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# # 5873360025 : MAJOR LANDSCAPE ARCHITECTURE

KEYWORDS: LAND COVER / LAND COVER CLASSIFICATION / URBANIZATION / HYDROLOGY /

WATERSHED / KATA / PHUKET
YUPPARED SITTIPONG: LAND COVER CHANGE IN URBAN AREA AND ITS EFFECT ON
WATERSHED HYDROLOGICAL CHARACTERISTIC: A CASE STUDY OF KATA
WATERSHED, TAMBON KARON, AMPHOE MUEANG, CHANGWAT PHUKET. ADVISOR:
DANAI THAITAKOO, Ph.D., 146 pp.

The objective of this thesis studies the land cover change in urban areas and their
effects on watershed hydrological characteristics by comparing effects from the land cover
change of the Kata watershed, in order to find a way to apply landscape architectural

design and planning in the current context.

The research uses satellite imagery analysis software with remote sensing image
classification techniques to identify and classify land cover with a small watershed model
(WIinTR-55) to estimate watershed hydrological effects. Two comparison models of the
land cover in 1987 and 2016 were devised, then compared with alternative landscape
urban design models for the mitigation of watershed hydrological effects with the addition
of two types of green area — woods and open space, to apply landscape architectural

design and planning following the Water Sensitive Urban Design concept (WSUD).

The results show that in the past 30 years, the wooded area of the Kata
watershed has decreased from 90.04 percent to 68.65 percent, reducing the ratio of
permeable surface to impermeable surface from 9:1 to 2:1. This led to an increase in
runoff and peak flow. From the alternative landscape urban design models, it was found
that increasing the amount of wooded area generated runoff and peak flow less than open
space due to improved soil absorption. Thus, the increase of wooded area decreased the
chance that discharge would overflow from the stream. This knowledge can be applied in
basic ecological assessments for landscape architectural planning such as controlling runoff

from land development areas and to estimate the effects of changes in land cover.

Department:  Landscape Architecture Student's Signature

Field of Study: Landscape Architecture Advisor's Signature

Academic Year: 2016
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Guitnamlagnisanenmusenay
Funwalnguiiedgisldnsduniwainuuislassadne (Semi-structure
interview) WUUW1EAN (ufie dndasau, 2558; qund UseAnsigaus,
2555) lngodegunuunisduntvaluuuyseiimansainAiuenial (Oral
history) Hunmsduntwaluuulaifunisnis vieliilaseadns (Informal
or Unstructured interview) fifiesdanuddeoidunwimislunisdunivel
fsitosa Tiun fonlafisidoafenfuiiuiiosnsd, erdvegluiufidudiin
uazlsiinoineluile

$1uun uazSeuiSesdoyannnisdrs ethluldusuugegudeyands
n15d1533 lagldnisduunusziandeyaninuuualunu (Supervised
classification) Tumsuiulsstoyalfanysallndifssnudusianniy
Laznsemuinguizasdiifesnis Srufunislideyaunuinimmis
amdrensenIalutiaaIfings uaznisasiiuiidisaaniaaui

Usznaunsusuusegiudeya



1.6.3 mMybaszideyalseuiiiey

1.63.1 Tnneiteyaisnaguinfudsiinanednuazgnnineidui uinagun
nzazlagldrenduasuuusiaesgnninerquiriouiadnluiiuiiiies
(WinTR-55) (Natural Resources Conservation Service, 2013)

1.6.32 Tinngiuisuliisuiiienanuduiusvessunuudsunaguinfuiy
Snumrnsguninerduinfiudsuuvasidresuinaguiineszlaenis
%@uﬁu%y’wﬁaga (Overlay analysis) (McHarg, 1971) arwaiganaliiey
LANDSAT sewina U w.¢1.2530 uag U n.1.2559

1.6.4 ayunansfnuuavdelauauue

1.6.4.1 agumsduunuayiiesigiiuTouiisudszinndsunaguiafuiifinng
WasuuUasluluseuszana 30 9 vinaguinness nedeslestunis
SuunmiAdnsiuundsnaguinfiudsineamdmiugiinailes

1.6.4.2 asunislengiiisuifiunansgnunsgnnineiguinfitinainng
LU?WLLUN?QUM@@JQQ@W?nmejuﬁmzmhwamwﬁmw

1.6.4.3 Mylasgimdeau wazwuwimslunisysannisniesgiantdagnssuain
nan1sideTeansdan Tiun druvesnmauBsunlasdsunaquiniu uay
duesmansEnumMsgnnineguinnnsUAsunUasisunaquiiu 1

denndesnuanvzanNIngIguivasunguiineagluusundagdu

v . o . = o,
| ﬁuaidamwmamnmau/mwmmmﬂmmﬂhammaﬁ]aquu

LAND COVER p I ) WATERSHED
f
CLASSIFICATION msduundsUneauiafu mylnnzfiuazadiedayams HYDROLOGY
shglusunsy ENVI guninedhalusunsy ArcGlS
,
L NE
wruTgndsUnpauiafuly I wHLimegnnive et
ofmuaztagiu
TR T A

A zinnsiUdsuulasds

Unequifugadinanssny

emerimaddsuasdnvardsinaguinf

Sow e e o

sadnunrgnninedhe Overlay helusunsy ArcGIS
TUswnsu WinTR-55 \L

UNUASYANH

srufinsiUAguUa s nwaleAsUn ARUER AL

}T{

\L wnufuansiwminasdnumsns \I/
ajuna WabuuUasAsun ARLEN Aufidnasanis a7uua
doya \,ﬂﬁauwaﬂﬁwma‘miwmq‘mﬁw doya
L ! f VATER SENSITIVE
NG

aslunmadaiaueuuwnaamseenuuuidiadlaed desnsdamah
(Water sensitive urban design: WSUD)

AINA 7 HUNTWLEAINTEUIUNNSANYIIVY

URBAN DESIGN



1.7 dgruAdwi
deUnAguiisu

(Land cover)

MshUsElevUNRY

(Land use)

MITUNFIUNAGURIAU

(Land cover classification)

[ =
ANTNAELUULLDY

(Urbanization)

NUIWDS ANYEUTNIANYATN LLﬁSVl’N%’Jﬂ’]EJﬂ’]Wﬁ@%J:Uu
‘ﬁyuﬁﬂaﬂ (Anderson, Hardy, Roach, & Witmer, 2001,
The United Nations Environment Programme & The
Food and Agriculture Organization of the United
Nations, 2005)

nuNehe anvagnIeguLuunsidaudesuielag

1Y

NYULNITIANIT NINTTU UATNITATBUATRIAIUNARY

AafuvasuywdiioldUsslov USuasy nieeysng

Y
&Y

wunuuld Fallanudeuludlngnseszninedalnaqu

=),

U
Afu wagguuuuianssunisidauvesuywdly
amwu,mﬁauﬁ?us] (The United Nations Environment
Programme & The Food and Agriculture

Organization of the United Nations, 2005)

REAN ﬂ’ﬁLLﬁﬂﬂ‘U@ﬂaﬂﬁ‘Uﬁ’WﬂaIUIaﬂﬂ%QLLUUUWMﬁiﬁJ
Ineldinuaidadeniinisderuliidued1sfiuda fe
'3 o [N a a [ v o
LAEUNUBDINTTATLLUN I@‘EJELGUﬂQUﬂﬂ’szJNUWULUUWJﬂ’WMuﬂ
VOULIAUBIUTLLANNITIIWUN (The United Nations
Environment Programme & The Food and
Agriculture Organization of the United Nations,

2005)

wu1eds nszuaunIsiguunateduiiios wienas
WwasugeuedaAu MTon1sANIUAINITINUIFUSIIN
= = v - & A a

Wae nTensveuiiveuloseanlunisiiui nsiiy
UUTEYINT YIBluNTALTEAINITUAGY 11NTU
(SwUgngdany, 2524, u. 409) laginsiAuIuYD

NURILUTUUN L9U DU, MWAUNAT, NIDATOBUR LAY

=

91A75 YN WLAANIS YA UL UAIZIFINANTENUABINY

LATVINULAL



qui

(Watershed)

NNINYEGNN

(Watershed hydrology)

niTlA

(Landscape)

10
= | X da A o o A |
8T MiigvesiuNAunsesfulinnawianing
ANuAugeflvoviwmdududuwn (Ridge) vintinmdu
dutluln (Water divide) daus9U UNATIDITINI
“dglj Ao - 9 . . A “dg‘, Ao < H 9
NUNTUUT”  (Drainage basin) #3580 “WUNAAAUUN
(Catchment) nsluianasuuiuguiiazlvaanig
asgnyumiududnhvunadnluuinaiuiidgss
4 LY < & 1 o gcf 1 o %:’ PN nﬂy
warluasruimnuluiasevisaiinasgarinnluaau

Y

(Black, 1996; Mays, 2005; Usznau 3153uny), 2539)

muneds n1sfnwignninevessruuguin MAsaty
U3anal uagdmsnsanvesuasuuguinfinaiaiy
USmnamstnifu wasnslvaludiusingg vesguiiuas
Snsnslnavesinhesnainguihiinatsineg Uszneu

53Uy, 2539)

e givimiluusunvesssuuilion Feusznaudig
Tas9a¥19 (Structure), UMuUIMuTg (Function) waz
nsiasuLUas (Change) (Forman & Godron, 1986;
Ay memza, 2548) Jumsvirmnudilagfivialy

FugsTUUnA
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2

=D.

un

o

LNEITHAZITUIFYNNYIVDY

&z y

nMdeiilunsAnwiasdusenaunagiiing 2 dw fe Awnaguiifiu wagtiiafu

' (%
a0 o o

luunguinsalfing Inednunsidindnaguinfuiuiinisasuwdadliegielsdis

31nefn waInsidsusUasdunaquiifutiudmasednyarannIng1qu el wass

sraunsadesiuvioannansenunisavninetulaeisnieiaadnenssulaegidls

3INNTBUNIANAATINE1TNUST19dudn lUguulfn uwagnguldAuuildly
N3EUIUNSANYIIFE iead1snuguaudladmsunisinanldlunssuiunsiessing
ANUNTEUIUNMIANYIITETINTINTELATIZINATLFINNITIATIEITE WagausayIans
a > & & i & LA a ad
magiandnenssule Tneileniuasuuieenilu 4 d@ufs nToULWIARLAENOUINUFIY,
oA a fa w a A % av oo % =
VO NBNITIATIZNITY, nqufiionisuszendld waznisnumunuidenneides lned

NUATLDYNRIL

(%
=

1) NIBULWIAR UasnguliugIy

o«

" NnufnsiudeuLUaaiiidig (Landscape change)

1%
o

" nouannIngqul (Watershed hydrology)
2) NUYNBNITIATITITL
= MsiuunUsziandsunaquafy (Land cover classification)

" MIATIBINANTENURDENBALENNINEIGNENIINNTUAs UM aEIUNARURY
AulpauuuItassgnnInegulnvuIndntuiufiiies (Technical release 55

for Windows: WinTR-55)
3) yquiiitensuszgndld
= sufouiBiduiiiensuszgndlinisnsyuiunside
. LLmﬁmm’nmLLmuqﬁamﬂmﬂﬁuL%aqwﬂ%mzﬁuﬁwmmmﬁﬂmiaamwu
sledlaeAniladanissnnnst (Water sensitive urban design: WSUD)
4) MINUMUNWITY
= AduRnUBM s uundnaguiafu

" nuUITengItURaNTENUNIENNINg1INMsIURsuwUAEUNARUR LAY
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NIBLLUUIAANNIANHINE

L L L

- , & P ] o - P P
lWﬂﬂ’]i'ﬂT’NWuE’]uﬂ’)’mL‘ll’]pL@ ” WWANNTILATIENIRE LW‘DﬂWTﬂi:E!ﬂﬁﬂ“]i H NATNUNIUITUIRE

maulauum e

]
:
| ,
(Landscape change) i (Land cover classification) 0 s qnmﬂ‘imqnixu‘mn']i’;’ﬁ'ﬂ Ei aaﬂnﬂquﬁfaﬁu
__________________________ o | 1R
= e [N = L e = = ! ao A o
ANNINEIRNUN :: NNFUATIETHANILNUABAN LU HUAARANITINLNUA N E: QWH’J"IEILﬁEI’JﬂUNﬂﬂﬁ‘ﬁﬂUﬂ’N
1! 4 = = 0 1 = ]
(Watershed hydrology) . FANINEGNIIRINANT andpenssdegnninenan 1 gunanenatnnisdasuulas
1 v !

i AslnaguRn@u

I L}

AN U AR TeaNLLL
.
WaalaaAnilefansdnnnatin

i
|
|
1
i
wisuulasdalnaquiniulag i
v
ULLANAR4ENNANENFHTNIUIA |
o g gy ! -
idnluwuneq I (Water sensitive urban
|
|
1
|
|
|
1

(Technical release 55 for design: WSUD)

1 Windows: WinTR-55)

A7l 8 1As9as9nIauLWIAn wazngqulineitesnldlunisfinuiide

.
6 v VBULIAGAU U
By

AT 9 TNlAseadanTauLWIAn warngulineiterlunuidy

fn: UFuU3991n Winter, Harvey, Franke, and Alley (1998, p. 8)
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2.1 MINUNIUNTBULLIAALATI BT RUFIY
2.1.1 mawasuulasgiiing (Landscape change)
niifiaa Ao Auiidsdiernuvainuansvesanuduius wosmsufduiusvesngy
ssuuinafdudnuugnisrunguiuusiluguuuuiindrendaiy (Forman & Godron,
1986; At memzn, 2508) mahaudlaszuugifnmiuasdesdarundlaly 3

aaAUsEnoUanveIssuuRilng suldud laswad, unuwmting uasn1sdsuudas

o aa & A IS b= A v A [d « ) 3 9 =
gﬂWiimamgmg UNATDINUNNTUAN T INLAUTAADAINULU U qUUT WYY

' 1 ' o '
a a [ o A a =

M8 UDINUNAUNTRITUEANaINIINTdNUAY Fellvautvaidulduduiunvinutg

Y
1% ]

Juduluirdenseu lneuluiinnasuuiuiiquinaglvasniigeadinsusiudu

H &

anhwmdniuusnadull ntudtuasuiiudueiotisdniasganinlngdu
(Black, 1996; Mays, 2005; Usgnau 3lsaung, 2539) azwwindundudiudifyues
nszuuns wazdulassadsdAguesssuugidneluiiuigui

P +381.00 m. - ﬁuﬁuL%ﬂ

\\umiaaﬁﬂ

A9 10 sUnsIuduguvesguinsdlfinw quiinens

flan: USuUssanameanevnienna Google Earth (2016)

1NANINNITITL AR BINITABUAININYDIN TR UL aEIUNARURIAY LAt
HANTENUNIENNINGIGULIINNSIURsURUaEUNAgURIAY n1sviaadilans
wWaguwlasgdilnmagyilvianunsaidilatiednuaesuuuy uaznaannsiudgunlasds
Unaguiiifiu saudsuimslunisysannsnaununsgiandaenssulaegraninzay
a aa = « o [ LY .
nalaguLlasniung uu1ens “nIzuiIun1TullunaIn (Dynamics) ¥9935UU

