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Small-scale
Conservation Controls

Mimics natural hydrology
and processes.

Kev Customized Site
Y Design

Elements
Ensures each sit2 helps
Gf LID protect the entire

watershed.

Preserves native trees,
vegetation and soils.

Maintains natural
drainage patterns.

Directing Runoff
to Natural Areas

Encourages infiltration
and recharge of streams,
wetlands and aquifers. Maintenance, Pollution

Prevention and Education

Reduces pollutant loads and increases
efficiency and longevity.

Educates and involves the public.
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Hypothetical Phosphorus Reductions
Minimize
0,
LO0% Loed Impervious Surfaces Pollutant Load
Land Use (lb/ac/yr)
* Forested 0.18
Infiltration/
Retention Suburban
‘ without controls 0.58
Filtration/Use with LID controls 0.023
(BMPs) Urban
l without controls 1.82
: with LID controls 0.073
Evaporation
Pollution Prevention ] Load
Remains
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GROUNDWATER RECHARGE FACILITY

In-situ soils should have a high
infiltration rate (at least 1"/hr).
Soil filter depth should be at

least 2.5°.

=4 soil filter
4 mix

soil
groundwater
recharge

A2 : PGDER
(a2 2-3) Bioretention Area
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(5) AMRESX|(Vegetated Buffers)

Rural Zone 3 Zone 2 Zone 1 Streambed | Zone 1 Zone2 (Zone3 Urban/Suburban
Cropland | Grass Managed | Undisturbed Undisturbed| Managed | Grass Developed
Forest Forest Forest Forest
Farmers Grass helps | Trees can Tree roots Woody debris | Trees shade Soil particles| Porous grass- | People practice
employ to evenly be harvested,| help slows velocity | stream and trap covered land | conservation
agricultural spread Organic soils | stabilize of water and keep water phosphorus, | increases measures
Best surface remove streambank improves cool and trees infiltration and
Management | waterflow nitrogen aquatic habitat use excess | water storage,
Practices and absorb nutrients for | Controls
nulrients growth concentraled
runoff

At& 1 Maryland Cooperative Extension Fact Sheet 724
(a2l 2-6) Riparian Buffer Management
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Provide for [A.) Cross section of a swale check dam.
scour praotection.

L=Llength of swale
impoundment area

per check dam (ft)
D, = Depth of check
dam (ft)

§, = Boliom slope of
swale (f/f)

W = Top width of
check dam (ft)

W, = Boftom width of |
check dam () D, z ;
Z,.. = Ratio of L - (B.) Dimensional view of a swale
harizontal to verdical '— W, —' impoundment area,
change in swale side
slope (fi/ft)

AHZ  NVPDC, 1991. In EPA, 1999d.
(a2 2-7) Grassed Swale Schematic
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. POROUS ASPHALT PAVEMENT

UNIFORMLY GRADED
STONE AGGREGATE
WITH
40% VOID SPACE
FOR STORMWATER STORAGE
AND RECHARGE

Ab& © Cahill Associates

(a2 2-15) Permeable Pavement Cross—Section

At& : Cahill Associates

(a2 2-16) Drainage in Both Types of Pavement
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(Permeable Paver), U542 o 3H(Tree box filters), 2] A A)%-(Vegetated roof) ©]t}.
EQ v AFT Wil o] 245 SAE0] AN $Feo] HAE 4
olty. thAl, A7t AAH L FEAAAE A o] &HAA L AFAFS AT
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(32! 5-3) Drainage Areas of Proposed Practices

W 1 B LID7IR B0l A2RE weh FAAY HE
T AR AAE Aotk o] Aol M A=A AFA, A=A AF
FAERE o] A Bt 3ol gtk AAE 9
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A5 ASJES A FAAY g FFd FAFoR s2=
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woh 2 fefat 27 A O 4 A BB

3 ol §HUTE the <4 51> FAALA oI,

L = 0226x R xC x A <4 51>
o]7]” L = A%k F-3H(1bs)
R = 1%t = (inches)
C=2¥Es%(mgL)
A= ﬁ?ﬁ.(acres)

<A 52>+ AlgE Felgta
D=L x (1-E) <4 52>

o] AT9 BHS g3 ABINHATSE Al 0%6AALS A3 aew

RG] S0GAASE Y] e ol gslolgeh ¥, Tel, obdl, o agw B
A2 ggo WEAGT. 2ok AP dd Fol 4R AosE ReA

