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ABSTRACT

The objectives of this study were to: 1) investigate the efficiency current
stormwater management and 2) design and plan water storage plan for reducing an amount of
runoff to Luang Prabang the world’s heritage town for the occurrence of sustainable development.
The butfer zone of Luang prabang having a problem of surface runoft covered an area of 570 rai
or 8 villages namely Thatluang, Mano, Viengxay, Pongkham, Naviengkham, Thabosot, Visune
and Meunna. Data were obtained by field survey particularly on impervious area, water area, soil
type, plant varieties and slope. Obtained data were analyzed for finding the surface runoff areas.

Results of the study revealed that the efficiency of stormwater management in
locale of the study was found at a low level. The infrastructure of Luang Prabang was designed
focusing mainly on water drainage out of the town which was mostly constructed by using
impervious materials. There was no control on the expansion of impervious area in the horizontal
areas, rain storage by using a water tank was not popular there. Most drainage swales were
concrete which aimed to accelerate water drainage as fast as possible. According to an analysis, it
was found that an amount of runoff out of locale of the study was 8.62 cubic meters per second. A
high amount of runoff was found mostly from the roof of buildings and the areas of highest
amount of runoff was found at villages namely Viengxay, Pongkham and Naviengkham. Based
on a comparision, it was found that an amount of water runoff could be reduce for 42.46 percent
(from 8.6 to 4.92 cubic meters per second) after the design and planning of stormwater

management in accordance with the WSUD and LID concepts.
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d
maulszans (C value)

Y A o
ANHUT WU ;
mga gaga
Area Description
(Minimum)  (Maximum)
FAEr .
HWUNNDIAVroof, slag to metal 0.75 1.00
Ed
ﬁuﬂ%ﬁﬂ/f’avements
- ADUNTA/GNNLADY (concrete, asphalt) 0.70 0.95
- B /brick 0.70 0.85
&

- AWulsensia / gravel 0.25 0.70
51430 W/railroad yard 0.25 0.35
ﬁuﬁ'JLﬂuﬁu/Earth surfaces
AUNI 18/sand, from uniform grain size, no fine, to well — graded, some
clay or silt

- @Aunlavesbase soil 0.15 0.50

- Wawssa Tinuiu/light vegetation 0.10 0.40

- WYWTIUMU WU/ dense vegetation 0.05 0.30
au“}‘?u/loam, from sandy gravelly to clayey

- @ulden / bare 0.20 0.60

- wwwssa lirudwlight vegetation 0.10 0.45

- WYWITMMULMW/ dense vegetation 0.05 0.35
f37%/gravel, from clean gravel and gravel sand mixtures, no silt or
clay to high clay or silt content

- Auldng/base soil 0.25 0.65

A 1 ' . .

= vaﬁm"lmumuumght vegetation 0.15 0.50

- WUNTTUN LU/ dense vegetation 0.10 0.40
aumﬁﬂ?/ciay, from coarse sandy or silt to pure colloidal clays

- Aunlase/base soil 0.30 0.75

- s sos L dilight vegetation 0.20 0.60

- WUNTTUNU MU/ dense vegetation 0.15 0.50
ﬂum‘wajﬁ (au‘lfl‘j‘lﬂ)/lawns ( sandy soil)

- arwaatudeay 2slops (flat) 0.05 0.10

- amwaadudesaz 2-7/slops 0.10 0.15

- anuamadunniesaz 7islops 0.15 0.20
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M1 1 (99)

d
. XA mauilszans (C value)
ANHAUTWUHNTI

mga giga
Area Description
(Minimum) (Maximum)

ﬁmajmﬁw (ﬁumﬁm)/lawns ( heavy soil)

- anuaadudenaz 2/slops (flat) 0.13 0.17
- anwaatusesay 2-7/slops 0.18 022
- amuaadulnnngeeas 7islops 0.25 0.35
= = =2 A A 1A Y a
NBR) auilase rineds aun liidalnaquuunihau

e

A ¥ 2 A Ao @ A a
HNWBWITUHUUIUNE THIYDI WHNUWBWITTUV DWW UD WUV U

=n

= o c; 1 <v Y = T =1
L!ﬂ&’llﬁﬁ1EJ3$@‘Llﬂ’J"Ili’clﬂ‘l"llkﬁﬂﬂ”lx‘lﬂuﬂixiﬂﬁjﬂﬂﬂQN%MTQHL%HLLW%JWH

