershed 

Land Use and Model 
Watersheds

Coordinate System: NAD83, Rhode Island State Plane feet

Land Use: 2003/2004 RIGIS land use with color palette used to illustrate the groupings used by the LLRM model.  
Minimum mapped unit for land use is 0.5 acres. City limits from RIGIS. Aerial image: 2008 Pictometric licensed image.

File: Model_8x11

Date: 1/17/2012

0.25
Miles

±
Figure: 2.10

Mashapaug Brook (arrows indicate flow direction) City limits

LLRM Subwatershed Areas; subwatershed indicated by large bold number
Land Use Grouped by Model Land Use Types

Medium High Density Residential (1/4 to 1/8 acre lots)
High Density Residential (<1/8 acre lots)

Freeway

Commercial, Institutional (schools, hospitals, churches) and Cemeteries

Developed Recreation

Vacant Land and Brushland

Forest

Water

Industrial, Mixed Commercial/Industrial and 
Transportation Facilities (terminals, docks, railroad)
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,1A+'1'/&%&,:/$:>$1%/%0'1'/&$1'%=*('=$B,++$?%<'$:/$&?'$!"#$#:/;=$(%&?'($&?%/$%$

=A'E,>,E$%@=:+*&'$+:%;,/0$/*1@'(C$$$

$

D?'$1:;'+,/0$('=*+&=$,/;,E%&'$&?%&$&?'$1%Y:($=:*(E'=$:>$A?:=A?:(*=$&:$&?'$!"#$#:/;=$

=-=&'1$%('$&?'$=*((:*/;,/0$=*@B%&'(=?';=F$B,&?$&?'$SAA'($"%&'(=?';$G]A'E&%E+'$%/;$

.%=?%A%*0$#:/;$=*@B%&'(=?';=I$E:/&(,@*&,/0$%+1:=&$L5d$:>$&?'$B%&'(=?';$A?:=A?:(*=$

+:%;$&:$&?'$!"#$#:/;=$G<=>."()*:)IC$$$$$

$

!"#$%&'())(!!"#$%&'#()*!+,*)$!*#(#!#-!.,+/#')*!(,!#.(0#$!*#(#!

&*"+",%-%+&

./01-023&45260-0521&

4"$0#+"-%6&756%$&

8"$9%& :;-9"$&<"-"&

12,-/2,'0-!304567! 89! :;!

<%(',4)=!304567! ::>! ???9!

@)#=!"2$,',/2A$$!304567! BCD8! B9D?!

1)#E!"2$,',/2A$$!304567! ?B?D8! ?FFD8!

@)#=!G)..2%!3+7! FD>! ?DF!

1)#E!G)..2%!3+7! ;D:! BD?!

!! !! !!

H$,,+!1',&#&%$%(A! !! !!

1',&#&%$%(A!,I!"2$!J?F!0456!! ::K! >:K!

1',&#&%$%(A!,I!"2$!J?C!0456!! :9K! 8CK!

1',&#&%$%(A!,I!"2$!J;F!0456!! >9K! 9FK!

1',&#&%$%(A!,I!"2$!JBF!0456!! 9CK! BLK!

1',&#&%$%(A!,I!"2$!JLF!0456!! LBK! ;CK!

 
 
!"#$%&'()'(!!M#()'-2)*!12,-/2,'0-!6,#*%=4!G0++#'A!N)'%O)*!I',+!66P@!

! =9#>"-%+1?%6& !5-"$&

! @AA%+&B"-%+1?%6& C5>%+&

B"-%+1?%6&

&

*?51A?5+91&C5"6& =A%;-";$%& 7"1?"A"93& DB*& *&&EC#1FGDH&

N%').(!6,#*-!Q,!PM1!1,=*-! ! ! ! !!

!!!R(+,-/2)'%.!! S! S! S! IJ&

!!!T=()'=#$!! S! S! S! )'K&

!!!M#()'I,U$!! S! S! S! )LJ&

!!!G)/(%.!GA-()+!! S! S! S! M&

MRQVPGWVN!6XRN!36&-5Y'7! ;FF! ?9F! ;?9! LNI&

! ! ! ! &&

Q,(#$!6,#*!Q,!6#E)!!!!

3M#()'-2)*!Z!N%').(!6,#*-7!

! ! ! O''&

 
$

$

$$
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!"#$%&'&()*)'+$,-&'.$
$

$

$

$

$

!"# $%&'()*+&,(%-
-

9:,;$<:%=&'($>';<(,?';$?@&:$&:'$1'&:@>@+@0-$*;'>$A@($&:'$B%&'(;:'>$%;;';;1'/&$%/>$&:'$

=(@=@;'>$('<@11'/>%&,@/;$&@$:'+=$,1=(@C'$&:'$B%&'($D*%+,&-$@A$&:'$!"#$#@/>;E$$9:'$

=(@=@;'>$@=&,@/;$(%/0'$A(@1$;,&'8;='<,A,<$;&@(1B%&'($('&(@A,&;$%/>$/@/8;&(*<&*(%+$?';&$

1%/%0'1'/&$=(%<&,<';$&@$1@('$0'/'(%+$=(@0(%11%&,<$;&(%&'0,';F$,/<+*>,/0$?@&:$;&(*<&*(%+$%/>$

/@/8;&(*<&*(%+$<@/&(@+$1'%;*(';E$$":,+'$1%/-$@A$&:'$('<@11'/>%&,@/;$A@<*;$@/$%<&,C,&,';$

B,&:,/$&:'$#%(GF$&:,;$;'<&,@/$%+;@$=(@C,>';$=@++*&,@/$=('C'/&,@/$;*00';&,@/;$A@($&:'$;*((@*/>,/0$

(';,>'/&,%+$%/>$<@11'(<,%+$/',0:?@(:@@>;E$$#*?+,<$'>*<%&,@/$%/>$@*&('%<:$=(@0(%1;$%('$%+;@$

('<@11'/>'>$&@$'/;*('$?@&:$&:'$;:@(&8$%/>$&:'$+@/08&'(1$;*<<';;$@A$&:'$1%/%0'1'/&$$

$

9:'$#(@H'<&$9'%1F$B,&:$,/=*&$A(@1$&:'$I&''(,/0$J@11,&&''F$*/>'(&@@G$%$<@1=(':'/;,C'$

B%&'(;:'>$%;;';;1'/&$@A$B%&'($D*%+,&-$,1=(@C'1'/&$@=&,@/;$%==(@=(,%&'$A@($&:'$K@B'($%/>$

L=='($"%&'(;:'>;E$$9:,;$,/<+*>'>$&:'$A@++@B,/0$'+'1'/&;M$

• NOI$1%==,/0$&@$,>'/&,A-$;*((@*/>,/0$;,&'$<@/>,&,@/;$;*<:$%;$;@,+;F$B'&+%/>;F$;&@(1$

>(%,/%0'$;-;&'1;F$@*&A%++;F$%/>$+%/>$*;'P$

• Q$=('+,1,/%(-$;,&'$B%+G$B,&:$I&''(,/0$J@11,&&''$1'1?'(;$&@$,>'/&,A-$;,&';$A@($B%&'($

D*%+,&-$,1=(@C'1'/&$R.#$@=&,@/;P$

• Q$A,'+>$('<@//%,;;%/<'$&@$%;;';;$<%/>,>%&'$;,&';$A@($?@&:$;&(*<&*(%+$%/>$/@/8;&(*<&*(%+$

R.#;$B,&:,/$&:'$#%(GP$

• Q$A,'+>$('<@//%,;;%/<'$&@$%;;';;$/',0:?@(:@@>;$%/>$K%/>$L;';$B,&:$%$S,0:'($#@&'/&,%+$

#@++*&%/&$K@%>,/0$TKLS##K;U$(';&@(%&,@/$@==@(&*/,&,';$B,&:,/$&:'$K@B'($%/>$L=='($

"%&'(;:'>P$

• Q;;';;1'/&$@A$,/8=@/>$1%/%0'1'/&$@=&,@/;P$

• $V,/%+$;'+'<&,@/$%/>$(%/G,/0$@A$&:'$=(@=@;'>$R.#$;,&';$B,&:,/$&:'$#%(GP$%/>$

• Q$=@++*&%/&$('>*<&,@/$;*11%(-$@A$&:'$=(@=@;'>$B%&'($D*%+,&-$1%/%0'1'/&$@=&,@/;E$$

$

9:,;$%;;';;1'/&$<@/<'/&(%&'>$@/$,>'/&,A-,/0$%/>$=(,@(,&,W,/0$&:'$1@;&$<@;&$'AA'<&,C'$

1%/%0'1'/&$1'%;*(';$>';,0/'>$&@$0*,>'$&:'$J,&-$@A$#(@C,>'/<'$#%(G;$%/>$!'<('%&,@/$

X'=%(&1'/&$B,&:$?@&:$;:@(&8F$1,>8$&'(1$%/>$+@/08&'(1$,1=+'1'/&%&,@/E$$I*<<';;A*+$

,1=+'1'/&%&,@/$@A$&:'$,>'/&,A,'>$@=&,@/;$B,++$('>*<'$;&@(1B%&'($(*/@AA$=@++*&,@/$%/>$

<@/&(,?*&'$&@$,1=(@C'>$@C'(%++$B%&'($D*%+,&-$<@/>,&,@/;$A@($&:'$!"#$#@/>;E$$9:'$C%(,@*;$&-=';$

@A$(';&@(%&,@/$@==@(&*/,&,';$'C%+*%&'>$>*(,/0$&:'$%;;';;1'/&$%('$;*11%(,W'>$,/$!"#$%&'()E$$$

$

$

!"#$%&'()*&(+,#-%*'(.%/((

01,/%2"&(3)#"/(45)6-#7((



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$3*/'$4567$ 784$ $

!"#$%&'()(!!"#$$%&'!()!*+,-(&%-.(/!011(&-#/.-.+,!23+/-.).+3!

!*+%& ,%-./0+1023&

*+,-./"+%-&0%+-,12+3&

bioretention

cover  catch 

basin/direct 

flow to bio

!

4&+%,!5+/+&%-./5!,-(&$6%-+&!&#/())!7+8589!1%&:./5!;(-,9!&(()-(1,9!

&(%36%',9!(&!<($1%<-+3!1+&=.(#,!%&+%,>!6+&+!+=%;#%-+3!-(!

3+-+&$./+!.)!/+6!,-&#<-#&%;!,-(&$6%-+&!$%/%5+$+/-!1&%<-.<+,!

<(#;3!?+!./,-%;;+39!(&!+@.,-./5!)%<.;.-.+,!$(3.).+39!-(!?+--+&!

<%1-#&+9!-&+%-!%/3!&+3#<+!&#/())8!!2/)(&$%-.(/!(/!+@.,-./5!

3&%./%5+!1%--+&/,9!,#&&(#/3./5!;%/3!#,+9!,.-+!<(/,-&%./-,9!%/3!

1&(1(,+3!<(/<+1-,!6%,!<(;;+<-+38!!!

4,56*+-78+7-"$&9-"8+28%3&

!

A(/B,-&#<-#&%;!1&%<-.<+,!5+/+&%;;'!<(/,.,-!()!1(;;#-.(/!<(/-&(;!

-+<C/.D#+,!(&!1&%<-.<+,!-C%-!3(!/(-!./=(;=+!-C+!<(/,-&#<-.(/!(&!

./,-%;;%-.(/!()!,-(&$6%-+&!3+=.<+,8!A(/B,-&#<-#&%;!(11(&-#/.-.+,!

6+&+!.3+/-.).+3!-C&(#5C(#-!-C+!E%&:!-(!<($1;+$+/-!-C+!,-&#<-#&%;!

,-(&$6%-+&!&+-&().-,!3+,<&.?+3!%?(=+8!!FC+,+!)%;;!./-(!-C+!

)(;;(6./5!<%-+5(&.+,G!!,.-+B,1+<.).<!(1-.(/,!7?#))+&!&+,-(&%-.(/9!

+&(,.(/!<(/-&(;H,;(1+!,-%?.;.I%-.(/9!<#&?!&+$(=%;>!%/3!

1&(5&%$$%-.<!(1-.(/,!71C(,1C(&#,!?%/,9!;(/5B-+&$!1%&:!$%,-+&!

1;%/!-(!%33&+,,!1%=+$+/-!&+3#<-.(/9!;%6/!$%/%5+$+/-9!;+%)!

;.--+&!1.<:!#1!%/3!%!,-(&$6%-+&!(1+&%-.(/!%/3!$%./-+/%/<+!1;%/>8!!

4%2:;#,-;,,<&*+%/"-<3;2=&

!

A+.5C?(&C((3,!6+&+!+=%;#%-+39!5+/+&%;;'9!-(!3+-+&$./+!-C+!

<($$(/!1(;;#-.(/!,(#&<+,!%/3!-C+!-'1+!()!=(;#/-%&'!6%-+&,C+3!

,-+6%&3,C.1!%<-.=.-.+,!-C%-!,C(#;3!?+!-%&5+-+3!-(!&+,.3+/-,!7+8589!

3(6/,1(#-!3.,<(//+<-.(/9!&+3#<+3!)+&-.;.I+&!#,+9!;%6/!

<(/=+&,.(/9!,+1-.<!$%./-+/%/<+9!,$%;;!;(-!+&(,.(/!%/3!,+3.$+/-!

<(/-&(;9!?+--+&!1+-!6%,-+!$%/%5+$+/->8!!4=+&%5+!;(-!,.I+9!

1(-+/-.%;!)(&!/+6!3+=+;(1$+/-9!%/3!&(%3!<(/3.-.(/!6+&+!

&+<(&3+38!

>?@99>&A"5":%.%5+&

!

J%/3!#,+,!-C%-!C%=+!%!C.5C+&!1(-+/-.%;!1(;;#-%/-!;(%3./5!

7JKLEEJ,>!%&+!.3+/-.).+3!%,!<($$+&<.%;!?#,./+,,+,9!$%./-+/%/<+!

)%<.;.-.+,9!-&%,C!<(;;+<-.(/!%&+%,9!%/3!(-C+&!;(<%-.(/,!6C+&+!C.5C!

<(/<+/-&%-.(/,!()!1(;;#-%/-,!%&+!;.:+;'!-(!<($+!./-(!<(/-%<-!6.-C!

,-(&$6%-+&8!!".-+!%<-.=.-.+,!7+8589!+&(,.(/!%/3!,+3.$+/-!<(/-&(;9!

(#-3((&!$%-+&.%;!,-(&%5+9!6%,-+!$%/%5+$+/-9!%/3!=+C.<;+!

$%./-+/%/<+>M!(?,+&=+3!(&!1(-+/-.%;!1(;;#-%/-,!()!<(/<+&/M!%/3!

,-&#<-#&%;!%/3!/(/B,-&#<-#&%;!1&+=+/-.(/!(11(&-#/.-.+,!6+&+!

3(<#$+/-+3!)(&!+%<C!;(<%-.(/8!!!
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!*+%& ,%-./0+1023&

B569,5<&A"5":%.%5+&

!

2/!%33.-.(/!-(!%,,+,,./5!-C+!,(#&<+,!()!1(;;#-.(/9!3.&+<-!

$%/%5+$+/-!(1-.(/,!./!-C+!E(/3,!-C+$,+;=+,!6%,!%;,(!%,,+,,+38!!

FC+,+!(1-.(/,!&%/5+!)&($!(/+B-.$+!-&+%-$+/-,!-(!;(/5B-+&$!

%;-+&%-.(/,!-(!-C+!E(/3,8!!N%&.(#,!<(,-9!,1%<+9!%/3!1+&$.--./5!

<(/,-&%./-,!6+&+!%/%;'I+3!)(&!+%<C!(1-.(/8!!!

!

97#$28&C<78"+2,5&

&

4!:+'!<($1(/+/-!-(!+/,#&./5!-C+!,#<<+,,!()!%/'!$%/%5+$+/-!

1;%/!.,!-(!+3#<%-+!%/3!+/5%5+!-C+!1#?;.<8!!FC.,!.,!1%&-.<#;%&;'!-&#+!
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G)*+3&,(%-6+&,(%-JH--S@;&$1''&,/0;$%/>$B@(G;:@=;$;='<,A,<%++-$&%(0'&'>$A@($&:'$#%(G$;&%AA$
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G)*+3&,(%-6+&,(%-KH--#(@1@&'$%$;'/;'$@A$/',0:?@(:@@>$=(,>'$,/$&:'$#@/>;E$$9:,;$<%/$?'$>@/'$

?-$&%(0'&,/0$A+-'(;$%/>$%<&,C,&,';$,/$&:'$;*((@*/>,/0$(';,>'/&,%+$%('%;$&:%&$A@<*;$@/$<%&<:?%;,/$

;&'/<,+,/0F$=(@='($='&$B%;&'$1%/%0'1'/&F$%/>$=@/>8A(,'/>+-$+%B/$1%/%0'1'/&F$%;$B'++$%;$
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!"#$%&'(S(!!E&(1(,+3!E#?;.<!0#-&+%<C!F%&5+-!4#3.+/<+!"#$$%&'!

6+&,(%-$&17-

&

L3'91&-6*),1%+1-

5%-0P%310"$&

G=P0%3.%&

T/%U=%31&

;"/6&V-%/-&

E"-="$&;"/6&

V-%/-&

;"/6&71">>&

"3P&<1R%/&

T".0$010%-&&

W%3%/"$&

;=#$0.&

^3#<%-.(/!4<-.(/!P!e!^@1%/3!

_&.+/3,!()!-C+!*QE!E(/3,!
M- M-

-

M- M-

^3#<%-.(/!4<-.(/!T!e!

^3#<%-.(/%;!Q+?,.-+!
M- M- M- M- M-

^3#<%-.(/!4<-.(/!V!e!L(,-!

Q%-+&,C+3!_%.&!
M- M- M- M- M-

^3#<%-.(/!4<-.(/!W!e!K-.;.I+!

b+3.%!
M- M- M- - M-

^3#<%-.(/!4<-.(/!X!e![&+%-+!

".5/%5+!
M- M- M- M- -

^3#<%-.(/!4<-.(/!U!e!

\+$(/,-&%-.(/!Q(&:,C(1,!
M- M- - M- M-

^3#<%-.(/!4<-.(/!R!e!Q%-+&!

f#%;.-'!"%$1;./5!
- - - - M-

^3#<%-.(/!4<-.(/!S!e!

b++-./5!%/3!Q(&:,C(1,!

6.-C!E%&:!"-%))!%/3!0-C+&!

_%<.;.-.+,!

- - - M- -

^3#<%-.(/!4<-.(/!Z!e!

E&($(-+!A+.5C?(&C((3!

E&.3+!./!-C+!E(/3,!

M- - - - -

 
 



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$3*/'$4567$ 78^h$ $

!"! N;;1'-23&1'451)-64414471%&-3%)-83%39171%&-:;&,(%4-
&

S"$A,'+>$='(;@//'+$=+%//'>$A@($%/>$<@1=+'&'>$%/$,/,&,%+$%;;';;1'/&$@A$&:'$L=='($"%&'(;:'>$&@$

=(@C,>'$%/$,/,&,%+$<:%(%<&'(,W%&,@/$@A$&:'$=@++*&%/&$=@&'/&,%+$@A$B%&'(;:'>$+%/>$*;';$%/>$&@$

,>'/&,A-$&:'$G'-$;&@(1B%&'($('&(@A,&$+@<%&,@/;E$$9:'$L=='($"%&'(;:'>$,;$<@1=(,;'>$@A$%/$%('%$@A$

%==(@],1%&'+-$ha`$%<(';$%/>$,/<+*>';$&:(''$1%H@($B%&'(?@>,';F$9@/0*'$#@/>F$I='<&%<+'$#@/>F$

%/>$.%;:%=%*0$#@/>E$$K%/>$*;';$,/<+*>'$1%H@($%('%;$@A$<@11'(<,%+F$,/>*;&(,%+F$%/>$1'>,*1$&@$

:,0:$>'/;,&-$(';,>'/&,%+F$%1@/0$@&:'(;F$B,&:$,1='(C,@*;$<@C'($@A$%==(@],1%&'+-$e5jE$$9:,;$>@';$

/@&$,/<+*>'$B%&'($;*(A%<'$@A$&:'$#@/>;$T!'A'($&@$J:%=&'($4$A@($1@('$>'&%,+'>$,/A@(1%&,@/$@/$

&:'$<:%(%<&'(,;&,<;$@A$&:'$L=='($"%&'(;:'>$%/>$%$>'&%,+'>$?('%G@*&$@A$+%/>$*;'$%('%;UE$

$

S"$>'C'+@='>$NOI$>'(,C'>$1%=;$@A$&:'$L=='($"%&'(;:'>$,/<+*>,/0$%'(,%+$&@=@0(%=:-F$;@,+;F$

>(%,/%0'$A'%&*(';F$&@=@0(%=:-F$%/>$*&,+,&,';$TB:'('$%C%,+%?+'U$&@$<@/>*<&$%$('<@//%,;;%/<'$@A$

&:'$%('%E$$Q$&B@8>%-$A,'+>$('<@//%,;;%/<'$B%;$<@1=+'&'>$,/$1,>$Y<&@?'($4566E$$9:'$A@<*;$B%;$

@/$,/,&,%+$,>'/&,A,<%&,@/$@A$G'-$;@*(<'$%('%;$@A$=@++*&%/&;$B,&:,/$/',0:?@(:@@>;F$,>'/&,A,<%&,@/$@A$

KLS##K;F$%/>$,>'/&,A,<%&,@/$@A$%$A'B$G'-$;&@(1B%&'($1%/%0'1'/&$('&(@A,&$=(@H'<&$@=&,@/;E$$9:,;$

,/,&,%+$%;;';;1'/&$B%;$<@1=+'&'>$&@$=(@C,>'$%$?(@%>$@C'(C,'B$@A$=@&'/&,%+$@=&,@/;$A@($

B%&'(;:'>$1%/%0'1'/&$%/>$,>'/&,A-$%$A'B$G'-$;='<,A,<$;,&';$A@($A*(&:'($,/C';&,0%&,@/$%;$=%(&$@A$

&:'$+@/08&'(1$=@++*&%/&$('>*<&,@/$;&(%&'0-E$$$

&

!"!"# O1%1'3F-=1+(%%3,443%+1-(>-@1,95A('5(()4-3%)-P'3,%391-&(-L(%9*1Q-
<;1+&3+F1Q-3%)-83453;3*9-E(%)4-

Y/$Y<&@?'($45$%/>$46F$4566F$S"$;&%AA$<@/>*<&'>$%$(%=,>$B%&'(;:'>$%;;';;1'/&$@A$&:(''$

>,AA'('/&$/',0:?@(:@@>;$B,&:,/$&:'$L=='($"%&'(;:'>$TN2:7-%&'(MUE$$9:,;$%;;';;1'/&$B%;$

<@/>*<&'>$&@$:'+=$,>'/&,A-$%/>$>@<*1'/&$,A$&:';'$/',0:?@(:@@>;$%('$+,G'+-$&@$0'/'(%&'$

=@++*&%/&;$@A$<@/<'(/$T'E0EF$=:@;=:@(*;F$?%<&'(,%F$;'>,1'/&UF$&@$,>'/&,A-$&:'$;@*(<';$<@11@/$

B,&:,/$'%<:$/',0:?@(:@@>F$%/>$B:,<:$%('%;d;@*(<';$;:@*+>$?'$&%(0'&'>$A@($B%&'(;:'>$

;&'B%(>;:,=$%<&,C,&,';E$$9:'$1'&:@>@+@0-$,;$%>%=&'>$A(@1$&:'$L=+%/>$I*?B%&'(;:'>$%/>$I,&'$

!'<@//%,;;%/<'$TLII!UF$!';,>'/&,%+$I@*(<'$Q;;';;1'/&$T"(,0:&$'&$%+EF$455^UE$$9:,;$%;;';;1'/&$

'C%+*%&';$/',0:?@(:@@>$=@++*&,@/$=@&'/&,%+$%/>$B',0:;$&:'$,1=@(&%/<'$@A$;='<,A,<$;@*(<';$T'E0EF$

'C,>'/<'$@A$='&$B%;&'F$@C'($A'(&,+,W'>$+%B/;F$&(%;:$%/>$>'?(,;U$B,&:$;='<,A,<$1%/%0'1'/&$

;&(%&'0,';$T'E0EF$='&$B%;&'$1%/%0'1'/&F$<%($B%;:,/0U$&@$:'+=$&%(0'&$B%&'(;:'>$'>*<%&,@/$%/>$

@*&('%<:$'AA@(&;E$$9:'$%;;';;1'/&$%+;@$'C%+*%&';$0'/'(%+$<@/>,&,@/;$@A$&:'$;&(''&$%/>$>(%,/%0'$

/'&B@(G$&@$>'&'(1,/'$&:'$('+%&,C'$,1=@(&%/<'$@A$;&(''&$;B''=,/0$%/>$<%&<:?%;,/$<+'%/@*&$%;$

=@&'/&,%+$1%/%0'1'/&$=(,@(,&,';E$$!"#$%&'(\$,;$%$<@1=%(%&,C'$;*11%(-$@A$'%<:$/',0:?@(:@@>F$

%/>$>'&%,+'>$>';<(,=&,@/;$@A$&:'$/',0:?@(:@@>;$%('$>';<(,?'>$,/$F==%5<2G&K$E$$#@++*&,@/$;@*(<'$

,;$>'&'(1,/'>$?-$/*1?'($@A$@?;'(C'>$=@++*&%/&;$T684k.'>,*1P$l4$k$S,0:UE$$

$



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$3*/'$4567$ 78`5$ $

!"#$%&'(X(!!K11+&!Q%-+&,C+3!A+.5C?(&C((3!"#$$%&'$

,%-./0+1023&

&

;2$$=1"31&H2"P03B&

;21%310"$&

:"03&;2$$=1"31&

72=/.%& 71%Q"/P-R0+&G.10D010%-&

`;%3,-(/+!"<C((;! L.5C!