Tunfitna dadunszuiun1snIesssuLIfes1anile WunszuIun1sITAININITITINNG

U

' [
ad a = a

NYATN UALTINNANNTTINVIRTAATUIINANTRDUALDIBINNTNANTOTLUUNNS o
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g1 (Disturbance)  annnguenszuuiigunuufiannsadunmiulaludalszing

= o w 1

ANTANYINTEUIUNIT LL@ZLL‘U‘ULLNUﬂ’]iLﬂaﬁJULLUﬁQQﬁﬁL’JﬂL‘ﬂ‘uaﬁﬁ']ﬂﬁy}ﬁ]@ﬂ’]i’ﬂﬂLLN‘N

nfivietl (Landscape  planning) tagnisdnn1sinusuduninensniinudAgee

Y

ywduazduandedlusssuyd lngldyuueddunseunisfinuiivaeinen (Ecology) fivae
%A (Landscape ecology) saudsiinAIngiies (Urban ecology)” (Forman &

pmi

f

Y

a 6 2

Godron, 1986; 43U WsWaAdUA, 2553; Aty enwe, 2548)
n15UABULYa I TNATTIIIRANINNTEUIUNITNIEETTUYIRIINAINITNS
5550978 (Natural  agencies) waziinainnisnszyinvesuywd niedin1siduuywd

(Human agent)  Felunuddeilland1ifanisiasuuuasuesdunaguifuainnis

'
a

nsgyifuyedidnlulSuasy vewdsuwUasgidneaulunui wdidinasessuy
gNNINeIguUIvesud nefinel wagiihanudnlatenainnisildsunasdsunagy
a a a 1 901 a =2 1 ’.f 1 d‘ QI a a dy d'
NIAUUIIUANUINTAUANYT dUUINZAL LTU NITIUASULUSIEIUNAGURNIAUIINNUY

v < a 1 Y o ¥ | & 1
wnnsnssuutilunounin nthliliduaiuenamis wazidianudnlalugiuiunldy

a5UneNaveINsilasuLUaiaaindulaselUluauian

2.1.2 qm%m’q’mﬁﬁ (Watershed hydrology)
iuesdusznevdfyuosssuuginaluiuiigui nsvhaudilassuy
gyninenguinazdglidnlaesdusenouvesssuugnninetgu uardnuurnsssue
thnunsguaunsagnninenguin eldlunisinulinssiieuiisunanssny
yagnnInerguihannsdsudasdsnequinduluiuiiduinsddnu wasiaue

LUINNMIYIANMsERUngiandnenssuedravnzaulasely

ANNINENGNN (Watershed hydrology)

L L

= o P2 = =
LW@ﬂ’]ﬁ‘ﬁ?’NWuﬁ'}uﬂqﬁNm’ﬂ@ LNBNITAATIEN

ad
]

FEULENNINENANIN

(Watershed hydrological system) E

AN 11 Inssaimguanning guin
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nlassasmgefanninetguun ladanisfinendu 2 dw loun nguiiiieasns
WAL Ae syuugnnIne1guun (Watershed hydrological system) Wag
sEuUa (Fluvial system) wazdufigsadunguiiieldlunisiiasziide fe Jaded

HnarenisiUasuunUasusuudvin uagsaniwuivii (Hydrograph)

Towards a more sustainable
__urban water cycle

Much better

" Low s
qvw'n‘\dnm infiitration
ow

treatment

Bedrock Bedrock

v

Al 12 nszurunistussuvanninerquinluiuisssuwd wuiides uagn1suszendegedstiulu

fuiles (Sustainable Sanitation and Water Management, 2016)

2.1.2.1 syuugnnInenauin (Watershed hydrological system)
s a NS 1Y | Y] PN

p9AUsENRUIELLNNIN tugNNUSENRUME 3 diunauandluning 6
(Mays, 2005; Uszneu 3lsaung, 2539) lnelsigagidensail

1) szuudnluusseINIe (Atmospheric water) Us¥nauniy NTeUIUNTT
ihfiwda (Interception), MsAeuvesie (Transpiration) kagn1sseienatedu
1o (Evaporation)  n5¥UAUNSTIUSEUUEIUTADNSNUINUUNEIUANNTENY
Hunssas wazAnAseglunsoiu Tu uazfsiuvesiuldlvg wasiyaguau vinli
AULTIVRINITANNTENUAIUUNUEIaAAY UuiRaA1vagludIuvesiion T T
wialazszimenateluleTuiinimeunvesivsinmig Lasuduesuduiife
Asegludiuvasiivnsauvaniionannasginumusaly

2) s¥UuUEifUY (Surface water) Usenaunie U1Raeu (Overland flow),
g dl 1 a a A g ! I o 90J
lwaurvurIfunIeuvin (Surface runoff) wagnisluasiuasdauitaznzia

Y

(Runoff to stream and ocean) NSEUIUNISIUSEUUAIULADNNSNUHWAI LAY

IS U

anansaBunuiituaslulimdesg uuiafulnavuiifulusiuiuluiuindsedu

1%
o

PvTeTiau Msenisend1 Nguiifu (Depression storage) vilvlinnsasautuy
Afunanedu nues Js ng vndwvesilnaiuinAulugeseni (Over land

flow) aglnaadlusauiulumuushihanassing vielnaasgneia (Stream flow)
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3) szUUtl@AY (Subsurface  water)  UsEnaudae n1sunsniuasiu
(Infiltration), UlgiaAL (Subsurface flow %38 Interflow %30 Lateral flow %50
Seepage), dlgauvdotuinia (Groundwater flow ¥3e Baseflow) wagnsiiy
Ynusssunnd vieunainlénu (Groundwater recharge) NTEUIUNITIUIEUY
AubAemsTinduinnamuiuiy waziAnnszuIunsumsnuvesinasluiu Tay

srgniiuibilufunseusdndudnaslunateduunanilaau

ayuanmsfnudesuinliniutianmsinvesszuugnninegl uazdila

Uade@eduius Aun1sunsnTuvesinasluiu wazasealminnisiuauivesinuy

D)

a IS

3 o w A a a a (3 a
10U U 3 93AUTENIUATIAY AD  @IUNARUNIAY, DIAUTENDUTDIAU LagAIN

D

andurssiuiiviednunsnineninesiiui
dielvidlafanszuumsfiialufiufiduninieg Felévinsfnufuia

Tudesauinvosnszurunslussuuganit waefuUsvesgunssadugiuni

Mg Tudesruuresdiindsiiauduiufunssuiunisiesed

HANIEVUVNNENNIVENauTAnaNNIsiUdsuwlasdsunaquiiafusiely

2.1.22 syuuaih (Fluvial system)

¥
a a IS

1AgSIIUTIRNTZUIUNIS Wave sl uLlonnasdNuRIfuazTInNSs IauuRg

Y

AusIIUER N1sinansnaaziiuduiiuie lneiaaudnvesnisiva (Flow
depth)  lainnn &snrsluasiaidlidinanonisdnnsouresianiifuuinin
‘:1' o ! ‘:l' ° = a .

Wesnusswasnsiazlisnnneiazluiasussdamie) (Cohesive force)
yosoynadafuls uusrnusweanisinalinnifiudnsunidenariiliiin

wsadsamunnweauyhliAndusesnidansa (Ephemeral channels) Wio5e9

|
£ A

W3 Rl I (7FNT 1deame, 2530)
lassenisinavesifigaaznarsundunidraesuinlng udalna

avgnalaefiunfsessunisinavesdunaiivuindnnataunse i saudy

' (% '
= o = [ [

fududumahaualugiSenin Aufiquidl Fruiaveaduniaiasduiusiv

q

VUIAYBIN UGN
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HORTON

PANOV &
STRAHLER

Order

— -

AT 13 NNSINEIPULASBINYAIUINLTEUUB Gravelius, Horton

ey Panov & Strahler (Usgnau '315'«3‘14@, 2539, U. 180)

£
= v @

fnsiauakuIAnNIIREIRUTEUUAIUMaIETS IngtuegiuingUsvasd

(%
P

iensldusslevids Usenou Alsaung (2539) laussaalinsil

Gravelius (1985, #19fidlu Useneau Alsaunyg, 2539) ladaddusyuuy

1%
[y [ [ [

anleglimnudrdiuaninanevdn muuagidmananuindnaudenudndu

v | v '
o o w A @& o o o w A

AUNdeuN 1 @awenesnluana1iInannarunazImluUa1ua1eun 2 way

[ 14 '
o o o w a

o o A o v & [ [ =
#197181UINKYNDBNAINATNY 2 aaﬂlﬂmmmmﬂummmmm bUULYUU

ca

muaauluiTens)

Horton (1954, 814fislu Usenau Alsaung, 2539) SuilluiAnisasdau

[ ]
[ [y o o [ =

n1sianusssufvesin Inedsaslvnnudrdgyiudanaendnuinian waue

o

mMsdndriuszuudilaeiEuandull avaegainualiduniahdidui 1

v A

Y o [y [ o v a Y o o A v o o a &
2181UN 1 @89@18U13UNUILLUUAINUN 2 D1A1AUN 2 FIUNUAIAUN 2 AgtUU

'
v a

a19U7 3 wag 4 TiTawe AunseiieINinvIegnanyneveIiuiguiitug

Panov (1948, 81sfislu Usenau Alsaunyg, 2539) uag Strahler (1952,

v v LY

gnadisluy Usenau Alsaung, 2539) anuddgduadunisivanmusssuvdves

S1UN95EUU negla@uensInsyuUaItingalnameaiuued Horton (1954, 819519ty
Usenoau Asung, 2539) AelsuanaulduiuuAlnuwanA19iuATINIEN"S
finrsandrindeaiwiiuninuiufaziiaduduiadugeaiutuaingany

o A

fuasligreu gsdunsainarduiniduldlalvauussauivdduiediues
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o A

wilraussauiudauiigandlimiaiangaiussaudusulydadudduiiganda

Y 9

v '
v

i urudumaiiunnudiiuasiisiuinnludidunsne lnsagdudunis
sg 1 aa 1 Y 1 A o v W 1 o v a Id‘f [
gore Nlvwinllenain wazseundedinisruiduluadunlngtu $auiu
1% %,' A v o a v 1 < i ’oj A 1 A
Wumsihnuuimnuaziidevas usazsudunisindounlng Lazainue1i
&
1INTU
PNUNIAANITINAIFUTZUUANNT AW Al ssUUNTInANULAANTT
Jan1sveyalaTsigadiiion1svaudile kagdinsed Fudounuiansan
1 [ [ o a 1 g < dy A A A
Sufugusuumsinulubuuiasgnninerguiivuiadntuiuidesnldly
NIEUIUNSANYINANTENUNEAINe1dutlunuIfed wuirlinuaenaded

fUAsN15709 Panov (1948, 91sfislu Usenau Alsaunyg, 2539) uav Strahler

v o w

(1952, d19fislu Usenau lsaugy, 2539) aslianudAgyiuadunisivaniy

§55UVNAVDIBUNNITTUUMUNTEN N LU Il UN15 AT AT g1 @ NS U
no X

Wl

dmsunisirunveuluaiunguiigesvemediudasaiy 1onannis

' v
a0 o I v Y

Weafudunsmnuaiunguul Asdesainwuidududinuusiaduiuigy

9
Y18y I5N15Ranantiuseleving19899on15AILIAUS U AUNUNS UL UDIN191N

wiavaRy wavynefgauainunauindessauiusaslawinfuiunguin g 39y

a

I luldrelunmswieudeyaiionisussanaunisnansenuilasiunisgnnine,

1 v
(9 v a

PnwuudaesgrnIequinvwadntuiuides Inefiduneunisinsisi feil

o

1) Msannveuuansawwiduluivesiiungui

a

2) NM3a1n399513 (Gully) Nlivsnglukaugiussmansanuisanimug

Y

399515 LANFUT VR LAUT AN
3) NFINAIRUNINUT (Stream ordering)

4) nsanveulwsiuiguingaslunsdagaiduniai

lngndaanladoyaidaiunainailuwias NunguuiLad N15AUIMAT
4

#1199 19U AIINB1IVDIEUT (Stream length) uazvwinvasiuiiguuiges (udu

e

WAL ILATAINAININANUFUNUSLTIAD
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2nd Order Basin

1st Crder Basin

b ST Numbers on streams irdicate stream ordar
Dashed lines are drainage divides (ot all
adRerBan divides and basins are shownj
AN 14 feginsaIniunguiigasvemsiwiasa1iy

(Earth Science Australia, 1995)

A9 15 fegeansaniiuiginingesveanaludagaiu (Iun3 Y9, 2554, U. 57)
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ANWULVRIAIUT LagNuUNIIUUIYIILDS (Floodplain)  agtudsulimny
unsaanndudiduinniainesn aansaiiukusdiunuiguiigesniy

WUIAIUEE1U (Longitudinal profile zone) FIANWALNINBVDINTNHUT

o

wsoAnuaIndu (Slope) Wulladeustddny Insuvsoanlamdu 3 @ fsdl

[ '
=1

Nufinun (Upstream) fidnwausiuiufiduing1sns (Headwaters) 928

1% (%
) U o ¥ 1

Vimthigaduiineulnaasdiungusiiuans udwndanuainduniniian

be

'
=

Nufinanaih (Midstream) 1 Hudruvesnisianinzney (Transfer zone)

ANHEANANY TR TUsufiluiiuiivaneth Sauasdutosniifiuidui
Nuitvaneti (Downstream) Wufiuigssiusanih wazasaunznoudilua

iUt (Depositional zone) Tnsfiufivaethilasiimuaadutiositan vied

ANWULADUIILUUIIU

Mountain headwater streams
flow swiftly down steep
slopes and cut a deep

V-shaped valley. Low-elevation streams

Rapids and
merge and flow down
waterfallsare  gentler siopes. The A =VeniOWer
commaon. valley broadens and

and meanders slowly
across a broad, nearly flat
valley. At its mouth it may
divide into many separate
channels as it flows across
a delta built up of river-
borne sediments and into
the sea.

the river begins to
meander.

eadwaters

A 16 MsuUsiunguimuauaInduiui (The Federal Interagency Stream

Restoration Working Group, 2001, p. 1-24)

2.1.2.3 Yajeiinasion1siuasuuwlasuTunaniivi
nsfnysestateiinasenisiuasusuassiadviniilanedaden
< a X =) 2 T o 6 ¥
Jumguesmsiiudu vseanasvesuTinaiivi uazanunsatdlyuszendldain
anunladenadsalule ensiiesigimdeau waziwimslunisysanns
magilanUnenssuannuanisideliaenndesunsauiudnyugannine gu

& A0 9 g a Y]
Yosiuiguunnsafnwluusuniagiu
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AsUasuLUaIUSUIUEMLARN T8 2 9819 Ap Uaduveanuaeilu
wartadevasdnuusNuNsUL Fednalaensanoni1sinauuRlfAuYaIuleu