1 1

2 I~ = 9
purmaoulluusnanig

b H 3/
= M

4 1 T = A A = 1 o
wWundyws s vy vaneds Auhiifswssalaaguliainaue was
<
119 ATENBITULIYA

NU: A58 LAZAME (2549)

o Vv
M5 2 auilszansnisszuieii (Coefficient of runoft ; C)

No. Haduiinnadesnsimslua mc
1 mmﬁquuswmﬁwdu
L1 25 w4 T 0.00
12 25-50 w42 0.10
13 5075 wu/dalug 0.20
L4 75— 100 4T 0.25
2 AnBeE ARV RLTIRANY
2.1 Aeud1931w mAsnuaIndu 0-5 % 0.00
22 gonduIRAIAIIAIAGL 510 % 0.00
23 flugdng mAsanuaindu 10-20 % 0.05

24 AU T RABAINAINTULINAT 20 % 0.10
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iladeninanadns 13 lvia

No. a1 cC
3 SnuaiEnTs A s v eRY
3.1 ﬁ’ﬂ“l,wmhﬁﬂamﬂ @z auniuauns enseausulune) 0.05
32 s mmithuneas (@uaus mit nssrdeesdumtsnhde 0.10
33 151]111611]1@\‘1 RIECNE C ot wazfimAuiisnyaEAznewndel) 0.20
34 A Inarhgann @nuagvesiuniaudu wienniduIng Audsddovumdsh 025
Whunrulugguia)
4 NEAQUAL
41 fihiluaguau 0.05
42 Diwaguan luinndt 50% anumzthTlse o 0.10
43 dnvaznuuijenansusd el liiuduas 0.20
44 hiliNynguavae 0.25
s msifusmie siTiuAY
5.1 1uﬁfu*17i'ﬁzmémﬁuﬁ’ﬂfiﬂwmﬂﬁlmﬂ Lag 90% maaﬁuﬁﬁmiau%ﬂﬁﬁmm“gw 0.00
52 wumﬂuﬁlunu Wuraudng um"lﬂam“mmuaa ffuduiisrafninhs 0.05
53 wum“lmmaaqsﬂyﬂuua“m wumingn 4 tha 0.05
54 anwasiuidusadn g waam Ingisuuazaam lilae 0.10
fan: lwednd w.alal: szuveenla)
M1 3 mdulszansmsszneh (Cocfficient of runoff ; C) a1un5 14 AAw
Land use C Land use (G
Lawns:
Sandy soil, flat, 2% 0,05-0.10
Business: Sandy soil, avg., 2-7% 0.10-0.15
Downtonw areas 0.70 - 0.90 Sandy soil, steep, 7% 0.15-0.20
Neighborhood areas 0.50-0.70 Heavy soil, flat, 2% 0.13-0.17
Heavy soil, avg., 2-7% 0.18-0.22
Heavy soil, steep, 7% 0.25-0.35




M1519 3 (AD)
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Land use C Land use C
Agricultural land:
Bare packed soil
*Smooth 0.30-0.60
Residential: *Rough 0.20 - 0.50
Single family areas 0.30-0.50 Cultivated rows
Muti units, detached 0.40 - 0.60 *Heavy soil, no crop 0.30-0.60
Muti units, attached (0.60-0.75 *Heavy soil, with crop 0.20-0.50
Suburban 0.25-0.40 *Sandy soil, no crop 0.20-0.40
*Sandy soil, with crop 0.10-0.25
Pasture
*Heavy soil 0.15-0.45
*Sandy soil 0.05-0.25
Woodlands .05 50
Industrial Streets:
Light areas 0.50-0.80 Asphaltic 0.70 - 0.95
Heavy areas 0.60 —0.90 Concrete 0.80-0.95
Brick 0.70 - 0.85
Park, cemeteries 0.10-0.25 Unimproved areas 0.10 - 0.30
Playgrounds 0.20-0.35 Drives and walks 0.75-0.85
Railroad yard areas 0.20-0.40 Roofs 0.75 - 0.95

#17: The Clean Water Team Guidance Compendium for Watershed Monitoring and Assessment