• "+3.$+/-!

• 0.;!%/3!`&+%,+!

• !A#-&.+/-,!

• \(6/,1(#-!3.,<(//+<-.(/!

• [%-<C?%,./!$%./-+/%/<+!

• !E%=+$+/-!&+3#<-.(/!7,-&++-!

6.3-C>!

• "-(&$!3&%./!,-+/<.;./5!

• "-&++-!,6++1./5!

• J%6/!<%&+!

b%,C%1%#5!Q+,-! b+3.#$! • A#-&.+/-,!

• \(6/,1(#-!3.,<(//+<-.(/9!

[%-<C?%,./!$%./-+/%/<+!

• "-(&$!3&%./!,-+/<.;./5!

• "-&++-!,6++1./5!

• J%6/!<%&+!

"1+<-%<;+!Q+,-! b+3.#$!

• A#-&.+/-,!

• Y%<-+&.%!

• \(6/,1(#-!3.,<(//+<-.(/!

• E+-!6%,-+!$%/%5+$+/-!

• "-&++-!,6++1./5!
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MEMORANDUM          
TO:   Marie Evans Esten 

FROM: Brian Kuchar / Kristopher Houle 

DATE: November 23, 2011 

RE:  Roger Williams Park Water Quality Management Plan:  
Upper Watershed Modeling 

CC: Rich Claytor 
             

In order to determine the amount of runoff that discharges into Roosevelt Pond from the 
Roger Williams Park Upper Watershed, a basic hydrologic model was created using 
HydroCAD 9.00 (2009).  Land use data was obtained by Loon Environmental to model 
the Upper Watershed runoff characteristics.  Construction drawings were obtained from 
the Rhode Island Department of Transportation (RIDOT) for the Huntington Expressway 
Project that describes the design of the Mashapaug Brook Weir Box Structure.   

The weir box structure controls the amount of the water that passes to Roosevelt Pond via 
a 36-inch diameter reinforced concrete pipe (RCP).  Once the capacity of the 36-inch 
RCP is reached, excess runoff passes over a 20-foot long, broad-crested weir and through 
a 72-inch RCP bypass culvert.  

According to the model results, the design capacity of the 36-inch RCP is approximately 
40 cubic-feet per second (cfs).  When this flow rate is exceeded, the 72-inch RCP begins 
to carry runoff.  This design flow rate of 38.5 cfs corresponds with an approximate 7 year 
recurrence interval design storm, or 4.64 inches of rainfall.  In order to determine these 
results, the following assumptions were necessary. 

• It was assumed that all runoff from the Mashapaug watershed flows into the 
Mashapaug Pond and is not attenuated by any other ponds or detention areas.    

• The available storage of Mashapaug Pond was assumed to be approximately 2.5 
feet based on available topographic information. 

• The outlet structure for Mashapaug Pond was assumed to be a 48-inch RCP 
culvert based on the best available data provided by the RIDOT.  
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Drainage Diagram for 11058_Mashapaug Pond Watershed
Prepared by Horsley Witten Group,  Printed 11/23/2011
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

20.752 39 >75% Grass cover, Good, HSG A  (1S)
55.092 43 Woods/grass comb., Fair, HSG A  (1S)
80.130 61 1/4 acre lots, 38% imp, HSG A  (1S)
29.689 70 Institutional  (1S)

308.251 77 1/8 acre lots, 65% imp, HSG A  (1S)
4.991 77 Newly graded area, HSG A  (1S)

168.408 81 Urban industrial, 72% imp, HSG A  (1S)
156.718 89 Urban commercial, 85% imp, HSG A  (1S)
34.744 98 Paved roads w/curbs & sewers, HSG A  (1S)

118.246 98 Water Surface, HSG A  (1S)
977.021 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Goup

Subcatchment
Numbers

947.332 HSG A 1S
0.000 HSG B
0.000 HSG C
0.000 HSG D

29.689 Other 1S
977.021 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

1 1P 39.00 31.70 1,392.0 0.0052 0.011 48.0 0.0
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Summary for Subcatchment 1S: Upper Watershed

Runoff = 963.77 cfs @ 13.02 hrs,  Volume= 203.090 af,  Depth= 2.49"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-144.00 hrs, dt= 0.05 hrs
Type III 24-hr DESIGN  Rainfall=4.64"

Area (ac) CN Description
118.246 98 Water Surface, HSG A

55.092 43 Woods/grass comb., Fair, HSG A
168.408 81 Urban industrial, 72% imp, HSG A
156.718 89 Urban commercial, 85% imp, HSG A

34.744 98 Paved roads w/curbs & sewers, HSG A
20.752 39 >75% Grass cover, Good, HSG A

308.251 77 1/8 acre lots, 65% imp, HSG A
80.130 61 1/4 acre lots, 38% imp, HSG A

4.991 77 Newly graded area, HSG A
* 29.689 70 Institutional

977.021 79 Weighted Average
338.754 34.67% Pervious Area
638.267 65.33% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.8 50 0.0270 0.17 Sheet Flow, Sheet
Grass: Short   n= 0.150   P2= 3.40"

4.4 582 0.0120 2.22 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

1.8 603 0.0760 5.60 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

1.1 406 0.0940 6.22 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

18.0 1,568 0.0051 1.45 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

16.5 1,048 0.0050 1.06 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

26.8 1,082 0.0055 0.67 0.05 Pipe Channel, Channel
5.0" x 2.0"  Box  Area= 0.1 sf  Perim= 1.2'  r= 0.06'
n= 0.025  Rubble masonry, cemented

0.3 215 0.0050 12.52 353.91 Pipe Channel, culvert
72.0"  Round  Area= 28.3 sf  Perim= 18.8'  r= 1.50'
n= 0.011  Concrete pipe, straight & clean

0.8 622 0.0050 12.52 353.91 Pipe Channel, culvert
72.0"  Round  Area= 28.3 sf  Perim= 18.8'  r= 1.50'  n= 0.011

1.8 1,392 0.0052 12.77 360.92 Pipe Channel, 
72.0"  Round  Area= 28.3 sf  Perim= 18.8'  r= 1.50'  n= 0.011

76.3 7,568 Total
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Summary for Pond 1P: Mashapaug Pond

Inflow Area = 977.021 ac, 65.33% Impervious,  Inflow Depth = 2.49"    for  DESIGN event
Inflow = 963.77 cfs @ 13.02 hrs,  Volume= 203.090 af
Outflow = 38.48 cfs @ 23.86 hrs,  Volume= 154.578 af,  Atten= 96%,  Lag= 650.3 min
Primary = 38.48 cfs @ 23.86 hrs,  Volume= 154.578 af

Routing by Stor-Ind method, Time Span= 0.00-144.00 hrs, dt= 0.05 hrs
Peak Elev= 41.30' @ 23.86 hrs   Surf.Area= 3,227,561 sf   Storage= 7,408,472 cf

Plug-Flow detention time= 2,384.5 min calculated for 154.578 af (76% of inflow)
Center-of-Mass det. time= 2,297.4 min ( 3,190.4 - 892.9 )

Volume Invert Avail.Storage Storage Description
#1 39.00' 8,068,903 cf Custom Stage Data (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)
39.00 3,227,561 13,230.0 0 0 3,227,561
41.50 3,227,561 13,230.0 8,068,903 8,068,903 3,260,636

Device Routing     Invert Outlet Devices
#1 Primary 39.00' 48.0"  Round Culvert   

L= 1,392.0'   RCP, square edge headwall,  Ke= 0.500   
Outlet Invert= 31.70'   S= 0.0052 '/'   Cc= 0.900   n= 0.011   

Primary OutFlow  Max=38.48 cfs @ 23.86 hrs  HW=41.30'   (Free Discharge)
1=Culvert  (Inlet Controls 38.48 cfs @ 5.16 fps)
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Summary for Pond 2P: Weir Box

Inflow Area = 977.021 ac, 65.33% Impervious,  Inflow Depth > 1.90"    for  DESIGN event
Inflow = 38.48 cfs @ 23.86 hrs,  Volume= 154.578 af
Outflow = 38.48 cfs @ 23.86 hrs,  Volume= 154.578 af,  Atten= 0%,  Lag= 0.0 min
Primary = 38.48 cfs @ 23.86 hrs,  Volume= 154.578 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-144.00 hrs, dt= 0.05 hrs
Peak Elev= 34.26' @ 23.86 hrs

Device Routing     Invert Outlet Devices
#1 Primary 31.50' 36.0" Vert. Orifice/Grate    C= 0.600   
#2 Device 3 34.50' 20.0' long  x 1.0' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60  1.80  2.00  
2.50  3.00   
Coef. (English)  2.69  2.72  2.75  2.85  2.98  3.08  3.20  3.28  3.31  
3.30  3.31  3.32   

#3 Secondary 26.07' 72.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=38.49 cfs @ 23.86 hrs  HW=34.26'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 38.49 cfs @ 5.66 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=26.07'   (Free Discharge)
3=Orifice/Grate  ( Controls 0.00 cfs)

2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/234+*1'$55$6$7*/'$89:;$  

!

!

!

!

!

"##$%&'(!)!

7"8.(7*",/+'(9.#%*+#.(!*,.4(:779!;(



!



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$2$6*/'$789:$ ;<9 

!"#$%!&"'()*%+$,-&),$%.&'$/%0!!+.1%%

$

!"#$%&'(&)*+,*-+.,/&0%,(&)*+

$

==!.$,>$%$>?('%@>A''&<B%>'@$+4%@,/0$14@'+$CA,DA$('E*,('>$&A%&$&A'$D4/&(,B*&,/0$C%&'(>A'@$

>*((4*/@,/0$&A'$C%&'($B4@-$4F$,/&'('>&$B'$@,G,@'@$,/&4$4/'$4($14('$>*BC%&'(>A'@>$F4($'%DA$*?<

0(%@,'/&$C%&'($B4@,'>$%/@$F4($CA,DA$+%/@$*>'$@%&%$%('$%G%,+%B+'$&4$'>&,1%&'$,/?*&$+4%@,/0>H$$$

$

I%DA$+%/@$*>'$C,&A,/$&A'$>*BC%&'(>A'@>$,>$%>>,0/'@$%$?('D,?,&%&,4/J$/,&(40'/$%/@$?A4>?A4(*>$

'K?4(&$D4'FF,D,'/&$F4($(*/4FF$%/@$B%>'F+4CH$$LA'>'$?('D,?,&%&,4/$'K?4(&$D4'FF,D,'/&$G%+*'>$%('$&A'$

F(%D&,4/$4F$?('D,?,&%&,4/$&A%&$B'D41'>$(*/4FF$4($B%>'F+4CH$$LA'$>'+'D&,4/$4F$&A'$F,/%+$

?('D,?,&%&,4/$'K?4(&$D4'FF,D,'/&>$*>'@$,/$&A'$14@'+$,>$B%>'@$4/$B'>&$?(4F'>>,4/%+$M*@01'/&J$

D41?%(,>4/$B'&C''/$14@'+'@$B%>,/$C%&'($G4+*1'$4*&?*&>$%/@$%D&*%+$1'%>*('@$>&('%1$F+4C>J$

%>$C'++$%>$D41?%(,>4/$B'&C''/$14@'+'@$B%>,/$C%&'($G4+*1'$4*&?*&>$%/@$D%+D*+%&,4/>$*>,/0$&A'$

>&%/@%(@$%('%+$C%&'($-,'+@H$$IK?4(&$D4'FF,D,'/&>$F4($/,&(40'/$%/@$?A4>?A4(*>$+4%@$%('$'K?('>>'@$

,/$/,&(40'/$4($?A4>?A4(*>$+4%@$&4$B%>'F+4C$%/@$(*/4FF$,/$N0$?'($A'D&%('$?'($-'%(H$$LA'$

('F'('/D'$G%(,%B+'>$?(4G,@'@$C,&A$&A'$==!.$14@'+$,/D+*@'$%$1'%/J$1'@,%/J$1%K,1*1$%/@$

1,/,1*1$('?4(&'@$/,&(40'/$%/@$?A4>?A4(*>$'K?4(&$D4'FF,D,'/&$F4($B%>'F+4C$%/@$(*/4FF$F(41$%$

G%(,'&-$4F$('F'('/D'@$>4*(D'>H$

$

!4*&,/0$%/@$%&&'/*%&,4/$4F$>*BC%&'(>A'@$+4%@>$,>$%@M*>&%B+'$C,&A,/$&A'$14@'+H$$O,('D&$+4%@>$&4$

&A'$C%&'($B4@-$4F$,/&'('>&$,/D+*@,/0$%&14>?A'(,D$@'?4>,&,4/J$,/&'(/%+$/*&(,'/&$+4%@,/0J$

C%&'(F4C+$%/@$4&A'($C,+@+,F'J$4/<>,&'$C%>&'C%&'($@,>?4>%+$>->&'1>$%/@$?4,/&$>4*(D'>$%('$

'/&'('@$,/&4$&A'$14@'+J$CA'('$%??+,D%B+'H$$#4,/&$>4*(D'>$F4($&A'$?*(?4>'>$4F$&A'$14@'+$%('$

>?'D,F,D$,/?*&>$F4($@,>DA%(0'>$C,&A$N/4C/$E*%/&,&-$%/@$E*%+,&-J$>*DA$%>$%$C%>&'C%&'($&('%&1'/&$

?+%/&$4($,/@*>&(,%+$@,>DA%(0'H$$!'F'('/D'$G%(,%B+'>$P1'%/J$1'@,%/J$1%K,1*1$%/@$1,/,1*1Q$%('$

?(4G,@'@$F4($&A'$@,('D&$+4%@>H$$LA'$+%/@$*>'>$%('$*>'@$&4$0'/'(%&'$'>&,1%&'>$4F$B%>'F+4C$

G4+*1'J$(*/4FF$G4+*1'$%/@$/*&(,'/&$+4%@>$,/$B4&A$B%>'F+4C$%/@$(*/4FF$&4$&A'$C%&'($B4@-$4F$

,/&'('>&$CA,DA$%('$%@@'@$&4$&A'$@,('D&$+4%@>$&4$?(4G,@'$%/$'>&,1%&'$4F$C%&'($E*%+,&-$P/,&(40'/$

%/@$?A4>?A4(*>$D4/D'/&(%&,4/>J$DA+4(4?A-++$%$%/@$R'DDA,$@'?&AQ$&4$&A'$C%&'($B4@-$4F$,/&'('>&H$$

5@'%++-$&A'$14@'+$,>$D%+,B(%&'@$B%>'@$4/$%D&*%+$@%&%$4B&%,/'@$F4($,/F+4C>$%/@$4*&F+4C>$F(41$&A'$

G%(,4*>$>*BC%&'(>A'@>$%>$C'++$%>$&A'$+%N'$4F$,/&'('>&H$$$

 
!5S5R$+%/@$*>'$@%&%$F(41$788:T788UJ$&A'$14>&$('D'/&$+%/@$*>'$@%&%$%G%,+%B+'J$C'('$*>'@$&4$

D%+D*+%&'$+%/@$*>'$%('%>$C,&A,/$'%DA$>*BC%&'(>A'@>H$$R'G'(%+$>1%++$DA%/0'>$C'('$1%@'$&4$&A'$

+%/@$*>'$@%&%$&4$('F+'D&$DA%/0'>$4B>'(G'@$>,/D'$788:T788UH$$LA'$+%(0'>&$DA%/0'$C%>$&A'$

%@M*>&1'/&$4F$+%/@$*>'$/4(&A$4F$L4/0*'$#4/@$,@'/&,F,'@$,/$&A'$788:T788U$@%&%$F(41$G%D%/&$&4$

D411'(D,%+J$%>$&A,>$%('%$A%>$B''/$('D'/&+-$('@'G'+4?'@H$$V,&(40'/$%/@$?A4>?A4(*>$+4%@,/0$

D4'FF,D,'/&>$>'+'D&'@$F4($*>'$,/$14@'+,/0$&A'$!"#$#4/@>$>->&'1$C'('$>'+'D&'@$F(41$&A'$

('F'('/D'$G%(,%B+'>$?(4G,@'@$,/$&A'$==!.$14@'+$%/@$&A'$WA%(+'>$!,G'($L.O=$PW!"XJ$7899QH$$

#('D,?,&%&,4/$'K?4(&$D4'FF,D,'/&>$C'('$B%>'@$4/$B'>&$?(4F'>>,4/%+$M*@01'/&J$D41?%(,>4/$4F$

14@'+'@$B%>,/$C%&'($G4+*1'$4*&?*&>$%/@$%D&*%+$1'%>*('@$>&('%1$F+4C>J$%>$C'++$%>$D41?%(,>4/$

B'&C''/$14@'+'@$B%>,/$C%&'($G4+*1'$4*&?*&>$%/@$D%+D*+%&,4/>$*>,/0$&A'$>&%/@%(@$%('%+$C%&'($

-,'+@H$$$X&14>?A'(,D$@'?4>,&,4/$+4%@$C%>$B%>'@$4/$&A'$%>>*1?&,4/$&A%&$&A'$C%&'(>A'@$('D',G'>$



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$2$6*/'$789:$ ;<7 

@'?4>,&,4/$F(41$&A'$R4*&A$%/@$"'>&$,/D+*@,/0$&A'$V'C$Y4(N$%/@$V'C$6'(>'-$%('%>J$CA,DA$

D4/&%,/$1,K'@$+%/@$*>'$&-?'>H$$5/&'(/%+$+4%@,/0$,/$&A'$14@'+$*>'@$@'F%*+&$G%+*'>$F4($V$%/@$#$

(%&'$4F$('+'%>'$P>''$('F'('/D'$G%(,%B+'>$,/$&A'$==!.Q$%/@$%$Z[$@%->$4F$?4&'/&,%+$('+'%>'H$$

"%&'(F4C+$+4%@$C%>$'>&,1%&'@$%&$:[8$B,(@>$B%>'@$4/$%$!5OI.$'>&,1%&'$4F$:88<U88$('>,@'/&$

B,(@>$PX(@,&4J$7899QH$$\/<>,&'$C%>&'C%&'($@,>?4>%+$%/@$?4,/&$>4*(D'>$C'('$%>>*1'@$&4$B'$/4&$

%??+,D%B+'$%>$&A'$C%&'(>A'@$,>$>'C'('@$%/@$&A'('$%('$/4$N/4C/$1%M4($?4,/&$>4*(D'>$P'H0HJ$

C%>&'C%&'($&('%&1'/&$?+%/&QH$$$

$

.4@'+$D%+,B(%&,4/$@%&%$C'('$4B&%,/'@$F(41$>'G'(%+$>4*(D'>]$

• "%&'($4*&F+4C$G4+*1'>$F(41$R?'D&%D+'$#4/@$%/@$.%>A%?%*0$#4/@$C'('$4B&%,/'@$F(41$

&A'$.%>A%?%*0$L.O=$P!5OI.J$788Z%QH$$LA'$.%>A%?%*0$L.O=$('?4(&'@$4*&F+4C$F(41$

R?'D&%D+'$#4/@$C%>$@'&'(1,/'@$B%>'@$4/$>&%/@%(@$C%&'($-,'+@$D%+D*+%&,4/>$*>,/0$+%/@$

*>'>$F4($R?'D&%D+'$#4/@$%>$C'++$%>$>41'$,/+'&$F+4C$@%&%$P!5OI.J$788Z%QH$$LA'$C%&'(>A'@$

@'+,/'%&'@$,/$&A'$.%>A%?%*0$L.O=$F4($R?'D&%D+'$#4/@$,>$>,1,+%($&4$&A%&$*>'@$,/$&A,>$

>&*@-J$&A'('F4('$,&$,>$('%>4/%B+'$&4$*>'$&A,>$'>&,1%&'$%>$%$D41?%(,>4/$?4,/&$,/$&A'$14@'+$

F4($!"#$#4/@>H$$\*&F+4C$@%&%$F4($.%>A%?%*0$#4/@$('?4(&'@$,/$&A'$L.O=$C%>$

@'&'(1,/'@$B-$D%+D*+%&,4/^$&4&%+$,/F+4C$P@'&'(1,/'@$*>,/0$G%(,4*>$>4*(D'>Q$C%>$

%>>*1'@$&4$'E*%+$&4&%+$4*&F+4CJ$%$('%>4/%B+'$%>>*1?&,4/J$%++4C,/0$&A,>$@%&%$&4$B'$*>'@$

%>$%$D41?%(,>4/$?4,/&$F4($&A'$!"#$#4/@>$14@'+$P!5OI.J$788Z%QH$

• \*&F+4C$&4&%+$/,&(40'/$%/@$?A4>?A4(*>$@%&%$F4($R?'D&%D+'$#4/@$C'('$4B&%,/'@$F(41$&A'$

.%>A%?%*0$#4/@$L.O=$P!5OI.J$788Z%QH$$!'?4(&'@$@%&%$C'('$4B&%,/'@$B-$@,('D&$

1'%>*('1'/&$,/$7889$P!5OI.J$788Z%QH$

• L4&%+$?A4>?A4(*>$@%&%$F4($&A'$!"#$#4/@$4*&+'&$C'('$*/%G%,+%B+'J$&A'$I+1$=%N'$&4&%+$

?A4>?A4(*>$G%+*'>$4B&%,/'@$F(41$_!5""$C'('$*>'@$,/>&'%@H$$P5@'%++-$&A'$%D&*%+$4*&+'&$

D4/D'/&(%&,4/$%>$C'++$%>$%/$4*&F+4C$G4+*1'$C4*+@$A%G'$B''/$*&,+,`'@$,/$&A'$14@'+QH$

• XG'(%0'$&4&%+$?A4>?A4(*>$%/@$&4&%+$/,&(40'/$G%+*'>J$1'%/$%/@$?'%N$DA+4(4?A-++$%$%/@J$

1,/,1*1$%/@$%G'(%0'$R'DDA,$@'?&A$C'('$4B&%,/'@$F(41$_!5""$@%&%H$$$

$

R'G'(%+$N'-$?,'D'>$4F$,/F4(1%&,4/$&A%&$C4*+@$%++4C$F4($B'&&'($D%+,B(%&,4/$4F$&A'$14@'+$C'('$/4&$

%G%,+%B+'J$,/D+*@,/0]$$

• 5/F+4C$/*&(,'/&$D4/D'/&(%&,4/$F(41$.%>A%?%*0$#4/@^$%/@$$$

• \*&F+4C$G4+*1'$%/@$/*&(,'/&$D4/D'/&(%&,4/$F4($!"#$#4/@>H$$$

$

W%+,B(%&,4/$4F$&A'$14@'+$C%>$%DD41?+,>A'@$B-$G%(-,/0$&A'$F+4C$%&&'/*%&,4/$%/@$?4++*&%/&$

%&&'/*%&,4/$4F$.%>%?%*0$%/@$R?'D&%D+'$#4/@>$&4$%DA,'G'$('%>4/%B+'$%0(''1'/&$B'&C''/$

G%(,%B+'>$?('@,D&'@$B-$&A'$14@'+$%/@$&A'$%G'(%0'$4F$4B>'(G'@$?%(%1'&'(>H$$X+&A4*0A$%++$&A'$

,@'%+$@%&%$C'('$/4&$%G%,+%B+'$&4$D%+,B(%&'$&A'$==!.$14@'+$F4($!"#$#4/@>J$&A'$?('@,D&'@$

%G'(%0'$DA+4(4?A-++$%$D4/D'/&(%&,4/>$%/@$1,/,1*1$%/@$%G'(%0'$R'DDA,$@,>N$G%+*'>$%('$G'(-$

D+4>'$&4$1'%>*('@$G%+*'>H$$LA'$,/<?4/@$?('@,D&'@$&4&%+$?A4>?A4(*>$G%+*'>$%('$>+,0A&+-$+4C'($

&A%/$&A'$1'%>*('@$%G'(%0'$,/<?4/@$G%+*'J$B*&$C'++$C,&A,/$%DD'?&%B+'$&4+'(%/D'>$%/@$%D&*%+$

G%+*'>$%('$B'$'K?'D&'@$&4$F+*D&*%&'$>*B>&%/&,%++-$@*(,/0$%$0,G'/$-'%($%/@$%G%,+%B+'$@%&%$1%-$/4&$

B'$>*FF,D,'/&$&4$'>&%B+,>A$%/$%DD*(%&'$%G'(%0'H 



!
"
#
$
%
&
'
%
(
)
*

IN
-L

AK
E 

M
O

D
EL

S 
FO

R
 P

R
ED

IC
TI

N
G

 C
O

N
C

EN
TR

AT
IO

N
S:

 C
ur

re
nt

 C
on

di
tio

ns
TH

E 
TE

RM
S

PH
O

SP
HO

RU
S

SY
M

BO
L

PA
RA

M
ET

ER
UN

IT
S

DE
RI

VA
TI

O
N

VA
LU

E
TP

La
ke

 T
ot

al
 P

ho
sp

ho
ru

s 
Co

nc
.  

pp
b

Fr
om

 in
-la

ke
 m

od
el

s
To

 B
e 

Pr
ed

ic
te

d

KG
Ph

os
ph

or
us

 L
oa

d 
to

 L
ak

e
kg

/y
r

Fr
om

 e
xp

or
t m

od
el

41
9

L
Ph

os
ph

or
us

 L
oa

d 
to

 L
ak

e
g 

P/
m

2/
yr

KG
*1

00
0/

A
1.