(Usznau 3l59ung), 2539, u. 87-91) is1wasidunsiil

Y-

1) YadeiTuedivanuazvadsu

" §n3IN1IINveEl MNHUIBRIINTTANgINIIANEINNTAtUNT
FuuwesdneguiafuasgiuagyihliiinuivarainuuRifiu taeiieud
ANUNTuEy A AaUS LN lanaI U URIAULIN NI URR NL UL
a a I v @
HUFUUHNUANTAIUNINUNRU

a H | A a a a A a

" SygznaNilumnn  WeuduilnaratnuuRIAUariUS ULy

1NTUPINANABLauluTEeza1UIY 19991NAMUEINNTTUNITRUEY

RAUANLDYAINNNSLELLIAN

& A Aa o = o § v
" A1505¥AYVDINUVUNUN Numﬂ@@i’]ﬂqiﬁﬂaﬂiuuqﬂﬂﬂmNa‘ﬂ’ﬂflﬁ

1% '
LY =< =<

gnsnsinagsgavestluddniiugu Jalun1sdnaesanmgnningd

quinlaeiluszanudlilunnadtaneinsguin ngluaiiuaieasll

Jugutu Auaisinismenisanal igeniinaainnisinassaus e
= = a & & A

anANUEsvBINanTENUTRBin Ul uNun

" HANI9NISLARRUNVRE Y MnURaNULARRUNLUANNAANIINTS

1Y

lnavesdrguatgunaginliiindnsinisivagegalud1ungalu wagd

Y v v
o o =

SEELAINTINATINAIVDIAUTY
2) Uadeiegiuanuazvasiuniuin

1% ] (%
& = o o

" giafu (Soil  type) wlavesshulununsuiinalaensse

Auanansolunsuasiureniidy Aefuillafidufuiiniuanunsoly
ihuiuldtiesusinaniviinfufasdinn wu fuwder Wudu S
AruvestuiuAiinasomsvanainveniRua A ey

= Jselovinisliiau uazUsziamdsdneaquiafu (Land use and
Land cover) Hadeisansiifinadensduninuesiasgiuiiiosannisdn
MsAndeuuinfiu nsAeseme wazn1siuasdulileannainaaiy
vannnanevesguluuMslifuiidsrasednuasdnaguiafiuaunisly
Towifimuluiuiiduy wu luiuiitgnuauysaiazannsodnildldun
yhliAansinavainawiiiui esanymnaruiigymeannsdn

A33uae kazn1sindui B luusnausnvesaulsl Wudu
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" QUIRURINUNISULT (Watershed area) Wuiisutaunlngazil

gnnsageaatuaninenileiuiivesliefisuiununsuinuwingn

[

d‘ &I dIQJ iO’ 1 ¥ U ! =
L‘LJ’EN‘MﬂW‘lJVIﬁUu’]’UuW@i‘ViEyI‘UBIGUL’Jﬁ’ﬂ‘lm’]ﬂ%ﬁﬁ’lm@’]%ﬂﬂﬂ’l’] eI & UBDF I

(% ] 1% ' (%
1 A aa A a v o

nInnveHuRdsReNUtesnIloInn1sniNuns v vwalng

1% 1% '
IS 1

" sUSIIUNTUIN (Watershed shape) §US1vaaiuisuiniinas
d' gc; a d‘* o a 1 [ gc; 1
nanulelunisidunie Fevininarednwuzsaniwdivin (Hydrograph)
NAUNITANFIUYDIANUNINWRAYFHDAINUENIRALVDINUNTUUINT N

138091 JUNSIEN (Form factor: FF)

Form factor = B/L

log?l L= 528ga1uluiIbnuyaIaIuiaInganlnasanainiud
Fuiludsgeilnagauasinunsui
B= anuniaedsdamlaainnismssuiaiiuisuinlag

ANENILAAY

Y ' v
ad Ao o L

NAUNTVIFUNUILL DTN UNS UL ULArINTdnd1uve9

ANUNINIRANUENIRATTNAAEIAT 1 LAy lTNSIUABULUAIIRS

1%
o N v

mslwavesiifiiinandwsindt uaslidnsinisivaasgavestluan

T~ Ao aa ! a0

WINNIAUNTUEINTFUI19F817 IllAgUNsIguuuin Meiliilosann

U Y

(% ' [ [ %
0 aa oy 1

ﬁuﬁ%’ummmmmugﬂéwﬂ'a‘wfmﬂamﬁuﬁwmﬂLﬁumﬂmé’mﬂlmaaaﬂé’
uarlvadsanoonAeudramieny funnnifiuisen

= puaindu (Slope) AmatatuvesguiagliinAanislna
mﬂﬁqqmﬁﬁﬁﬂmaﬁuﬁﬁaﬁmmmm%’umﬂﬁ?u%ﬁﬂﬁﬁﬁﬁu%aL%’Jsﬁu
wasiivsinanviniAuanntude

= fiemnansaneiivesiiuiifuii (Orientation) Wlefinnsaniade
YoRANINSNITveRuRTUsINAUNSIARRY waymsiedoudivesdy
wdnadonislnavening nanfeninniseivesiiuiifuineglu
Aamafenfunisiadsuiivesiaduazyinlinisinasiudivestiva

a X 1 < a A a d%’
WAYUDEINTINLGD WATUUSUIULNNUINUY

a

¥ ¥ : Lo &by ¥ da
" ANINNITEUI8UNTDIGUNUN (Drainage condition) WunIUUN

(% (% [
o

atauILiy wazdanhvaniduuinluguaziniiuenivesaii
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snazasnsnszueildasan dlishansinegegeuesiludihiia
110 wasAnTuliTIng

= anmnnsinuiulh (Storage characteristics) MsAMuRIAY
Suahlsuinasivi uazdnsnslvavesivlugthanas anwnnsla
Tugnieziintueeeing wasiuszovinanu snvadunmsiiislontanis
Annsgameiilesanmsssmednie feituiisssuninignuyudidily
WasuuUasitud uasdinsanmusglesinisléauiumsgnnined

[y

ﬁ"]mgasmwﬁqﬁaﬁuﬁLﬂ@miﬂiiuuwsﬁ’ﬂaﬁuLaq

= anmnisviauaauiilufu (Soil moisture deficit) wnfu
Uhinuenutulufuegies dlufinnasnasfuasgauldifuuimamn
yhliduidoduivananuuifuasgdnhduiiviiutiosas aas
Tinanseiusuuiifiaudulufueginn Tasauduiii veglufubugn
Ausnanuunaninuiinnesaneu (Antecedent rainfall) ﬁazauaqiu
Fudnaushlifudauduey

Y
[

» anmnisiuavesiilanu Ysunavingiunialauinainnisiun
Iaaulvalasudgailuuinunveshiasdedugulviilafu (Aquifer)
unludiuliavinaidngdiuniegnatng wasiussusiiaiuiu vsee19

= a < a ¥ 1 o
naaaan Jsenlunislualatu (Baseflow) Tunanssdnuuisdiuvesan

Wevaiansggydodniiuntuinlaauyilvivsinunisivaluduianas

1nNMsAnwLIeslIdendnadon1sAsuRUasUS I YN UR RN IA
Wnlafisladesineg envdamasdessuugnnineguinluiiui Fesdmiunsidedla
Tnunguunfenduguinsdine dadudsliduiuladevesdnvusiu uas

v
Y < o Aa

ANMNNIINYATNALANVBINUNTY 1B A MUa bl TUTa8RIA1AIRA 1NN

o w

a o Ya [ [y a a a <
Helaglviiasandadevesdnyurdsunaguiinududfy

o

2.1.2.4 wan Ui (Hydrograph)
YANINUI Fe NTMUIBAITILERIBRIINISIMaveIdmHiIugalaga
o o ¥ 4 . - o 4 ¥,z
nilaasdtfiiiataieg (Usenau Alsaung, 2539) N1sAnwiTeasanIninviniy

Weliiinlafianisuansnavesraniniavg arwsatrlduszendiionns
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ysannrsngiandnenssuladely Faanimdiintduaiuisowdseeanta 2
Uszian fiadl
1) vanmwimaenl (Annual hydrograph) W@n8nIINTIaUILNYIN

=

90 Fsdoilunasiuederensyuiunsmegrnineiquinlusseze
2) BanIMNUIMNAINRL (Storm  hydrograph) WaasenIINI5IRaveIuIvin
szorau ibiAndunsivaluddififinvugsan (Peak flow) 1y

Y96 HIUVUIAVDINY

Peak flow

AB - baseflow recession
BC - rising limb
CD - falling limb
DE - baseflow recession

iva

2ATIMS

/1

A9 17 ddsznauvaninuvinaindu (Uszneu Jlsaugy, 2539, u. 94)

A@71UUsENAUVBITANTNUIVNANHUUSENOUAEY 4 @3 (AW 17) Tawn
(1) Y2snouunn AB (Baseflow recession) dunainnsINAsee anasanties (2)

Ps7nsivalianau BC (Rising limb) tlasunainnuianasluiugsvin (3) d@mu

]
a

ganNensINshnavesdilud1ungegnan C (Peak flow) wazanving (4) @uins

v
o A

Inaanas CD (Falling limb) Lilesarntmannuuinfufilnasiusasgdiing
USinaianasiios auﬁwwﬁﬁmqmiwaumﬂaqajﬁwﬁﬂ wé’qmﬂﬁ?ﬂﬂﬁam’haﬁm
DE (Baseflow recession) wilaug9naununn

A5 mlauay (Rising  limb) agn1elasninaves Snvauzruiinn, Snway

YoINuUNgUL tardnuardsunaguiinu

(%
v v 1

nsdIupen (Peak flow) Wuganusdinduasudnaiiludulyazlill
N15nareviIAuasgdaun waziilvaludhazinandiluduvesiu uag

lanuiniy dnvardiuganvesranintiviazuvauviseUulusgiiudnuae



nsvduan (Falling limb) Aediuiludidnsnaannuielu Lazuviiiinu

¥ v
I~ o

wiszagelasnsnavesanvaziuigun

Run-off discharge

in cumecs
~50 Peak discharge

40
Rising Limb

30

Falling Limb
Rainfall

Precipitation 3¢ |
in mm

Noon Midnight Noon Midnight
Dayl Day 2

Approach Time (hours)

segment

AN 18 N1sauUAIINEINUSENBUTANINLNYININEYW (MRoden, 2017)

2.2 ngufilemsiaseiide

2.2.1 msduundsuneaua@u (Land cover classification)
nMsfAnuEesmssuunUssiandsUnagquiafu diotnnldlunislinseviaud

wardndruunszuudeyadaunaquiafudeiinisivadsuudategiauninzanniy

Inquszasdn1side neuhamnsaduundnaguibfuldesils uazdinsiwasunlag

adhslstha eldlumsfnuiianghiuiouiieunansenumsenainenduiiainnis

Waruwadwnaguinfuluiufideddedamngay Usenoudas
2.2.1.1 Mssuundsnrquinfuidsdinieamdmivgidnailes (High
ecological resolution classification for urban landscape and environment
Systems: HERCULES)

nouinssuundsunaquitAuidadinienindmiugiidnmies

(Cadenasso, Pickett, & Schwarz, 2007) #dnn153uunazliaIud1Agyiu
aefUsEnaUNIITInEnn (Biophysical) eiimnumainvesiiuiiiies (Urban
land heterogeneity) fiunaguaguuRaAutuInnnIInslFuiu Tnesuun

a a

panlondu 3 a3AUsEnaUnan tewn 81A7S, TaRRAY wasianssa (WA 19)

9
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Anderson-derived High ecological resolution classification for

urban landscapes and environmental systems

Ecotope-fine

Features [CH|Y7slollee]Y  Bare soil * Coarse

Social Physical Biotic

e Cover * Paved * Fine

Integration

20l 19 dduturedasiasianisTwundsunaquify

Wemenmdmsugiillneiies (Cadenasso et al., 2007, p. 83-84)

wenwmiloan 3 ssduszneunandessuiinantuazdadudnnaguilafiu

[

USELAMANET 39970 3 9eAUTENRUNENU19AUAENINTLUNEaedN tagdwun

panu 6 Uszunnegas @il

1) fywssaniiarumery o duls uazvalsl (Coarse-textured
vegetation—trees and shrubs: CV)
2) fiunssauiiauazidon leun lirquAniagnd (Fine-textured
vegetation—herbs and grasses: FV)
3) ﬁuﬁuﬁl@iﬁ?ﬁﬂnﬂquﬁaﬁu (Bare soil)
4) ﬁuﬁuﬁ:ﬁﬁﬂﬂﬂﬂquﬁaﬁuﬂimmhjeﬁuﬁﬁ (Pavement)
5) 81A15 (Building)
6) Naxe1A3 (Building typology)
® Single: S - single structures in rows or clusters
® Connected: C - connected structures that share a wall or are
associated with multiple walkways while sharing the same
roofline
" Mixed: M - buildings with multiple wings, connection by
courtyards or arcades, or a group of buildings with different
structural footprints

® Highrises: H - buildings that are between 4 and 10 stories

® Towers: T - buildings greater than 10 stories
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Coars_e Flne. Ba(e Pavement Bu:lding Building
vegetation vegetation soil proportion type

4 1 0 1 2 S
4 0 0 0 0 N—
1 2 0 3 2 c
1 1 4 1 0 N

= 1 1 0 3 2 M
2 4 0 0 0 N

The proportional cover of coarse and fine vegetation, bare soil, p and buildings is scored

into 5 categories (0 = none; | = present-10%;2 = | 1-35%;3 = 36-75%;and 4 = > 75%). Building
types are identified as N = none, § = single, C = connected, or M = mixed.

2wl 20 fegrnsTkundunAgurAudmMendmriugiilneiiies
(Cadenasso et al., 2007, p. 85)

nsduundndudsunaquinduntseandu 4 923 (il 20) dsil 0)
lsiusing, (1) Buusngaufieunaguiesas 10 vesiugiidue (Patch), (2) Unaau
Seway 11-35 veruniilan, (3) Unaquiseay 36-7 vesiiugiitdne, (4) UnAay
wnnidesas 75 vesiuniing lnsfaudnvurddyvosmssuun fil

1) TI1eAUTENDUYDINYYE UAEsTINRUUNNTLA

2) AuaudR (Features) aunsadianuuanasvainuanglaag1adase

3) HunuesiUsznauiinaunausuivmalugitie

4) Imnuazdealunisdnduundssan

5) LUNAIULANAIITENINLASIASS (Structure) wazUselevunsigeu

NIBTNTIMUNUTEIANEUNARURIAUEEINMEAE T U NTnALTes
Pagwribiannsadilaguuuunsdnduunyseianaaunaguiafugadinenm

& A0 9 P A v vy
IUWUWQNUqﬂimﬂﬂU’] L'UE]\‘]G]TJI@

a ¢ a a a 1
2.2.1.2 MTAATIALAELUaANUEIUNAGURIAUIINANENENIDINA
a A N aa 14 Y o ! ! o 4
Nngueinsivdsundasgiidnadiduingnin msvienudila
seuugiidnatuagdesdanudilaly 3 esdusznaunanvessyuuniiliag §u
louA Taseasns, unummvti wagnisidguuyas (Forman & Godron, 1986;

atly Menga, 2548) dnangnseulunszuiunsfinu Fansieseilasasiagi
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Tnatuddiudfyduegraunlun1siwuIminIsyseInIsTIuEUnN 19

anndnenssulaegrananzauiuiunludusaly

Malasgilaseasnagiive iszaunisusediu (Scale) ng anwlididu

WedeaiuresglifivAaunsainsgieenunduiiuigidnanianuwansieiy

16 Tagunnfiansaninduiilomeniioisudiunundiadesiy usenunusenn
wile Weasanienuazduainuniuoaliduiiedeaiu (Mays, 2005; du

a3 Avseysmi, 2552)

- 23/08/2003 .