State Water Resources Control Board 5.1.3 FS-(RC) (2011: Online)
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4 b4 9/ v
M519 4 MaulszansnIsszuIsin (Coefficient of runoff : C) MUANHAULAT 1FeroeNUT

Fowau avavositun mdanlszansmslnauos (C)
1. 1 Uagsne
- MUY 0.70-0.95
- 3919 UTIAATIND 0.70-0.85

2. UANNNB e

- ATOUAS UAY? 0.30-0.50
- HANUATOUATI, LENNU 0.40-0.60
- HAWATOUAS, AN 0.60-0.75
3. waiinede (muies) 0.25- 0.40
4. (YD NIUN 0.50-0.70

5. ARYATINNT I

-1 0.50-0.80

- ¥iin 0.60-0.90
6. AIUTIBITUL/AUINT 0.10-0.25
7. anAniay 0.20-0.35
8. aniiso vl aunia 0.20-0.35
9. fisndrefaualan 0.10-0.30
10, flaoasn ArA /AR 0.85-0.95
11. ﬁﬂamamﬂﬂwﬁuﬂqﬂ 0.70-0.85

H 1 =y = .
N nsuduasuMIUnaseaneadu nszngawma lne (2545: szuveeulaid

= v
11NM15 1M T2 aNFN1552110307 (Coefficient of runoff : ©) lduaasld

Y

= i i = a ¥ =
WU A C NNﬁiJ"I%"Iﬂ‘Dﬂﬂﬁ]EJG]N‘]ﬂ\TH

. ANHULUDIAL

oo

3 ¥
2. ANBUZURITNAqUNLAIAY

¥ T
= =

3. ANHULANYAATUUDINUN
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mannnuludnyaeil 1aun Yedu vue 1 a3z 819 uee 1Wudu (Pond, pool, lake)

b v
A

A v g oy B A A 1 3; = oy 2 =
2. Channel storage A9 ﬂ’lﬁﬂﬂlﬂ‘].]uflﬁ]ﬁhéwu‘ﬂ"m UHNUAUDYLA I BITIND
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N University of Arkansas Community Design Center (2010)
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infiltration - i infiltration ii
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11 The City of Auburn Hills (2013: Online)
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AW 10 dedesdnduauinateluienlgnud (biodegradable geotextiles)

41 Magic Soils Australia (2013: Online)

Jute Geotextile Mat ~ Bioswale System Liner
o 11 mslFinuauiimateluselgnygh (biodegradable geotextiles)

NU: Jurries (2003)

anuansemsandJinaniInaivesseslgnndh (Volumetric Runoff
Reduction Achieved by Bio swale)
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LID Practice Location % Runoff Reduction Reference

Dry Bioswale WA 98 Horner et al (2003)
Dry Bioswale MD 40 - 60 Stagge (2006)

Dry Bioswale TX 90 Barrett et al (1998)
Runoff Reduction Estimate 40 - 60

M31: Hirschman and Collins (2008: Online)
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CiETRE County of Dane-Wisconsin (2007: Online)
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ANYUZNITONUUULBWN Infiltration Basin Design

INFLOW
EMBANKMENT
- rS‘Fﬂ.UNGWN N\

ENERGENCY
SPILLWAY

T/ IDYEARLEVEL

BACKUP UNDERDPAIN PIPE IN CASE OF .0 _/
STANDING WATER PROBLENS ANTISEEP COLLAR or
FILTER (RAPHRACH

a) Top View b) Section view

MmN 13 ﬁﬂ‘ﬂﬂézﬂﬁ'ﬂ@ﬂlﬂmﬁﬂﬁh Infiltration basin
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OPTIONAL CURB MODIFIED TYPE A1 OR TYPE B1 CURBS
WITHOUT CHAMFER PER CALTRANS STANDARD PLAN ASTA
{SEE FIGURE 2-1 FOR RAISED CURB OPTION)

USE JOINT MATERIAL PER
SPECIFICATION IN PAVER JOINTS (Typ)

BEDDING
LAYER {.015°)

CONCRETE
PAVERS

CHOKE COURSE (0.359
(USE CLASS 3
PSRIIFABLE MATERTAL)

RESERVOIR
(USE CLASS 14
AGGREGATE BASE)