00
7

TP
in

In
flu

en
t (

In
flo

w)
 T

ot
al

 P
ho

sp
ho

ru
s 

pp
b

Fr
om

 e
xp

or
t m

od
el

11
0

TP
ou

t
Ef

flu
en

t (
O

ut
le

t) 
To

ta
l P

ho
sp

ho
ru

s 
pp

b
Fr

om
 d

at
a,

 if
 a

va
ila

bl
e

58
En

te
r V

al
ue

 (T
P 

ou
t)

I
In

flo
w

m
3/

yr
Fr

om
 e

xp
or

t m
od

el
38

08
46

3
A

La
ke

 A
re

a
m

2
Fr

om
 d

at
a

41
56

00
V

La
ke

 V
ol

um
e

m
3

Fr
om

 d
at

a
43

93
19

En
te

r V
al

ue
 (V

)
Z

M
ea

n 
De

pt
h

m
Vo

lu
m

e/
ar

ea
1.

05
7

F
Fl

us
hi

ng
 R

at
e

flu
sh

in
gs

/y
r

In
flo

w/
vo

lu
m

e
8.

66
9

S
Su

sp
en

de
d 

Fr
ac

tio
n

no
 u

ni
ts

Ef
flu

en
t T

P/
In

flu
en

t T
P

0.
52

8
Q

s
Ar

ea
l W

at
er

 L
oa

d
m

/y
r

Z(
F)

9.
16

4
Vs

Se
ttl

in
g 

Ve
lo

ci
ty

m
Z(

S)
0.

55
8

Rp
Re

te
nt

io
n 

Co
ef

fic
ie

nt
 (s

et
tli

ng
 ra

te
)

no
 u

ni
ts

((V
s+

13
.2

)/2
)/(

((V
s+

13
.2

)/2
)+

Q
s)

0.
42

9
Rl

m
Re

te
nt

io
n 

Co
ef

fic
ie

nt
 (f

lu
sh

in
g 

ra
te

)
no

 u
ni

ts
1/

(1
+F

^0
.5

)
0.

25
4

77
16

47
m

3 
vo

lu
m

e 
Le

e 
Pa

re 19
80

NI
TR

O
G

EN

SY
M

BO
L

PA
RA

M
ET

ER
UN

IT
S

DE
RI

VA
TI

O
N

VA
LU

E
TN

La
ke

 T
ot

al
 N

itr
og

en
 C

on
c.

  
pp

b
Fr

om
 in

-la
ke

 m
od

el
s

To
 B

e 
Pr

ed
ic

te
d

KG
Ni

tro
ge

n 
Lo

ad
 to

 L
ak

e
kg

/y
r

Fr
om

 e
xp

or
t m

od
el

48
54

L1
Ni

tro
ge

n 
Lo

ad
 to

 L
ak

e
g 

N/
m

2/
yr

KG
*1

00
0/

A
11

.6
8

L2
Ni

tro
ge

n 
Lo

ad
 to

 L
ak

e
m

g 
N/

m
2/

yr
KG

*1
00

00
00

/A
11

68
0

C1
Co

ef
fic

ie
nt

 o
f A

tte
nu

at
io

n,
 fr

om
 F

fra
ct

io
n/

yr
2.

71
83

^(
0.

55
41

(ln
(F

))-
0.

36
7)

2.
29

C2
Co

ef
fic

ie
nt

 o
f A

tte
nu

at
io

n,
 fr

om
 L

fra
ct

io
n/

yr
2.

71
83

^(
0.

71
(ln

(L
2)

)-6
.4

26
)

1.
25

C3
Co

ef
fic

ie
nt

 o
f A

tte
nu

at
io

n,
 fr

om
 L

/Z
fra

ct
io

n/
yr

2.
71

83
^(

0.
59

4(
ln

(L
2/

Z)
)-4

.1
44

)
4.

00

M
a
r
i
e
 
E
s
t
e
n
:

E
l
m
 
P
o
n
d
 
T
P
 
v
a
l
u
e
 
(
o
n
e
 

y
e
a
r
 
o
n
l
y
)
;
 
n
o
t
 
a
c
t
u
a
l
 

o
u
t
p
u
t
 
v
a
l
u
e
,
 
E
l
m
 
l
a
k
e
 
i
s
 

l
a
s
t
 
p
o
n
d
 
i
n
 
t
h
e
 
s
e
r
i
e
s

M
a
r
i
e
 
E
s
t
e
n
:

7
7
1
,
6
4
7
 
F
r
o
m
 
L
e
e
 
P
a
r
e
 

R
e
p
o
r
t
 
1
9
8
0
.
.
 
N
e
w
 

n
u
m
b
e
r
 
b
a
s
e
d
 
o
n
 
2
0
1
1
 

s
u
m
m
e
r
 
s
u
r
v
e
y



!
"
#
$
%
&
'
%
(
)
*

TH
E 

M
O

D
EL

S
PR

ED
IC

TE
D

 C
H

L 
AN

D
 W

AT
ER

 C
LA

R
IT

Y
PH

O
SP

H
O

R
U

S
PR

ED
.

PE
R

M
IS

.
C

R
IT

IC
AL

C
O

N
C

. 
C

O
N

C
. 

C
O

N
C

. 
N

AM
E

FO
R

M
U

LA
(p

pb
)

(p
pb

)
(p

pb
)

M
O

D
EL

Va
lu

e
M

ea
n

M
ea

su
re

d
M

as
s 

Ba
la

nc
e

TP
=L

/(Z
(F

))*
10

00
11

0
(M

ax
im

um
 C

on
c.

)
M

ea
n 

C
hl

or
op

hy
ll 

(u
g/

L)
Ki

rc
hn

er
-D

ill
on

 1
97

5
TP

=L
(1

-R
p)

/(Z
(F

))*
10

00
63

19
38

   
C

ar
ls

on
 1

97
7

46
.2

(K
-D

)
   

D
ill

on
 a

nd
 R

ig
le

r 1
97

4
38

.7
Vo

lle
nw

ei
de

r 1
97

5
TP

=L
/(Z

(S
+F

))*
10

00
10

4
31

62
   

Jo
ne

s 
an

d 
Ba

ch
m

an
n 

19
76

45
.1

(V
)

   
O

gl
es

by
 a

nd
 S

ch
af

fn
er

 1
97

8
40

.6
La

rs
en

-M
er

ci
er

 1
97

6
TP

=L
(1

-R
lm

)/(
Z(

F)
)*

10
00

82
25

49
   

M
od

ifi
ed

 V
ol

le
nw

ei
de

r 1
98

2
35

.7
41

.3
36

.1
(L

-M
)

Pe
ak

 C
hl

or
op

hy
ll 

(u
g/

L)
Jo

ne
s-

Ba
ch

m
an

n 
19

76
TP

=0
.8

4(
L)

/(Z
(0

.6
5+

F)
)*

10
00

86
26

52
   

M
od

ifi
ed

 V
ol

le
nw

ei
de

r (
TP

) 1
98

2
12

0.
5

(J
-B

)
   

Vo
lle

nw
ei

de
r (

C
H

L)
 1

98
2

13
4.

1
R

ec
kh

ow
 G

en
er

al
 (1

97
7)

TP
=L

/(1
1.

6+
1.

2(
Z(

F)
))*

10
00

45
13

27
   

M
od

ifi
ed

 J
on

es
, R

as
t a

nd
 L

ee
 1

97
9

14
0.

5
13

1.
7

10
0.

7
(R

g)
Se

cc
hi

 T
ra

ns
pa

re
nc

y 
(M

)
O

gl
es

by
 a

nd
 S

ch
af

fn
er

 1
97

8 
(A

vg
)

0.
8

1.
0

Av
er

ag
e 

of
 M

od
el

 V
al

ue
s

76
23

46
M

od
ifi

ed
 V

ol
le

nw
ei

de
r 1

98
2 

(M
ax

)
2.

9
3.

1
(w

ith
ou

t m
as

s 
ba

la
nc

e)
M

ea
su

re
d 

Va
lu

e
92

Bl
oo

m
 P

ro
ba

bi
lit

y
(m

ea
n,

 m
ed

ia
n,

 o
th

er
)

Pr
ob

ab
ili

ty
 o

f C
hl

 >
10

 u
g/

L 
(%

 o
f t

im
e)

99
.5

%
89

%
Pr

ob
ab

ili
ty

 o
f C

hl
 >

15
 u

g/
L 

(%
 o

f t
im

e)
96

.2
%

75
%

Fr
om

 V
ol

le
nw

ei
de

r 1
96

8
Pr

ob
ab

ili
ty

 o
f C

hl
 >

20
 u

g/
L 

(%
 o

f t
im

e)
88

.5
%

60
%

Pe
rm

is
si

bl
e 

Lo
ad

 (g
/m

2/
yr

)L
p=

10
^(

0.
50

15
03

(lo
g(

Z(
F)

))-
1.

00
18

)
0.

30
Pr

ob
ab

ili
ty

 o
f C

hl
 >

30
 u

g/
L 

(%
 o

f t
im

e)
65

.1
%

34
%

C
rit

ic
al

 L
oa

d 
(g

/m
2/

yr
)L

c=
2(

C
p)

0.
60

Pr
ob

ab
ili

ty
 o

f C
hl

 >
40

 u
g/

L 
(%

 o
f t

im
e)

42
.6

%
25

%

N
IT

R
O

G
EN

M
as

s 
Ba

la
nc

e
TN

=L
/(Z

(F
))*

10
00

12
75

(M
ax

im
um

 C
on

c.
)

Ba
ch

m
an

n 
19

80
TN

=L
/(Z

(C
1+

F)
)*

10
00

10
08

Ba
ch

m
an

n 
19

80
TN

=L
/(Z

(C
2+

F)
)*

10
00

11
14

Ba
ch

m
an

n 
19

80
TN

=L
/(Z

(C
3+

F)
)*

10
00

87
2

Av
er

ag
e 

of
 M

od
el

 V
al

ue
s

99
8

(w
ith

ou
t m

as
s 

ba
la

nc
e)

M
ea

su
re

d 
Va

lu
e

11
16

(m
ea

n,
 m

ed
ia

n,
 o

th
er

)

Ma
rie

 Es
ten

:
A
v
e
r
a
g
e
 
o
f
 
a
ll
 
T
P
 
v
a
lu
e
s
 
f
o
r
 
P
a
r
k
 
p
o
n
d
s
 
-
 
2
8
 
v
a
lu
e
s
 
f
r
o
m
 

1
9
9
3
 
t
o
 
2
0
0
5
.
 
 
M
in
im
u
m
 
is
 
3
1
 
u
g
/
L
.
 
 
M
a
x
im
u
m
 
is
 
1
9
4
 

u
g
/
L Ma
rie

 Es
ten

:
A
v
e
a
r
g
e
 
o
f
 
T
N
 
in
 
a
ll
 
p
o
n
d
s
.
 
1
9
9
3
-
2
0
0
5
.
 
 
M
in
 
1
8
0
 
u
g
/
L
 

T
N
.
 
 
M
a
x
im
u
m
 
2
2
1
0
 
u
g
/
L
 
T
N

Ma
rie

 Es
ten

:
a
v
e
r
a
g
e
 
o
f
 
a
ll
 
C
h
lo
r
o
p
h
y
ll
 

a
 
d
a
t
a
 
in
 
a
ll
 
p
o
n
d
s

Ma
rie

 Es
ten

:
C
u
n
li
f
f
 
in
 
2
0
0
3

Ma
rie

 Es
ten

:
a
v
e
r
a
g
e
 
o
f
 
a
ll
 
p
o
n
d
s

Ma
rie

 Es
ten

:
P
le
a
s
u
r
e
 
in
 
1
9
9
3



!
"
#
$
%
&
'
%
(
)
*

BL
O

O
M

 F
RE

Q
UE

NC
Y 

CA
LC

UL
AT

IO
NS

ln
(s

td
 d

ev
 o

f C
)

Th
re

sh
old

 le
ve

l
Z*

No
rm

sd
ist

Fr
eq

.
pp

b
0.

5
10

-2
.5

85
0.

00
5

0.
99

5
0.

5
15

-1
.7

74
0.

03
8

0.
96

2
0.

5
20

-1
.1

99
0.

11
5

0.
88

5
0.

5
30

-0
.3

88
0.

34
9

0.
65

1
0.

5
40

0.
18

8
0.

57
4

0.
42

6

RE
FE
RE
NC
ES

Ba
ch

m
an

n 
19

80
Ca

rls
on

, R
. 1

97
7.

  A
 T

ro
ph

ic 
St

at
e 

In
de

x 
fo

r L
ak

es
. L

im
no

l. 
an

d 
O

ce
an

og
r. 

 2
2:

26
1-

36
9 

M
iff

lin
 C

o.
, N

Y.
Di

llo
n,

 P
.J

. a
nd

 F
.H

. R
ig

ler
. 1

97
4.

 T
he

 P
ho

sp
ho

ru
s-

Ch
lor

op
hy

ll R
ela

tio
ns

hi
p 

in
 L

ak
es

. L
im

no
l. 

O
ce

an
og

r. 
19

:7
67

-7
73

. 
Jo

ne
s,

 J
. a

nd
 R

. B
ac

hm
an

n.
 1

97
6.

 P
re

di
ct

ion
 o

f P
ho

sp
ho

ru
s 

an
d 

Ch
lor

op
hy

ll L
ev

els
 in

 L
ak

es
. J

W
PC

F 
48

:2
17

6-
21

84
. 

Ki
rc

hn
er

, W
. a

nd
 P

. D
illo

n.
 1

97
5.

 A
n 

Em
pi

ric
al 

M
et

ho
d 

of
 E

st
im

at
in

g 
th

e 
Re

te
nt

ion
 o

f P
ho

sp
ho

ru
s 

in
 L

ak
es

. W
at

er
 R

es
ou

rc
. R

es
. 1

1:
18

2-
18

3.
 

La
rs

en
, D

. a
nd

 H
. M

er
cie

r. 
19

76
. P

ho
sp

ho
ru

s 
Re

te
nt

ion
 C

ap
ac

ity
 o

f L
ak

es
. J

. F
ish

. R
es

. B
d.

 C
an

. 3
3:

17
42

-1
75

0.
 

Re
ck

ho
w,

 K
. 1

97
7.

 P
ho

sp
ho

ru
s 

M
od

els
 fo

r L
ak

e 
M

an
ag

em
en

t. 
Ph

.D
. D

iss
er

ta
tio

n,
 H

ar
va

rd
 U

ni
ve

rs
ity

, C
am

br
id

ge
, M

A.
 

Fr
om

 V
oll

en
we

id
er

 1
96

8 Vo
lle

nw
eid

er
, R

.A
. 1

97
5.

 In
pu

t-o
ut

pu
t m

od
els

 w
ith

 s
pe

cia
l r

ef
er

en
ce

s 
to

 th
e 

ph
os

ph
or

us
 lo

ad
in

g 
co

nc
ep

t i
n 

lim
no

log
y.

 S
ch

we
iz.

 Z
. H

yd
ro

l. 
37

:5
3-

62
.

Vo
lle

nw
eid

er
, R

. 1
98

2.
 E

ut
ro

ph
ica

tio
n 

of
 W

at
er

s:
 M

on
ito

rin
g,

 A
ss

es
sm

en
t a

nd
 C

on
tro

l. 
O

EC
D,

 P
ar

is.

Jo
ne

s,
 R

.A
., 

W
. R

as
t a

nd
 G

.F
. L

ee
. 1

97
9.

 R
ela

tio
ns

hi
p 

be
tw

ee
n 

su
m

m
er

 m
ea

n 
an

d 
su

m
m

er
 m

ax
im

um
 c

hl
or

op
hy

ll a
 c

on
ce

nt
ra

tio
ns

 in
 la

ke
s.

 E
nv

. S
ci.

 &
 

Te
ch

no
l. 

13
:8

69
-8

70
.

W
alk

er
.  

W
.W

. 1
98

4.
 S

ta
tis

tic
al 

ba
se

s 
fo

r m
ea

n 
ch

lo
ro

ph
yll

-a
 c

rit
er

ia.
 P

ag
es

 5
7-

62
 in

 L
ak

e 
an

d 
Re

se
rv

oir
 M

an
ag

em
en

t –
 P

ra
ct

ica
l A

pp
lic

at
ion

s.
 P

ro
ce

ed
in

gs
 o

f t
he

 
4th

 a
nn

ua
l N

AL
M

S 
sy

m
po

siu
m

. U
SE

PA
, W

as
hi

ng
to

n,
 D

C

O
gl

es
by

, R
.T

. a
nd

 W
.R

. S
ch

af
fn

er
. 1

97
8.

 P
ho

sp
ho

ru
s 

Lo
ad

in
gs

 to
 L

ak
es

 a
nd

 s
om

e 
of

 th
eir

 re
sp

on
se

s.
 P

ar
t 2

. R
eg

re
ss

ion
 M

od
els

 o
f S

um
m

er
 P

hy
to

pl
an

kt
on

 
St

an
di

ng
 C

ro
ps

, W
in

te
r T

ot
al 

P,
 a

nd
 T

ra
ns

pa
re

nc
y 

of
 N

ew
 Y

or
k 

La
ke

s 
wi

th
 P

ho
sp

ho
ru

s 
Lo

ad
in

gs
. L

im
no

l. 
O

ce
an

og
r. 

23
:1

35
-1

45
.



Ca
lc

ul
at

io
ns

EX
PO

R
T 

M
O

D
EL

 IN
PU

T 
AN

D
 C

AL
C

U
LA

TI
O

N
S

Ce
lls

 s
ha

de
d 

lik
e 

th
is

 m
us

t h
av

e 
va

lu
es

 e
nt

er
ed

 o
r v

er
ifi

ed
Ce

lls
 s

ha
de

d 
lik

e 
th

is
 a

re
 n

ot
es

 to
 a

id
 p

ro
ce

ss
in

g

CO
EF

FI
CI

EN
TS

ST
D.

 W
AT

ER
 Y

IE
LD

 (C
FS

M
)

1.
5

(lo
w 

- b
as

ed
 o

n 
wa

te
rs

he
d 

be
in

g 
lo

ca
te

d 
in

 s
an

dy
 c

oa
st

al
 a

re
a)

PR
EC

IP
IT

AT
IO

N 
(M

ET
ER

S)
1.

18
(N

O
AA

 N
at

io
na

l C
lim

at
ic

 D
at

a 
Ce

nt
er

)

Pr
ec

ip
 

P 
Ex

po
rt

N 
Ex

po
rt

Pr
ec

ip
 

P 
Ex

po
rt

N 
Ex

po
rt

Co
ef

fic
ie

nt
Co

ef
fic

ie
nt

Co
ef

fic
ie

nt
Co

ef
fic

ie
nt

Co
ef

fic
ie

nt
Co

ef
fic

ie
nt

LA
ND

 U
SE

(F
ra

ct
io

n)
(k

g/
ha

/y
r)

(k
g/

ha
/y

r)
(F

ra
ct

io
n)

(k
g/

ha
/y

r)
(k

g/
ha

/y
r)

Ur
ba

n 
1 

(L
DR

)
NO

TE
: P

re
ci

pi
ta

tio
n 

ru
no

ff 
an

d 
ba

se
flo

w 
co

ef
fic

ie
nt

s 
wi

ll 
su

m
 to

 <
1.

0
Ur

ba
n 

2 
(M

DR
)

0.
40

0.
56

5.
50

0.
10

0.
01

0
5.

00
Ur

ba
n 

3 
(H

DR
)

0.
60

0.
80

5.
50

0.
05

0.
01

0
10

.0
0

Ur
ba

n 
4 

(In
d,

 c
om

/In
d 

m
ix

ed
, t

ra
ns

po
rt

 o
th

er
)

0.
60

0.
90

5.
50

0.
05

0.
01

0
2.

50
Ur

ba
n 

5 
In

st
itu

tio
na

l, 
ce

m
et

ar
y 

& 
Co

m
m

er
ci

al
0.

40
1.

00
5.

50
0.

10
0.

01
0

7.
50

Ag
ric

 1
 (C

vr
 C

ro
p)

Ag
ric

 2
 (R

ow
 C

ro
p)

Ag
ric

 3
 (G

ra
zin

g)
Ag

ric
 4

 (F
ee

dl
ot

)
Fo

re
st

 1
 (U

pl
an

d)
0.

10
0.

13
2.

46
0.

40
0.

00
4

0.
50

Fo
re

st
 2

 (W
et

la
nd

)
O

pe
n 

1 
(W

et
la

nd
/L

ak
e)

0.
05

0.
20

2.
46

0.
40

0.
00

4
0.

50
O

pe
n 

2 
(M

ea
do

w)
O

pe
n 

3 
(v

ac
an

t a
nd

 B
ru

sh
la

nd
)

0.
30

0.
14

1.
48

0.
20

0.
00

4
0.

50
O

th
er

 1
 (f

re
ew

ay
)

0.
90

0.
90

5.
50

0.
05

0.
01

0
10

.0
0

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

0.
35

0.
30

5.
50

0.
25

0.
01

0
5.

00
O

th
er

 3

RU
NO

FF
 E

XP
O

RT
 C

O
EF

F.
BA

SE
FL

O
W

 E
XP

O
RT

 C
O

EF
F.

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
1 

of
 1

2

O
th

er
 3

(M
ed

ia
n)

(M
ed

ia
n)

AR
EA

L 
SO

UR
CE

S
Af

fe
ct

ed
P 

Ex
po

rt
N 

Ex
po

rt
P 

Lo
ad

N 
Lo

ad
Pe

rio
d 

of
 

P 
Ra

te
 o

f 
N 

Ra
te

 o
f 

P 
Lo

ad
N 

Lo
ad

La
ke

Co
ef

fic
ie

nt
Co

ef
fic

ie
nt

(fr
om

 c
oe

ff)
(fr

om
 c

oe
ff)

Re
le

as
e 

Re
le

as
e

Re
le

as
e

(fr
om

 ra
te

)
(fr

om
 ra

te
)

Ar
ea

 (h
a)

(k
g/

ha
/y

r)
(k

g/
ha

/y
r)

(k
g/

yr
)

(k
g/

yr
)

(d
ay

s)
(m

g/
m

2/
da

y)
(m

g/
m

2/
da

y)
(k

g/
yr

)
(k

g/
yr

)
Di

re
ct

 A
tm

os
ph

er
ic

 D
ep

os
iti

on
41

.5
6

0.
70

16
.0

0
29

.0
92

66
4.