23/08/2005

a o

2NN 21 MNAEIBE19NSEUARAINIINAINENEN19D1NA (RARFNG Andauaa, 2559)

N1TLUAATUAINAIBNIIDINTA ﬁamsﬁmamm‘swaauwmwuu

AmengiieTIuunIng warinnsandeddny Feeulngazduuniiisessesnis

o o

s

iUselewinseliisessesnmsilslesd Anfdng indduas, 2559; a3ns
Junsadng, 2559) Wnedlidnwauziugiuvesganmililunisiiansan 5 Ysenisde
5U514 (Shape), 31 (Size), 11 (Shadow), 353048 (Tone) Uagdunusinng (Site)
o 9 aw A vo o & o =
dwiun1sideilladidnwueiiugiuvesaanimsedssadunldluns
A3189 wazduundaunaquiiafulagdsnisiuundssiandeyanisdisia

szeglng (Remote sensing) lngldwanduas ENVI lun1sdnuundeayaannnineie

1
=1

AU INAUNTUUAAIILAINEIENIIDINIAMITEIYNIAINNTOU AN WL NUF Y

ES]

V89NN 5 Usnisivelrinanisulannudaunaquiifuusiaaiuinsalfnuid

AULIEINTINTIER
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2.2.1.3 mylaswikarduundsnaguindulagldialuladnsdsaszesina

(Remote sensing)

miﬁé’ﬂLLuﬂ‘Ui%mVl‘i’fayjamiﬁﬁi%swlﬂa (Remote sensing image
classification) 1fineluladnisdrsaszezlnadstufindeyandunasiiaziousin
Fgeinen vuilaniifiauenigaeadu wndsiuludnuuzganin (Pixel) Tnoen
yosusazgnnmazTuTinsyUAIATI (Brightness value) siafy leflinanued
Frsndudniugmmeanuinduingauazeiiafu ssuvdinaszeylnaaniy
foyauUszananalsadftiiemiunuvendudeyausdazszianauaiunsa
wenuezatindayaniag aanainiuld vseviudeyaviiafefiudweiy o
nszUILMsIUAUsTLMTeyan A isa SN UsslanAsUnnquRafY

Jumdn Fauansnsarnnisliusslevinhu (Gsznna ausnuds, 2559)

1egend

B Open
Semi-open

B Eroadicaf

7 Mixed

Young Conifer

I Mature Coniler

goduas ENVI  ugenduisuszanddiunisiaszideyaninaie
aneumgatianisdisassetlng dauauisatunisiidideya wanina
JSuun wazdwun lagn1siasenaieisnisdisiasseslnadiviuninane
ATILTIE %amiﬁmuﬂﬂizmw%ga (Image classification) 21ANINABANITE
anmnsoutsoandidu 2 38013 (Gsena auimuds, 2559) dedl

1) myPwunUseiandeyawuuliaiuau (Unsupervised classification)
Wunsdwundeyalagladlddayaninauindiungaslunisdiwun 1Senan
Clustering anunsnrfmuasiuaungudssiamdeya danissnundoyaistanldtu
fudiiilsiduag

2) msduunUszandayauuualunu (Supervised classification) Ju
msﬁi’wLLuﬂ%’auuaImamﬁ’aﬁuﬁﬁaLmu (Training area) 31NTBYANIAAUIUUNUYBY

[ 1 d' J = [ LY a € a aa A
ANWYUSHNINE ‘I/I‘lJi’]ﬂiﬂUﬂ’]‘Wﬂ']ﬂﬂ’]’JL‘VIEJ?LIL‘Uum'ﬂLLVI'L!EL‘L!ﬂ’]i’JLﬂi’]SMLﬁﬂﬁﬁﬁmLW@ﬂﬁi

PUUNUTLNNTOYAVBINUNTIVUA
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2.2.2 mﬁm3wzﬁmamzwuGiaé’ﬂwmzqmiwmejmﬁwmﬂmim?{emmaﬁwﬂﬂquﬁaau
T,maquﬁwaaquﬂ%wmdmﬁwmmLé‘ﬂiuﬁuﬁlﬁaﬂ (Technical Release 55 for
Windows: WinTR-55)
nsUszaunisuansznuidosdunisguainerduinlunuidedlfidentd

wuusaesgnnineguivuadnluiiuiidies Fuduuuusasamsadinmans Jaos

AnwiguuuuiAansiuundsnaauinfuvesssuunssuundeyadenaquiniu

yosuvudiaes iethluldlunisdaduundeyadmiunsaiauuudiass
wudaesgnaingrguivuadnluiiufidios Wugenduisarsisue (Public

domain software) WaunTulasuuiniseysnunineInssssav1A (Natural Resources

Conservation Service: NRCS) ma’léfmsﬁwﬁuaLLasuaaﬂssmmmwmaw%’gam’%m

(United States Department of Agriculture: USDA) 1glunisitasiginanssnumnig

gvning annsafnimaniviluat (Storm runoff volume), §n31n1sluagsan

(Peak rate of discharge), FaA MY (Hydrographs) wazUsuun1sdaiu (Storage

v
] LY @ o ]

volumes) MandudmsunisiAutindlruiu (Floodwater reservoirs) lagasawsiiistiu

] [
IS o

aunelidesifnvesiiufiquirnw waganuanmisolunisuszanana (Natural
Resource Conservation Service, 2009) ail
1) ruaiuiiguieaniisesiuniiu 0.01 waes wioUszanal 40.5 ms1aums
Frfumsiimansaaounamsliesginngumingosdedifiufitosnd 1 ewnes
v3aUsEINN 4,046.86 ANTIUUNT BENTBUABY
2) wniiuiigaaisesiuwinty 25 msdlud vieUszana 64.75 mansilains
3) drnuguihgesdaud 1-10 guides
9) nanfilvaangadilnafigavesituiisutiundgadidmun egszninana
0.1-10 Falais
5) Sruaugtmdndeus 0-10 A
6) E‘ULLUUﬁ’]‘ﬂj’]mu’ﬁﬂi’e)\‘i%/‘iﬁ;l’j\‘iaoﬂ‘lj;ﬂLL‘U‘UL?JG\ wazwuulasaas el
7) USinasineu 0-1,270 Uagluns
8) A1LINTFIUNTTUANLIIUTUIAUNY (Rainfall  distributions) Lﬂu%;ﬂaéﬁuﬁu
é’haEJ'Néﬁq%qmﬂﬁuﬁﬂizmmﬁgmﬁm lauA (1) wuu NRCS Type |, IA, II,
Il (2) wuu NM60, NM65, NM70, NM75 tag (3) :L%’ﬁ'mumaq
9) syuziaariuan (Rainfall duration) 24 Halug

10) Antecedent runoff condition 2 ImEJLa?wlsJ
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nMsPuundsuneauinAuvesuudiassgunInetgunawaanluiuiesldnis
Fuunmunsliusslevinnu lnedavunngoandu 5 vinm Al

1) funimundudesegvauysal (Urban area - Vegetation established)

4

=)

P [ o & v
uillas (Open space) lawA a@uuna wazaIuassae Wudu

= dl 12 9(; .
» Nuild@uin (Impervious areas)

1uLil09 (Urban districts) Ei’luqmammiu LAZWNINBENTTU

n
.

" gunnende (Residential districts) — 3uuUNASUVUIANUNLALLREY

Nulpmziansnenuneiunn (Western desert urban areas)

e

]
=)

uiimdaiamnduiies (Developing urban - No Vegetation)

'
=

3) fuilinwasnssuuien (Cultivated agriculture) TauA fiufiu1tna, Wals uas

D

] =

) £%
WUYUIEY [Wuay

[ ' (% ]
A IS

4) NuNeRINTINBUS (Other agriculture) laud WunUldl, Unldaduvava
1 2 [~ ¥
waeaa tdunu

5) NUNLAILAILAZASLAUAT (Arid rangeland and semiarid rangeland)

Inen13AnutagldnsIuundUnAquURIAUANKUUIIABIGNNING1GUEITUIA

<

Anluiuilleulon1sIATILINANTENUN@NNINEIGUE1INN SR B UL AsEsUNAGY

a a

AR 1AEN198 UBAN MU LasinanT Il UNauleInUFNRUSAUNG Y N13TIWUN

a
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NNTIATIETEIAY Warn15IT8L¥eUIuI (Quantitative research) Midaitiunisnagey
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(Deduction) Iagldn1siiasigvimsadmidudfidnaienu (Creswell, 2014; oladie
UITNA, 2558)
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ATUNIITY warAUEIAYIBINITITY (Creswell, 2014; nanwa lnsITnsA, 2558;
olauvis suATeRa, 2558) dai)

1) MFITuLUUNTaUnU (Convergent parallel design)

2) MeIuvUTuRewBesUe (Explanatory sequential design)

3) MyITeuuuTunewddisnm (Exploratory sequential design)

4) MyIvunUUTessunglu (Embedded design)

5) M53AguuulfU (Transformative design)

6) N1FIFULUVUNAEYIS (Multi-phase design)
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Exploratory Sequential Mixed Methods

Qualitative Quantitative
Data Collection Builds to Data Collection Interpretation
and Analysis (QUAL) and Analysis (quan)

A 24 FULUUMTIBUUUTURBWLTE59 (Creswell, 2014, p. 207)
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- nsdaunmnisad (Observation)
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- Msdunual (Interview)
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Tngmtaian1sdnn1sun (Water sensitive urban design: WSUD)

Prince George’s County (2011, 99@slu Afl duvesana, 2554) UNAINIILNT
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Water, 2016; auns §ins1gad, 2553)

Precipitation Forested Urban Precipitation

Evaporation Reduced
Permaadie evaporation
Reduced
Less permeadie Transpiration transpiration P
ol o6 rock Infiltration
Viate, Increased & Reduced
7 ey, /\ polluted infiltration
/\ Runoff runoff 8
Baseflow A
. Reduced basefiow
Increased erosion

AN 25 NaNsEnUneNNIngIaINMsiUdsuLUasdsUnaaurifu (Melbourne Water, 2016)
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AN 26 MIYsEENAKLIMGERNNTRRNLUUMNKLIARNTTEBNL UL BdlAeATsiin15dnnsun
szAUnthgATISoULaz SzAULlas (The Construction Industry Research and Information

Association, 2013)
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rainwater tanks raingardens sediment ponds wetlands swales
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TneAiedan153nnisun (Melbourne Water, 2016)
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2.4.2.1 Spatial Heterogeneity in Urban Ecosystems: Reconceptualizing Land

Cover and a Framework for Classification (Cadenasso et al., 2007)
Fnsfneiieann wazadeanudilandnaineiveanis
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2.4.2.3 Hydrological Impact of Land Use Change in Tropical Hillsides: The
Impact of Patterns (Mejia, 1998)
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AULIAANE Al (Cellular automata: CA) (Mejia, 1998, p. 32)
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I = Apudusy (Rainfall intensity) 3oy faduns/

=
UM

L))

¥

A = WuNsuth (Watershed area) fiveidu ms19ilawns

naun1stesuilinsudadeidanasion1siinuivin AoAIuTuLse
d‘ [y} 1 [y a Q‘ | dy d‘u go’ 4" d! [~

wagszeziaiuaniuAduUsEansnsiuaunluiunsuinniey daduaunis
& o ) ° ! ) Ay 1 v v °
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LUUINADIMNAMAFI ARSI D N1SUTEUIUNSUSUNEYINRI AU UT ane
520U (Washington State Department of Fish and Wildlife, 2004, 2012)
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4.2.1.1 wUUTERINTIMARUUMANITALAET (Single-event runoff models)
wuudtasenisinavesiinudiulngazidunissianinisviicuuuy

¢ a o i H a v
WHN1TaAET laed1aeinisinauivesuiduainiiauluvesadnuidusuy
(Precipitation intensity), 8n5101158uN BN (Infiltration rate), iansina

21 luantn (Time of concentration) WazIAUNITHUNIEAUN (Time of

Y

travel) Fawvudasslunguildnldivenisuszananisusunainringegavesguin
& & A oa
YUIPANLUNUTIL B
1) Hydrologic modeling system (HEC-HMS)
2) SCS/NRCS Curve number method
" WIinTR-55
° a 3 < & oA o« =
wuudtaesanninerquiivuiaanluiiuiiies nie
WinTR-55 l¥szuuufjufnisvanuas TR-20 Litoa319vanInunvin
n1steuteyadiulsvnaulassaiidludunienisivavesdiuives
wuudnaessessunsivaduituiunasiladnd (Farm pond) el
[ = o o & 1 ! o [ A a
Wuileanisiinaudunugiuegisding ilvldilundeuves
NUABNNITOBNKUUNITUINITIANITUNEY (Stormwater  best

management practices: BMPs)
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" TR-20
nMsassvan mviluszuuuFoRng TR-20 vy
52UU83 WinTR-55  Tnefinsteudesyadiutszneulasaiidly
Funanisluavesdniives TR20  duszdanududeusinnis
WinTR-55 iaa%’umiﬂau%’ayjaLLUUﬁﬂaaqmﬂmﬂ”’aLs?jamﬁﬁwm

dy ~ %,’ . [ < sg
NUN (Development), N1558U18UN (Drainage) WaZAITANLAUUD

(Detention scenarios)

Custem :
Roffiban | Dgidie | mepenies S L ol
ni H
Data Hydrograph : and Plots
Help Land use Custom WinTR-20
Text Painter Rainfall Input File
File Distribution Mame i == Debug —
WinTR-20
Input Data — Error  —
Printed
Legend Page
= Data Flow
ser> Program F low L+ Hydrograph —

A 57 wunmszuulfiRmsuuudassgnniveguihawadnluiuiidies

(Natural Resource Conservation Service, 2009, p. 2)

4.2.1.2 wuudnasInIstrauuseliled (Continuous-flow simulation models)

LUUINABINS Ak uUsBLadlddmsunsiainnsiasunuadluaniinain
n1siasuwlasdeyanisgnningiiteUszunansusinavinluiiuiidles uaz
a d' I~4 % a 94; 1 % 1
NWANTUIAIIUD LLasmmLﬂulﬂlmﬁuaqﬂsmmmmmﬂmmmLﬁumuma6]

1) GlS-based modeling system for watershed analysis: GISWA

2) Storm water management model: SWMM

3) The hydrological simulation program: HSPF

a
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ann1saisnsmslnageanvestinludniluiiuiiguauiadnld lefimsuanawalugy

paildlunisadesanimimi Gsaunsatluszandldsols
wuudaesgnninenduivuiaidnluiuiifies faunisdsdlunisdumiion

nadnsvasilatesine lnannsaesuneauduiusvessuuslunsazaunsidsmeluil

(Natural Resource Conservation Service, 2009)

" AUN15ANLIAMUSHNANTS IaYeIdIvinRIAY (SCS/NRCS  Curve  number
method)

Q = (P-1g)?