SUBGRADE SUBGRADE ENHANCEMENT GEOTEXTILE (SEG)
ON SUBGRADE (COORDINATE WITH CALTRANS
GEOTECHNICAL SERVICES TO DETERMINE IF
REGUIRED)

MN 14 ﬁ'ﬂymzwuﬂ an #3111 (Porous paving)

AW1: CT Caltrans (2013: Online)
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Hirschman and Collins (2008) 310911398071 12 R1jUA8n T Ua UL

1 i}d? s =2 :’ T = 3’ " 2 T Y 2
LID Wy mslsauTaadunit aunsovisaadsuiaiiivaii ldedenihmels danis

3 = 3 T 3’ 9)41%JI o = 3 1 Eoy df
mamumJ‘wﬂﬂ131ﬁmaszu1ﬂu1iﬂwuzﬁﬂmuuu LLﬁ%Ulilclﬁ‘i’l@iﬁqu

q

¥

Y
M1 6 anuawsnlumsaa lnathoniiugTagduii

LID Practice Location Runoff Reduction Reference
Pervious Pavement* ONT 99 Van Seters et al, (2006)
Pervious Pavement* PA 94 Traver et al. (2006)
Pervious Pavement* FRA 98 Legret and Colandini (1999)
Pervious Pavement™® NC 100 Bean et al. (2007)
Pervious Pavement* NC 95 to 98% Collins et al. (2007)
Pervious Pavement* WA 97 to 100 Brattebo and Booth {2003)
Pervious Pavement* CT 72 Gillert and Clausen (2006)
Pervious Pavement* UK 78 Jefferies (2004)

Pervious Pavement# NC 38 10 66 Collins et al, (2007)

Pervious Pavement# PA 25-45 Pratt et al. (1989)

Pervious Pavement# NC 66 Bean et al. (2007)

Pervious Pavement# UK 53 Jefferies (2004)

Pervious Pavement# MD 45 to 60 Schueler et al. (1987)

Pervious Pavement# Lab 30 to 55 Anderden et al. (1989)
Runoff Reduction Estimate 453 to 75*

HUWWA  * no underdrain collection / infiltration design; 3 underdrain collection

7111: Hirschman and Collins (2008)
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HHIRANSIATIW LAY (Constructed wetland)
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4. ¥ 1AAU( Groundwater recharge) 1RAUIANFY FroNBAT QLAY To

e

ho))}
2D,
=

¥ ¥
5. eviahlifadsmamsszme lenduaugiuussemeli ldqage

AT o A Aoa cf,if g
6. 1WunogoIABvaIdaNFIn lutihmanaiy

' = 1 A’r VoA [~ SN2
7. WIWUANUYUYU TUIU LfJ“L!TcT‘].I”IEITHLLﬂLiJ@\‘i

dSAJ =g = 9 9 = - )
8. gﬂuwuwﬁﬂyu‘sauﬂumuunﬁ'mﬁmimmm

ar

= o
9. l{luﬂju@jﬂﬂﬁu

AU ANUAINHAEA U LRI NENUD D9

a A AA oy A oAy ¢
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6.3 W19 1590108191108 250 feet ©30 72 (IR

6.4 WINVINGIDNAVTTHNY septic system tank/leach field 131871 50

feet U530 15 (UAT

ANy NIseRNIULN UL NI

¥ E F
- o

k4
ﬂTﬁ@@ﬂLLﬂﬂﬁuﬂ%NuWﬁﬂﬁﬁMﬂ4 gﬂl!‘!J‘U (Maryland Department of the

a

Environment, 2000) G?x‘lllfvg{ufi
1. Shallow Wetland
2. Extended Detention (ED) Shallow Wetland
3. Pond/Wetland Systems

4, Pocket Wetland

WETLAND BUFFER

(26 FEET MINIMUM} 3
LIMIT 25% OF POND i_
PERIMETER OPEN GRASS = ___ar--m—-=—zzooos

\\- EMERGENCY

SPILLWAY

WEIR

WALL —\

FOREBAY

RISER [
BARREL

RISER IN
EMBANKMENT
MAINTENANCE N ===l

ACCESS ROAD

25" WETLAND BUFFER LANDSCAPED Wl‘ﬂ-i“g=L
NATIVE TREES / SHRUBS FOR HABITAT ]

HIGH MARSH
(LESS THAN 6" WATER DEPTH)