96
In

te
rn

al
 L

oa
di

ng
38

.6
1.

50
3.

75
57

.9
14

4.
75

75
2.

00
5.

00
57

.9
14

4.
75

NO
N-

AR
EA

L 
SO

UR
CE

S
Nu

m
be

r o
f

Vo
lu

m
e

P 
Lo

ad
/U

ni
t

N 
Lo

ad
/U

ni
t

P 
Co

nc
.

N 
Co

nc
.

P 
Lo

ad
N 

Lo
ad

So
ur

ce
 U

ni
ts

(c
u.

m
/y

r)
(k

g/
un

it/
yr

)
(k

g/
un

it/
yr

)
(p

pm
)

(p
pm

)
(k

g/
yr

)
(k

g/
yr

)
W

at
er

fo
wl

 
35

0
0.

20
0.

95
70

33
2.

5
Po

in
t S

ou
rc

es
   

PS
-1

0
3.

00
12

.0
0

0.
0

0.
0

   
PS

-2
0

3.
00

12
.0

0
0.

0
0.

0
   

PS
-3

0
3.

00
12

.0
0

0.
0

0.
0

Ba
si

n 
in

 w
hi

ch
 P

oi
nt

 S
ou

rc
e 

oc
cu

rs
 (0

=N
O

  1
=Y

ES
)

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

   
PS

-1
0

0
0

0
0

0
0

0
0

0
   

PS
-2

0
0

0
0

0
0

0
0

0
0

   
PS

-3
0

0
0

0
0

0
0

0
0

0

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
1 

of
 1

2



Ca
lc

ul
at

io
ns

DI
RE

CT
 S

EP
TI

C 
SY

ST
EM

 L
O

AD

Se
pt

ic
 S

ys
te

m
 G

ro
up

in
g 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 
(b

y 
oc

cu
pa

nc
y 

or
 lo

ca
tio

n)
Da

ys
 o

f 
O

cc
up

an
cy

/Y
r

Di
st

an
ce

 fr
om

 
La

ke
 (f

t)
Nu

m
be

r o
f 

Dw
el

lin
gs

Nu
m

be
r o

f 
Pe

op
le

 p
er

 
Dw

el
lin

g

W
at

er
 p

er
 

Pe
rs

on
 p

er
 

Da
y 

(c
u.

m
)

P 
Co

nc
. 

(p
pm

)
N 

Co
nc

. 
(p

pm
)

P 
At

te
nu

at
io

n 
Fa

ct
or

N 
At

te
nu

at
io

n 
Fa

ct
or

W
at

er
 L

oa
d 

(c
u.

m
/y

r)
P 

Lo
ad

 
(k

g/
yr

)
N 

Lo
ad

 
(k

g/
yr

)
   

G
ro

up
 1

 S
ep

tic
 S

ys
te

m
s

0
<1

00
 

25
2.

5
0.

25
8

20
0.

2
0.

9
0

0.
0

0.
0

   
G

ro
up

 2
 S

ep
tic

 S
ys

te
m

s
0

10
0 

- 3
00

75
2.

5
0.

25
8

20
0.

1
0.

8
0

0.
0

0.
0

   
G

ro
up

 3
 S

ep
tic

 S
ys

te
m

s
0

<1
00

 
50

2.
5

0.
25

8
20

0.
2

0.
9

0
0.

0
0.

0
   

G
ro

up
 4

 S
ep

tic
 S

ys
te

m
s

0
10

0 
- 3

00
10

0
2.

5
0.

25
8

20
0.

1
0.

8
0

0.
0

0.
0

   
To

ta
l S

ep
tic

 S
ys

te
m

 L
oa

di
ng

0
0.

0
0.

0

BA
SI

N 
AR

EA
S

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

TO
TA

L
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P 
di

re
ct

LA
ND

 U
SE

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

AR
EA

 (H
A)

Ur
ba

n 
1 

(L
DR

)
0.

0
Ur

ba
n 

2 
(M

DR
)

25
.2

25
.2

Ur
ba

n 
3 

(H
DR

)
11

2.
6

19
.4

85
.3

21
7.

3
Ur

ba
n 

4 
(In

d,
 c

om
/In

d 
m

ix
ed

, t
ra

ns
po

rt
 o

th
er

)
17

.7
61

.2
6.

8
85

.7
Ur

ba
n 

5 
In

st
itu

tio
na

l, 
ce

m
et

ar
y 

& 
Co

m
m

er
ci

al
53

.1
18

.5
20

.4
92

.0
Ag

ric
 1

 (C
vr

 C
ro

p)
0.

0
Ag

ric
 2

 (R
ow

 C
ro

p)
0.

0
Ag

ric
 3

 (G
ra

zin
g)

0.
0

Ag
ric

 4
 (F

ee
dl

ot
)

0.
0

Fo
re

st
 1

 (U
pl

an
d)

12
.1

10
.2

57
.4

79
.7

Fo
re

st
 2

 (W
et

la
nd

)
0.

0
O

pe
n 

1 
(W

et
la

nd
/L

ak
e)

17
.0

30
.8

5.
3

53
.2

O
pe

n 
2 

(M
ea

do
w)

0.
0

O
pe

n 
3 

(v
ac

an
t a

nd
 B

ru
sh

la
nd

)
1.

2
0.

9
2.

7
4.

7
O

th
er

 1
 (f

re
ew

ay
)

4.
3

5.
1

7.
4

16
.8

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

2.
2

4.
1

35
.8

42
.1

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
2 

of
 1

2

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

2.
2

4.
1

35
.8

42
.1

O
th

er
 3

0.
0

TO
TA

L
24

5.
3

15
0.

1
22

1.
2

0.
0

0.
0

0.
0

0.
0

0
0

61
6.

6

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
2 

of
 1

2



Ca
lc

ul
at

io
ns

W
AT

ER
 L

O
AD

 G
EN

ER
AT

IO
N:

 R
UN

O
FF

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

TO
TA

L
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
LA

ND
 U

SE
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

Ur
ba

n 
1 

(L
DR

)
0

0
0

0
0

0
0

0
0

0
0

Ur
ba

n 
2 

(M
DR

)
11

91
17

0
0

0
0

0
0

0
0

0
11

91
17

Ur
ba

n 
3 

(H
DR

)
79

69
36

13
71

93
60

41
56

0
0

0
0

0
0

0
15

38
28

6
Ur

ba
n 

4 
(In

d,
 c

om
/In

d 
m

ix
ed

, t
ra

ns
po

rt
 o

th
er

)
12

53
82

43
29

43
48

19
2

0
0

0
0

0
0

0
60

65
17

Ur
ba

n 
5 

In
st

itu
tio

na
l, 

ce
m

et
ar

y 
& 

Co
m

m
er

ci
al

25
04

48
87

37
1

96
39

1
0

0
0

0
0

0
0

43
42

10
Ag

ric
 1

 (C
vr

 C
ro

p)
0

0
0

0
0

0
0

0
0

0
0

Ag
ric

 2
 (R

ow
 C

ro
p)

0
0

0
0

0
0

0
0

0
0

0
Ag

ric
 3

 (G
ra

zin
g)

0
0

0
0

0
0

0
0

0
0

0
Ag

ric
 4

 (F
ee

dl
ot

)
0

0
0

0
0

0
0

0
0

0
0

Fo
re

st
 1

 (U
pl

an
d)

14
28

5
12

02
3

67
67

9
0

0
0

0
0

0
0

93
98

7
Fo

re
st

 2
 (W

et
la

nd
)

0
0

0
0

0
0

0
0

0
0

0
O

pe
n 

1 
(W

et
la

nd
/L

ak
e)

10
04

5
18

18
9

31
53

0
0

0
0

0
0

0
31

38
6

O
pe

n 
2 

(M
ea

do
w)

0
0

0
0

0
0

0
0

0
0

0
O

pe
n 

3 
(v

ac
an

t a
nd

 B
ru

sh
la

nd
)

40
98

30
52

96
11

0
0

0
0

0
0

0
16

76
1

O
th

er
 1

 (f
re

ew
ay

)
45

21
9

54
27

1
79

01
6

0
0

0
0

0
0

0
17

85
05

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

90
00

16
81

6
14

79
53

0
0

0
0

0
0

0
17

37
69

O
th

er
 3

0
0

0
0

0
0

0
0

0
0

0

TO
TA

L 
(C

U.
M

/Y
R)

13
74

52
9

76
18

58
10

56
15

2
0

0
0

0
0

0
0

31
92

53
9

TO
TA

L 
(C

FS
)

1.
54

0.
85

1.
18

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

3.
58

LO
AD

 G
EN

ER
AT

IO
N:

 R
UN

O
FF

 P
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
TO

TA
L

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
3 

of
 1

2

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

TO
TA

L
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
LA

ND
 U

SE
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
Ur

ba
n 

1 
(L

DR
)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Ur
ba

n 
2 

(M
DR

)
14

.1
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
14

.1
Ur

ba
n 

3 
(H

DR
)

90
.0

15
.5

68
.3

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

17
3.

8
Ur

ba
n 

4 
(In

d,
 c

om
/In

d 
m

ix
ed

, t
ra

ns
po

rt
 o

th
er

)
15

.9
55

.0
6.

1
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
77

.1
Ur

ba
n 

5 
In

st
itu

tio
na

l, 
ce

m
et

ar
y 

& 
Co

m
m

er
ci

al
53

.1
18

.5
20

.4
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
92

.0
Ag

ric
 1

 (C
vr

 C
ro

p)
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
Ag

ric
 2

 (R
ow

 C
ro

p)
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
Ag

ric
 3

 (G
ra

zin
g)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Ag
ric

 4
 (F

ee
dl

ot
)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Fo
re

st
 1

 (U
pl

an
d)

1.
6

1.
3

7.
5

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

10
.4

Fo
re

st
 2

 (W
et

la
nd

)
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
O

pe
n 

1 
(W

et
la

nd
/L

ak
e)

3.
4

6.
2

1.
1

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

10
.6

O
pe

n 
2 

(M
ea

do
w)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

O
pe

n 
3 

(v
ac

an
t a

nd
 B

ru
sh

la
nd

)
0.

2
0.

1
0.

4
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

7
O

th
er

 1
 (f

re
ew

ay
)

3.
8

4.
6

6.
7

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

15
.1

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

0.
7

1.
2

10
.7

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

12
.6

O
th

er
 3

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

TO
TA

L
18

2.
8

10
2.

5
12

1.
2

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

40
6.

5

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
3 

of
 1

2



Ca
lc

ul
at

io
ns

LO
AD

 G
EN

ER
AT

IO
N:

 B
AS

EF
LO

W
 P

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

TO
TA

L
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
LA

ND
 U

SE
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
Ur

ba
n 

1 
(L

DR
)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Ur
ba

n 
2 

(M
DR

)
0.

25
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

25
Ur

ba
n 

3 
(H

DR
)

1.
13

0.
19

0.
85

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

2.
17

Ur
ba

n 
4 

(In
d,

 c
om

/In
d 

m
ix

ed
, t

ra
ns

po
rt

 o
th

er
)

0.
18

0.
61

0.
07

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
86

Ur
ba

n 
5 

In
st

itu
tio

na
l, 

ce
m

et
ar

y 
& 

Co
m

m
er

ci
al

0.
53

0.
19

0.
20

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
92

Ag
ric

 1
 (C

vr
 C

ro
p)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Ag
ric

 2
 (R

ow
 C

ro
p)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Ag
ric

 3
 (G

ra
zin

g)
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Ag

ric
 4

 (F
ee

dl
ot

)
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Fo

re
st

 1
 (U

pl
an

d)
0.

05
0.

04
0.

23
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

32
Fo

re
st

 2
 (W

et
la

nd
)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

O
pe

n 
1 

(W
et

la
nd

/L
ak

e)
0.

07
0.

12
0.

02
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

21
O

pe
n 

2 
(M

ea
do

w)
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
O

pe
n 

3 
(v

ac
an

t a
nd

 B
ru

sh
la

nd
)

0.
00

0.
00

0.
01

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
02

O
th

er
 1

 (f
re

ew
ay

)
0.

04
0.

05
0.

07
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

17
O

th
er

 2
 (d

ev
el

op
ed

 re
cr

ea
tio

n)
0.

02
0.

04
0.

36
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

42
O

th
er

 3
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Po

in
t S

ou
rc

e 
#1

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Po
in

t S
ou

rc
e 

#2
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Po

in
t S

ou
rc

e 
#3

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

TO
TA

L
2.

27
1.

25
1.

82
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
5.

34

RO
UT

IN
G

 P
AT

TE
RN

 
(B

as
in

 in
 le

ft 
ha

nd
 c

ol
um

n 
pa

ss
es

 th
ro

ug
h 

ba
si

n 
in

 c
ol

um
n 

be
lo

w 
if 

in
di

ca
te

d 
by

 a
 1

)
1=

YE
S 

 0
=N

O
  X

XX
=B

LA
NK

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

Sp
ec

ta
cl

e
M

as
ha

pa
ug

RW
P

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
4 

of
 1

2

Sp
ec

ta
cl

e
M

as
ha

pa
ug

RW
P

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

IN
DI

VI
DU

AL
 B

AS
IN

 
1

1
1

1
1

1
1

1
1

1
BA

SI
N 

1 
O

UT
PU

T
XX

X
1

0
0

0
0

0
0

0
0

BA
SI

N 
2 

O
UT

PU
T

0
XX

X
0

0
0

0
0

0
0

0
BA

SI
N 

3 
O

UT
PU

T
0

0
XX

X
0

0
0

0
0

0
0

BA
SI

N 
4 

 O
UT

PU
T

0
0

0
XX

X
0

0
0

0
0

0
BA

SI
N 

5 
O

UT
PU

T
0

0
0

0
XX

X
0

0
0

0
0

BA
SI

N 
6 

O
UT

PU
T

0
0

0
0

0
XX

X
0

0
0

0
BA

SI
N 

7 
O

UT
PU

T
0

0
0

0
0

0
XX

X
0

0
0

BA
SI

N 
8 

O
UT

PU
T

0
0

0
0

0
0

0
XX

X
0

0
BA

SI
N 

9 
O

UT
PU

T
0

0
0

0
0

0
0

0
XX

X
0

BA
SI

N 
10

 O
UT

PU
T

0
0

0
0

0
0

0
0

0
XX

X

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
4 

of
 1

2



Ca
lc

ul
at

io
ns

CU
M

UL
AT

IV
E 

DR
AI

NA
G

E 
AR

EA
S

(T
ot

al
 la

nd
 a

re
a 

as
so

ci
at

ed
 w

ith
 ro

ut
ed

 w
at

er
 a

nd
 n

ut
rie

nt
s)

1=
YE

S 
 0

=N
O

  X
XX

=B
LA

NK
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
IN

DI
VI

DU
AL

 B
AS

IN
 

24
5.

3
15

0.
1

22
1.

2
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

1 
O

UT
PU

T
XX

X
24

5.
3

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
2 

O
UT

PU
T

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
3 

O
UT

PU
T

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
4 

 O
UT

PU
T

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
5 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
6 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
7 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

BA
SI

N 
8 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

BA
SI

N 
9 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

BA
SI

N 
10

 O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

TO
TA

LS
24

5.
3

39
5.

4
22

1.
2

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

W
AT

ER
 R

O
UT

IN
G

 A
ND

 A
TT

EN
UA

TI
O

N
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
SO

UR
CE

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

IN
DI

VI
DU

AL
 B

AS
IN

 
16

92
95

1
10

41
87

9
15

47
02

7
0

0
0

0
0

0
0

BA
SI

N 
1 

O
UT

PU
T

XX
X

12
69

71
3

0
0

0
0

0
0

0
0

BA
SI

N 
2 

O
UT

PU
T

0
XX

X
0

0
0

0
0

0
0

0
BA

SI
N 

3 
O

UT
PU

T
0

0
XX

X
0

0
0

0
0

0
0

BA
SI

N 
4 

 O
UT

PU
T

0
0

0
XX

X
0

0
0

0
0

0
BA

SI
N 

5 
O

UT
PU

T
0

0
0

0
XX

X
0

0
0

0
0

BA
SI

N 
6 

O
UT

PU
T

0
0

0
0

0
XX

X
0

0
0

0

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
5 

of
 1

2

BA
SI

N 
6 

O
UT

PU
T

0
0

0
0

0
XX

X
0

0
0

0
BA

SI
N 

7 
O

UT
PU

T
0

0
0

0
0

0
XX

X
0

0
0

BA
SI

N 
8 

O
UT

PU
T

0
0

0
0

0
0

0
XX

X
0

0
BA

SI
N 

9 
O

UT
PU

T
0

0
0

0
0

0
0

0
XX

X
0

BA
SI

N 
10

 O
UT

PU
T

0
0

0
0

0
0

0
0

0
XX

X

CU
M

UL
AT

IV
E 

TO
TA

L
1,

69
2,

95
1

   
  

2,
31

1,
59

2
   

   
 

15
47

02
7

0
0

0
0

0
0

0
BA

SI
N 

AT
TE

NU
AT

IO
N

0.
75

0.
90

0.
80

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00

O
UT

PU
T 

VO
LU

M
E

1,
26

9,
71

3
   

  
2,

08
0,

43
3

   
   

 
12

37
62

2
0

0
0

0
0.

0
0.

0
0.

0

Re
al

ity
 C

he
ck

 fr
om

 F
lo

w 
Da

ta
1,

04
4,

92
6

   
  

2,
21

5,
94

0
   

   
 

80
00

00
.0

Ca
lc

ul
at

ed
 F

lo
w/

M
ea

su
re

d 
Fl

ow
1.

21
5

0.
93

9
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
0.

00
0

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

Re
al

ity
 C

he
ck

 fr
om

 A
re

al
 Y

ie
ld

 X
 B

as
in

 A
re

a
12

70
13

2.
9

20
47

35
4.

2
11

45
57

7.
9

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Ca
lc

ul
at

ed
 F

lo
w/

Fl
ow

 fr
om

 A
re

al
 Y

ie
ld

1.
00

0
1.

01
6

1.
08

0
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
5 

of
 1

2



Ca
lc

ul
at

io
ns

LO
AD

 R
O

UT
IN

G
 A

ND
 A

TT
EN

UA
TI

O
N:

 P
HO

SP
HO

RU
S

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

Sp
ec

ta
cl

e
M

as
ha

pa
ug

RW
P

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

(K
G

/Y
R)

BA
SI

N 
1 

IN
DI

VI
DU

AL
18

5.
1

10
3.

7
12

3.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
1 

O
UT

PU
T

XX
X

12
9.

6
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

2 
O

UT
PU

T
0.

0
XX

X
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

3 
O

UT
PU

T
0.

0
0.

0
XX

X
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

4 
 O

UT
PU

T
0.

0
0.

0
0.

0
XX

X
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

5 
O

UT
PU

T
0.

0
0.

0
0.

0
0.

0
XX

X
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

6 
O

UT
PU

T
0.

0
0.

0
0.

0
0.

0
0.

0
XX

X
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

7 
O

UT
PU

T
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
XX

X
0.

0
0.

0
0.

0
BA

SI
N 

8 
O

UT
PU

T
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
XX

X
0.

0
0.

0
BA

SI
N 

9 
O

UT
PU

T
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
XX

X
0.

0
BA

SI
N 

10
 O

UT
PU

T
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
XX

X

CU
M

UL
AT

IV
E 

TO
TA

L
18

5.
1

23
3.

3
12

3.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
AT

TE
NU

AT
IO

N
0.

70
0.

70
0.

80
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00
O

UT
PU

T 
LO

AD
12

9.
6

16
3.

3
98

.4
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0

LO
AD

 A
ND

 C
O

NC
EN

TR
AT

IO
N 

SU
M

M
AR

Y:
 P

HO
SP

HO
RU

S
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
O

UT
PU

T 
(C

U.
M

/Y
R)

12
69

71
3

20
80

43
3

12
37

62
2

0
0

0
0

0
0

0
O

UT
PU

T 
(K

G
/Y

R)
12

9.
6

16
3.

3
98

.4
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
O

UT
PU

T 
(M

G
/L

)
0.

10
2

0.
07

8
0.

07
9

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

RE
AL

IT
Y 

CH
EC

K 
CO

NC
. (

FR
O

M
 D

AT
A)

0.
10

4
0.

03
6

CA
LC

UL
AT

ED
 C

O
NC

./M
EA

SU
RE

D 
CO

NC
.

0.
98

1
2.

18
0

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

BA
SI

N 
EX

PO
RT

 C
O

EF
FI

CI
EN

T 
0.

53
0.

41
0.

44
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
6 

of
 1

2

TE
RM

IN
AL

 D
IS

CH
AR

G
E?

2
1

1
1

0
0

0
0

0
0

(1
=Y

ES
  2

=N
O

)

LO
AD

 T
O

 R
ES

O
UR

CE
TO

TA
L

   
W

AT
ER

 (C
U.

M
/Y

R)
0

20
80

43
3

12
37

62
2

0
0

0
0

0
0

0
33

18
05

5
   

PH
O

SP
HO

RU
S 

(K
G

/Y
R)

0.
0

16
3.

3
98

.4
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
26

1.
7

   
PH

O
SP

HO
RU

S 
(M

G
/L

)
0.

00
0

0.
07

8
0.

07
9

#D
IV

/0
!

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
07

9

LO
AD

 S
UM

M
AR

Y

DI
RE

CT
 L

O
AD

S 
TO

 L
AK

E
P 

 (K
G

/Y
R)

N 
(K

G
/Y

R)
W

AT
ER

 
(C

U.
M

/Y
R)

   
AT

M
O

SP
HE

RI
C 

29
.1

66
5.

0
49

04
08

   
IN

TE
RN

AL
 

57
.9

14
4.

8
0

   
W

AT
ER

FO
W

L 
70

.0
33

2.
5

0
   

SE
PT

IC
 S

YS
TE

M
 

0.
0

0.
0

0
W

AT
ER

SH
ED

 L
O

AD
 

26
1.

7
37

11
.9

33
18

05
5

TO
TA

L 
LO

AD
 T

O
 L

AK
E 

41
8.

7
48

54
.1

38
08

46
3

   
(W

at
er

sh
ed

 +
 d

ire
ct

 lo
ad

s)
TO

TA
L 

IN
PU

T 
CO

NC
. (

M
G

/L
)

0.
11

0
1.

27
5

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
6 

of
 1

2



Ca
lc

ul
at

io
ns

in
te

nt
io

na
lly

 le
ft 

bl
an

k

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
7 

of
 1

2
13

02
17

_L
LR

M
09

_R
W

P_
RC

Ca
lc

ul
at

io
ns

7 
of

 1
2



Ca
lc

ul
at

io
ns

in
te

nt
io

na
lly

 le
ft 

bl
an

k

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
8 

of
 1

2
13

02
17

_L
LR

M
09

_R
W

P_
RC

Ca
lc

ul
at

io
ns

8 
of

 1
2



Ca
lc

ul
at

io
ns

W
AT

ER
 L

O
AD

 G
EN

ER
AT

IO
N:

 B
AS

EF
LO

W
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
TO

TA
L

Sp
ec

ta
cl

e
M

as
ha

pa
ug

RW
P

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
(C

U.
M

/Y
R)

(C
U.