AR-ake] 65% 123 SPES Ao F ATelAE AA Az Fake] 5%t B

P22 HOlFI Yuk <E 51> T LARAY PAPAT RolFw Yok

(B 5-1) LDAIAZ A&E MU

-
/inc 7.94(17.5) 2.8(6.1)
Lead 7.76(17.1) 2.7(6.0)
Copper 2.1(4.6) 0.73(1.6)
Nitrogen(TKN) 434(%.6) 151(33.2)
Phosphorus 20.2(445) 7.03(15.5)

- 103 —



2. NpzEE

ol 7]e AR Abdle dlletA el A3 A1 DoD(Department of Defence) 58]
of AvHAQl F23 LID 3] AT Atold] Apol& AHsty] A Aolth AgE
A2 Type I NRCS 2 24A7F APl sl A5 A8k 7l m&
FAAAE AFs= Aoty thFo2 FEeH o] o)) AAE o] 9t} d#
o] 952 Add LID8AE] of9A T dAdd gxdes HojdxE AH

1) 71& BA27AA CN(Curve Number: ZFAIA|g) AAt

B7b S FA9) v 26ha(65acre)olty. EA= WA RSkl wja
o wjETel FAE ML A= A FRE g AAks gvkei i 2%0]

t} %2 NRCS HSG(Hydologic Soils Group) BZ #F¥th EY4S HEo AHEE
W AGstA mAsta AGstA 5 4EE A LB HA9 EAEE

(01570.30in/hr)& 7HA 2L lom 4 U]’\V“*iﬁl‘r YER E7E Tt wi=

<] 15ha36acre)= 884 0 & “Woods in Fair Condition” 0.8 #73 4 vl EXA
o] QEEL "Brysh in Poor Condition” 2.2 BFH L) <18 55> Ao Axoluh
% Sl
il
s \
=S
- - ; P 1
e | l
/ :
/ i |
/ { &
;f/ /; ’
\ o Jf E'Jl
lL " a
\. / L e Lne y
. q,f’/ / EXHIBIT
= HEIEAMD; / EXISTING CONDITION
e e

(3 5-5) SMYEHY XI=
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TR-559] Aate] whe} FAJo] 3k CNS AlAkgith <4 53>0=2 AAE CN&
2.6ha(65acres)dll tal 630t} <3 52>% o] AALES Qokg] =& Aot}

Weighted CN = Sum of Products+Drainage Area (4] 53)

(# 5-2) oMzl 42459 CNat A

B Brush,Poor Condition 67 29 1943
B Woods, Fair 60 36 2160
Sum of Products 4103

“Drainage Area 6.5

Weighted CN 63

2) 7|%3 CN(Curve Number)A At

FAANR NS @93b7] 918 AuAQ Pe TRENA AT Qe 4

!
BREH AARA A g @ CNghs AEshs olth <ad 56> Agtd F
]

v}

L84

<

gejo] 1dolt}, o] AL “Townhouse Residential District’ 2 ##F2 4 It} o
#jol-goll tha] TR-550A AAeHL = ARE FH Aojxl CNgt2 &elth
LIDWH-E JHEfAQl #4844 Bohe o8]y AA a4 & vhdd dod CNgt
S A Aot} dEEY ERFAEEI b EXYE ¢& <a¥ 5744 AF
Ao AN 4 9tk <3 53> LIDARMEHS Abgste] At 259 A

A Aol CNE aoka Aolth

1=

il
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(# 5-3) ME ZUMM L4459 CNat A

e o (Cosr Dt S iy
B Lawn(fair condition) 69 32 2208
B Woods, Fair 60 0.7 420
B Impervious R 26 4.8
Sum of Products 5176
-Drainage Area 6.5
Weighted CN 80

(2 5-6) MoK X
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/ EXHIBIT
CONVEMTIOMAL
/  DEVELOPMENT

Za Aol W A WRA A FaF 9FL

A 5-15 o]€3F 130mm(5inch) 7-$-o thgk 7ied szt
2H(Zo])e] HAE <HE 5-4>0M BolFa

Q — .
(P=1,)+s (4] 54)

(41 55)
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Runoff(in)
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hYA

s

=63)
80)
A]

1000
CN
(N
(N
A

A
A& AA

Condition

S =
Proposed

Existing

FEAAS A A 7 )