LOW MARSH
(WVATER DEPTH BETWEEN 6" and 187)

PLAN VIEW
e EBANKMENT
\\ RISER \
7 100 YEAR LEVEL 5 L &
Ei 7 10 YEARLEVEL 1\ SPILLWAY

v X TE&RLEVEL\ \

STABLE
OUTFALL

wm
POND DRAIN

REVERSE PIFE EIARREL/

ANTI-SEEP COLLAR or —/

FILTER DIAPHRAGM

PROFILE

AN 15 Shallow Wetland

WW1: Maryland Department of the Environment (2000)
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\ EMERGENCY

POND BUFFER
SPILLWAY

{25 FEET MiNIMUM} 3

MAXIMUM ED LIMIT

LOW MARSH
(WATER DEPTH BETWEEN 6" and 187)

PLAN VIEW

WETLANDS
HIGH MARSH EMBANKMENT
%\ RISER 5\
\/ 100 YEAR LEVEL 5y /—-‘)(_EMERGENCY
& SPILLWAY
<710 YEAR LEVEL / f \
= 57 Cp,or 2 YEAR LEVEL T i

==
/ POND DRAIN W
LOW MARSH REVERSE PIPE BARREL 4/4
ANTI-SEEP COLLAR or
FILTER DIAPHRAGM

PROFILE

AW 16 Extended Detention (ED) Shallow Wetland

N Maryland Department of the Environment (2000)
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MN 17 Pocket Wetland

N Maryland Department of the Environment (2000)
MIMaIuKaIm Rooftop garden
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mstdonitufisitenea’19aruuumdsm (Rooftop Garden)

awnsamldsumdsmsumathuesormsnlszinn uadeaiuernsia
anuudaundafivano fndouuimiinvessudsnanuazinahidu mifnldndann
wﬁa%1ﬂé’u1§1"lﬁ'ﬁ‘luad1ﬁ 1oN# Roof Garden Seamnsaaiialunuas’ld Adenfutraan

& 4 Fy )
UWIAe Feadremuwiiatnusunen susuwedoutu

NSOONULVAIULURAIAN (Rooftop garden design)

VEGETATION

GROWING MEDIUM

DRAINAGE, AERATION, WATER
STORAGE AND ROOT BARRIER

INSULATION

MEMBRANE PROTECTION
AND ROOT BARRIER *

ROOFING MEMBRANE

STRUCTURAL £
SUPPORT (ROOF) |-

MN 18 LUVTINUHHAINT (Rooftop Garden)

f111: Green Roofs for Healthy Cities (2014: Online)
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Hirschman and Collins (2008) 911U 98 Tagnsatuauuyes LID 1u
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= a8 oo o.t =1 :: d? @ @ ot & Yy U 2 g cg
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M3 7 ﬂ31llfﬂ1!’l3ﬂi‘l«lﬂﬁﬁﬂqﬁﬁﬂ’lmﬂﬁjuﬂﬁﬂﬂ1

LID Practice Location Runoff Reduction Reference
Green Roof USA 40 to 45% Jarret et al. (2007)
Green Roof Germany 54% Mentens et al. (2005)
Green Roof MI 30 to 85% Getter et al. (2007)
Green Roof OR 69% Hutchinson (2003)
Green Roof NC 55to 63% Moran and Hunt (2005)
Green Roof PA 45% Denardo et al. (2005)
Green Roof MI 50 to 60% VanWoert et al. (2005)
Green Roof ONT 54 to 76% Banting et al. (2005)
Green Roofl GA 43 to 60 Carter and Jackson (2007)

Runoff Reduction Estimate 45 to 60%
HINUHA * RR Estimate = Runoff Reduction Estimate

111 Hirschman and Collins (2008)

M3maueli Rain garden
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3. ot 14aU( Groundwater supply Y1dauiinwiu srefmesyanIn
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LID Practice Location % Runoff Reduction Reference
Bioretention® CT 99% Dietz and Clausen (2006)
Bioretention™® PA 86% Ermilio (2005)
Bioretention*® FL 98% Rushton (2002)
Bioretention*® AUS 73% Lloyd et al. (2002)
Bioretentions ONT 40% Van Seters et al. (2006)
Bioretention# Model 30% Perez-Perdini et al. (2005)
Bioretention# NC 40 to 60% Smith and Hunt (2007)
Bioretention# NC 20 to 29% Sharkey (2006)
Bioretention# NC 52 to 56% Hunt et al. (2006)
Bioretention# NC 20 to 50% passeport et al. (2008)
Bioretentiond MD 52 to 65% Davis (2008)