M
/Y

R)
Ur

ba
n 

1 
(L

DR
)

0
0

0
0

0
0

0
0

0
0

0
Ur

ba
n 

2 
(M

DR
)

29
77

9
0

0
0

0
0

0
0

0
0

29
77

9
Ur

ba
n 

3 
(H

DR
)

66
41

1
11

43
3

50
34

6
0

0
0

0
0

0
0

12
81

90
Ur

ba
n 

4 
(In

d,
 c

om
/In

d 
m

ix
ed

, t
ra

ns
po

rt
 o

th
er

)
10

44
8

36
07

9
40

16
0

0
0

0
0

0
0

50
54

3
Ur

ba
n 

5 
In

st
itu

tio
na

l, 
ce

m
et

ar
y 

& 
Co

m
m

er
ci

al
62

61
2

21
84

3
24

09
8

0
0

0
0

0
0

0
10

85
53

Ag
ric

 1
 (C

vr
 C

ro
p)

0
0

0
0

0
0

0
0

0
0

0
Ag

ric
 2

 (R
ow

 C
ro

p)
0

0
0

0
0

0
0

0
0

0
0

Ag
ric

 3
 (G

ra
zin

g)
0

0
0

0
0

0
0

0
0

0
0

Ag
ric

 4
 (F

ee
dl

ot
)

0
0

0
0

0
0

0
0

0
0

0
Fo

re
st

 1
 (U

pl
an

d)
57

14
1

48
09

4
27

07
15

0
0

0
0

0
0

0
37

59
50

Fo
re

st
 2

 (W
et

la
nd

)
0

0
0

0
0

0
0

0
0

0
0

O
pe

n 
1 

(W
et

la
nd

/L
ak

e)
80

35
7

14
55

12
25

22
2

0
0

0
0

0
0

0
25

10
91

O
pe

n 
2 

(M
ea

do
w)

0
0

0
0

0
0

0
0

0
0

0
O

pe
n 

3 
(v

ac
an

t a
nd

 B
ru

sh
la

nd
)

27
32

20
35

64
07

0
0

0
0

0
0

0
11

17
4

O
th

er
 1

 (f
re

ew
ay

)
25

12
30

15
43

90
0

0
0

0
0

0
0

99
17

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

64
28

12
01

2
10

56
81

0
0

0
0

0
0

0
12

41
21

O
th

er
 3

0
0

0
0

0
0

0
0

0
0

0
Po

in
t S

ou
rc

e 
#1

0
0

0
0

0
0

0
0

0
0

0
Po

in
t S

ou
rc

e 
#2

0
0

0
0

0
0

0
0

0
0

0
Po

in
t S

ou
rc

e 
#3

0
0

0
0

0
0

0
0

0
0

0

TO
TA

L 
(C

U.
M

/Y
R)

31
84

22
28

00
21

49
08

76
0

0
0

0
0

0
0

10
89

31
8

TO
TA

L 
(C

FS
)

0.
36

0.
31

0.
55

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0
1.

22

LO
AD

 G
EN

ER
AT

IO
N:

 R
UN

O
FF

 N
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
TO

TA
L

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
9 

of
 1

2

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

TO
TA

L
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
LA

ND
 U

SE
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
Ur

ba
n 

1 
(L

DR
)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Ur
ba

n 
2 

(M
DR

)
13

8.
8

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

13
8.

8
Ur

ba
n 

3 
(H

DR
)

61
9.

1
10

6.
6

46
9.

3
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
11

95
.0

Ur
ba

n 
4 

(In
d,

 c
om

/In
d 

m
ix

ed
, t

ra
ns

po
rt

 o
th

er
)

97
.4

33
6.

3
37

.4
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
47

1.
2

Ur
ba

n 
5 

In
st

itu
tio

na
l, 

ce
m

et
ar

y 
& 

Co
m

m
er

ci
al

29
1.

8
10

1.
8

11
2.

3
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
50

6.
0

Ag
ric

 1
 (C

vr
 C

ro
p)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Ag
ric

 2
 (R

ow
 C

ro
p)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

Ag
ric

 3
 (G

ra
zin

g)
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
Ag

ric
 4

 (F
ee

dl
ot

)
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
Fo

re
st

 1
 (U

pl
an

d)
29

.8
25

.1
14

1.
1

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

19
5.

9
Fo

re
st

 2
 (W

et
la

nd
)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

O
pe

n 
1 

(W
et

la
nd

/L
ak

e)
41

.9
75

.8
13

.1
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
13

0.
9

O
pe

n 
2 

(M
ea

do
w)

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

O
pe

n 
3 

(v
ac

an
t a

nd
 B

ru
sh

la
nd

)
1.

7
1.

3
4.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
7.

0
O

th
er

 1
 (f

re
ew

ay
)

23
.4

28
.1

40
.9

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

92
.4

O
th

er
 2

 (d
ev

el
op

ed
 re

cr
ea

tio
n)

12
.0

22
.4

19
7.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
23

1.
4

O
th

er
 3

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

TO
TA

L
12

55
.9

69
7.

4
10

15
.3

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

29
68

.6

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
9 

of
 1

2



Ca
lc

ul
at

io
ns

LO
AD

 G
EN

ER
AT

IO
N:

 B
AS

EF
LO

W
 N

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

TO
TA

L
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
LA

ND
 U

SE
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
Ur

ba
n 

1 
(L

DR
)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Ur
ba

n 
2 

(M
DR

)
12

6.
18

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

12
6.

18
Ur

ba
n 

3 
(H

DR
)

11
25

.6
2

19
3.

78
85

3.
33

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

21
72

.7
2

Ur
ba

n 
4 

(In
d,

 c
om

/In
d 

m
ix

ed
, t

ra
ns

po
rt

 o
th

er
)

44
.2

7
15

2.
88

17
.0

2
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
21

4.
17

Ur
ba

n 
5 

In
st

itu
tio

na
l, 

ce
m

et
ar

y 
& 

Co
m

m
er

ci
al

39
7.

96
13

8.
83

15
3.

16
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
68

9.
95

Ag
ric

 1
 (C

vr
 C

ro
p)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Ag
ric

 2
 (R

ow
 C

ro
p)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Ag
ric

 3
 (G

ra
zin

g)
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Ag

ric
 4

 (F
ee

dl
ot

)
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Fo

re
st

 1
 (U

pl
an

d)
6.

05
5.

09
28

.6
8

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

39
.8

3
Fo

re
st

 2
 (W

et
la

nd
)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

O
pe

n 
1 

(W
et

la
nd

/L
ak

e)
8.

51
15

.4
1

2.
67

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

26
.6

0
O

pe
n 

2 
(M

ea
do

w)
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
O

pe
n 

3 
(v

ac
an

t a
nd

 B
ru

sh
la

nd
)

0.
58

0.
43

1.
36

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

2.
37

O
th

er
 1

 (f
re

ew
ay

)
42

.5
8

51
.1

0
74

.4
0

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

16
8.

08
O

th
er

 2
 (d

ev
el

op
ed

 re
cr

ea
tio

n)
10

.9
0

20
.3

6
17

9.
12

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

21
0.

37
O

th
er

 3
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Po

in
t S

ou
rc

e 
#1

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

Po
in

t S
ou

rc
e 

#2
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
Po

in
t S

ou
rc

e 
#3

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

TO
TA

L
17

62
.6

5
57

7.
88

13
09

.7
4

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

36
50

.2
7

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
10

 o
f 1

2
13

02
17

_L
LR

M
09

_R
W

P_
RC

Ca
lc

ul
at

io
ns

10
 o

f 1
2



Ca
lc

ul
at

io
ns

in
te

nt
io

na
lly

 le
ft 

bl
an

k

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
11

 o
f 1

2
13

02
17

_L
LR

M
09

_R
W

P_
RC

Ca
lc

ul
at

io
ns

11
 o

f 1
2



Ca
lc

ul
at

io
ns

LO
AD

 R
O

UT
IN

G
 A

ND
 A

TT
EN

UA
TI

O
N:

 N
IT

RO
G

EN
BA

SI
N 

1
BA

SI
N 

2
BA

SI
N 

3
BA

SI
N 

4
BA

SI
N 

5
BA

SI
N 

6
BA

SI
N 

7
BA

SI
N 

8
BA

SI
N 

9
BA

SI
N 

10
Sp

ec
ta

cl
e

M
as

ha
pa

ug
RW

P
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
(K

G
/Y

R)
BA

SI
N 

1 
IN

DI
VI

DU
AL

30
18

.6
12

75
.3

23
25

.0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
BA

SI
N 

1 
O

UT
PU

T
XX

X
18

11
.1

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
2 

O
UT

PU
T

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
3 

O
UT

PU
T

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
4 

 O
UT

PU
T

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
5 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
6 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
7 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

0.
0

BA
SI

N 
8 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

0.
0

BA
SI

N 
9 

O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

0.
0

BA
SI

N 
10

 O
UT

PU
T

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

XX
X

CU
M

UL
AT

IV
E 

TO
TA

L
30

18
.6

30
86

.4
23

25
.0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

BA
SI

N 
AT

TE
NU

AT
IO

N
0.

60
0.

60
0.

80
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00
O

UT
PU

T 
LO

AD
18

11
.1

18
51

.8
18

60
.0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

LO
AD

 A
ND

 C
O

NC
EN

TR
AT

IO
N 

SU
M

M
AR

Y:
 N

IT
RO

G
EN

BA
SI

N 
1

BA
SI

N 
2

BA
SI

N 
3

BA
SI

N 
4

BA
SI

N 
5

BA
SI

N 
6

BA
SI

N 
7

BA
SI

N 
8

BA
SI

N 
9

BA
SI

N 
10

Sp
ec

ta
cl

e
M

as
ha

pa
ug

RW
P

O
UT

PU
T 

(C
U.

M
/Y

R)
12

69
71

3
20

80
43

3
12

37
62

2
0

0
0

0
0

0
0

O
UT

PU
T 

(K
G

/Y
R)

18
11

.1
18

51
.8

18
60

.0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
O

UT
PU

T 
M

G
/L

1.
42

6
0.

89
0

1.
50

3
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
RE

AL
IT

Y 
CH

EC
K 

CO
NC

. (
FR

O
M

 D
AT

A)
1.

12
0.

9
CA

LC
UL

AT
ED

 C
O

NC
./M

EA
SU

RE
D 

CO
NC

.
1.

27
4

0.
98

9
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
BA

SI
N 

EX
PO

RT
 C

O
EF

FI
CI

EN
T 

7.
38

4.
68

8.
41

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

#D
IV

/0
!

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
12

 o
f 1

2

TE
RM

IN
AL

 D
IS

CH
AR

G
E?

2
1

1
1

0
0

1
1

1
1

(1
=Y

ES
  2

=N
O

)

LO
AD

 T
O

 R
ES

O
UR

CE
TO

TA
L

   
W

AT
ER

 (C
U.

M
/Y

R)
0

20
80

43
3

12
37

62
2

0
0

0
0

0
0

0
33

18
05

5
   

NI
TR

O
G

EN
 (K

G
/Y

R)
0.

0
18

51
.8

18
60

.0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
37

11
.9

   
NI

TR
O

G
EN

 (M
G

/L
)

0.
00

0
0.

89
0

1.
50

3
#D

IV
/0

!
0.

00
0

0.
00

0
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
#D

IV
/0

!
1.

11
9

13
02

17
_L

LR
M

09
_R

W
P_

RC
Ca

lc
ul

at
io

ns
12

 o
f 1

2



EX
PO

R
T 

M
O

D
EL

 V
A

R
IA

B
LE

S 
A

N
D

 IN
PU

T 
R

A
N

G
ES

VA
RI

AB
LE

D
ES

C
RI

PT
IO

N
FO

R
 S

O
UT

HE
R

N 
NE

 A
R

EA
AP

PL
IC

AT
IO

N 
NO

TE
S

HY
D

RO
LO

G
IC

 F
AC

TO
RS

HI
G

H
M

ED
IU

M
LO

W
SO

UR
C

E

St
an

da
rd

 W
at

er
 Y

ie
ld

R
at

e 
of

 w
at

er
 y

ie
ld

 in
 C

FS
M

 b
y 

wa
te

rs
he

d
2.

0
1.

7
1.

5
So

pp
er

 a
nd

 L
ul

l 1
97

0,
 H

ig
gi

ns
 a

nd
 C

ol
on

el
l 1

97
1

In
cr

ea
se

s 
wi

th
 in

cr
ea

si
ng

 ru
no

ff;
 ra

ng
e 

wi
ll v

ar
y 

su
bs

ta
nt

ia
lly

 b
y 

re
gi

on
; N

E 
ra

ng
e 

sh
ow

n

Pr
ec

ip
ita

tio
n

An
nu

al
 ra

in
fa

ll i
n 

m
et

er
s

1.
53

1.
14

0.
81

NO
AA

 P
re

ci
pi

ta
tio

n 
R

ec
or

ds
 th

ro
ug

h 
20

08
R

an
ge

 w
ill 

va
ry

 s
ub

st
an

tia
lly

 b
y 

re
gi

on
; N

E 
ra

ng
e 

sh
ow

n.
 A

ls
o,

 w
hi

le
 v

al
ue

s 
wi

ll v
ar

y 
by

 y
ea

r, 
m

od
el

 is
 

fo
cu

se
d 

on
 lo

ng
er

 te
rm

, s
te

ad
y 

st
at

e 
co

nd
itio

ns

R
un

of
f C

oe
ffi

ci
en

t
Po

rti
on

 o
f r

ai
nf

al
l c

on
ve

rte
d 

to
 o

ve
rla

nd
 fl

ow
0.

95
0.

40
0.

10
D

un
n 

an
d 

Le
op

ol
d 

19
78

In
cr

ea
se

s 
wi

th
 s

te
ep

er
 s

lo
pe

 a
nd

 lo
we

re
d 

pe
rm

ea
bi

lity
 

Ba
se

flo
w 

C
oe

ffi
ci

en
t

Po
rti

on
 o

f r
ai

nf
al

l c
on

ve
rte

d 
to

 b
as

ef
lo

w
0.

40
0.

20
0.

01
D

un
n 

an
d 

Le
op

ol
d 

19
78

In
cr

ea
se

s 
wi

th
 fl

at
te

r s
lo

pe
 a

nd
 h

ig
he

r p
er

m
ea

bi
lity

PH
O

SP
HO

RU
S 

AN
D

 N
IT

RO
G

EN
 E

XP
O

RT
 C

O
EF

FI
C

IE
NT

S 
FO

R 
RU

NO
FF

PH
O

SP
HO

R
US

 E
XP

O
R

T 
(K

G
/H

A/
YR

)
NI

TR
O

G
EN

 E
XP

O
R

T 
(K

G
/H

A/
YR

)
LA

ND
 U

SE
S

M
AX

IM
UM

M
EA

N
M

ED
IA

N
M

IN
IM

UM
SO

UR
C

E
M

AX
IM

UM
M

EA
N

M
ED

IA
N

M
IN

IM
UM

Ur
ba

n 
1 

(L
D

R
)

Lo
w 

de
ns

ity
 re

si
de

nt
ia

l (
>1

 a
c 

lo
ts

)
6.

23
1.

91
1.

10
0.

19
38

.4
7

9.
97

5.
50

1.
48

Ur
ba

n 
2 

(M
D

R
/H

wy
)

M
ed

iu
m

 d
en

si
ty

 re
si

de
nt

ia
l (

0.
3-

0.
9 

ac
 lo

ts
) +

 h
ig

hw
ay

 c
or

rid
or

s
6.

23
1.

91
1.

10
0.

19
38

.4
7

9.
97

5.
50

1.
48

Ur
ba

n 
3 

(H
D

R
/C

om
)

Hi
gh

 d
en

si
ty

 re
si

de
nt

ia
l (

<0
.3

 a
c 

lo
ts

) +
 c

om
m

er
ci

al
6.

23
1.

91
1.

10
0.

19
38

.4
7

9.
97

5.
50

1.
48

Ur
ba

n 
4 

(In
d)

In
du

st
ria

l 
6.

23
1.

91
1.

10
0.

19
38

.4
7

9.
97

5.
50

1.
48

Ur
ba

n 
5 

(P
/I/

R
/C

)
Pa

rk
, I

ns
tit

ut
io

na
l, 

R
ec

re
at

io
na

l o
r C

em
et

er
y

6.
23

1.
91

1.
10

0.
19

38
.4

7
9.

97
5.

50
1.

48
Ag

ric
 1

 (C
vr

 C
ro

p)
Ag

ric
ul

tu
ra

l w
ith

 c
ov

er
 c

ro
ps

 (m
in

im
al

 b
ar

e 
so

il)
2.

90
1.

08
0.

80
0.

10
7.

82
5.

19
6.

08
0.

97
Ag

ric
 2

 (R
ow

 C
ro

p)
Ag

ric
ul

tu
ra

l w
ith

 ro
w 

cr
op

s 
(s

om
e 

ba
re

 s
oi

l)
18

.6
0

4.
46

2.
20

0.
26

79
.6

0
16

.0
9

9.
00

2.
10

Ag
ric

 3
 (G

ra
zin

g)
Ag

ric
ul

tu
ra

l p
as

tu
re

 w
ith

 liv
es

to
ck

4.
90

1.
50

0.
80

0.
14

30
.8

5
8.

65
5.

19
1.

48
In

cr
ea

se
s 

wi
th

 a
ni

m
al

 d
en

si
ty

, s
lo

pe
, l

ac
k 

of
 v

eg
et

at
ive

 c
ov

er
, i

m
pe

rv
io

us
ne

ss
 o

f s
oi

ls
.

Ag
ric

 4
 (F

ee
dl

ot
)

C
on

ce
nt

ra
te

d 
liv

es
to

ck
 h

ol
di

ng
 a

re
a 

79
5.

20
30

0.
70

22
4.

00
21

.2
8

79
79

.9
0

31
10

.7
0

29
23

.2
0

68
0.

50
In

cr
ea

se
s 

wi
th

 a
ni

m
al

 d
en

si
ty

, s
lo

pe
, a

nd
 la

ck
 o

f m
an

ur
e 

m
an

ag
em

en
t p

ra
ct

ic
es

.
Fo

re
st

 1
 (U

pl
an

d)
La

nd
 w

ith
 tr

ee
 c

an
op

y 
ov

er
 u

pl
an

d 
so

ils
 a

nd
 v

eg
et

at
io

n
0.

83
0.

24
0.

20
0.

02
6.

26
2.

86
2.

46
1.

38
In

cr
ea

se
s 

wi
th

 d
ec

re
as

ed
 c

an
op

y 
la

ye
r, 

gr
ou

nd
 c

ov
er

, o
r s

oi
l p

er
m

ea
bi

lity
, a

nd
 w

ith
 in

cr
ea

se
d 

sl
op

e.
 

Fo
re

st
 2

 (W
et

la
nd

)
La

nd
 w

ith
 tr

ee
 c

an
op

y 
ov

er
 w

et
la

nd
 s

oi
ls

 a
nd

 v
eg

et
at

io
n

0.
83

0.
24

0.
20

0.
02

6.
26

2.
86

2.
46

1.
38

In
cr

ea
se

s 
wi

th
 g

re
at

er
 c

ha
nn

el
iza

tio
n 

of
 fl

ow
s,

 s
lo

pe
, f

lu
sh

in
g 

ef
fe

ct
 a

nd
 p

H.
O

pe
n 

1 
(W

et
la

nd
/L

ak
e)

O
pe

n 
we

tla
nd

 o
r l

ak
e 

ar
ea

 (n
o 

su
bs

ta
nt

ia
l c

an
op

y)
0.

83
0.

24
0.

20
0.

02
6.

26
2.

86
2.

46
1.

38
In

cr
ea

se
s 

wi
th

 d
ec

re
as

ed
 d

et
en

tio
n 

tim
e,

 in
cr

ea
se

d 
pH

.
O

pe
n 

2 
(M

ea
do

w)
O

pe
n 

m
ea

do
w 

ar
ea

 (n
o 

cl
ea

rly
 w

et
la

nd
, b

ut
 n

o 
ca

no
py

)
0.

83
0.

24
0.

20
0.

02
6.

26
2.

86
2.

46
1.

38
In

cr
ea

se
s 

wi
th

 d
ec

re
as

ed
 g

ro
un

d 
co

ve
r a

nd
 in

cr
ea

se
d 

sl
op

e.
O

pe
n 

3 
(B

ar
re

n)
M

in
in

g 
or

 c
on

st
ru

ct
io

n 
ar

ea
s,

 la
rg

el
y 

ba
re

 s
oi

ls
4.

90
1.

50
0.

80
0.

14
30

.8
5

8.
65

5.
19

1.
48

In
cr

ea
se

s 
wi

th
 in

cr
ea

se
d 

sl
op

e 
an

d 
la

ck
 o

f d
ep

re
ss

io
n 

ar
ea

 s
to

ra
ge

.
O

th
er

 1
D

ef
in

e:
0.

83
0.

24
0.

20
0.

02
6.

26
2.

86
2.

46
1.

38
O

th
er

 2
D

ef
in

e:
6.

23
1.

91
1.

10
0.

19
38

.4
7

9.
97

5.
50

1.
48

O
th

er
 3

D
ef

in
e:

18
.6

0
4.

46
2.

20
0.

26
79

.6
0

16
.0

9
9.

00
2.

10

PH
O

SP
HO

RU
S 

AN
D

 N
IT

RO
G

EN
 E

XP
O

RT
 C

O
EF

FI
C

IE
NT

S 
FO

R 
B

AS
EF

LO
W

PH
O

SP
HO

R
US

 E
XP

O
R

T 
(K

G
/H

A/
YR

)
NI

TR
O

G
EN

 E
XP

O
R

T 
(K

G
/H

A/
YR

)
LA

ND
 U

SE
S

M
AX

IM
UM

M
EA

N
M

ED
IA

N
M

IN
IM

UM
SO

UR
C

E
M

AX
IM

UM
M

EA
N

M
ED

IA
N

M
IN

IM
UM

Ur
ba

n 
1 

(L
D

R
)

Lo
w 

de
ns

ity
 re

si
de

nt
ia

l (
>1

 a
c 

lo
ts

)
0.

05
0

0.
01

0
0.

01
0

0.
00

1
20

.0
0

5.
00

5.
00

1.
00

Ur
ba

n 
2 

(M
D

R
/H

wy
)

M
ed

iu
m

 d
en

si
ty

 re
si

de
nt

ia
l (

0.
3-

0.
9 

ac
 lo

ts
) +

 h
ig

hw
ay

 c
or

rid
or

s
0.

05
0

0.
01

0
0.

01
0

0.
00

1
40

.0
0

10
.0

0
10

.0
0

2.
00

Ur
ba

n 
3 

(H
D

R
/C

om
)

Hi
gh

 d
en

si
ty

 re
si

de
nt

ia
l (

<0
.3

 a
c 

lo
ts

) +
 c

om
m

er
ci

al
0.

05
0

0.
01

0
0.

01
0

0.
00

1
80

.0
0

20
.0

0
20

.0
0

4.
00

Ur
ba

n 
4 

(In
d)

In
du

st
ria

l 
0.

05
0

0.
01

0
0.

01
0

0.
00

1
20

.0
0

5.
00

5.
00

1.
00

Ur
ba

n 
5 

(P
/I/

R
/C

)
Pa

rk
, I

ns
tit

ut
io

na
l, 

R
ec

re
at

io
na

l o
r C

em
et

er
y

0.
05

0
0.

01
0

0.
01

0
0.

00
1

20
.0

0
5.

00
5.

00
1.

00
Ag

ric
 1

 (C
vr

 C
ro

p)
Ag

ric
ul

tu
ra

l w
ith

 c
ov

er
 c

ro
ps

 (m
in

im
al

 b
ar

e 
so

il)
0.

05
0

0.
01

0
0.

01
0

0.
00

1
10

.0
0

2.
50

2.
50

0.
50

Ag
ric

 2
 (R

ow
 C

ro
p)

Ag
ric

ul
tu

ra
l w

ith
 ro

w 
cr

op
s 

(s
om

e 
ba

re
 s

oi
l)

0.
05

0
0.

01
0

0.
01

0
0.

00
1

10
.0

0
2.

50
2.

50
0.

50
Ag

ric
 3

 (G
ra

zin
g)

Ag
ric

ul
tu

ra
l p

as
tu

re
 w

ith
 liv

es
to

ck
0.

05
0

0.
01

0
0.

01
0

0.
00

1
20

.0
0

5.
00

5.
00

1.
00

In
cr

ea
se

s 
wi

th
 a

ni
m

al
 d

en
si

ty
 a

nd
 d

ur
at

io
n 

of
 u

se
, s

oi
l p

er
m

ea
bi

lity
.

Ag
ric

 4
 (F

ee
dl

ot
)

C
on

ce
nt

ra
te

d 
liv

es
to

ck
 h

ol
di

ng
 a

re
a 

0.
10

0
0.

03
0

0.
03

0
0.

00
1

10
0.

00
25

.0
0

25
.0

0
5.

00
In

cr
ea

se
s 

wi
th

 a
ni

m
al

 d
en

si
ty

 a
nd

 d
ur

at
io

n 
of

 u
se

, l
ac

k 
of

 m
an

ur
e 

ha
nd

lin
g 

te
ch

ni
qu

es
, i

nc
re

as
ed

 s
oi

l 
pe

rm
ea

bi
lity

.
Fo

re
st

 1
 (U

pl
an

d)
La

nd
 w

ith
 tr

ee
 c

an
op

y 
ov

er
 u

pl
an

d 
so

ils
 a

nd
 v

eg
et

at
io

n
0.

01
0

0.
00

4
0.

00
4

0.
00

1
1.

00
0.

50
0.

50
0.

05
In

cr
ea

se
s 

wi
th

 in
cr

ea
se

d 
so

il p
er

m
ea

bi
lity

, h
ig

h 
wa

te
r t

ab
le

 a
nd

 g
ro

un
dw

at
er

 a
no

xia
.