ﬂ”lﬂﬁ;mﬁ m

Tneh
= USHautdvineu (1)

Ysuaituazay (17)

v v QO
I

= dngnnnsTningagavesiiinu (i)

~
Q
Il

MsgamelIuusn ()

gunisivannislaeiludsUSuradidunanasuiunagns
(Precipitation; P) asgnuuseanidu 3 d@wlnglq laun nsagymesuusn vse
Paainilnaesgnigludiu (Initial abstraction; I,), NM3BuEWRIAU (Soil and
Land cover; S) ka1 (Runoff; Q)

78N15904 SCS lannnsiasiziteyatinu wazuvinluiuusene
an3TOLISNT HAINNITIATITANUIIUTUIUIVIIRIAUILLTUANTUN 18R

r-:l' v = a a ! a a

PnunnlludIvsseziamile Usinasluggymeisuusnnsunsiinusuiu
whiafutuiadunisagmeisuwsn daudneningigaveinisiinusuio
UiIGuAe (P —1,) legiianisagideainnisduassiuiaaulunseuiu
wardruwdeaznateidulsunainin@u (Direct  runoff, Q) (Natural
Resource Conservation Service, 1986; Usenau "ﬁiﬁ]qu, 2539)

Wethdeyausunamuazay (P) wagdsuadviiiifu (Q) vesitudiun

T U o X dy ¥ 4 v ¥
MANUFLNUS WU NUNSUUNTTITUUN (5=0) TUaudsiunsuineeulimig
Augs (S JAnasunn)  Wulddanimd 58 wagldsunsusuugelududu

wnsgulagnisimueAlliinieduiendt Curve number: CN
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7 Curves on this sheet are for the
case I3 = 0.2S, so that
. 2
Q= (P-0.25) $
8 P +0.8S %,

Direct runoff (Q), inches

Rainfall (P), inches

AN 58 LEULERIANAURNUSTENING P way Q euddvee SCS

(Natural Resource Conservation Service, 1986, p. 2-2)

A1 CN Mlea1nN15dTIaNINAY, N15UNARNAL WAZENINAINLTY
a = 1 v = = = o 5 v &
voshu Feegneld 2 Feuly Ae Reulvauanunsalunisaaduin waginiiu
Wwesiu (Hydrologic soil group) wazReulyvesanmgiisvinandasulng
M3gadu wazinAudIiy
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a a a o

waneanulumuUsEIAnasUneauRlIRuLty 1ae SCS Tain15anwkuaA CN ANy

q

' ]
faa a

anwauenslduseloruifuniun1sned 1 Al N wussgnalali
WzaNLaa ST UNunguiinstifinwdudeiesdinisifisuteyanguau Live

lldlunsideyairduuudiaessiely
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MITNA 1 A CN dmsuiuAsuiimudneu U lesinnuUssLanenge Ineisnis

wUswes SCS (Usznau Alsaung, 2539, u. 111)

Land Use Description Hydrologic Soil Group

A B C D

Cultivated land!: without conservation Ireaiment 72 81 88 91
with conservation treatment 62 71 78 81

Pasture or range land: poor condition 68 79 86 89
good condition s, 39 61 74 80

Meadow: good condition 30 58 71 78
Wood or forest land: thin stand, poor cover, no mulch 45 66 77 83
good cover2 25 55 70 77

Open Spaces, lawns, parks, golf courses, cemetencs, clc.

good condition: grass cover on 75% or more of the area 39 61 74 80
fair condition: grass cover on 50% to 75% of the asea 49 69 79 84
Comumercial and business areas (85% impervious) 89 9 94 95
Industria} disuicts (72% impervious) 81 88 91 93
Residential3:
Average lot size Average % impervious4
1/8 acre or less 65 77 85 90 92
1/4 acre 38 6! 75 83 87
1/3 acre 30 57 72 81 86
172 acre 25 S4 70 80 85
1 acre 20 S1 68 79 84
Paved parking lots, roofs, driveways, etc.S 93 98 98 98
Streets and roads:
paved with curbs and storm sewers$ 98 98 98 98
gravel 76 85 89 91
din 72 82 87 89

1Foc a more detailed description of agricultural land use curve numbers, refer to Soil Conservation Service, 1972,
Chap. 9
2Good cover is protecied from grazing and litter and brush cover seil.

3Curve numbers arc computed assuming the runoff from the house and driveway is directed towards the sureet
with a minimum of roof water directed 10 lawns where additional infiluation could occur.

4The remaining pervious areas (lawn) are considered to be in good pasture condition for these curve numbers,
5In some warmer climates of the country a curve number of 95 may be used.

' v
€ aa o
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" AUNITAIUINAINITIAUNIIYIUIHIAU (Travel time; Tt) wazLIaINIsva

S2uUAIva9EbuaN (Time of concentration; Tc)

NFRNT
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Tnei T,
L
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3600

AINGNT
Y

Tned T,

m

L
3600V

Tt =

LAINSAUNIUeL (F3lu)
ANNENIA YD IZYENNVDIN T IAUURAY (W)
puFlunisluaade (We/Aund)

nsuUasaeanduidudnlug

TC - Ttl + th + "'Ttm

LaINIsiasusIveinlua1d (371u4)

Fuumienisiua

o < 3 o 3
" aunisauiuaslunsiuavesiilugnu V)

NNGAS

Tned 14

21
1.49r3s2
n

V =

anusatunisinawie (We/Auni)
U = . . a
Saflvarans (Hydraulic radius) (o) =—
w
X A v o o 3
a = WUWIRWIAAAIU (M1T19%R)

ANsgMLEusaUFUREna1 (1)

Pw

ALAALBEEN (We/1m)

duUTEANSANNVTUTENURIE VR Manning’s

(@usuaniuwuun)

it 59 My Tarsafivaranianil (Akan & Houghtalen, 2003, p. 66)
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4.2.2 mansgudeyaiiialdlumsliasey
4.22.1 YoyanImaIenNINeInIe

1) Toyan1nanen1eInd nsuNuinms Insiiuteyaidu 2 daam

Aolul W.A.2510 way U W.A.2538

AN 60 ANAIENIBINAUTINGUIINTEIRNYY B1INERY A.NLTU

9.4199 2.0410 NNITURAUTINT (2510)

29 61 AMiEeNIseINAUIMGIINTAAN Y 81ngay A.ngTU

945199 2.0419 W.A.2538 IINNTUNUTVIVT (2538)
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2) Yayannegn1991n1A Google Earth U w.¢1.2559

AN 62 AMNAIENNDINAUTIIUGUUINTAUANY B1INERE 7.NLTY

8.1loe 2.94fim 91 Google Earth (2016)

4.2.2.2 Yeyaldutunlnug
YoyalduTEAUTUAIINGS SEAUANMNTUNNTEEE 2 1WAT (Contour
interval) @ usuni1sAwItANNaIABEE U TuNuquEINTaANYT wasnIs

AasgAdumsEEnihmudeyadutunLglaggeiug ArcGIS

M9 63 LHUsEAUTUAINAIUS UGN AL
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WieUsganaININaNSENUN NN Inequsie

4.2.2.4 Yoyavyianguau

n1sPkundnuuedunAaullfuuTIaguUIngas WolhuSsuiey
v o yaa o a ! H < & Ao
funsduunyssnnnslidnauluiuuitassgnning guinvuadnluiiuiiies

wanIadanguvesanwurdnaquiIfu lnRwm1sei 2

4.2.2.5 Yoyausuaiely

ndeyauFunaniruseiugae U w.m.2529-2559 @onil 564201-0419

Jwiagiin a1nnsugailendnet Jeyandndudmsuuuudiassfedoyausuna

Y Y

v
A o

wrludadudeyaUsunaausieiu vieumufinnuiu 24 49lus fenunisiineu
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AUsunaieuluseau 2-30 T 9981 24 971ue neusunasiiuluseau 1

Y fAwindu 83.20 faduns sau 2 U JAwinniu 102.60 fadwuns sau 5 U

= 1 a1 [
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20000

Rainfall 24-Hr
Return Period  Rainfall
o AT2BI, or)  Amount (mm)
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n.4. Un.m.2529

=3 2557 2004
=4 2556 2013
52555 2012
62554 2011
152.8 72553 2010
8 2552 2009
9 2551 2008
=10 2550 2007
112549 2006
12 2548 2005
132547 2004
832 14 2546 2003
=15 2545 2002

e [ | 16 2544 2001
=17 2543 2000
182542 1999
=19 2541 1998
20 2540 1997
212539 199
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24 2536 199
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Sub-area 2530 Soil CN Area(krnz) 2559 Soil CN Area(kmz) Total Area
A [Woods: Good 0.178 A |Woods: Good 0.164 0.178
’ A [Bare soil 0.005
Area |
A |Residential districts : 65% 0.008
A [Woods: Good 0.772 A [Woods: Fair 0.734 0.923
A |Residential districts : 12% 0.086 A [Residential districts : 65% 0.106
B |Woods: Good 0.062 A |Bare sail 0.015
peal 8 [Residential districts : 12% 0003 8 |Woods: Poor 0029
B Residential districts : 65% 0.040
A |Woods: Good 0.295 A |Woods: Good 0.291 0.295
Area Il ' ‘ A |Residential districts : 30% 0.001
A |Bare soil 0.004
A |Woods: Good 0.569 A [Woods: Fair 0538 0.606
B |Woods: Good 0.032 A [Residential districts : 38% 0025
Area IV B [Residential districts : 12% 0.005 n A |Bare sail 0.006
B |Woods: Poor 0.020
B |Residential districts : 65% 0018
A |Woods: Good 0.951 A |Woods: Good 0.733 1970
A |Residential districts : 12% 0.027 A |Residential districts : 65% 0.215
B [SG - C&T + Crop residue : Good 0.214 A |Bare soil 0.022
B [Residential districts : 12% 0.046 B |Woods: Fair 0.060
C |SG - Contoured (C) : Good 0.459 B |Residential districts : 65% 0.188
C Residential districts : 12% 0.052 B Bare soil 0.012
Area V
Sand-C [Woods - grass combination : Fair 0.063 C Open space : >75% 0.100
Sand-C |Residential districts : 12% 0.145 C UD - Commercial & District : 85% 0.385
Sand-C |Bare soil 0.014 C  |Bare soil 0.028
Sand-C |Open space : >75% 0.095
Sand-C |UD - Industrial : 72% 0.097
Sand-C |IA - Paved 0.035
A |Woods: Good 0.399 A [Woods: Good 0382 0.399
Area VI \ A |lIA - Street and roads : open ditches 0.012
A [Residential districts : 30% 0.006
A [Woods: Good 0.167 A |Woods: Good 0.138 0.350
A |Residential districts : 12% 0.007 A [Residential districts : 65% 0034
D [SG - Contoured (C) : Good 0.020 D RC - Cont & terraced(C&T) : Good 0.014
Area VIl D [Residential districts : 12% 0.005 D Residential districts : 30% 0011
C|SG - Contoured (C) : Good 0.109 C  |Open space : >75% 0.009
C  |Residential districts : 12% 0.043 C  |Residential districts : 65% 0.135
C IA - Street and roads : dirt 0.009
D |RC - Cont & terraced(C&T) : Good 0215 D |Woods: Good 0.160 0416
C SG - Contoured (C) : Good 0.073 D UD - Industrial : 72% 0.036
C  |Residential districts : 25% 0.048 D [IA- Street and roads : sewers 0.006
Sand-C |Woods - grass combination : Fair 0.053 C Open space : >75% 0.024
Area VIII Sand-C |Residential districts : 12% 0.026 C  |UD - Commercial & District : 85% 0.095
C IA - Street and roads : dirt 0.010
Sand-C |Open space : >75% 0.038
Sand-C |UD - Commercial & District : 85% 0.046
Sand-C |Bare soil 0.001
Total 5137
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a

PuunveaLuUIaes uusdnuasdsneauinfusenidu 5 dnvae il
1) fuifenaquieiiutiiifirugauaysal (Woods)
2) ﬁuﬁﬂﬂﬂqmﬁwﬁuﬂﬂaﬁwjﬁmﬁﬂ (Woods and grass combination)
3) ﬁuﬁmumw%n, UM wazarunalyd (Cultivated agriculture)
4) fufiundn (Rice field)

5) FUNHAIUILAY WIoNUNLIeY (Developed area)
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Surface
Buidings
Vegetation

il 67 Msidsuwlasdsunaguinfivguiiness U w.A.2530

Surface
Buidings
Vegetation

Al 68 MatURsuwlasdsunaguinfivgudnens U w2559

4.2.3.2 M3uUNToYaUTHANYARY UTLIUNUAANY

FUUNUTELANYARUUTIUNUNGUUINTAANYIUTENBUAINFUYARY 5

a v

naugeAuTadianwazuand1eiuly lngnswianguiuniuisues SCS Asandly

'
a

#1979 3



M9 69 NsTMUNTIANgUALUIIMGIINNE A

[ sand
M 22

B 268

[] 26D/53D

- e

A5 3 NTMUNToYAUTHANYARY USHIUNUNANWK

Sub-area | Soil Group | Area (sg.km.)
Area | 62 A 0.177671
Area |l 62 A 0.85437
26B B 0.06543
Area lll 62 A 0.295478
Area IV 62 A 0.568818
26B B 0.037436
Area V 62 A 0.975158
26B B 0.260134
22 C 0.511156
SAND C 0.223976
Area VI 62 A 0.399259
Area VII 62 A 0.173576
26D/53D D 0.024749
22 C 0.152385
Area VIII 26D/53D D 0.227379
22 C 0.121099
SAND C 0.068729

14
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G =2x100
L

<«Depth (D)™

«—ength ()——>

gl D =  SrevdIeveAINgavenduseau (Vertical depth)
L = ssuzyiesywinaduseaulune (Horizontal length)
G = anuandes (Gradient) Ivthedu wWesidus (%)

31971 4 Feyadthuinaguiingay .04

Reach | Flows into upstream end | Length (m) | Manning's | Slope (m/m) | Bottom Width (m) | Average Side Slopes

Reach A

Reach C

1,173.96

0.03

0.06

Reach B

Reach C

897.12

0.03

0.16

Reach C

Reach E

1,706.65

0.035

0.038

Reach D

Reach E

649.89

0.035

0.0217

Reach E

Outlet

814.45

0.025

0.0074

4.2.3.5 S2ULIAIN5Ma5UA2U99UN (Time of concentration)
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Tc = Tt1+Tt24Tt3+Tt4+Tt5

o :
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Q peakimodel 1 = 22.90 cms
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Woods

[ ] Row Crop Cont & terraced
[] Woods - grass combination &
B small grain 3

Residential districts 1/2 acre
[ "] Residential districts 2 acre

[ ] Fallow Bare soil

il 79 namsdwundunaguiafu T w.e.2530 auuuudassgrnineiguinvwadnluiiuiiies

M1399 5 HamsAnwiaunaquiianu U w.a.2530 Wuiiguingesd 1-3

Weighted
Sub-area 2530 Soil CN Area(km?) |Total Area
CN
§ A Woods: Good 30 30 0.178 0.178

Area | \s
\\ A [Woods: Good 30 33 0.772 0.923
\ A |Residential districts : 12% 46 0.086
AN\ \ B |Woods: Good 55 0.062

Area Il &

a\\\\* B |Residential districts : 12% 65 0.003

\‘ A |Woods: Good 30 30 0.295 0.295
Area Il @
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'
a P