Runoff Reduction Estimate 404 to 80*

117 Hirschman and Collins (2008)

WS * infiltration design; # underdrain design
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U1: Maryland Department of the Environment (2000)
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117: Hirschman and Collins (2008)
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aNuEINIn UM sanii 1mat 1w Grass channel
¥V . N 1
msani1lnatrTassosnalaesialadazdr Tasvzuduiladadnyue
¥
= o £ T = oar =4 =
Tassardrsvesau Anudu msdnagquassisnssu Aue1Iv0Iree 9109114398 1599 1

1 =Y cy (] Y2 g [ 1 C;V
wu M ansoaatsuanilvatnldaedesas 10 — 20 dweraslunisiaaisil

v
f13719 9 ﬂ’ﬂﬂ\lﬂn\lﬁﬂiuﬂ’liﬁﬂﬁ"ﬂ?"iﬁlﬁ”l"lﬁ}\‘i Grass channel

LID Practice Location % Runoff Reduction Reference

Grass Channel VA 0 Schueler (1983)

Grass Channel USA 40 Strecker et al. (2004)

Grass Channel NH 0 UNHSC (2007)

Grass Channel OR 27 to 41 Liptan and Murase (2000)
Runoff Reduction Estimate 10 to 20

7117 Hirschman and Collins (2008)
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w :’ [ w o :’
1319 10 Msandasnih lvatnanmsledaunuiiny

LID Practice Location Runoff Reduction Reference
Dual Use Rain Tanks ~ AUS (semi-arid) 60 to 90% Hardy et al. (2004)
Dual Use Rain Tanks  AUS (arid) 40 to 45% Coombes ef al, (2002)
Dual Use Rain Tanks NZ 35 to 40% Kettle et al. (2004)

RR Estimate 40%

#A1: Hirschman and Collins (2008)

ShuaemsesnuuLNazAnAI99/013A1U1 e Rain Tanks/Cisterns
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HOSE DIRECTED

TO SYABLE DISCHARGE
POINT

OUTLET HOSE,
TO GARDEN

GUTTER DRAIN FILTER OR SIMILAR
ON CINDER BLOCKS {OPTIONAL)

RAIN BARREL.

INTERCONNECTED RAIN BARRELS

SCREEN - TOKEEP
MOSQUITOS OUT

OVERFLOW

HOSE DIRECTED

TO RAIN GARDEN

OR STABLE DISCHARGE
POINT

OUTLET HOSE RAIN BARREL
TOGARDEN RaN BARREL ON BRICKS
ON CINDER BLOCKS

o o :’ "
MW 26 DINVUT Rain Tanks
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CISTERN LID WITH VENT TO BE SECURED AND TIGHT
r~ ENOUGH TO KEEP OUT INSECTS AND ANIMALS

DOWNSPOUTS TO OPTIONAL PUMP AND
FROM GUTTERS PRESSURE TANK FOR
DRIP IRRIGATION
OVERFLOW TO STABLE OUTLET

*
{e.g. FRENCH DRAIN)

FLOATING OR STATIONARY
PUMP INLET

GARDEN HOSE FOR
IRRIGATION TO 2o
LANDSCAPED AREAS 2%

2
/ o FRENCH DRAIN

CONCRETE PAD LANDSCAPING STONE
OR PEA GRAVEL

LANDSCAPING STONE

OR PEA GRAVEL

« FRENCH DRAIN IS SHOWN AS AN OPTION
TO RECIEVE OVERFLOWS. OTHER
OPTIONS MAY BE APPROVED BY LOCAL
AUTHORITY.