Fo
re

st
 2

 (W
et

la
nd

)
La

nd
 w

ith
 tr

ee
 c

an
op

y 
ov

er
 w

et
la

nd
 s

oi
ls

 a
nd

 v
eg

et
at

io
n

0.
01

0
0.

00
4

0.
00

4
0.

00
1

1.
00

0.
50

0.
50

0.
05

In
cr

ea
se

s 
wi

th
 in

cr
ea

se
d 

so
il p

er
m

ea
bi

lity
, h

ig
h 

wa
te

r t
ab

le
 a

nd
 g

ro
un

dw
at

er
 a

no
xia

.
O

pe
n 

1 
(W

et
la

nd
/L

ak
e)

O
pe

n 
we

tla
nd

 o
r l

ak
e 

ar
ea

 (n
o 

su
bs

ta
nt

ia
l c

an
op

y)
0.

01
0

0.
00

4
0.

00
4

0.
00

1
1.

00
0.

50
0.

50
0.

05
In

cr
ea

se
s 

wi
th

 in
cr

ea
se

d 
ba

se
flo

w 
th

ro
ug

h 
ar

ea
.

O
pe

n 
2 

(M
ea

do
w)

O
pe

n 
m

ea
do

w 
ar

ea
 (n

o 
cl

ea
rly

 w
et

la
nd

, b
ut

 n
o 

ca
no

py
)

0.
01

0
0.

00
4

0.
00

4
0.

00
1

1.
00

0.
50

0.
50

0.
05

In
cr

ea
se

s 
wi

th
 in

cr
ea

se
d 

so
il p

er
m

ea
bi

lity
, h

ig
h 

wa
te

r t
ab

le
 a

nd
 g

ro
un

dw
at

er
 a

no
xia

.
O

pe
n 

3 
(B

ar
re

n)
M

in
in

g 
or

 c
on

st
ru

ct
io

n 
ar

ea
s,

 la
rg

el
y 

ba
re

 s
oi

ls
0.

01
0

0.
00

4
0.

00
4

0.
00

1
1.

00
0.

50
0.

50
0.

05
In

cr
ea

se
s 

wi
th

 in
cr

ea
se

d 
so

il p
er

m
ea

bi
lity

, h
ig

h 
wa

te
r t

ab
le

 a
nd

 g
ro

un
dw

at
er

 a
no

xia
.

O
th

er
 1

D
ef

in
e:

0.
01

0
0.

00
4

0.
00

4
0.

00
1

1.
00

0.
50

0.
50

0.
05

O
th

er
 2

D
ef

in
e:

0.
05

0
0.

01
0

0.
01

0
0.

00
1

20
.0

0
5.

00
5.

00
1.

00
O

th
er

 3
D

ef
in

e:
0.

05
0

0.
01

0
0.

01
0

0.
00

1
80

.0
0

20
.0

0
20

.0
0

4.
00

NI
TR

O
G

EN
 E

XP
O

R
T 

(K
G

/H
A/

YR
)

O
TH

ER
 A

RE
AL

 S
O

UR
C

ES
M

AX
IM

UM
M

EA
N

M
ED

IA
N

M
IN

IM
UM

SO
UR

C
E

M
AX

IM
UM

M
EA

N
M

ED
IA

N
M

IN
IM

UM
D

ire
ct

 A
tm

os
ph

er
ic

 D
ep

os
itio

n
W

et
 a

nd
 d

ry
 d

ep
os

itio
n 

fro
m

 a
er

ia
l s

ou
rc

es
   

fro
m

 F
or

es
te

d 
Ar

ea
D

ep
os

itio
n 

or
ig

in
at

in
g 

in
 la

rg
el

y 
fo

re
st

ed
 a

re
a

0.
54

0.
27

0.
20

0.
07

11
.3

0
5.

96
6.

50
0.

99
   

fro
m

 A
gr

ic
ul

tu
ra

l/R
ur

al
 A

re
a

D
ep

os
itio

n 
or

ig
in

at
in

g 
in

 la
rg

el
y 

ag
ric

ul
tu

ra
l a

re
a

0.
97

0.
45

0.
30

0.
12

38
.0

0
20

.9
8

13
.1

0
10

.4
9

   
fro

m
 U

rb
an

/In
du

st
ria

l A
re

a
D

ep
os

itio
n 

or
ig

in
at

in
g 

in
 la

rg
el

y 
ur

ba
n 

ar
ea

3.
67

1.
27

1.
00

0.
26

24
.8

0
18

.5
1

21
.4

0
7.

40

In
te

rn
al

 L
oa

di
ng

R
el

ea
se

 fr
om

 s
ed

im
en

ts
 o

r m
ac

ro
ph

yt
es

, o
xic

 o
r a

no
xic

10
.0

0
1.

00
1.

00
0.

10

Nu
rn

be
rg

 1
98

4,
 

Nu
rn

be
rg

 a
nd

 
La

Ze
rte

 2
00

4,
 

10
.0

0
1.

00
1.

00
0.

10
In

cr
ea

se
s 

wi
th

 a
va

ila
bl

e 
se

di
m

en
t P

 a
nd

 N
 (f

or
m

s 
as

se
ss

ed
 b

y 
ex

tra
ct

io
n 

as
sa

ys
) a

nd
 a

no
xia

.
(d

ur
at

io
n 

of
 a

no
xia

 m
us

t b
e 

sp
ec

ifi
ed

)
Fo

r c
al

cu
la

tio
n 

wi
th

 #
 o

f d
ay

s 
an

d 
ar

ea
l r

el
ea

se
40

.0
0

6.
00

2.
00

0.
10

40
.0

0
12

.0
0

5.
00

0.
30

NI
TR

O
G

EN
 IN

PU
T

NO
N-

AR
EA

L 
SO

UR
C

ES
M

AX
IM

UM
M

EA
N

M
ED

IA
N

M
IN

IM
UM

P 
SO

UR
C

E
M

AX
IM

UM
M

EA
N

M
ED

IA
N

M
IN

IM
UM

Ut
to

rm
ar

k 
et

 a
l. 

19
74

, M
itc

he
ll e

t a
l. 

19
89

, M
ille

r e
t a

l. 
19

97
, A

EC
O

M
 

Un
pu

bl
is

he
d 

D
at

a,
 

so
m

e 
re

lia
nc

e 
on

 
ru

no
ff 

re
fe

re
nc

es
 

as
 w

el
l 

In
cr

ea
se

s 
wi

th
 in

cr
ea

se
d 

so
ur

ce
s.

 H
ow

ev
er

, n
ot

e 
th

at
 c

on
tri

bu
to

ry
 a

re
a 

is
 lik

el
y 

to
 b

e 
m

uc
h 

la
rg

er
 th

an
 

th
e 

im
m

ed
ia

te
 w

at
er

sh
ed

, a
nd

 re
qu

ire
s 

co
ns

id
er

at
io

n 
of

 re
gi

on
al

 s
ou

rc
es

 a
nd

 w
in

d 
di

re
ct

io
n.

Al
l u

rb
an

 la
nd

s 
gi

ve
n 

sa
m

e 
ra

ng
e;

 d
iff

er
en

ce
s 

be
tw

ee
n 

an
d 

wi
th

in
 th

em
 re

su
lt 

fro
m

 d
iff

er
en

ce
s 

in
 la

wn
 

ar
ea

 (i
nc

re
as

ed
 c

oe
ff 

wi
th

 in
cr

ea
se

d 
la

wn
 a

re
a)

, f
er

tliz
er

 u
se

 (i
nc

re
as

ed
 c

oe
ff 

wi
th

 in
cr

ea
se

d 
us

e,
 te

nd
s 

to
 b

e 
lin

ke
d 

to
 la

wn
 a

re
a)

, s
oi

ls
 (i

nc
re

as
ed

 c
oe

ff 
wi

th
 le

ss
 p

er
m

ea
bl

e 
so

ils
), 

sl
op

e 
(in

cr
ea

se
d 

co
ef

f w
ith

 
in

cr
ea

se
d 

sl
op

e)
, a

nd
 a

pp
lic

at
io

n 
of

 lo
ca

l B
M

Ps
 (d

ec
re

as
ed

 c
oe

ff 
wi

th
 L

ID
 te

ch
ni

qu
e 

ap
pl

ic
at

io
n 

or
 

fe
rti

liz
er

 re
gu

la
tio

ns
).

In
cr

ea
se

s 
wi

th
 fe

rti
liz

er
 u

se
, s

lo
pe

, d
ur

at
io

n 
of

 o
pe

n 
co

nd
itio

ns
, a

nd
 la

ck
 o

f c
on

se
rv

at
io

n 
till

ag
e 

ap
pl

ic
at

io
n.

P 
in

cr
ea

se
s 

m
ai

nl
y 

wi
th

 s
oi

l p
er

m
ea

bi
lity

 a
nd

 h
ig

he
r g

ro
un

d 
wa

te
r t

ab
le

. N
 in

cr
ea

se
s 

m
ai

nl
y 

wi
th

 
pr

es
en

ce
 o

f o
n-

si
te

 w
as

te
wa

te
r d

is
po

sa
l s

ys
te

m
s 

an
d 

de
cr

ea
se

s 
wi

th
 d

ilu
tio

n 
fro

m
 ra

in
fa

ll o
r 

un
co

nt
am

in
at

ed
 w

at
er

 in
pu

ts
.

In
cr

ea
se

s 
wi

th
 fe

rti
liz

er
 u

se
, s

oi
l p

er
m

ea
bi

lity
, f

lu
sh

in
g 

fro
m

 ir
rig

at
io

n.

O
m

er
ni

k 
19

76
, 

R
ec

kh
ow

 e
t a

l. 
19

80
, F

rin
k 

19
91

, 
Sh

ar
pl

ey
 e

t a
l. 

19
92

, L
in

e 
et

 a
l. 

19
98

, C
la

rk
 e

t a
l. 

20
00

, R
oh

m
 e

t a
l. 

20
02

, u
np

ub
lis

he
d 

AE
C

O
M

 d
at

a

R
ec

kh
ow

 e
t a

l. 
19

80
, D

illo
n 

et
 a

l. 
19

91

PH
O

SP
HO

R
US

 E
XP

O
R

T 
(K

G
/H

A/
YR

)

PH
O

SP
HO

R
US

 IN
PU

T

PH
O

SP
HO

R
US

 E
XP

O
R

T 
(M

G
/M

2/
YR

)
NI

TR
O

G
EN

 E
XP

O
R

T 
(M

G
/M

2/
YR

)

13
02

17
_L

LR
M

09
_R

W
P_

R
C

R
ef

er
en

ce
s

1 
of

 2



W
at

er
fo

wl
 

D
ire

ct
 in

pu
ts

 fr
om

 b
ird

s 
(k

g/
bi

rd
/y

r)
1.

86
0.

23
0.

20
0.

06

Br
ez

on
ik 

19
73

, 
Ut

to
rm

ar
k 

et
 a

l. 
19

74
, G

ou
ld

 &
 

Fl
et

ch
er

  1
97

8,
 

Po
rtn

oy
 1

99
0,

 
5.

80
1.

00
0.

95
0.

48
In

cr
ea

se
s 

wi
th

 b
ird

 s
ize

.

Po
in

t S
ou

rc
es

D
ire

ct
 d

is
ch

ar
ge

 fr
om

 fa
ci

lity
Va

rie
s 

by
 tr

ea
tm

en
t t

ec
hn

ol
og

y 
an

d 
de

ta
ils

 w
ith

in
 tr

ea
tm

en
t (

e.
g.

, h
ol

di
ng

 ti
m

e,
 c

he
m

ic
al

 a
dd

itio
ns

).
   

W
as

te
wa

te
r -

 p
rim

ar
y 

tre
at

m
en

t (
pp

m
)

6.
00

4.
00

4.
00

1.
00

70
.0

0
45

.0
0

45
.0

0
20

.0
0

   
W

as
te

wa
te

r -
 s

ec
on

da
ry

 tr
ea

tm
en

t (
pp

m
)

4.
00

2.
00

2.
00

0.
40

10
.0

0
5.

00
5.

00
1.

00
   

W
as

te
wa

te
r -

 te
rti

ar
y 

tre
at

m
en

t (
pp

m
)

1.
00

0.
50

0.
50

0.
10

5.
00

2.
00

2.
00

1.
00

   
C

oo
lin

g 
wa

te
r (

pp
m

)
5.

00
1.

00
1.

00
0.

05
1.

00
0.

05
0.

05
0.

02

SE
PT

IC
 S

YS
TE

M
 IN

PU
TS

NI
TR

O
G

EN
 IN

PU
T

M
AX

IM
UM

M
EA

N
M

ED
IA

N
M

IN
IM

UM
SO

UR
C

E
M

AX
IM

UM
M

EA
N

M
ED

IA
N

M
IN

IM
UM

D
om

es
tic

 W
as

te
wa

te
r I

np
ut

s
C

on
ce

nt
ra

tio
n 

(p
pm

)
15

.0
0

8.
00

8.
00

4.
00

M
et

ca
lf 

& 
Ed

dy
 1

99
1

85
.0

0
40

.0
0

40
.0

0
20

.0
0

Va
rie

s 
by

 ta
nk

 s
izi

ng
 a

nd
 le

ac
hf

ie
ld

 fe
at

ur
es

Pe
op

le
 p

er
 d

we
llin

g 
10

.0
0

2.
50

2.
50

1.
00

C
ub

ic
 m

et
er

s 
of

 w
at

er
 p

er
 p

er
so

n 
pe

r d
ay

0.
45

0.
25

0.
25

0.
13

D
ay

s 
of

 o
cc

up
an

cy
 p

er
 y

ea
r

36
5

18
0

18
0

1
At

te
nu

at
io

n 
fa

ct
or

 (p
or

tio
n 

th
at

 re
ac

he
s 

la
ke

)
0.

50
0.

10
0.

10
0.

01
0.

95
0.

80
0.

80
0.

50
In

cr
ea

se
s 

wi
th

 in
cr

ea
si

ng
 s

oi
l p

er
m

ea
bi

lity
, h

ig
h 

gr
ou

nd
 w

at
er

 ta
bl

e,
 a

no
xia

.

RE
FE

RE
NC

ES
   

   
   

   
   

Br
ez

on
ik,

 P
.L

. 1
97

3.
 N

ut
rie

nt
 S

ou
rc

es
 a

nd
 C

yc
lin

g 
in

 N
at

ur
al

 W
at

er
s.

 E
PA

 6
60

/3
-7

3-
00

2.
 W

as
hi

ng
to

n 
D

C
.

   
   

   
   

   
C

la
rk

, G
.M

., 
D

.K
. M

ue
lle

r a
nd

 M
.A

. M
as

t. 
20

00
. N

ut
rie

nt
 c

on
ce

nt
ra

tio
ns

 a
nd

 y
ie

ld
s 

in
 u

nd
ev

el
op

ed
 s

tre
am

 b
as

in
s 

of
 th

e 
Un

ite
d 

St
at

es
. J

AW
R

A 
36

:8
49

-8
60

.
   

   
   

   
   

D
illo

n,
 P

.J
., 

L.
A.

 M
ol

ot
 a

nd
 W

.A
. S

ch
ne

id
er

. 1
99

1.
 P

ho
sp

ho
ru

s 
an

d 
ni

tro
ge

n 
ex

po
rt 

fro
m

 fo
re

st
ed

 s
tre

am
 c

at
ch

m
en

ts
 in

 c
en

tra
l O

nt
ar

io
. J

. E
nv

iro
n.

 Q
ua

lity
 2

0:
85

7-
86

4.
   

   
   

   
   

D
un

n,
 T

. a
nd

 L
.B

. L
eo

po
ld

. 1
97

8.
 W

at
er

 in
 E

nv
iro

nm
en

ta
l P

la
nn

in
g.

 W
.H

. F
re

em
an

 a
nd

 C
om

pa
ny

, S
an

 F
ra

nc
is

co
, C

A
   

   
   

   
   

Fr
in

k,
 C

. 1
99

1.
 E

st
im

at
in

g 
nu

tri
en

t e
xp

or
ts

 to
 e

st
ua

rie
s.

 J
. E

nv
iro

n.
 Q

ua
lity

 2
0:

71
7-

72
4.

   
   

   
   

   
G

ou
ld

, D
.J

. &
 M

.R
. F

le
tc

he
r. 

 1
97

8.
  G

ul
l d

ro
pp

in
gs

 a
nd

 th
ei

r e
ffe

ct
s 

on
 w

at
er

 q
ua

lity
.  

W
at

. R
es

.  
12

:  
66

5-
67

2.
   

   
   

   
   

Hi
gg

in
s,

 G
.R

. a
nd

 J
.M

. C
ol

on
el

l. 
19

70
. H

yd
ro

lo
gi

c 
Fa

ct
or

s 
in

 th
e 

D
et

er
m

in
at

io
n 

of
 W

at
er

sh
ed

 Y
ie

ld
s.

 P
ub

lic
at

io
n 

#2
0.

 W
R

R
C

, U
M

AS
S,

 A
m

he
rs

t, 
M

A.
   

   
   

   
   

Li
ne

, D
.E

., 
W

.A
. H

ar
m

an
 a

nd
 G

.D
. J

en
ni

ng
s.

 1
99

8.
 C

om
pa

rin
g 

sa
m

pl
in

g 
sc

he
m

es
 fo

r m
on

ito
rin

g 
po

llu
ta

nt
 e

xp
or

t f
ro

m
 a

 d
ai

ry
 p

as
tu

re
. J

AW
R

A 
34

:1
26

5-
12

73
   

   
   

   
   

M
an

ny
, B

.A
., 

R
. G

. W
et

ze
l &

 W
. C

. J
oh

ns
on

.  
19

75
.  

An
nu

al
 c

on
tri

bu
tio

n 
of

 c
ar

bo
n,

 n
itr

og
en

 a
nd

 p
ho

sp
ho

ru
s 

by
 m

ig
ra

nt
 C

an
ad

a 
ge

es
e 

to
 a

 h
ar

dw
at

er
 P

on
d.

  V
er

h.
 In

t. 
Ve

r. 
Li

m
no

l. 
 1

9:
  9

49
-9

51
.

   
   

   
   

   
M

et
ca

lf 
& 

Ed
dy

, I
nc

.  
19

91
.  

3r
d 

ed
.  

W
as

te
wa

te
r E

ng
in

ee
rin

g 
Tr

ea
tm

en
t, 

D
is

po
sa

l a
nd

 R
eu

se
.  

Tc
ho

ba
no

gl
ou

s,
 G

. a
nd

 F
.L

. B
ur

to
n.

  M
cG

ra
w-

Hi
ll, 

In
c.

:  
Ne

w 
Yo

rk
.

   
   

   
   

   
M

ille
r, 

C
.V

., 
J.

M
. D

en
ni

s,
 S

.W
. A

to
r a

nd
 J

.W
. B

ra
ke

bi
ll. 

19
97

. N
ut

rie
nt

s 
in

 s
tre

am
s 

du
rin

g 
ba

se
flo

w 
in

 s
el

ec
te

d 
en

vir
on

m
en

ta
l s

et
tin

gs
 o

f t
he

 P
ot

om
ac

 R
ive

r b
as

in
. J

AW
R

A 
33

:1
15

5-
11

71
.

   
   

   
   

   
M

itc
he

ll,
 D

.F
., 

K
.J.

 W
ag

ne
r a

nd
 C

. A
sb

ur
y.

 1
98

8.
 D

ire
ct

 m
ea

su
re

m
en

t o
f g

ro
un

d 
w

at
er

 fl
ow

 a
nd

 q
ua

lit
y 

as
 a

 la
ke

 m
an

ag
em

en
t t

oo
l. 

 L
ak

e 
an

d 
Re

se
rv

oi
r M

an
ag

em
en

t 4
:1

69
-1

78
   

   
   

   
   

M
itc

he
ll, 

D
.F

, K
.J

. W
ag

ne
r, 

W
.J

. M
on

ag
le

, a
nd

 G
.A

. B
el

uz
o.

  1
98

9.
  A

 lit
to

ra
l in

te
rs

tit
ia

l p
or

ew
at

er
 (L

IP
) s

am
pl

er
 a

nd
 it

s 
us

e 
in

 s
tu

dy
in

g 
gr

ou
nd

 w
at

er
 q

ua
lity

 e
nt

er
in

g 
a 

la
ke

. L
ak

e 
an

d 
R

es
er

vo
ir 

M
an

ag
em

en
t  

5:
12

1-
12

8.
   

   
   

   
   

Nu
rn

be
rg

, G
.K

.  
19

84
.  

Th
e 

pr
ed

ic
tio

n 
of

 in
te

rn
al

 p
ho

sp
ho

ru
s 

lo
ad

 in
 la

ke
s 

wi
th

 a
no

xic
 h

yp
ol

im
ni

a.
  L

im
no

l. 
O

ce
an

og
r. 

29
:1

11
-1

24
   

   
   

   
   

Nu
rn

be
rg

, G
.K

.  
an

d 
B.

 L
aZ

er
te

. 2
00

4.
 M

od
el

in
g 

th
e 

ef
fe

ct
 o

f d
ev

el
op

m
en

t o
n 

in
te

rn
al

 p
ho

sp
ho

ru
s 

lo
ad

 in
 n

ut
rie

nt
-p

oo
r l

ak
es

. W
at

. R
es

ou
r. 

R
es

. 4
0:

W
01

10
5,

 d
oi

:1
0.

10
29

/2
00

3W
R

00
24

10
.

   
   

   
   

   
O

m
er

ni
k,

 J
.M

. 1
97

6.
 T

he
 in

flu
en

ce
 o

f l
an

d 
us

e 
on

 s
tre

am
 n

ut
rie

nt
 le

ve
ls

. E
PA

-6
00

/3
-7

6-
01

4.
 U

SE
PA

, C
or

va
llis

, O
R

.
   

   
   

   
   

Po
rtn

oy
. J

.W
. 1

99
0.

  G
ul

l c
on

tri
bu

tio
n 

of
 P

 &
 N

 to
 a

 C
ap

e 
C

od
 K

et
tle

 p
on

d.
  H

yd
ro

bi
ol

og
ia

.  
20

2:
 6

1-
69

.
   

   
   

   
   

R
ec

kh
ow

, K
.H

., 
M

.N
. B

ea
ul

ac
, a

nd
 J

.T
. S

im
ps

on
. 1

98
0.

 M
od

el
in

g 
ph

os
ph

or
us

 lo
ad

in
g 

an
d 

Po
nd

 re
sp

on
se

 u
nd

er
 u

nc
er

ta
in

ty
: a

 m
an

ua
l a

nd
 c

om
pi

la
tio

n 
of

 e
xp

or
t c

oe
ffi

ci
en

ts
. E

PA
 4

40
/5

-8
0-

01
1,

 U
S-

EP
A,

 W
as

hi
ng

to
n,

 D
.C

.
   

   
   

   
   

R
oh

m
, C

.M
., 

J.
A.

 O
m

er
ni

k,
 A

.J
. W

oo
ds

, a
nd

 J
.L

. S
to

dd
ar

d.
 2

00
2.

 R
eg

io
na

l c
ha

ra
ct

er
is

tic
s 

of
 n

ut
rie

nt
 c

on
ce

nt
ra

tio
ns

 in
 s

tre
am

s 
an

d 
th

ei
r a

pp
lic

at
io

n 
to

 n
ut

rie
nt

 c
rit

er
ia

 d
ev

el
op

m
en

t. 
JA

W
R

A 
38

:2
13

-2
39

.
   

   
   

   
   

Sc
he

re
r, 

N.
M

., 
H.

L.
 G

ib
bo

ns
, K

.B
. S

to
op

s 
& 

M
. M

ul
le

r. 
19

95
.  

Ph
os

ph
or

us
 lo

ad
in

g 
of

 a
n 

ur
ba

n 
Po

nd
 b

y 
bi

rd
 d

ro
pp

in
gs

.  
Po

nd
 a

nd
 R

es
er

v.
 M

an
ag

e.
 1

1(
4)

:3
17

-3
27

.
   

   
   

   
   

Sh
ar

pl
ey

, A
.N

., 
S.

J.
 S

m
ith

, O
.R

. J
on

es
, W

.A
. B

er
g,

 a
nd

 G
.A

. C
ol

em
an

. 1
99

2.
 T

he
 tr

an
sp

or
t o

f b
io

av
ai

la
bl

e 
ph

os
ph

or
us

 in
 a

gr
ic

ul
tu

ra
l r

un
of

f. 
J.