M1319% 6 Han1sAnWAIUNAUEIAY U W.A.2530 Nuitquigesd 4-8

Weighted
Sub-area 2530 Soil CN o Area(kmz) Total Area
A |Woods: Good 30 32 0569 0.606
‘ B |Woods: Good 55 0.032
Area IV \\ B |Residential districts : 12% 65 0.005
A\
A |Woods: Good 30 54 0.951 1.970
A |Residential districts : 12% 46 0.027
B [SG - C&T + Crop residue : Good 69 0.214
B |Residential districts : 12% 65 0.046
C  |SG - Contoured (C) : Good 81 0.459
Area V C  |Residential districts : 12% 7 0.197
C  |Woods - grass combination : Fair 76 0.063
C Bare soil 91 0.014
A |Woods: Good 30 30 0.399 0.399
Area VI
A |Woods: Good 30 56 0.167 0.350
A |Residential districts : 12% a6 0.007
D |SG - Contoured (C) : Good 84 0.020
Area VI D [Residential districts : 12% 82 0.005
C  [SG - Contoured (C) : Good 81 0.109
C  |Residential districts : 12% 7 0.043
D |RC - Cont & terraced(C&T) : Good 81 80 0.215 0416
C |SG - Contoured (C) : Good 81 0.073
/‘\\_,/,;) ¢ |Residential districts : 25% 80 0.048
Area VIl f""“/_/ \/ C  |Woods - grass combination : Fair 76 0.053
[~ g J' C  |Residential districts : 12% 77 0.026
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a

51.1.2 wamsﬁﬂmémﬂﬂquﬁmu U 0.6.2559 (571971 7-8)

Woods
[ ] Row Crop Cont & terraced
. Open space; grass cover > 75%

B Commercial & business

B ndustrial

B Residential districts 1/8 acre
Residential districts 1/4 acre
[ Residential districts 1/3 acre

[ Paved; open ditches (w/right-of-way)
[ Dirt (w/ right-of-way)
[ ] Fallow Bare soil

= ° = a a o o a 3 < L Ao
AN 80 Namﬁﬁmmﬂa\‘iﬂﬂﬂqummu U W.A.2559 m’mLLU‘LJmaa\‘lQVlﬂ’JVlEnqum‘umﬂLafﬂ,u‘wuwum

M50 7 nansfnwdsunaquiiafy U w.e.2559 Wuniguiigesd 1-2

Weighted
Sub-area 2559 Soil cN Area(km?) | Total Area
N

A [Woods: Good 30 33 0.164 0.178

A |Bare soil 7 0.005
Area |

A |Residential districts : 65% 7 0.008

N E
A |Woods: Fair 43 44 0.734 0.923
A |Residential districts : 65% 7 0.106
A |Bare soil 7 0.015
Area ll
B [Woods: Poor 66 0.029
' B Residential districts : 65% 85 0.040




M1319% 8 Han1sAnwAIUNARURIAY

a

¥ v

T w.m.2559 Nufigunirgosd 3-8

88

. Weighted 5
Sub-area 2559 Soil CN Area(km”) | Total Area
CN
— J/,‘._\ A [Woods: Good 30 31 0.291 0.295
Area lll \ > A [Residential districts : 30% 57 0.001
A\ _
A |Bare soil 7 0.004
A [Woods: Fair 36 40 0.538 0.606
A [Residential districts : 38% 7 0.025
Area IV ‘ A [Bare soil I 0.006
g P B |Woods: Poor 66 0020
B Residential districts : 65% 85 0.018
A |Woods: Good 30 64 0.733 1.970
A [Residential districts : 65% 77 0.215
A [Bare soil 7 0.022
B |Woods: Fair 60 0.060
B |Residential districts : 65% 85 0.188
Area V B Bare soil 86 0.012
C  |Open space : >75% 74 0.195
C  |UD - Commercial & District : 85% 94 0.385
C  |Bare soil 91 0.028
C  |UD - Industrial : 72% 91 0.097
C  [IA- Paved 98 0.035
- A [Woods: Good 30 32 0.382 0.399
N
Area VI P/ \ A [IA - Street and roads : open ditches 83 0.012
//w’/ A [Residential districts : 30% 57 0.006
A [Woods: Good 30 64 0.138 0.350
A [Residential districts : 65% 7 0.034
D |RC - Cont & terraced(C&T) : Good 81 0.014
Area VIl D [Residential districts : 30% 86 0.011
C  [Open space : >75% 74 0.009
C Residential districts : 65% 90 0.135
C  |IA- Street and roads : dirt 87 0.009
D  [Woods: Good 7 84 0.160 0.416
D [UD - Industrial : 72% 93 0.036
D [IA- Street and roads : sewers 98 0.006
Area VIl C Open space : >75% 74 0.061
C UD - Commercial & District : 85% 94 0.141
C  |IA- Street and roads : dirt 87 0.010
C  |Bare soil 91 0.001
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M5 9 KANSANYINANTENUNGNNINEIGUU

Sub-area Identifier Tt (hr) Tt (hr) | Sub-area Identifier Tt (hr) Tt (hr)
Sheet 0.267 0.315 Shallow 0.380 0.53
Area | Area V
Shallow 0.048 Channel 0.150
Area Il Shallow 0.271 0.271 Sheet 0.288 0.381
Area VI
Sheet 0.259 0.325 Shallow 0.093
Area I
Shallow 0.066 Shallow 0.162 0.178
Area VI
Shallow 0.127 0.127 Channel 0.016
Area IV
Area VIl [Channel 0.056 0.100
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5.2 Wan1siUSeuigukuuINaaNan1sUTTNIMNISHaNSENULU IR Y
5.2.1 wanmsiUSeuiiisumsilagunuasdeunaquiisiu

Ns9MUN wardsIzilseuisuUssmasUnaquiiAuniinisasundasluly

seudszann 30 U vinaguiingsy lag@euleaiuisn1sinuundsunaquilifuiia

9

Fimenndmiugiiiaiies uazlUTguigunansenuNenNINe1guiiinINN1g

wWaguuUasdsunaquiifuusnaguiineaglagsannudim

] Yanfadu (Surfaces)

W o0 (Buitdings)

[_] %anfinu (surfaces)
- 87715 (Buildings)

B #vwsseu (Vegetation) [ Fovsnu (Vegetation)
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M1319% 11 TgazdeananisIiundsunaguiuquigeydui 2

Sub-area W.A.2530 Soil CN Area(km?) W.A.2559 Soil CN Area(km?)
A |Woods: Good 0.772 A |Woods: Fair 0.734
A |Residential districts : 12% 0.086 A |Residential districts : 65% 0.106
Area ll B |Woods: Good 0.062 A |Bare soil 0.015
B |Residential districts : 12% 0.003 B [Woods: Poor 0.029
B |Residential districts : 65% 0.040
L A5 A
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Sub-area W.A.2530 Soil CN Area(kmz) W.A.2559 Soil CN Area(kmz)
A [Woods: Good 0.295 A [Woods: Good 0.291
Area lll ' ' A [Residential districts : 30% 0.001
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Bare soil 0.004
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M13199 13 TgazBuanansIundsuneguinuduiigedun 4

Sub-area W.A.2530 Soil CN Area(kmz) W.A.2559 Soil CN Area(kmz)
A |Woods: Good 0.569 A |Woods: Fair 0538
B |Woods: Good 0.032 A |Residential districts : 38% 0.025
Area IV “ B |Residential districts : 12% 0.005 “ A |Bare soil 0.006
B |Woods: Poor 0.020

B [Residential districts : 65% 0018
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M1319% 14 Tgazdeanan1sIiundnaguiifuguindesdIun 5

Sub-area W.A.2530 Soil CN Area(km’) W.A.2559 Soil CN Area(km?)
A [Woods: Good 0951 A [Woods: Good 0.733
A |Residential districts : 12% 0.027 A |Residential districts : 65% 0.215
B |SG - C&T + Crop residue : Good 0.214 A [Bare soil 0.022

Area V

B |Residential districts : 12% 0.046 B |Woods: Fair 0.060
C |SG - Contoured (C) : Good 0.459 B |Residential districts : 65% 0.188
C |Residential districts : 12% 0.052 B |Bare soil 0.012
C |Woods - grass combination : Fair 0.063 C |Open space : >75% 0.100

C |Residential districts : 12% 0.145 C [UD - Commercial & District : 85% 0.385

C |Bare soil 0.014 C |Bare soil 0.028
C |Open space : >75% 0.095
C [UD - Industrial : 72% 0.097

C [IA - Paved 0.035
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M13199 15 $18a8BUANaNITTILUNAIUNARURIAUGNUNEDEdILT 6

Sub-area W.A.2530 Soil CN Area(km’) W.A.2559 Soil CN Area(km?)
A [Woods: Good 0.399 A [Woods: Good 0.382
Area VI ’ * A |[IA - Street and roads : open ditches 0.012
A |Residential districts : 30% 0.006
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M13°99 16 TgazBuananisILundsunAguiRuquigedun 7

Sub-area W.A.2530 Soil CN Areakm’) W.A.2559 Soil CN Area(km’)

A [Woods: Good 0.167 A [Woods: Good 0.138

A [Residential districts : 12% 0.007 A [Residential districts : 65% 0.034

D |[SG - Contoured (C) : Good 0.020 D [RC - Cont & terraced(C&T) : Good 0014

Area VIl ( D |Residential districts : 12% 0.005 I D [Residential districts : 30% 0.011
C |SG - Contoured (C) : Good 0.109 C [Open space : >75% 0.009

C |Residential districts : 12% 0.043 C |Residential districts : 65% 0.135

C [IA - Street and roads : dirt 0.009
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M13199 17 T1gazdeananisIiundsunaguinuquigediui 8

Sub-area W.A.2530 Soil CN Area(km’) W.A.2559 Soil CN Area(km’)
D |RC - Cont & terraced(C&T) : Good 0215 D |Woods: Good 0.160
C |SG - Contoured (C) : Good 0.073 D [UD - Industrial : 72% 0.036
C |Residential districts : 25% 0.048 D |IA - Street and roads : sewers 0.006
C |Woods - grass combination : Fair 0.053 C |Open space : >75% 0.024
Area VIl C |Residential districts : 12% 0.026 C |UD - Commercial & District : 85% 0.095
C |IA - Street and roads : dirt 0.010
C |Open space : >75% 0.038
C |UD - Commercial & District : 85% 0.046
C |Bare soil 0.001
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A159 18 asunanisiUTeuiieudnsnisivagegavesdiluaun (Peak flow) Wuuinaesdl 1 wag 2 wiax
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Peak flow (cms)
Sub-area 1-Yr 2-Yr 10-Yr 25-Yr
1987 2016 1987 2016 1987 2016 1987 2016
Area | 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 =
Area Il 0.00 0.00 = 0.00 0.17 ™ 006 2.42 ™ 013 3.76 ™
Area Ill 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 =
Area IV 0.00 0.00 = 0.00 0.00 = 0.00 094 || o006 1.81 ™
Area V 1.08 527 || 353 1009 || 11.28 2143 || 1459 2573 |
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Area VII 0.58 1.71 ™ 1.55 3.11 ™ 409 6.33 ™ 510 7.54 ™
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mslfd%smLﬁsmmﬁm?{aul,maq?iwﬂﬂquﬁaaumaqﬁuﬁduﬁws}aaﬁ 5 lusfauay
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ﬂszwuGi@ss‘uqufﬁ‘wmzjmfﬁﬁm%uiuﬁuﬁa;mﬁmsm laguansldanuans
Wisuidleuranimuinit (nwdl 86) wasdlevundieseiisuidisumuduiusseaing
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0.951

0733

Woods: Good

100

W.A1.2530
W.A1.2559
0459
0385 0403,
0270
034 0195 \\\\j
0.097 \
0.060 0.063 0.062
0.000 0.000 0.000 0.000 0.000 0.000 ooon. 0.000 \ooon 0014 ]
N
Woods: Fair Woods -grass  SG-C&T+Crop G- Contoured (C) : Open space :375% UD - Commercial 1 & UD - Industrial : 72% Residential districts Residential districts  Bare soil A~ Paved
combination : Fair  residue : Good Good District : 85% 65% 12%

29 85 HamsUTeUTiBunsTLUnAsUnaguRAugunges 5 U w.A.2530 way U W.A.2559

il
=~
N.A;2530

| PR S TR T S S me— N wuyshaesfl 1 duthnedy = 125,543.46 gounadiues__{
(S ST S S s T, I .A2559
H Q peak model 1 = 2302 cms R : Ly :
2 VTIABIR-2 84 AP E--(A)- = 22 59429 At

uvudnaed 2 m A £ (2) = 157,362.86 gnuienims
L S 4

...........

bS] (VIR Oy WA I RIg I RBO 1A) = 205,2084 F'Ejﬁ'ﬂ"i(i\ﬁ[ifﬁ'i""

Q peak Reach C='5{15cm

8. 8 10 12 14, 18. 18, 20. 22 24
TIME (hrs)

2NN 86 mamiuﬁ‘c’mLﬁwﬂmﬁmqﬁu%aﬂ%mmﬁwmﬂaamwmﬁ”lam , U ay A
A A Y s % - K o w P P
YRINQUNUYQNUNYDIAUUY NANUN WazUanguInuaIny (W.A.2559) B Uununng)

Wesuunauigesd 5 fukuuinasd 1 (W.A.2530) Usunasauseu 25 U
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vaaludt wuiinsivdsuudasnuiisisdanaguauilidug vie
Fuhmilnavinlignsnisivegegavesiiludiiuay Tumanduriu
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nsasusUatwnundsnaguiafungudilauinasiinainlignsinis

Iyagegavestludinanas

6.1.1.2 mnuduiusszninnisdsunlasdsunaguinfuiuinainisivaiud
yostilugith wuinaudsuwlaunuiidasdsunaquiuiludu vie
Futhehinarhlfinainislvasudvesinludiniatu lumandufu
nMaBsuulatunuiidenaguinAuiidudldunasdnasiliiaanns
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6.1.1.3 anuduiussenitmsuasunladslnaquiiafuiuuinaivinianu

! a Ay o a dv e 8 oaA s T 6 A
W‘U'J']ﬂ']ilﬁ.]aSULLUaQLLWUV]ﬂ'JEJ?N'IJﬂﬂ@uﬂu%lﬂ%ﬂu’]ﬂi@%uu’]G]']llma
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a a a
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V]']IW@J‘Ui@J']ﬂJu’]W']N'JﬂULWQJ?Ju GLUV]'NﬂaUﬂUﬂ']iL‘UaEJ'ULL‘UaQLLV]'U'V]?N
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UnAquiafundutlaunaziinayililinamiviiafuanas

nANNFIRUsSTIIuaInsamanlauUssgnaldluniseSuienisiasunas
aiita wagthlUldysannismeglandaenssumuwuifnniseeniuuiiedlaediilad

Y

Ms3nn1susalule Tnen1sad19uuUdIaestaLEuan1seankUULI DI NDaANANTENUNIY
¥ g

avmivenguii liun nmsiuiuidnifvyzasiannsmaiaiuiidides uaznisvens

mahdagduiiedinusunnsnsiuihvesdni

6.1.2 uvuitasaflemsysannsmsgianndnenssumunuiAnnisoonuuuiiiesiag
Frilsfisnsdaninin
6.1.2.1 wudiassnsidsuulasdenaguinfiu
1) Wafiuiivnls (Woods) 10%

gn1nsageanvesnludni wiriu 28.36 gnuiAniumsiedui

Woods
[] Row Crop Cont & terraced
. Open space; grass cover > 75%

Bl Commercial & business
B ndustrial
[l Residential districts 1/8 acre

[T Residential districts 1/3 acre

[l Paved; open ditches (w/right-of-way)
[ Dirt (w/ right-of-way)
[ Fallow Bare soil