Continuous
Guttering

Rainwater

Wat well

orage Tank
; or system

i =] 3’ A
MN 27 91 NUUT Cisterns

N Maryland Department of the Environment (2000)
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NMIAININIBUFVHIVDIAY Infiltration

mMIFadnihdrsaaugiiviag Landscape Infiltration
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LID Practice Location Runoff Reduction Reference
Infiltration NH 90% UNHSC (2005)
Infiltration VA 60% Schueler (1983)
Infiltration PA 90% Traver et al. (2006)
Infiltration NC 96-100% Bright et al. (2007)

Runotf Reduction Estimate 50 to 90%

117: Hirschman and Collins (2008)
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MN 28 ﬁﬂﬂng aamseanuuy Landscape Infiltration, Section view

71: Hirschman and Kelly Collins (2008)
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m‘i!.!.f’ﬂslla‘u Soil Amendments

Low Impact Development 18na1971 n1sd5uagud luaninau Soil
o = = ] T y T A 3/ 3}

Amendments 11130911 IHAMRAToINBNAYY deara IFmivanuansalumsquii nag
< A’l.’ = 1 Y] g) 1 3 dy
AUANUFLUBIAYN Frgandnsni Ivai ldunady

Kolsti et al. (1995; Hielima, 1999; Balusek, 2003; Pitt et al. 1999; 2005 cited by

¥

Hirschman and Kelly Collins, 2008) latin1sAnymaassmsaadasiilvatihninmsud
U5lga nialawswAuliidludususge wiouiudasdiuileas Tl luaululSmamnnau

¥ ¥
ansnaaiinlvai 1ddwasevay 50— 70

2
M519 12 anuasoaniilvatinannisud lvau

LID Practice Location Runoff Reduction Reference
Compost Amendment W1 74 to 91% Balusek (2003)
Compost Amendment AL 84 to 91% Pitt et al. (1999; 2005)
Compost Amendment WA 29 to 50% Kolsti et al. (1995)
Compost Amendment WA 53 to 74% Hielima (1999)

Runoff Reduction Estimate 50 to 75%

f111: Hirschman and Collins (2008)
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No HIIAANIIANS Practice ganmsamitlvath RR %
1 Green Roof 45 to 60
2 Rooftop garden / Disconnection 25 to 50
3 Rain tanks and Cisterns 40
4 Permeable Pavement 45to 75
5 Grass Channel 10 to 20
6 Bio-retention 40 to 80

7 Dry Swale 40 to 60
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M9 13 (79)

No BUIANNISIANS Practice sasimsaminliah RR %
8 Wet Swale 0
9 Infiltration 50 to 90
10 ED Pond Oto 15
11 Soil Amendments 50to 75
12 Sheet flow to Open Space 50to 75
13 Filtering Practice 0
14 Constructed Wetland 0
15 Wet Pond 0

7117 Hirschman and Collins (2008)
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2008 2009 2010 2011 2012 2013
Month
January 50.4 = 24.0 6.7 10.8 28.0
February 60.6 0.7 = G = .5
March 136.6 239 24.6 121.6 27.7 67.5
April 166.5 1121 196.3 127.0 174.7 93.8
May 254.7 127.0 115.3 AT 226.3 135.0
June 230.6 218.2 146.4 520.2 312.5 238.6
July 35709 371.3 321.1 291.1 306.0 294.2
August 273.7 169.8 372.6 532.5 337.2 394.1
September 171.3 147.6 90.4 269.1 106.8 332.9

Qctober 73.8 78.6 19.2 83.8 102.5 65.2
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M319 14 (79)

Year
2008 2009 2010 2011 2012 2013
Month
November 13.4 9.0 - 92.0 118.3 29.0
December 20.0 - ST - 1.4 56.9
0Total 1,809.5 1,258.2 1,367.3 28855 1,733.2 M55, 7
(EYREINALS)
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1 Green Roof 45 to 60 52.5% (C 1)
2 Rooftop garden / Disconnection 2510 50 37.5% (C 1a31)
3 Rain tanks and Cisterns 40 40 % (C Lall)
4  Permeable Pavement 45 t0 75 60% (C 1A1)
5  Grass Channel 10 to 20 15% (C 1A)
6  Bio-retention 40 to 80 60% (C 1)
7  Dry Swale 40 to 60 50% (C 1A1)
9 Infiltration 50 to 90 70% (C 1A))
10 ED Pond 0to15 7.5% (C 18%)
11 Soil Amendments 50 to 75 62.5% (C 193)
12 Sheet flow to Open Space 50 to 75 62.5% (C 1)

17: Hirschman and Collins (2008)
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