 E
nv

iro
n.

 Q
ua

l. 
21

:3
0-

35
.

   
   

   
   

   
So

pp
er

, W
.E

. a
nd

 H
.W

. L
ul

l. 
19

70
.  

St
re

am
flo

w 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

No
rth

ea
st

er
n 

Un
ite

d 
St

at
es

. B
ul

le
tin

 7
66

. P
en

n 
St

at
e 

Ag
ric

ul
tu

ra
l E

xp
er

im
en

t S
ta

tio
n,

 U
ni

ve
rs

ity
 P

ar
k,

 P
A

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
t
t
o
r
m
a
r
k
, 
P
.D
.,
 
J
.D
. 
C
h
a
p
in
, 
a
n
d
 
K
.M
. 
G
r
e
e
n
. 
1
9
7
4
. 
E
s
t
im
a
t
in
g
 
N
u
t
r
ie
n
t
 
L
o
a
d
in
g
s
 
o
f
 
L
a
k
e
s
 
f
r
o
m
 
N
o
n
-
P
o
in
t
 
S
o
u
r
c
e
s
. 
U
.S
. 
E
P
A
. 
E
P
A
 
6
6
0
/
3
-
7
4
-
0
2
0
. 
1
1
2
p
p
.

M
et

ca
lf 

& 
Ed

dy
 

19
91

, D
M

R
 d

at
a 

fro
m

 E
PA

 fo
r m

an
y 

W
W

TF

PH
O

SP
HO

R
US

 IN
PU

T

13
02

17
_L

LR
M

09
_R

W
P_

R
C

R
ef

er
en

ce
s

2 
of

 2



!



LOAD SUMMARY

PHOSPHORUS LOAD

Direct to lake Total
Spectacle Mashapaug RWP P (lbs/yr) P (lbs/yr)

DIRECT LOAD TO LAKEDIRECT LOAD TO LAKE
ATMOSPHERIC - - - 64 64

INTERNAL - - - 128 128
WATERFOWL - - - 154 154

SEPTIC SYSTEM - - - 0 0

WATERSHED LOAD 200 160 216

TOTAL LOAD TO LAKE 922
(Watershed + Direct Load)

NITROGEN OAD
Direct to lake Total

Spectacle Mashapaug RWP P (lbs/yr) P (lbs/yr)

360

Spectacle Mashapaug RWP P (lbs/yr) P (lbs/yr)
DIRECT LOAD TO LAKE

ATMOSPHERIC - - - 1466
INTERNAL - - - 319

WATERFOWL - - - 733
SEPTIC SYSTEM - - - 0 0

WATERSHED LOAD 2396 1687 4100

TOTAL LOAD TO LAKE 8193
(Watershed + Direct Load) 4083
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&>'$%/&,C,D%&'A$>,0>$0(4*/A@%&'($%+4/0$&>'$+4@2+-,/0$B>4('+,/'F$$=>'$('1%,/,/0$'%B&'(/$&(%K'+$

+%/'$@4*+A$S'$('D%,('A$%/A$@,A'/'A$B+,0>&+-$?(41$,&B$'T,B&,/0$88$?44&$@,A&>$&4$D(4K,A'$%/$

%A'`*%&'$@,A&>$?4($C41?4(&%S+'$&@42@%-$&(%??,CF$$=>'$D%(R,/0$%('%$/'%($&>'$&4D$4?$&>'$>,++$4/$

M,++B,A'$JK'/*'$C4*+A$S'$'TD%/A'A$&4$,/C+*A'$%/$%('%$?4($%DD(4T,1%&'+-$&'/$%AA,&,4/%+$C%(BL$

%++4@,/0$?4($14('$%DD(4D(,%&'$%CC'BB$&4$&>'$%('%F$$G*??'($D+%/&,/0$%+4/0$&>'$B>4('+,/'$B>4*+A$

C4/B,B&$4?$/%&,K'L$+4@20(4@,/0$@,+A?+4@'(BL$0(%BB'BL$B>(*SBL$%/A$'1'(0'/&$K'0'&%&,4/$&4$

B&%S,+,a'$&>'$%('%$%B$@'++$%B$&4$A'&'($0''B'$?(41$C4/0('0%&,/0F$$=>'$S*??'($('B&4(%&,4/$D+%/&,/0B$

@4*+A$S'$A'B,0/'A$&4$B'%1+'BB+-$S+'/A$@,&>$&>'$"3=U$D+%/&,/0BL$,1D(4K,/0$%'B&>'&,CB$,/$&>'$

%('%$@>,+'$/4&$%??'C&,/0$&>'$K,'@B>'AF$$U1%++L$,/C4/BD,C*4*B$?'/C,/0$C4*+A$%+B4$S'$,/C4(D4(%&'A$

,/&4$&>'$D+%/&,/0$%('%$?4($%AA,&,4/%+$@%&'(?4@+$C4/&(4+F$$$=>'$'B&,1%&'A$D+%//,/0$+'K'+$C4B&$?4($

&>,B$D(4Z'C&$,B$[:;8L999$HB''$,--#(.&/!0$?4($&>'$?*++$C4B&$&%S+'NF$$$

$$$$$$$$

'T,B&,/0$0''B'$?''A,/0$

'T,B&,/0$'(4B,4/$



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$6$7*/'$89:;$ <2_$ $

! $$$$ $$!!
!
!

parking 

area if 

needed

shallow 

WVTS

pavement 

removal

revegetation of 

shoreline/island

$!
*$5#)!9:;<8&'$$=!6>)15)!6%)(!?@A"A!*$5#)!9B!

J++$4?$&>'$A(%,/%0'$%('%B$@,&>,/$&>'$!4*&'$:9cY+1@44A$JK'/*'$%('%$%('$4*&B,A'$4?$&>'$#%(R$

S4*/A%(,'BF$$$!4*&'$:9$%/A$Y+1@44A$JK'/*'$HdFUF$!4*&'$:N$%('$A'B,0/%&'A$>,0>@%-B$%/A$*/A'($

&>'$!>4A'$V'D%(&1'/&$4?$=(%/BD4(&%&,4/$H!5VX=N$Z*(,BA,C&,4/F$$=>'('$%('$%$B'(,'B$4?$C%&C>S%B,/B$

+4C%&'A$4/$&>'$!4*&'$:9$%/A$Y+1@44A$JK'/*'L$@>,C>$A(%,/$&4$!44B'K'+&$E%R'$K,%$%$P_2,/C>$D,D'$

,/$&>'$B4*&>@'B&$C4(/'($4?$&>'$+%R'$%/A$%$:Q2,/C>$D,D'$'%B&$4?$&>'$P_2,/C>$4*&?%++F$$$E%(0'$

%14*/&B$4?$B%/A$A'D4B,&B$@'('$4SB'(K'A$%&$S4&>$4*&?%++B$A*(,/0$&>'$?,'+A$%BB'BB1'/&F$$=>,B$,B$

%&&(,S*&'A$&4$'TC'BB,K'$(4%A$B%/A,/0$A*(,/0$&>'$@,/&'($14/&>B$%+4/0$S4&>$Y+1@44A$JK'/*'$

%/A$&>'$!4*&'$:9$4/$(%1DF$$U'K'(%+$('&(4?,&B$%('$D(4D4B'A$,/$&>'$%('%$4?$&>'$!4*&'$:9cY+1@44A$

JK'/*'$%('%F$$#(4D4B'A$G.#B$,/C+*A'$A,K'(B,4/$B&(*C&*('BL$A(-$B@%+'BL$,/?,+&(%&,4/$S%B,/B$%/A$

"3=UF$$V'&%,+'A$B,&'$A'BC(,D&,4/B$%/A$('&(4?,&$4D&,4/B$%('$D(4K,A'A$S'+4@F$$$

$

=>'$,1D+'1'/&%&,4/$4?$%$('A*C'A$B%/A,/0cB%+&,/0$D(40(%1$B>4*+A$S'$C4/B,A'('A$?4($&>'$?4($&>'$

C4/&(,S*&,/0$A(%,/%0'$%('%F$$=>,B$@4*+A$>'+D$('A*C'$&>'$%//*%+$1%,/&'/%/C'$('`*,('A$?4($B%/A$

('14K%+$?4($S4&>$D4/A$4*&?%++B$%/A$D(4D4B'A$G.#BF$

"3=U$%/A$

S*??'($D+%/&,/0B$

D%K'1'/&$('14K%+$

"3=U$

K'0'&%&'A$$

,B+%/A$

2--%#3#"4()$*#(



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$6$7*/'$89:;$ <2\$ $

$

!!
!"#$I&'((!6/2+(%J(K*$!8H;((

I%&C>S%B,/B$+4C%&'A$@,&>,/$&>'$&(%K'+$+%/'B$?4($!4*&'$:9$%/A$&>'$Y+1@44A$JK'/*'$4/2(%1D$

A,BC>%(0'$%&$&@4$B'D%(%&'$4*&?%++B$,/&4$%$D%K'A$B@%+'$+4C%&'A$,/$&>'$4D'/$K'0'&%&'A$,B+%/A$%('%$

4?$&>'$4/2(%1DF$$=>'$A(%,/%0'$%('%$&4$&>'$B@%+'$,B$8F]$%C('BL$@,&>$;QW$,1D'(K,4*B$C4K'(F$$=>,B$

B@%+'$&>'/$A,BC>%(0'B$&4$&>'$'T,B&,/0$C+4B'A$A(%,/%0'$B-B&'1$&>%&$'K'/&*%++-$4*&?%++B$,/&4$

!44B'K'+&$E%R'$K,%$%$P_2,/C>$D,D'F$$=>,B$4*&?%++$>%B$S''/$,A'/&,?,'A$%B$D(,4(,&-$4*&?%++$!"#2)$,/$

&>'$f\$Y*&(4D>,C$#4/AB$,/$!>4A'$5B+%/Ag$=.VE$H=.VE$('D4(&N$HB''$1&234#!)*5NF$F$$$$

!
=>'$D(4D4B'A$('&(4?,&$C4/C'D&$?4($&>,B$B,&'$,B$&4$?*++-$*&,+,a'$&>'$'T,B&,/0$&*(?$%('%$%AZ%C'/&$&4$&>'$

B@%+'F$$U'A,1'/&$?4('S%-B$@4*+A$S'$C4/B&(*C&'A$%&$S4&>$4*&?%++B$&4$&(%D$B%/ABcB'A,1'/&B$D(,4($

&4$A,BC>%(0,/0$&4$!44B'K'+&$E%R'F$$J/$,/?,+&(%&,4/$S%B,/$@4*+A$S'$C4/B&(*C&'A$,/$&>'$4D'/$+%@/$

%('%$&4$D(4K,A'$0(4*/A@%&'($('C>%(0'$%/A$B&4(1@%&'($&('%&1'/&$?4($&>'$?,(B&$,/C>$4?$(*/4??F$$$$

JAA,&,4/%++-L$&>'$('1%,/,/0$D%K'A$B@%+'$@4*+A$S'$C4/K'(&'A$,/&4$%$A(-$B@%+'$?4($,/C('%B'A$

,/?,+&(%&,4/$S'?4('$A,BC>%(0,/0$,/&4$&>'$P_2,/C>$D,D'F$$5&$B>4*+A$S'$/4&'A$&>%&$&>,B$%('%$,B$+4C%&'A$

@,&>,/$&>'$>,0>@%-$+%-4*&L$%/A$%/-$D(4D4B'A$@4(R$@4*+A$/''A$&4$S'$D'(1,&&'A$%/A$

C4/B&(*C&'A$,/$C44(A,/%&,4/$@,&>$!5VX=F$$=>'$'B&,1%&'A$D+%//,/0$+'K'+$C4B&$?4($&>,B$D(4Z'C&$,B$

[:;LQ99$HB''$,--#(.&/!0$?4($&>'$?*++$C4B&$&%S+'NF$$$$$$$$$

2--%#3#"4()$*#(

'T,B&,/0$:Q2

,/C>$4*&?%++$

'T,B&,/0$P_2

,/C>$D,D'$

U%/AcU'A,1'/&$

V'D4B,&B$

U%/AcU'A,1'/&$

V'D4B,&B$

!4*&'$:9$

Y+1@44A$JK'F$
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$

!!
!"#$I0'((%L$)*5?(K/278--(82(!664+.+-2(E8C+(M!"#$I0N!

=>'('$,B$%/$'T,B&,/0$:Q2,/C>$4*&?%++$,/&4$!44B'K'+&$E%R'$&>%&$('C',K'B$*/&('%&'A$B&4(1@%&'($?(41$

B'K'(%+$C%&C>S%B,/B$+4C%&'A$@,&>,/$&>'$4/$%/A$4??2(%1DB$4?$&>'$Y+1@44A$JK'/*'$YT,&$4?$!4*&'$

:9F$$=>'$C4/&(,S*&,/0$A(%,/%0'$%('%$,B$%+14B&$8$%C('BL$@,&>$;OW$,1D'(K,4*B$C4K'(F$

$

=>'$D'/,/B*+%$4?$+%/A$Z*B&$&4$&>'$/4(&>$4?$&>'$4*&?%++$D('B'/&B$%$0('%&$+4C%&,4/$?4($C4/B&(*C&,/0$%$

"3=UF$$=>,B$%('%$>%B$>,0>$0(4*/A@%&'($%/A$@4*+A$%+B4$S'/'?,&$?(41$&>'$"3=U$K'0'&%&,4/L$

@>,C>$@4*+A$D(4K,A'$&>'$%AA,&,4/%+$S'/'?,&$4?$A'&'((,/0$@%&'(?4@+$,/$&>,B$%('%F$$J$A,K'(B,4/$

1%/>4+'$@4*+A$S'$,/B&%++'A$&4$A,('C&$&>'$?,(B&$,/C>$4?$(*/4??$&4$&>'$D(4D4B'A$G.#F$$J$B'A,1'/&$

?4('S%-$@4*+A$S'$C4/B&(*C&'A$&4$%++4@$&>'$B'&&+,/0$4?$>'%K-$B%/AB$%/A$B'A,1'/&B$D(,4($&4$

'/&'(,/0$&>'$D(4D4B'A$G.#F$$$=>'$'T,B&,/0$4*&?%++$@4*+A$('1%,/$,/$D+%C'$?4($4K'(?+4@$A*(,/0$

'T,B&,/0$4*&?%++$

D(4D4B'A$,/?,+&(%&,4/$

S%B,/$

'T,B&,/0$B@%+'$

!44B'K'+&$E%R'$

#(4D4B'A$

5/?,+&(%&,4/$G%B,/$

!4*&'$:9$

Y+1@44A$JK'$



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$6$7*/'$89:;$ <2::$ $

+%(0'$B&4(1$'K'/&BF$$$=>'$'B&,1%&'A$D+%//,/0$+'K'+$C4B&$?4($&>,B$D(4Z'C&$,B$[:9L8Q9$HB''$,--#(.&/!

0$?4($&>'$?*++$C4B&$&%S+'NF$$$$$$$$$

$

$$$$ $$$$

$

23)!7(-,1$!6%)(!

=>'$I%B,/4$,B$C4/B,A'('A$%$!>4A'$5B+%/A$+%/A1%(R$%/A$B'(K'B$%B$4/'$4?$&>'$0%&'@%-B$&4$&>'$

#%(RF$$5&$>4B&B$BD'C,%+$'K'/&B$&>(4*0>4*&$&>'$-'%($%/A$,B$%K%,+%S+'$?4($D(,K%&'$?*/C&,4/BF$$U,/C'$

&>'('$%('$-'%($(4*/A$K,B,&4(B$&4$&>'$?%C,+,&-L$&>,B$%('%$D(4K,A'B$0('%&$D*S+,C$4*&('%C>$

4DD4(&*/,&,'BF$$#%K'A$D%(R,/0$%('%B$%('$+4C%&'A$%+4/0$&>'$@'B&'(/$B,A'$4?$&>'$S*,+A,/0$@,&>$

B&4(1@%&'($(*/4??$1%/%0'A$@,&>$&(%A,&,4/%+$C*(S$%/A$0*&&'(F$$J$B'(,'B$4?$C%&C>S%B,/B$C%((-$

(*/4??$?(41$&>'$D%(R,/0$+4&$%/A$(4%A@%-B$&4$4*&?%++B$,/&4$!44B'K'+&$E%R'F$$!44?$(*/4??$?(41$&>'$

I%B,/4$S*,+A,/0$,B$A,('C&'A$&4$A4@/BD4*&B$&>%&$C*(('/&+-$A,BC>%(0'$,/&4$%$C41S,/'A$B'@'($

B-B&'1$+4C%&'A$%+4/0$!44B'K'+&$E%R'F$$$

$

=>'$(4%A@%-B$B*((4*/A,/0$&>'$I%B,/4$,/C+*A'$!4B'L$E,/A'/$%/A$E,/C4+/$JK'/*'$%/A$1'(0'$%&$

&>'$+%(0'$'/&(%/C'$f(4*/A%S4*&gF$$=>'$(4%AB$(%/0'$,/$@,A&>$?(41$;P$&4$;O$?''&$@,A'L$C(4@/'A$

@,&>$C*(SB$4/$S4&>$B,A'L$%/A$A(%,/B$K,%$%/$'T,B&,/0$C+4B'A$A(%,/%0'$B-B&'1F$$J$B'(,'B$4?$

C%&C>S%B,/BL$%/A$1%/>4+'B$A,BC>%(0'$&4$!44B'K'+&$E%R'$&>(4*0>$4/'$4($14('$4*&?%++$D,D'BF$$$

$

U'K'(%+$('&(4?,&B$%('$D(4D4B'A$,/$&>,B$%('%$,/C+*A,/0$A4@/BD4*&$A,BC4//'C&,4/BL$S,4('&'/&,4/$

%('%B$%/A$S,4$B@%+'BF$$V'&%,+'A$B,&'$A'BC(,D&,4/B$%/A$('&(4?,&$4D&,4/B$%('$D(4K,A'A$S'+4@F$!
!"#$O0'((<84)*6(!667(!/*677((

=>'$I%B,/4$(44?$,B$%DD(4T,1%&'+-$\LP99$B`*%('$?''&F$$I*(('/&+-L$',0>&$A4@/BD4*&B$C%((-$(44?$

(*/4??$,/&4$&>'$C41S,/'A$B'@'($B-B&'1$&>%&$,B$+4C%&'A$%+4/0$!44B'K'+&$E%R'F$$=>'$D(4D4B'A$

('&(4?,&$?4($&>,B$B,&'$,B$&4$A,BC4//'C&$&>'$A4@/BD4*&B$?(41$&>'$C41S,/'A$B'@'($B-B&'1$%/A$

('A,('C&$&>'1$,/&4$(%,/0%(A'/B$4($(%,B'A$D+%/&'(B$%(4*/A$&>'$S*,+A,/0F$$=>,B$D(4D4B'A$('&(4?,&$

+4C%&,4/$@4*+A$D(4K,A'$%$0('%&$4DD4(&*/,&-$?4($D*S+,C$'A*C%&,4/$%/A$4*&('%C>F$$$$

$$

'T,B&,/0$4*&?%++$

'T,B&,/0$4*&?%++$
A,K'(B,4/$

"3=U$

2--%#3#"4()$*#(



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$6$7*/'$89:;$ <2:8$ $

$$$$ $

$

!"#$O<PO='((<84)*6(#83C)*D(E62(8*9(;632)6*4(67(E)*9+*(8*9(!64+(&.+*/+4((

#4(&,4/B$4?$E,/A'/$%/A$!4B'$JK'/*'B$B+4D'$A4@/$&4@%(A$&>'$I%B,/4$D%(R,/0$+4&F$$G4&>$(4%AB$%('$

C(4@/'AL$@,&>$C*(SBF$$=>'$&4&%+$A(%,/%0'$%('%$&4$&>,B$B,&'$,B$9F]$%C('BL$@,&>$]PW$,1D'(K,4*B$

C4K'(F$$U&4(1@%&'($'/&'(B$&>'$C+4B'A$A(%,/%0'$B-B&'1$K,%$&@4$C%&C>S%B,/B$,/$&>'$D%(R,/0$+4&F$$

=>'$A(%,/%0'$B-B&'1$C*(('/&+-$A,BC>%(0'B$&4$!44B'K'+&$E%R'F$

$

=>'$C4/C'D&$?4($&>,B$B,&'$,B$&4$A,('C&$(*/4??$,/&4$%$S,4('&'/&,4/$%('%$,/$&>'$4D'/$%('%$Z*B&$B4*&>$

4?$&>'$C%&C>S%B,/$C+4B'B&$&4$&>'$I%B,/4$K,%$%$D%K'A$?+*1'$%/A$%$B'A,1'/&$?4('S%-F$$=>'$'T,B&,/0$

C%&C>S%B,/B$@4*+A$S'$S+4CR'AL$4($%AZ*B&'A$&4$S'$*B'A$4/+-$%B$%/$4K'(?+4@$?4($+%(0'$B&4(1$

'K'/&BF$$=>'$S,4('&'/&,4/$%('%$@4*+A$>%K'$*/A'(A(%,/B$&>%&$@4*+A$C4//'C&$S%CR$,/&4$&>'$

'T,B&,/0$C+4B'A$A(%,/%0'$B-B&'1F$$=>'$'B&,1%&'A$D+%//,/0$+'K'+$C4B&$?4($&>,B$D(4Z'C&$,B$[88L899$

HB''$,--#(.&/!0$?4($&>'$?*++$C4B&$&%S+'NF$$$$$$$$$

$$$$

bioretention

cover  catch 

basin/direct 

flow to bio

 !
!"#$O@'((<84)*6(@*238*5+((

J$C%&C>S%B,/$+4C%&'A$/'%($&>'$I%B,/4$'/&(%/C'$('C',K'B$(*/4??$?(41$%$D4(&,4/$4?$E,/A'/$JK'/*'$

H9FQ2%C('$A(%,/%0'$%('%b$POW$,1D'(K,4*BNF$$U,1,+%($&4$&>'$4&>'($B*((4*/A,/0$C%&C>S%B,/BL$,&$

C4//'C&B$&4$&>'$C+4B'A$A(%,/%0'$B-B&'1$&>%&$A,BC>%(0'B$&4$!44B'K'+&$E%R'F$

$

'T,B&,/0$A4@/BD4*&$

?(4/&$K,'@$4?$

&>'$I%B,/4$

D(4D4B'A$

(%,/0%(A'/$



!"#$"%&'($)*%+,&-$.%/%0'1'/&$#+%/$2$34+*1'$55$6$7*/'$89:;$ <2:;$ $

=>'$4D'/$,B+%/A$%('%$S'&@''/$E,/A'/$%/A$!4B'$JK'/*'B$C4*+A$S'$*&,+,a'A$%B$%$S,4('&'/&,4/$

%('%F$$=>'$'T,B&,/0$C%&C>S%B,/$@4*+A$S'$S+4CR'AL$%/A$B&4(1@%&'($@4*+A$'/&'($&>'$D(4D4B'A$

G.#$&>(4*0>$%$D%K'A$?+*1'$&4$%$B'A,1'/&$?4('S%-F$$=>'$S,4('&'/&,4/$@4*+A$>%K'$*/A'(A(%,/B$

%/A$%/$4K'(?+4@$B&(*C&*('$&>%&$C4//'C&$S%CR$,/&4$&>'$'T,B&,/0$C+4B'A$A(%,/%0'$B-B&'1F$$=>'$

'B&,1%&'A$D+%//,/0$+'K'+$C4B&$?4($&>,B$D(4Z'C&$,B$[_LP99$HB''$,--#(.&/!0$?4($&>'$?*++$C4B&$&%S+'NF$$$$$$$$$!

$$

!"#$%Q'((K3*8H+*28-(03)9D+(

5/$&>,B$%('%$E,/A'/$%/A$!4B'$JK'/*'B$A,BC>%(0'$&4$%/$4*&?%++$&4$!44B'K'+&$E%R'$K,%$&>(''$D%,(B$4?$

'T,B&,/0$C%&C>S%B,/BF$$$XK'(+%/A$?+4@$>%B$C%*B'A$B41'$'(4B,4/$A4@/$&>'$B+4D'$*/A'($&>'$

4(/%1'/&%+$S(,A0'F$$=>'$C4/&(,S*&,/0$A(%,/%0'$%('%$&4$&>,B$B,&'$,B$%DD(4T,1%&'+-$OFO$%C('BL$@,&>$

8OW$,1D'(K,4*B$C4K'(F$

$

=>'$D(4D4B'A$('&(4?,&$?4($&>,B$B,&'$,B$&4$A%-+,0>&$&>'$'T,B&,/0$D,D'$&4$%/$%('%$Z*B&$*D0(%A,'/&$4?$
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9WI$&4$9W\$4>$%/$%B('L$1%@'$*C$4>$a8X$,1C'(J,4*A$%('%L$:8X$0(%AA$B4J'(L$%/@$98X$+%/@AB%C'@$