2NN 87 WUk uUSanansiiudiunUa Ll (Woods) 10%
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2) Wuiiuiinls (Woods) 20%

gn1nsvageanvesinludni wiriu 23.38 gnuiAniuasieduni

Woods
[] Row Crop Cont & terraced
. Open space; grass cover > 75%

Il Commercial & business
B Industrial
B Residential districts 1/8 acre

[l Paved; open ditches (w/right-of-way)
[ Dirt (w/ right-of-way)
[ Fallow Bare soil

AN 88 Uk UUIIaRIn SN unUN T (Woods) 20%

3) iufuiilas (Open space) 10%

gnsn1sivageaauasinluau wihiu 30.45 gnuieniunsseiunii

Woods
[ Row Crop Cont & terraced
[ Open space; grass cover > 75%

Il Commercial & business

B ndustrial

B Residential districts 1/8 acre
[B Residential districts 1/3 acre

[l Paved; open ditches (w/right-of-way)
[B Dirt (w/ right-of-way)
[ Fallow Bare soil

AT 89 WHUTILUUTIABINISIANNUNLES (Open space) 10%
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8) viuituiild (Open space) 20%

gn1nsvageanvesnludni wiriu 25.35 gnuiAniuasneduni

N Woods
["] Row Crop Cont & terraced
. Open space; grass cover > 75%

Bl Commercial & business
B ndustrial
B Residential districts 1/8 acre

[l Paved; open ditches (w/right-of-way)
[B Dirt (w/ right-of-way)
[ Fallow Bare soil

AN 90 LHUTLUUTIaDINITRNNUNTAS (Open space) 20%

° a & doa v A A & Ag ]
'ﬂqﬂLLUUQ']@EJ\?ﬂ']iLWNWUWﬁL‘UBQIﬂﬂlﬁLﬂUWUWﬂW LLagwuV]IaQWU'J'] 19

dinunUlel 20% sibvigasinisivageanvestludiianawnign lnvanasd

12.78 gnuiAnluassedundl  ielTeuliisuiuiuudasinisidsundasis

Unaguiiafiu U w.m.2559 Ndansnisinageaavestiludingsds 36.16 gnuian

wasAodudl FanisiiuiunUnlddudisandnsinisinageanvestnludn

1 QI dﬁl ‘NI 1 a1 v %)I o %)I 1 U
UINNTIATISLRNN WAL Imaumamnmﬂmaqqqmmuﬂummmmu 1.97

anuAluasieIui lnelseavidunfuuandunisied 19

M137197 19 agunanisilSeuiisudnsinisivaasanvesintudun (Peak flow) wuudnaesdl 1, 2 uae

wuudnaeansiiniunUnlduasiiuilas Joyarugeanseu 1, 2, 10 uag 25 Y

Land cover change model

6.59

8.82

791

6.59

821

691

9.52

14.65

1171

9.79

12.78

10.36

10-Yr

18.75

29.10

23.47

19.15

2538

20.73

25-Yr

23.02

36.16

28.36

clelele

2338

celen

3045

«lele]e

2535

clelele




Flow({cms)

Q peak model 2 2016(Qutlet) = 36.16 cms

1

SUtet) = 3045 cms
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P R TR

Q peak woods 10% (

Hutlet) = 28.36 cms

I T
O peak wipods 20% Tt

DULTet) = 25.35 ¢ms 1
utlet) = 2338 cms [

4. 6.

8.

1 14

TIME (hrs)

16. 18.

20.

22, 24,

= ~ =~ o S o o ° i °
AN 91 Nam‘sL"diU‘UL‘VlEJ‘UE]mﬁmﬂwaq&qmmuﬂummLL‘U‘U‘-\naa\WI 1, 2 Lagluuanas

nsiiuuUliwasiuinlas Jeyarugeanseu 25 U

450 a7
N
4.00 - §
: \
354 N §
330 ‘§ 325 § § 325 325
BN N\ N\ \ \ \
\ \ \ N \ \
\ \ \ N \ \
N\ \ \ N\ N\ \
250 - N\ N N
& s § § §
; N N N N N N
\ \ N \ N\ N\
£ 200 1\ \ \ \ N N
\ \ \ N \ \
150 N\ N\ \ N\ \ NS
N N \ \ N\ N
N N N N\ N
\ \ \ N\ \
N N N AN N
050 § 027 § 027 § 027 § §
) N\ \ N N
- N N N N N
) 2016: ADD 10% 2016: ADD 20% 2016: ADD 10% 2016: ADD 20%
1987 (Model 1) 2016 (Model 2) Wools Woods Y S— Operispiace
& Woods 354 325 376 4.27 325 325
B Small grain 088 0.00 0.00 0.00 0.00 0.00
Row crop 022 0.01 001 0.01 001 0.01
| m Open space 0.00 027 027 027 078 129
Bare soil 0.01 0.16 0.05 0.04 0.05 0.04
| @ UD - Commercial & District| 0.00 053 053 041 053 041
W UD - Industrial | 0.00 0.13 0.13 0.00 0.13 0.00
m Residential districts 049 0.79 039 0.14 039 0.14

a a °

A 92 wamsiUTeusunsiURsuLasEUnAguRfiu LuUd

v '
&k

WarWUUIIaRINSERNNUNUN T wasNuilas

@09 1, 2
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nuansseuiisudnsnisivaasaavestludgun (nwi 91) awiiu

IMUUIIBINTRNTUVRIRUN UL 20% Tusinunlans n wIaUSunuivintee

=

NwuUTIaeedus waasidivsunainilasgluduidesniiwuudnassdus &

[ <

wnarnn1sndvigndnuldlutufuinniuuudnassdus) vinlulenianiiag

J
WBeduananintiosnindae
SleRsanuamsiFeuiisusnsnisinageanvesitludniusgneuiy
E‘ULL‘U‘Uﬂ’]SL‘UalSULLﬂaﬁéﬂﬂﬂﬂqmﬁ’Jau%@ﬂLLUUﬁﬁaa\‘ifl’j\i 6 WUU (Al 92) WU
naiAsunlasdsnaquinfudinildifuturdedian ON 1 desalisnsinisiva
geanvetludnianas uashliusinanivinanasdeduiu fednsinisive

gegavasthludihNanastuduiusiua CN vedaunAaurfuiana

Ussinvdsuneaundian CN siuudidrugiglunisveasnisivanainveaun

' (%
a a a [

A WinNBudutiasd iy vilviusinawiniauiiintunigluguiianas

Rt

WeUsunutnvinanasusunainvinfluaasdantn senieszuisunfanasliaiu

Y
4 14

Mg dwalignsinisivaasanvesdituditianad 31nN15anaUeIUTIIMUNYINT

ARTUTB8AY ARAINULASINISNALUNYIININNNNSERAUYDIUIINA1LN

Open space(Lawns, Parks etc.): Good Residential districts: Impervious 65%
CN: 39 CN: 92

A7 93 A1 CN YasdeunAquilIRuUTEIAMANeY SHUNMIUKUUTIARY

gynivenguivuadntuiiuiidies
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<

WHudtud “Built-up area” lusiunndanudululanazaansaasuluduiuing
Weveilad 1y aulensavwInbag, NAuUTIREas Tauderosnlulsawsumie
(091 94) uaztuUSeuiiguiukuuItassnsildgunlasdsunauianuly U

W.A.2559 (huuanaas 2) Ineds1eaztdennanisnan 20

a a

i 94 Frg-uuudaesmsivAsunUasdsunaguiiafiu U w.e.2559 uiguiidesi 5

o o P G LA oA S S =
‘U'J'W-LLUUQ’]a@\‘l‘UEJLau@ﬂqiLWMwuma\ﬂuwuwLEJENIUWUV@NU’]U@EJVI 5

15199 20 Twandeanisilisunlasdeunaquinauiuuitaestelauenisiiuiuiladuiuiidioduiud

aungeu? 5

4

2559 Soil cN Area(km?) Additional Soil cN Area(km’)
A [Woods: Good 30 64 0733 A |Woods: Good 30 62 0733
A [Residential districts : 65% 77 0215 A |Residential districts : 65% 77 0202
A [Bare soil 77 0022 A [Bare soil 77 0009
8 [Woods: Far 50 0060 A _ 39 0026
8 [Residential districts : 65% 85 0.188 B |Woods: Fair 60 0060
8 [Bare soil 86 0012 B |Residential districts : 65% 85 0172
C  |open space : Good 74 0195 B [Bare soil 86 0.000
C  |UD - Commercial & District : 85% 94 0385 B 61 0028
C  [Bare soil 91 0028 c 74 0274
C |UD - Industrial : 72% 91 0097 C  |UD - Commercial & District : 85% 9 0352
C A~ Paved 98 0035 C  |Bare soil 91 0,001

€ |UD - Industrial : 72% 91 0,084
c

IA - Paved 98 0.029
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HaMsiUSeuguLuuTIaemudt nsiuiuladuiuiile@eegluium

1 ' o ' (%
a

duungesdl 5 vesiunguunsaifinyvinlvial CN vesUsenndsinAauinfuanas

N 64 wide 62 dealvidnsnisivagegavesludniianasmin 25.73 gnuian

=

wasneiund Uy 23.43 QﬂUWﬁﬁLMG}’iﬁiaauﬁﬂ

1%
=

ANNAT A UALLTAUINNSRUNUN AT 8Nzl udI UV UL 09kaYin

o '
=] A

WAnnsiUasunlassnsinisivagegavesdiludniananiosun meiuiiiles

' (% ¥ ]
= =1 =

wostiuasvegluiunaudaduiiuimanvesiuniguuinsdifiny) Asiuiungud
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(Watershed boundary)
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Haa1ININednus v ldaunsaasunseuLwIAnNSAN YT U B

16 agunuunisiasigideiinisfinwdnsneiegnaulussuy (Systematic

Y = v 1
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- s o & A oa & A dy T a a a
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¥
I A

AANALDE AIUUNITINNITUINAAITHNITIANITHILANUNAULIAT51S IneRDil



108

< °

miﬁﬂmaqﬁuivﬂauiﬂsqa%”mﬁug’mmamﬁﬁnﬂ%aLﬂuﬂizLmumﬁagmdw

Y

(% ' 1% [ 4 1% (%
= a1 o 1 =1 o

Usgnaunae mauwmamm ASNWUNYUUNYDY, wu‘wmum WEUN19U wagiu

q

=De

=

LIS ‘Vﬁ’e)‘W‘Ll‘WLQJ’eN LW@I%Lﬂﬂ‘Ui%ﬁ‘Wﬁﬂ’]Wﬁﬂﬁﬂ (ﬂ’]‘W‘V] 95)

Y 9

6.1.2.2 WUUINABINTUATUKUAIAIUAIALDEIAIUTIIVDIANLN

31NUeaTUE0INTOULMIAANTSANYITIUNAULTRY NIdaeinisAnyilu

Uszinuveaaungui uaziiunguiigos, Nuiduin, dunisdl uaziiuilaniz

9
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¥

ANNNANANAUDIAUSENDUNTY HI38Fbavinn1sAnewnAuAuTudIuilzans

Y v Y

wanwtleNingusraeiluawide ielvinseunaunsaukIAnNIANY T o9

=

Y ~ X a &
AULNBININEIVUY LLa%LﬂﬂUigiﬂsﬁUQ\‘iﬁjﬂ

"\]’]ﬂLL‘L!’]a(ﬂﬂTﬁ‘U\Jim’lﬂ']'iVlNQﬁﬁﬂ'lﬁMEJﬂiimGﬂﬂJLLU')ﬁﬂﬂ’liaaﬂLLU‘ULﬁEN

va o

TagA1T909N159ANITUIRBUINTAISIALNI9UT HATelaas19uuuI1ananis

kY

WagLLUAEIAAIEINNANNAINEEINIUT19E 11N FUARIUINNSTTUY A

¥ '
] a o o

FueAnwinsysannsiiaandmsuunad
lagsssugfudanuisvguinviudsimdiduiuiivindias
AUl warnznouretquilaraINuIURIAY FreLiiussuganat (Lag

time) ¥89IN1SAAUIYIAN (AT 96) TIMINAIUAINITALUNITTBITULNVBIEN1N

o

anasagyildlenainuiviuundu wagdoaudngiuyuiun (Valley  floor)

Y
&

I PR = & A7 =
visenquialunTIunuaynoursiunguul (N 97)

topographic floodplain

hydrologic floodplain
(bankfull width)

bankfull
elevation

AT 96 Ais1uthvhnEenusssud (The Federal Interagency Stream Restoration
Working Group, 2001, p. 1-18)



109

topographic floodplain

hydrologic floodplain
(bankfull width)

High velocity
Engineering sewer

elevation

channel space lost Discharge

A 97 MsuFulssdnhiuauatlutagiu USuuseann The Federal Interagency Stream

Restoration Working Group (2001, p. 1-18)

'a o

dmfukuudnasaienisysannisnugiandnenssuludiuilidele

afrauuudnaesnsilaguudasguananin iienansliiud awavesn iy

1% 1% '

U3U1M5N155895UUINV098 14 18N 15U A8 UBUAI AR INLDIIATUTI9A1U

(%
=]

NADAARDINUNTNANAIUINIUSITUIR Inedlsiuasidennail

1) ANUAIALDLIANUTI9YB9E1UN 3.3:1 (SL8LTUINNVAUAIUN 5 LUAT)

gnsnsvaganvaniilud1n Wiy 35.62 gnuiAdiunsdeIund

—32_, 13.78 . o—3t

TG Existing channel = |
- =" Slope 3.3:1

M9 98 JUdRdANAIRBLIR U 3.3:1

2) ANUAINLDYIATIUTN9VBIEIUN 5:1 (STerSUNNVBUAILN 10 WAS)

gn1ns agaanvesnludni wiriu 35.27 gnuiAniuasieduni

—1ou. 13.78 0. o~ fon

== Existing channel -

a o o o a P o o %
AN 99 gﬂmmmmmmmL’eJENmu‘U’lx‘i‘U’eNmm 5:1

3)  ANUANNLDYIAIUTNNVBIANUN 6.6:1 (STELSUIINVBUAIUN 15 LUMT)

gnsn1sivagegavanintudt wiiu 35.11 gnuieiiunsdeiunii
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13.78 .

—-— Existing channel ===

——— aem==="T Slope 6.6:1

AN 100 JUARStANUaIABERNUTIeEIN 6.6:1

4) ANUANLDYINIUTNNVBIAIUN 8.3:1 (STELTUIINVBUAIUN 20 LUAT)

gnsn1sivagegavanintudt wiiu 34.95 gnuieiiunsdeiunii

13.78 .