A LID §-A7
<Y 5-8>& FAAE A}

4714, S

™
FS

4) LID 7]¥ Ak

2 AES| njx| g}
. EEZL 15m8) oA
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717}
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EXHIBIT
TREE LINE|_ |

ar
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H
=3
D

UEVELOPMENT
(1% 5-8) x1|°J | Z79] IIE(LIDHI%!)
(E 5-5) LIDE 0|88t HMARANM THRASO CNgt Al
Hydrologic L (N(Table 2-2 Area Product ON
Soils Group oDz TR-5) (Acres) X Area
B Lawn(good condition) 61 18 109.8
B Woods, Fair 60 25 150.0
B Impervious 98 2.2 245.6
Sum of Products 4754
“Drainage Area 6.5
Weighted CN 73
5) @A AE 2AESNA FEAIZHTC)
SEAHTOE TR AAE olgsie] LAzt Qe AF a5 o
3 AARsITE o] AlatSo] tgh QokS K= Co| ¥elulo] it dubHog sty %
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AL TeEs 024NZNA 024702 ZEA stAY 1259 Ao|E UA 3t}
LIDEA AL dAzA0] 1HH TcE =Z3t) o] A9 024A7ko]t) ME8HA A&
A ol BHup AR AMAAL Egsls 524 U3 2714 Aske B8 yekela] &

o}, e A LD Teg % 274407 Ao oy,

&

6) A% vl

LID FAA g g Ao v

10-yera 24hour ¢ FEEI S} AA5Eo] ti AYerR oI Ik H=
ol 7]el| A A& EA o] 2-year 24-hour$-5ol A
10-year 24hour 7k F 7HA HZAboldl HAFfEadt &34 AolE YT &
Atk A gl A R HAFFES FA8] 99
A ZANH §&Zo)9 AFEES ) =
3t @ AFuE WS o] g8t WA AitEojor gt} <& 56> o] AXEY
f.ofotk.

jata
—a
o
e
o
Ho
>
ofr
Ol
~
o
=
PO
o
>
o
T,

(# 5-6) J2iZst & HEHEZDQ 29

Peak Discharge(rS) Runoff depth(in)
Condition N Te 2-year 10-year 2year 10-year
storm storm
storm storm

(3" depth) (5" depth)

Existing Condition 63 0.24 2 10 04 15

Proposed (}Oﬂditi()n* 80 022 9 23 13 29
convention ON

Proposed Conditionusing 73 0.24 6 17 09 23

LID site design

M AFfrEss rAlsh] Hsl 2
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% 10-year 24-hour ¥FFE2 10cfsoltHE3T719 gt wiEgte] YA b A
4

8 o] dAolt}) A= <3 57>

M B

%

LIS

(B 5-7) ez MYEY

Conventional site design LID site design
Design storm
Depth, inches(mm) 3 Volume,ac—ft(m’) Depth, inches(mm) 3 Volume,ac—ft(m’)
2-year 24-hour 0.52(13) 0.28(347) 0.28(7) 0.15(187)
10~year 24-hour 0.85(22) 0.46(563) 0.53(13) 0.29(354)

* depth of runoff distributed across the 6.5 acre(2.6ha) area

2-year 24-hour oA LIDF-A| A g o] UnkAl FAA L3} Hluste] Bk A
Ageko] 46% AAEE Ao Yehton 1 4
Ao g Yepgth <y 57> JE AES 2-year IWHH AFx AFEHOR

F/ﬂ

7:”/‘\1‘% 371011:]'. “?‘% Ce 7‘]4]—34&

rlr
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<A 57>

[e]

1ol 8mm(0.3in)
(HSG C T+

T

4

A

2L 194m'(0.16acre—feet) ] T},

v
=

Hi5=H 4 (acres) x A7zlo] (feet)

N
T

0|83k hybrid design

&

=
sk
=

=

4)0] AF(F= 4 chart 1) 283l AF(F5 4 chart 2)° ©]

Sk

-

(acre-feet)

pe
bol A

8 = (
i
&3]

A

AR AR wE
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Street Island
Modifications

REDUCED
PAMII

y

Street Alterations

Trash Rack

Tree Box Filter
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M
Bioretention
(Rain Garden)

Reforestation

(18 5-9) FHx| LDEX|

H ==
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A2 333 a3
1. Virginia Stormwater Management Program(VSMP)

WA Yo} -Fag] L2 1 (VSMP Virginia Stormwater Management Program) %
A+74(2005.1.29)9 =% Engineers’ Toolkitel A|A| ¥ 3L 9= —?7‘]111013_4% <#
5-8>3 Zoh EAuPHOR Qlgto] e A BERFIFOE RH $FRES
<E 580 EFREHN A AF EE ERFA 2 HAES w450 AE
X435 BMPol 93l %