E'@AF$$<='$1%b4(,&-$4>$&='$-%(@A$%CC'%($&4$=%J'$+4?$1%,/&'/%/B'$('c*,('1'/&AL$?,&=$9YX$

=%J,/0$1'@,*1$1%,/&'/%/B'$('c*,('1'/&A$>(41$,((,0%&,/0$%/@$>'(&,+,M,/0F$$<='('$,A$C*E+,B$4C'/$

AC%B'$,/$&='$/',0=E4(=44@L$%/@$/*1'(4*A$@40;?%+K'(A$?'('$4EA'(J'@F$

$

<='$A&4(1?%&'($A-A&'1$B4/A,A&A$4>$B%&B=$E%A,/A$&=%&$+'%@$&4$&?4$$4*&>%++A$,/&4$G@0'?44@$D%K'$

,@'/&,>,'@$E-$&='$`G.$%A$C(,4(,&-$4*&>%++A$!"#;[$%/@$!"#;5F$$!"#;5$,A$%$7\$,/B=$4*&>%++$C,C'$

B4//'B&'@$&4$B%&B=$E%A,/A$,/$&='$%@b%B'/&$,/&'(A'B&,4/$4>$G@0'?44@$PJ'/*'L$N'%B=14/&$

PJ'/*'$%/@$QFRF$S(''/'$.'14(,%+$N4*+'J%(@F$$!"#;[$,A$%L$:8;,/B=$4J%+$B4((*0%&'@$4*&>%++$C,C'$

B4//'B&'@$&4$%$+%(0'($@(%,/%0'$%('%$4>$&='$/',0=E4(=44@F$$$.%/-$B%&B=$E%A,/A$,/$&='$A&*@-$%('%$

%('$,/$C44($4($>%,+,/0$B4/@,&,4/$@*'$&4$=,0=$%BB*1*+%&,4/A$4>$A'@,1'/&$%/@$4(0%/,B$1%&&'(F$$PA$%$

('A*+&L$(*/4>>$,A$E-C%AA,/0$*C0(%@,'/&$E%A,/A$%/@$>+4?,/0$@4?/$&4$4&='($B%&B=$E%A,/A$&=%&$

B4//'B&$&4$G@0'?44@$D%K'F$$$
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$

]CC4(&*/,&,'A$>4($C4++*&,4/$C('J'/&,4/$?,&=,/$&='$/',0=E4(=44@$,/B+*@'$%@@('AA,/0$C%J'1'/&$

('@*B&,4/$%/@$A&4(1$@(%,/$1%,/&'/%/B'$%/@$('C%,(F$$"=,+'$1%/-$4>$&='$(4%@A$?,&=,/$&='$

/',0=E4(=44@$%('$,/$044@$B4/@,&,4/L$&='-$%('$?,@'($&=%/$/'B'AA%(-L$1'%A*(,/0$7I$&4$:8$>''&F$$

O&(''&$?,@&=A$%&$,/&'(A'B&,4/AL$'AC'B,%++-$&=4A'$4/&4$QFRF$S(''/'$.'14(,%+$N4*+'J%(@L$%('$J'(-$

?,@'L$1'%A*(,/0$*C$&4$a8$>''&F$$!*/4>>$('@*B&,4/$B4*+@$E'$%B=,'J'@$E-$('@*B,/0$&='A'$(4%@?%-$

?,@&=AL$@,('B&,/0$(*/4>>$,/&4$A&4(1?%&'($C(%B&,B'A$,/$&='$%('%A$?,&=$4C'/$AC%B'L$%/@$B('%&,/0$

d0(''/$A&(''&Ae$,/$&='$(,0=&;4>;?%-$&4$,/&'(B'C&$(*/4>>$%/@$C(4J,@'$&('%&1'/&$%/@$,/>,+&(%&,4/F$$

.4J,/0$>4(?%(@L$&='$R,&-$4>$R(%/A&4/$A=4*+@$('C+%B'$>%,+,/0$B%&B=$E%A,/A$?,&=$A-A&'1A$&=%&$B%/$

&(%C$A'@,1'/&AW4(0%/,BA$%/@$C(4J,@'$C('&('%&1'/&$C(,4($&4$@,AB=%(0'$&4$G@0'?44@$D%K'F$$

O,1,+%(+-L$1%/-$4>$&='$'T,A&,/0$B%&B=$E%A,/A$?4*+@$E'/'>,&$0('%&+-$>(41$14('$>('c*'/&$B+'%/,/0$

%/@$1%,/&'/%/B'L$%/@$A&4(1$@(%,/A$&=%&$@,('B&+-$@,AB=%(0'$&4$&='$+%K'$A=4*+@$E'$A&'/B,+'@$&4$

,@'/&,>-$&=,A$@,('B&$B4//'B&,4/F$$[41'4?/'($'@*B%&,4/$('0%(@,/0$>'(&,+,M'($*A'$?,&=$'1C=%A,A$4/$

('@*B&,4/$4($'+,1,/%&,4/L$%/@$C'&$?%A&'$E%0$@,AC'/A'(A$%/@$?%A&'$('B'C&%B+'A$+4B%&'@$,/$C*E+,B$

C%(KA$B4*+@$%+A4$,/B('%A'$C4++*&,4/$C('J'/&,4/F$$$P@@,&,4/%++-L$=41'4?/'(A$B4*+@$'>>'B&,J'+-$

('@*B'$(*/4>>$E-$('@,('B&,/0$@4?/AC4*&A$&4$C'(J,4*A$%('%AU$%CC(4T,1%&'+-$:8X$4>$&='$@?'++,/0A$

=%J'$@4?/AC4*&A$&=%&$B4*+@$E'$(';@,('B&'@$&4$C'(J,4*A$C4(&,4/A$4>$&='$-%(@F$$$$

(

<='$C(4C4A'@$('&(4>,&$^!"#;7IL$A''$!"#$%&'()*+*+_$&%K'A$(*/4>>$>(41$(4%@A$,/$&='$G@0'?44@$

O4*&=$/',0=E4(=44@$,/B+*@,/0$G@0'14/&$PJ'/*'$%/@$N%(&+'&&$PJ'/*'F$$<='$('&(4>,&$,/B+*@'A$

C%J'1'/&$('14J%+$%/@$&='$B4/A&(*B&,4/$4>$%/$,/>,+&(%&,4/$E%A,/$&4$B%C&*('$%/@$&('%&$(*/4>>$%&$

&='$,/&'(A'B&,4/$4>$QFRF$S(''/'$.'14(,%+$N4*+'J%(@L$G@0'14/&$PJ'/*'L$%/@$N'%B=14/&$

PJ'/*'F$

'

!@/%&&"'!6:*',7*6/B&)"'12$.3$4'($*&C'D)<2$4'5&**$)'D)<2$4'E6/@<.'7*)$$*4'D<F&.'7*)$$*4'

G+3):*&.'7*)$$*4';&)$:*)0'8<)9@$4'7C&&.$)'7*)$$*4'A<::$@@'7*)$$*4'E6*+6%60'7*)$$*>'

$

!! !
!

G+1?44@$G%A&$,A$%$('A,@'/&,%+$/',0=E4(=44@$B41C(,A'@$4>$%$1,T&*('$4>$A,/0+';>%1,+-$%&&%B='@L$

A,/0+';>%1,+-$@'&%B='@$%/@$1*+&,>%1,+-$@?'++,/0A$&=%&$%CC'%($&4$E'$%CC(4T,1%&'+-$Y8$-'%(A$4>$
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%0'F$$<='$(4%@A$%('$,/$>%,($B4/@,&,4/L$?,&=$/*1'(4*A$B(%BKA$%CC%('/&$%/@$A,@'?%+KA$%+4/0$E4&=$

A,@'A$4>$14A&$(4%@AF$$]/$A&(''&$C%(K,/0$,A$C'(1,&&'@F$$<='$4J'(%++$A,M'$4>$&='$/',0=E4(=44@$,A$

7ZFa$%B('AL$/4/'$4>$?=,B=$,A$>4('A&'@F$$<='$&-C,B%+$+4&$,A$%CC(4T,1%&'+-$E'&?''/$9WI$&4$9W\$4>$%/$

%B('L$1%@'$*C$4>$a8X$,1C'(J,4*A$%('%L$:8X$0(%AA$B4J'(L$%/@$98X$+%/@AB%C'@$E'@AF$$

PCC(4T,1%&'+-$fYX$4>$&='$-%(@A$%CC'%($&4$=%J'$1'@,*1$1%,/&'/%/B'$('c*,('1'/&A$>(41$

,((,0%&,4/$%/@$>'(&,+,M,/0F$$`40;?%+K'(A$?'('$4EA'(J'@$,/$&='$/',0=E4(=44@F$$<='$A&4(1?%&'($

A-A&'1$B4/A,A&A$4>$B%&B=E%A,/A$&=%&$+'%@$&4$%/$4*&>%++$,/&4$`''C$OC(,/0$D%K'F$P+A4$B4//'B&'@$&4$

&=,A$4*&>%++$,A$(*/4>>$>(41$&='$!4*&'$98$=,0=?%-$4/;$%/@$4>>;(%1CF$$$$

(

]CC4(&*/,&,'A$>4($C4++*&,4/$C('J'/&,4/$?,&=,/$&='$/',0=E4(=44@$,/B+*@'$%@@('AA,/0$C%J'1'/&$

('@*B&,4/$%/@$A&4(1$@(%,/$1%,/&'/%/B'$%/@$('C%,(F$$.%/-$4>$&='$(4%@A$?,&=,/$&='$

/',0=E4(=44@$%('$,/$>%,($B4/@,&,4/F$$[4?'J'(L$&='-$%('$?,@'($&=%/$/'B'AA%(-L$%/@$A&(''&$?,@&=A$

%&$,/&'(A'B&,4/A$%('$J'(-$?,@'F$$!*/4>>$('@*B&,4/$B4*+@$E'$%B=,'J'@$E-$('@*B,/0$&='A'$(4%@?%-$

?,@&=A$%/@$B('%&,/0$d0(''/$A&(''&Ae$,/$&='$(,0=&;4>;?%-$&4$,/&'(B'C&$(*/4>>$%/@$C(4J,@'$

&('%&1'/&$%/@$,/>,+&(%&,4/F$$.4J,/0$>4(?%(@L$&='$R,&-$A=4*+@$('C+%B'$>%,+,/0$B%&B=E%A,/A$?,&=$

A-A&'1A$&=%&$B%/$&(%C$A'@,1'/&AW4(0%/,BA$%/@$C(4J,@'$C('&('%&1'/&$C(,4($&4$@,AB=%(0'$&4$`''C$

OC(,/0$D%K'F$$O,1,+%(+-L$1%/-$4>$&='$'T,A&,/0$B%&B=E%A,/A$?4*+@$E'/'>,&$0('%&+-$>(41$14('$

>('c*'/&$B+'%/,/0$%/@$1%,/&'/%/B'L$%/@$A&4(1$@(%,/A$&=%&$@,('B&+-$@,AB=%(0'$&4$&='$+%K'$A=4*+@$

E'$A&'/B,+'@$&4$,@'/&,>-$&=,A$@,('B&$B4//'B&,4/F$$[41'4?/'($'@*B%&,4/$4/$>'(&,+,M'($*A'$?,&=$

'1C=%A,A$4/$('@*B&,4/$4($'+,1,/%&,4/L$%/@$C'&$?%A&'$E%0$@,AC'/A'(A$%/@$?%A&'$('B'C&%B+'A$

+4B%&'@$,/$C*E+,B$%('%A$B4*+@$%+A4$,/B('%A'$C4++*&,4/$C('J'/&,4/F$$P@@,&,4/%++-L$=41'4?/'(A$

B4*+@$'>>'B&,J'+-$('@*B'$(*/4>>$E-$('@,('B&,/0$@4?/AC4*&A$&4$C'(J,4*A$%('%AU$%CC(4T,1%&'+-$

Y8X$4>$&='$@?'++,/0A$=%J'$@4?/AC4*&A$&=%&$B4*+@$E'$(';@,('B&'@$&4$C'(J,4*A$C4(&,4/A$4>$&='$

-%(@F$$!
!
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=>'$?4++4@,/0$%('$&>'$A'&%,+'A$A'BC(,D&,4/B$4?$&>'$1%/%0'1'/&$4D&,4/B$?4($&>'$EDD'($

"%&'(B>'A$F%/A$EB'B$@,&>$G,0>'($#4&'/&,%+$#4++*&%/&$F4%A,/0$HFEG##FBIJ$%B$,A'/&,?,'A$A*(,/0$

&>'$?,'+A$%BB'BB1'/&$A'BC(,K'A$,/!"#$%&'(!)*+*,!4?!&>'$"%&'($)*%+,&-$.%/%0'1'/&$#+%/L$
$

!"#$%&'()$%*+$,&!-.//!&0$*1%23)2"4*&

!

"#$%&'!(#)*+',!-#../*,!0+/1$'23!45/%*%*6!75'/!/*,!"'*2!89#5+:!2%,'!#;!9##*/*!<2$/*,=$

=>'$#4+,C'$.4*/&'A$M411%/A$N('%$,B$,A'/&,?,'A$%B$%$D4&'/&,%+$D4++*&%/&$>4&BD4&$4?$1'A,*1$

B'O'(,&-$A*'$&4$&>'$4KB'(O%&,4/$4?$'(4B,4/$%/A$B'A,1'/&$(*/4??$?(41$&>'$%('%B$4?$K%('$B4,+$

@,&>,/$&>'$>4(B'$D'/B$%B$@'++$%B$&(*CPB$%/A$A*1DB&'(B$D%(P,/0$4/$%/A$/'Q&$&4$%$C%&C>K%B,/L$$=>'$

(*/4??$?(41$&>'$D'/B$04'B$A4@/$&>'$B&''D$B+4D'$,/&4$#+'%B*('$F%P'J$%/A$&>'$'Q,B&,/0$

C%&C>K%B,/B$%+B4$A(%,/$&4$%$7R<,/C>$4*&?%++$,/&4$&>'$+%P'L$

$

#4++*&,4/$D('O'/&,4/$C4*+A$K'$D(4O,A'A$K-$%AA,/0$O'0'&%&'A$B@%+'B$%+4/0$&>'$B,A'$4?$&>'$D'/B$

&4$,/&'(C'D&$&>'$(*/4??$K'?4('$,&$?+4@B$A4@/>,++L$$=>'$D'/B$&>'1B'+O'B$B>4*+A$K'$('<0(%A'A$%/A$

B&%K,+,S'A$@,&>$%$0(%BB$1,QL$$#'/$(4&%&,4/J$P''D,/0$>4(B'B$4??$@'&$B4,+T0(%BBJ$%AA,/0$1%&'(,%+B$

B*C>$%B$@44A$C>,DBJ$B%/AJ$4($%$0'4&'Q&,+'$+%-'($@,&>$B4,+$4/$&4DJ$@,++$>'+D$&4$('A*C'$'(4B,4/$%/A$

@'&$C4/A,&,4/B$,/$&>'$D'/BL$$M4++'C&,/0$1%/*('$4?&'/J$C4O'(,/0$%/-$1%/*('$D,+'BJ$%/A$

C41D4B&,/0$1%/*('$C4*+A$('A*C'$K%C&'(,%$+4%A,/0L$$3'>,C*+%($4D'(%&,4/B$%/A$@%B&'$

1%/%0'1'/&$B>4*+A$K'$14O'A$&4$%/$%('%$%@%-$?(41$'Q,B&,/0$C%&C>K%B,/BL$$U&4(1@%&'($('&(4?,&$

4DD4(&*/,&-$,A'/&,?,'A$/'%($&>,B$B,&'$%B$A'BC(,K'A$,/$"#$%&'(!)*+L+J$!"#<:RL$$$!
(/%*+'*/*&'!>/5,!80#)+:!2%,'!#;!9##*/*!<2$/*,=!

=>'$.%,/&'/%/C'$V%(A$,B$,A'/&,?,'A$%B$%$D4++*&%/&$>4&BD4&$A*'$&4$&>'$/*1'(4*B$*/C4O'('A$B&4CP$

D,+'B$4?$@%B&'J$1*+C>J$%/A$1%C>,/'(-J$O'>,C*+%($B&4(%0'$%/A$1%,/&'/%/C'$%&J$%/A$%AW%C'/&$&4J$

&>'$@%&'(XB$'A0'L$$F%(0'$B&4CP$D,+'B$4?$+%/ABC%D'$%/A$&(%B>$A'K(,B$%('$B&4CPD,+'A$*D$&4$&>'$D4/AB$

'A0'L$$=>'$'Q,B&,/0$/%&,O'$O'0'&%&'A$K*??'($>%B$K''/$('A*C'A$,/$@,A&>$4O'($&>'$-'%(B$('B*+&,/0$

,/$+%(0'$B&%/A$4?$P/4&@''A$%+4/0$&>'$B4*&>'%B&'(/$K%/P!""5&$,B$('C411'/A'A$&4$('<'B&%K+,B>$%$

O'0'&%&'A$K*??'($K'&@''/$&>'$D4/AB$'A0'$%/A$&>'$B&4CP$D,+'L$$N$?'/C'$B>4*+A$K'$,/B&%++'A$%+4/0$

&>'$('<'B&%K+,B>'A$K*??'($'A0'$&4$A'+,/'%&'A$&>'$%('%$%B$D(4&'C&'A$%/A$D('O'/&$'/C(4%C>1'/&$

,/&4$&>'$('B&4('A$K*??'(L"

"
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Y/+-$&@4$C%&C>K%B,/B$@'('$B''/$4/$B,&'$%/A$&>'('$,B$%/$4O'(%++$+%CP$4?$B&4(1@%&'($1%/%0'1'/&$

%&$&>'$?%C,+,&,'BL$$=>'$@%&'(B>'A$%('%$C4/&%,/B$+%(0'$%14*/&B$4?$,1D'(O,4*B$B*(?%C'B$C4/B,B&,/0$

4?$D%O'1'/&$%/A$(44?BL$$=>'$D4&'/&,%+$?4($D4++*&%/&$+4%A,/0$?(41$B'A,1'/&J$/*&(,'/&BJ$4,+$%/A$

0('%B'J$&(%B>$%/A$K%C&'(,%$,B$>,0>L$

$

$$$ $!

$$$ $

$

5&$,B$('C411'/A'A$&>%&$%$B,&'<BD'C,?,C$1%/%0'1'/&$D+%/$K'$D('D%('A$?4($&>,B$%('%$&>%&$?4C*B'B$

4/$('A*C,/0$D4++*&%/&$+4%A,/0$@,&>$B&4(1@%&'($1%/%0'1'/&$%/A$,A'/&,?-,/0$A'B,0/%&'A$%('%B$

&4$B&4CPD,+'$O%(,4*B$1%&'(,%+BL$$#(%C&,C'B$&>%&$C4*+A$>'+D$('A*C'$D4++*&,4/$,/C+*A'$D(4O,A,/0$%$

+%(0'($O'0'&%&'A$K*??'(J$A'C('%B,/0$&>'$,1D'(O,4*B$%('%J$*B,/0$'(4B,4/$%/A$B'A,1'/&$C4/&(4+$

%(4*/A$B&4CP<D,+'A$1%&'(,%+BJ$C4O'(,/0$B&4CPD,+'A$1%&'(,%+BJ$,/B&%++,/0$B&4(1@%&'($1%/%0'1'/&$

D(%C&,C'B$&>%&$,/C+*A'$O'0'&%&'A$B@%+'BJ$K,4('&'/&,4/$%('%BJ$%/A$4,+$%/A$0('%B'$B'D%(%&4(BL"

$

-#*2+5)&+%#*!0'5?%&'2!!

=>'B'$K*B,/'BB$+4C%&,4/B$%('$,A'/&,?,'A$%B$%$D4&'/&,%+$

D4++*&%/&$>4&BD4&$A*'$&4$*/C4O'('A$B&4CP$D,+'B$4?$

D%O'1'/&$%/A$0(%O'+J$D%O'1'/&$('C-C+,/0J$%/A$

O'>,C*+%($B&4(%0'$4/<B,&'L$$U&4(1@%&'($?(41$&>'B'$

B,&'B$&-D,C%++-$A(%,/B$,/&4$&>'$B&4(1$B'@'($B-B&'1$,/$

&>'$B&(''&L$$N+B4J$A40B$%('$B41'&,1'B$D('B'/&$%&$&>'B'$

B,&'BL$$=>'$D4&'/&,%+$?4($D4++*&%/&$+4%A,/0$?(41$

B'A,1'/&J$/*&(,'/&BJ$4,+$%/A$0('%B'J$&(%B>J$%/A$

K%C&'(,%$,B$>,0>L$$$
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$

5&$,B$('C411'/A'A$&>%&$%$B,&'<BD'C,?,C$1%/%0'1'/&$D+%/$?4($&>'B'$B,&'B$?4C*B$4/$('A*C,/0$

D4++*&%/&$+4%A,/0$@,&>$B&4(1@%&'($1%/%0'1'/&$%/A$,A'/&,?-,/0$A'B,0/%&'A$%('%B$&4$B&4CPD,+'$

O%(,4*B$1%&'(,%+BL$$#(%C&,C'B$&>%&$C4*+A$>'+D$('A*C'$D4++*&,4/$,/C+*A'$1%/%0,/0$(*/4??$4/<B,&'J$

*B,/0$A*B&$C4/&(4+$?%K(,C$&4$'/&,('+-$B*((4*/A$&>'$%('%$4?$D%O'1'/&$('C-C+,/0$4D'(%&,4/BJ$

C4O'(,/0$B&4CPD,+'A$1%&'(,%+J$D(4D'(+-$A,BD4B,/0$4?$D'&$@%B&'J$%/A$'/B*(,/0$&>%&$%++$O'>,C+'$

1%,/&'/%/C'$,B$A4/'$,/$%$C4O'('A$+4C%&,4/L$$$$$$$$$$$$$
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Existing submerged 48″ CMP outfall at 
Lake St. 
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Project Name: Roger Williams Park Project No.: 11058

Prepared by: BRK Date: 1/13/2012

Reviewed by: RAC Date: 1/13/2012

Calculations for In‐pond (Roosevelt) BMP Options:

Wet Vegetated Treatment System (WVTS) Conceptual Calculations

Upper Watershed Area: 975 acres

Upper Watershed Area: 28 acres

Lower Watershed Contributing 
Area: 1003 acres

Surface Area Required1: 15.0 acres

Pond Surface area: 3.8 acres

Gravel Wetland Conceptual Calculations

Upper Watershed Area: 975 acres

Contributing Lower Watershed 
Area: 28 acres

Total Contributing Drainage Area: 1003 acres

Surface Area Required1: 3.5 acres

Pond Surface area: 3.8 acres

1 Per the Rhode Island Stormwater Design and Installation Standards Manual, the surface area 
for a shallow WVTS shall be at least 1.5% of the contributing drainage area

1 Per the Rhode Island Stormwater Design and Installation Standards Manual, the surface area 
for a gravel WVTS shall be at least .35% of the contributing drainage area
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Project Name: Roger Williams Park Project No.: 11058

Prepared by: BRK Date: 1/13/2012

Reviewed by: RAC Date: 1/13/2012

Sediment Forebay Conceptual Calculations

Upper Watershed Impervious 
Area: 589 acres

Contributing Lower Watershed 

Impervious Area1: 17 acres

Total Contributing Drainage Area: 606 acres

Water Quality Volume (WQv)
2

50.5 acre‐feet

10% of WQv3 5.05 acre‐feet

Assumed Forebay Depth3 4 feet

Surface Area Required: 1.3 acres

Pond Surface area: 3.8 acres

1 It was assume that 60% of the contributing lower watershed is impervious

4 Per the Rhode Island Stormwater Design and Installation Standards Manual, the surface area 
for a gravel WVTS shall be at least .35% of the contributing drainage area

3 Per the Rhode Island Stormwater Design and Installation Standards Manual, the forebay shall 
be sized to contain at least 10% of the contributing WQv and be of an adequate depth to 
prevent resuspension of collected sediments during the design storm, often 4 to 6 feet deep.

2 Per the Rhode Island Stormwater Design and Installation Standards Manual, the WQv is 
calculated by WQv=(1")/12*(Impervious Area)
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