)

(® 5-8) VSMP Engineers' Toolkit Off HMA|El SEIM0{E 1t

Water Quality BMPx Taee: HEE?S:E e Percent Impervious Cover
Vegetated filter strip 1026 16-21%
Grassed swale 15% 16-21%
Constructed wetlands 20% 22-31%
Extended detention(2x\WQ Vol) 35% 22-31%
Retention basin 1(3xWQ Vol) 40% 22-31%
Bioretention basin 50% 38-66%
Bioretention filter 50% 38-66%
Extended detention-enhanced 50% 38-66%
Retention basin lI(4x\\WQ Vol) 0% 38-66%
Infiltration(1X\WQ Vol) 50% 38-66%
Sand filter 65% 67-100%
Infiltration(2x\WQ Vol) 65% 67-100%
Retention basin lI4XWQ Vol with aquatic bench) 65% 67-100%%

« 01710 ZEO UK BE M2 = Het BMP=E NYET == F 2tol Aol wEch of
Jlol ZetElof UK B2 Adolelo vgeddo tet M2 = U BWP= NUET &= F
FI12el A&l wEc
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2. Bioretention Facility
(Beltway Plaza Mall Parking Lot, Greenbelt, MD)

Beltway PlazaolA @435 F1000LY <A&E57F A7k oF 05inche] H]

&2 6A7Fo] Ak bioretention A Qe AT 1000L FU45 ¢ 39%4ko] A]~Hlo]

Cu Po /n P TKN NH4+ NO3- N

Removal 97% 9% 9% 65% 2% 92% 16% 4996%
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3. Bioretention Facility
(Peppercorn Plaza Parking Lot at inglewood Center, Landover, MD)

o] 914 Inglewood Plazaso 5 709 bioretention® %% ahvbol A 8=t 7
SAMES Y3 moAES EHoR UEAMAA K0ft2 WA o]&E o H Tt
bioretention A& A AEY FZ0]E s21 A Foldol| 325inche] TAE SHAES
Egstal vk dAv AN A AFAo R AAHAT AES SRR
EA9Y EE2EE AT FEASE ) 00 FHENT AFAAA ¢
A o] Ago= "Jé}‘ﬂ B HAgAz 7] AxHo] ot A7t 64

& 1100L7F A2l B4l

~
offt
r (o3
=)
L
_|_4
—
CD
5

@)

=
lo,
)
to

HU
_Wi
o)

(a2 5-10) Peppercorn Placed|A| Bioretention A|AE

(% 5-10) SiZ Bioretention 97 2¥Z1} 2

Cu Po /n Ca P TKN NO3-

Removal 43% 0% 64% 21% 87% 67% 15%
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4. Permeable Pavements and Swales
(Florida Aquarium Parking Lot, Tamp, FL)

AT A S E2rh Tampadl S22t} obFotelwol A= FAgolth F444
WA 465ha7t wlAE A7) el o] &H M ATFE fa FAEL G
122emsiol o] AR E A8t 7 FAEke] Zolg 6lenHA Eol& 2SS
Papurt. FAEH v FAERt g WA Sl Awke] ehdo] £

ool ARFR fol FolA stk v7HA AluE oot rEFARE L 9=ZA
75 A 7P 23 s AAs] Sls AR F ) FE 87 27t
o] 7led FAAES AHstL ¢ B MiEEFE SAs] A A E -G
AL A

U7HA A e e v 2k

=

O
riN
2
Iy
r{r

A

- AFET Y oiBE 27
- ABFRI} Q olaBE X

o
AME ¥4

A

Rl

A

rir

- 44527 9

- AFETE Y YRR

rlr
H:l

2t Aelgee] £ 243 S8l fE5AN S wael
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THE FLORIDA AQUARIUM SITE PLAN

THEFLORIDA
AQUARIUM

4

AL

[CUMBERLAND AVE.

Street

Runoff To
Parking Lot

27

LI ———) STREET
- POND

|

GHANNELSIDE DRIVE

¢34

1®
R

N
Strand & — ~ -

WHITING ST.

Il

unoff To Parg Lot Pond

ES GGt

Protecting Your
Water Resources

0 60 120 180

———

cale In Feet

ENTRANCE

Aquarium Parking Lot

=

\rem
COLLECTOR

YBOR CHANNEL

LEGEND
B outfall
—pA Into Underground Pipe
l‘* Out of Underground Pipe
O sample Location

(8 5-11) Chyst

(18 5-11) S22\t FAE ARX|H(Rushton, 1999)

HMe|Hejol ME QS HMAEE

Constituent Asphalt with swale Cement with swale Permale with swale
Ammonia 45% 73% 85%
Nitrate 44% 41% 66%
Total Nitrogen 9% 16% 42%
Ortho phosphorus -180% -180% -74%
Total phosphorus -94% —-62% 3%
Suspended Solids 46% 8% 91%
Copper 23% 2% 81%
Iron 52% 84% 92%
Lead 59% 8% 85%
Manganese 40% 68% 92%
Ainc 46% 62% 75%
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5. Grass Swales
(Highway Grass Channels, Northern Virginia, Maryland, and Florida)

SR Aol HAE Ao

& 1662 e 948 Ao

==
FEE

) 1297 559
3209 A% %

1.27acres(0.51ha)

o= 7}7(4

zow 434, Tzay

bl 9t} Z2Eu

o FHlFUAS 7ML Het 47%9] HALE 7HA A Qlth %—’F%

Ao Folzitt. ftolelzh 1987 6¢ 13Y95-H 19874 11€

th dEds AguAs 12700 X3 A ASRolt), o A

Aagd 9 FY95E 55 F88E lacre(04ha)el FGFT9E 7HAaL 9l
dlolel&= 1987 69 18 Al#tste] 19874 99 Fos

APGAE 149 53 AZE Gl Abold] A7 AR T

AR 056acres(0.23ha)e] w795 7ML s vE F A

& BAe

i

1)
E X

7FA] 3L

itk wlolH

2710
FHE

1988\ 2¢ 259 A

AguARd
Zhsto] 19884 10 319

(B 5-12) Grassed SwalesOf LSt &7|7t QE=H 7 ot
s e | e [N W | e | o | | @
NO3
VA | 6% | 6% | 1% | 1% | 41% | 12-98% | 12-16% | 28% | 41-55% | 4%%
ND | 8% | 2% | W6 | 4% | A6 | 85-91% | 22-72% | 14% | 18-92% | 47%
2l 9% | 6% | 4% | 4% | 18% | 29-45% | 51-61% | 62-67% | 67-94% | 81%
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6. LID 7|Ho| ¥ H7{9| 2410)

LID 7]\el die] Uetue E3ks EXo| & el &, Agod Fo wet tek
stel dubdoR 1 585 YEhiZle vlg offith the <& 513>& Aoz
Zt 7 280 HSE HoFa o A&l glo] of WeE Hlojus Avk
B3 olsfof gt
(% 5-13) LID 7|HE HHEH HHE

- & HHHOl @A HHE(%)

BWP Type P02 i 0l WA a5

AR AX 7Y 30-60 15-45 15-45 <30 15-45

BE %Y 50-80 30-65 30-65 <30 50-80

L= AZK 50-80 <30 15-45 <30 50-80

g% 7Yy 50-80 50-80 50-80 65-100 50-80

T c2l/Aazst 290 50-80 50-80 15-45 65-10 50-80

S &2 65-100 65-100 30-65 65-100 65-100

0| AT SAY 30-65 15-45 15-45 <30 15-45

Z 579 2 Strips 50-80 50-80 50-80 <30 30-65

HH0| 50 e 50-80 <30 50-80 <30 50-80

te SRl 26 65-100 15-45 <30 <0 50-80
10) 374F, “LID7IHS 283 AAd vydedd Wt mkE”, pp. 179-180, 2009.12
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Hypothetical Phosphorus Reductions
Minimize
0,
100% Lowd Impervious Surfaces Pollutant Load
Land Use (Ib/ac/yr)
* Forested 0.18
Infiltration/
Retention Suburban
J‘ without controls 0.58
Filtration/Use with LID controls 0.023
(BMPs) Urban
l without controls 1.82
. with LID controls 0.073
Evaporation
0,
Pollution Prevention ol [TDad
Remains

(A 6-1) AUMHE *fer HHH xM2|Hit

Aol T2 547 shvbe 2c@AAY Mot =AY HEF AL
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B2E 3. 100%HFEMES 0183t HLH HFREE

ent Peak Runoff Rate Using 100% Detention

5-inch Rainfall Event - Type |l 24-Hour Storm - BMP Depth = & inches
T P,

Chart C4: Percentage of Site Required to Maintain

Predevelopm

mjo

FX[at7| 2lof 23 MYEY

T4
Proposed Runoff Curve Number
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Chart 1
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