-—— Existing channel s
—— gt - Slope 8.3:1

A9 101 gUdndiANaIadeIUTIUesa 8.3:1

PMNLUUTIERINSiuANAIAE Bsd U swesd it usersy 5, 10, 15
Waz 20 LUAS WU’j’m'ﬁLﬁNﬂ’J’]@Ja’]mLaEJ\‘iﬁ’m“ﬁ’m%aﬂﬁﬂﬁﬂﬁﬁiﬁﬁmﬁﬂ’lﬂﬂaﬁﬂé’jﬂ
vo9tnludinanas aamﬂé’aqﬁugﬂé’mﬁwﬁﬁmmaiimﬁ LL@%LLU?ﬁﬂﬂﬁﬁuvj
izL‘ﬁmQWﬂﬁLm (Stream corridor restoration) (The Federal Interagency
Stream Restoration Working Group, 2001) Famafiumnuanndeesudwes
sinduenanazdwailudednmds fuidudifivanfaunsasenuuulnd
s lowius Wosyiuihanaslésnae (nmdl 103)

nansSUTBuTanMeYIne I UTIABeNsA B UL aIn AR B

(%
o o

MAE (AT 102) Akiiudikuuiaesie 4 B8nsnisinagegavestlu

holy

oY

Y s de v dl a T A o 3 @
Uana19iu uadinunlansinuieliuiauivingluaasaiuiiiduainaing
WANANNTD9TNTINdIUanTIIN T IaLaS TR st luAuLazUlFAY Taanuudiany
N9UABULUAIAILAIALBEAIUTISEIUN 8.3:1 (S282IUINVBIAIUT 20 LURT) 91
ad do o o a X a a a 5 a % 9 va !
fnundnsulindunnign asiinisvaasuveadilufiy wazdildauuinnid
WUUTIAD9DUe

INMIANYITIAUANNTAATURUIN TV ZEANFIMTUNITYTINITNG
piiaadnenssumuiuiAnnseeniuuilatlagAdaisnsianisunfimunzaula
TngArsin1sauauns 2 druniudiull Nin1sdanisniswasuwdasdaunmauin
Au wazniseusndaeguminzaum AN wNUNusazd 1w Fauseleviivens

Tonuvananatusinliaiuisaaianisainansenutlasduiienaindulase

?NLL'J@%E]JJ‘UENV]'NL%E]ﬂﬂ’Iﬁ@E]ﬂLLUU'JNLLNHG\I'N""]
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Water Sensitive Urban Design

Roof water s harvested and reused a5

4. Storm water is collected from hard and

5. Swales convey collected water.

6. Water Is held, using flow control, in
attentuation basins.

AN 106 mwé’haEJNLLmﬁﬂmiaaﬂLLUUﬁuﬁmagﬁam{]mamsu

WAAANSILRUATNAUYEaan (susDrain, 2012)

N13AIVANENTINTTIVaadanvedl (Peak rate control) &

[ A [ L% % 1 1 a a a a & =
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SEUNEUN ArenTThusgesiuialuduuivuinlng (Impervious
surface disconnection) n3eltianTuinle (Permeable pavement)
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- msviutiey (Rain water harvesting)
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= msUssgnalddmsugivia (Lanscape)
- szuuduth (Infiltration)
- waUNTNTT (Vegetated filter strips)
- gy (Rain garden)
- syuuinifiuthénefisnssa (Bioretention)
- ssuufinifiutdeudigui (Stormwater wetlands)

g a A
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3 Z pumps
Stormwater from building garage ¢— 4 N Level rgaf::;gre:;gg%t.sv;satt::n
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irrigation, fountain,
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Collection

g Water treatment UV
particulate filtration

Double pumps and filters

Detail of systems with
double pumps and filters

AWl 107 msﬁuﬁwdummé’am (The Images Publising Group, 2016, p. 231)

AT 108 fogandnfiunsses (Sky sardens blog, 2017)
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A

A 110 fregramslduauiivnssaluiiuiiiies (3 Rivers Wet Weather, 2016)

A 111 awthiu (American Society of Landscape Architects, 2006)
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A 114 spuunessuednilfivnssaunagy (Stephenson, 2014)
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Figure 10.7 / Typical pian and section for
pond/wetland combination Wet pond (2/3 design volume) (50% volume in

permanent pool; 50% volume in detention storage)
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Wil 116 Typical plan and section for pond/wetland combination

(The Images Publising Group, 2016, p. 299)
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Al 117 Typical detail for grass swale (The Images Publising Group, 2016, p. 175)
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A
VN
WinTR-55 Current Data Description
--- Identification Data ---
User: Yuppared Date: 31/5/2560
Project: Kata Watershed Units: Metric
SubTitle: 1987 Areal Units: Square Kilometers
Region: phuket
Locale: Thailand

Filename: E:\MArch\00 MLA CU\2nd Year\Thesis\08 WinTR-55\KataWatershed 1987.w55

--- Sub-Area Data ---

Name Description Reach Area (km?) RCN Tig
T A 18 30 043115
i c 92 35 0.271
IIT B 3 30 - 328
v C .61 32 0.127
v E 1. 97 54 «93
VI D 4 30 03181
VII E =35 56 178
VIII Outlet .42 80 01

Total area: 5.15 (km?)

--- Storm Data --

Rainfall Depth by Rainfall Return Period

2-¥r S=Yr 10=¥Yr 25=¥1 S0=Y8 100-Yr I~¥r
(amm) (ram) (Tom)) Sy (mam) () ()
102.6 .0 140.0 152.8 0 0 83.2
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>
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I
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Iv

VI

VIT

V1T

REACHES
A
Down

Down

Down

Down

Down

OUTLET

.00

.00

¢53

.00

+55

.40

.00
.00

.00
.00

Peak Flow by Rainfall Return Period
10-

Watershed Peak Table

YT

(cms)

11z

1.5

12

18

.00

.06

.00

.00

.00

.09

.00

.00

.00

.06
.06

.00
.00

=55
125

.75

25=XF
(cms)

1622
16.18

23,02

T=¥T
(cms)
.00
.00

.00
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Sub-Area
or Reach
Identifier

(

Peak Flow and Peak Time (hr) by Rainfall Return Period

2-YE
cms )

Hydrograph Peak/Peak Time Table

25-Y¥
(cms)
(hr)

(
(hr)

1-Yr
cms)
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SUBAREAS
I

LI

TTT

Iv

VI

VIT

VILL

REACHES
A

Down

Down

Down

Down

Down

OUTLET

n/a

n/a

n/a

12229

n/a

12.05

11.94

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

12.27

12::35

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

4.00

10=Y®
(cms)

(hr)
.00

n/a
0.06

15.29
.00

n/a
.00

n/a
11..28

12.24
.00

n/a
4.09

12.03
15.09

11.93
.00

n/a
.00

n/a
.00

n/a
.00

n/a
0.06

15.29
0.06

14.10
.00

n/a
.00

n/a
1.2:.55

12 .21
1.2:.53

12.28
18.75

n/a

13..33

n/a

13,03

14..59
12.24

n/a
.00
n/a

.00
n/a

.00
n/a

13.43
12.88

.00
n/a

.00
n/a

136,422
12.241

16.18
12.26

29,02

n/a

n/a

n/a

n/a

1237

n/a

12.07

11.94

n/a

n/a

n/a

n/a

n/a

n/a

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00



Sub-Area  Drainage Time of Curve Receiving
Identifier Area Concentration Number Reach
(km?) (hr)
I 18 07315 30 A
II 492 0523771 33 &
LT, .30 0.325 30 B
IV .61 0.127 32 &
v 129 0:..530 54 E
VI 40 0.381 30 D
VII +85, 0.178 56 E
VIII .42 0.100 80 Outlet
Total Area: 5.15 (km?)
Reach Summary Table
Receiving Reach Routing
Reach Reach Length Method
Identifier Identifier (m)
€ 1174 CHANNEL
C 897 CHANNEL
E 1707 CHANNEL
E 650 CHANNEL
Outlet 814 CHANNEL

Sub-Area Summary Table

Sub-Area
Description
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Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted Travel
Identifier/ Length Slope n Area Perimeter Velocity Time
(1) (m/m) (sq m) (m) (m/sec) (hr)
I
SHEET 30.00 0.1200 0.800 0.267
SHALLOW 459.46 0.2900 0.048
Time of Concentration 0:315
LT
SHALLOW 1173.96 0.0600 0.271
Time of Concentration 0.271
ETT
SHEET 30.00 0:.,3:30:0 0.800 0.259
SHALLOW 439.08 0.1400 0.066
Time of Concentration .325
v
SHALLOW 897.12 0.1600 0 A28
Time of Concentration 0.127
v
SHALLOW 529.68 0.0062 0.050 0.380
CHANNE L 1176.97 0.0038 0.:035 20::00 14.94 2.180 0.150
Time of Concentration .53
VI
SHEET 30.00 0.1000 0.800 0.288
SHALLOW 988.13 0.3564 0.093
Time of Concentration 0.381
VII
SHALLOW 408.45 0.0203 0.162
CHANNE L 241.44 0.0217 0.035 18.00 18.37 4.192 0.016
Time of Concentration .178
VIII
CHANNE L 814.45 0.0074 0.025 82.97 65.33 4.040 0.056

Time of Concentration 0i 1.



Sub-Area Land Use and Curve Number Details

Sub-Area
Identifier Land Use

Hydrologic
Soil
Group

Sub-Area
Area
(km?)

137

Curve
Number

Total Area / Weighted Curve Number

II Residential districts (2 acre)
Residential districts (2 acre)
Woods
Woods

Total Area / Weighted Curve Number

TET Woods

Total Area / Weighted Curve Number

IV Residential districts (2 acre)
Woods
Woods

Total Area / Weighted Curve Number

v Residential districts (2 acre)
Residential districts (2 acre)
Residential districts (2 acre)
Fallow Bare soil
Small grain Contoured [C]
Small grain C&T + Crop residue
Woods - grass combination
Woods

Total Area / Weighted Curve Number

VI Woods

Total Area / Weighted Curve Number

VII Residential districts (2 acre)
Residential districts (2 acre)
Residential districts (2 acre)
Small grain Contoured [C]
Small grain Contoured [C]
Woods

Total Area / Weighted Curve Number

VIII Residential districts (1/2 acre)
Residential districts (2 acre)
Row Crop Cont & terraced

Small grain Contoured [C]
Woods - grass combination

Total Area / Weighted Curve Number

(good)
(good)

(good)

(good)
(good)

(good)

(good)
(good)
(good)

(good)
(good)
(fair)

[oslits =i ve B =

W e W

HOoOWwOOOQO QW e

POOQoOOw

aogaa

.086

.007

.048
.026
.215
.073
.053

.42



Reach Reach
Identifier Length
(1)
A 1174
B 897
c 1707
D 650
E 814
Reach
Identifier Stage
(mm)
A 0.0
0.2
0.3
0.8
15
3l
el
B 0.0
0.2
0.3
0.6
1.5
Bl
6l
G 0.0
0.2
0.3
0.6
L5
Sl
Gl
D 0.0
0.2
053
0.6
148
Jiel
(5
E

WO O OO

PR O WwN o

Reach Channel Rating Details

Reach Friction
Manning's Slope
n (m/m)
03 6
03 L1
035 +03:8
035 0217
025 .0074
End
Flow Area
(cms) (sq m)
0.000 0
1.848 .6
6:51L5 1«5
26.100 34 9
189.020 17
985.286 58.4
5560725 Pl T
0.000 0
DD 1
17.984 2.2
618086 k%)
334.349 16.3
LB G 200 T 45.8
6389.795 143.7
0.000 0
29809 Laa
9..0306 2
31...9383 2.8
152.461 16.6
543.182 40.8
2138.845 111.4
0.000 0
1... 6056 pis
569 2
174559 4.4
D0l 12 137
351.475 36. 9
1550221 111
0.000 0
0950 7
SusZo0 1.8
13.414 4.8
97.054 20.6
505.548 70.8
285 %wT 97 258+ 8

BN RSN

O = N -] 00 W0

Bottom
Width

Friction
Slope
(m/m)

.16

.038

.0217

.0074

el e
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W9

User:
Project:

SubTitle:

Region:
Locale:

Filename:

VI
VII
VIII

WinTR-55 Current Data Description

--— Identification Data ---

Yuupared Date: 31/5/2560
KataWatershed Units: Metric

2016 Areal Units: Square Kilometers
phuket

Thailand

E:\MArch\00 MLA CU\2nd Year\Thesis\08 WinTR-55\KataWatershed 2016.w55

--— Sub-Area Data --—-

Description Reach Area (km?) RCN Te
A 18 33 0:.:315
C 92 44 S
B 3 31 =325
C 6l 40 127
E 1.97 64 93
D 4 32 381
E =35 64 178
Outlet 02 84 05

Total area: 5.15 (km?)

--— Storm Data --

Rainfall Depth by Rainfall Return Period

2=Yx S=Yr 10-Yr 25=Yr 50-Yr 100-Yr L=y
(mmm) (mm) (Tom) (Tom) (roun) (roum) (1)
102.6 0 140.0 1.52::8 0 0 832
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>
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T'TT

v

v

VI

VII
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A
Down

Down

Down

Down

Down

OUTLET

10.

10.

1%
.07

14.

.00

.00

09

.00

2l

86

.00
.00

.00
.00

Wy

.00
.00

09

65

Watershed Peak Table

LO=¥x
(cms)

.00
.00

.00

2697
26.52

29,10

2=

X

(cms)

29,

18.

33«

36.

.00

=6

.00

81

73

.00

.54

70

.00
.00

.00
.00

15

.00
.00

43

16

Peak Flow by Rainfall Return Period
1=YEe
(cms)
.00
.00
.00
.00
27
.00
.71

- 91

.00
.00

.00
.00
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Sub-Area
or Reach
Identifier

Hydrograph Peak/Peak Time Table

Peak Flow and Peak Time

L0=¥r
(cms)

2.9

Yre

(cms)

(hr) by Rainfall Return Period
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SUBAREAS
I

LT

v

VI

VII

VIII

REACHES
A

Down

Down

Down

Down

Down

OUTLET

Z=¥L
(cms)

(hr)
.00

n/a
1§ [

12.50
.00

n/a
.00

n/a
10.09

12..23
.00

n/a
3:11

12...03
10.86

11.94
.00
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12.04

285

12..22

n/a

12..01

18.

11:.:93

n/a

n/a

n/a

n/a

12..07

12.18
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.00
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.00

.00

.00

.00
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.00

.00

43

1=Yr
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.00
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.00
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.00
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n/a
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.00

n/a
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.00
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Sub-Area
Identifier

T
III
Iv
v
VI
VII
VIII

Total Area:

Reach
Identifier

Sub-Area Summary Table

Drainage Time of Curve  Receiving
Area Concentration Number Reach
(km?) (hr)

.18 0.315 33 A
:i92 02271 44 €
30 0.325 31 B
.61 0.127 40 G
1,197 0.530 64 E
.40 0.381 32 D
35 0.178 64 E
42 0.100 84 Outlet
5.15 (km?)
Reach Summary Table
Recelving Reach Routing
Reach Length Method
Identifier (m)
& 1174 CHANNEL
(6 897 CHANNEL
E 1707 CHANNEL
E 650 CHANNEL
Outlet 814 CHANNEL

Sub-Area
Description
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Sub-Area
Identifier/

SHEET
SHALLOW

L.
SHALLOW

III
SHEET
SHALLOW

Iv
SHALLOW

v
SHALLOW
CHANNEL

VI
SHEET
SHALLOW

VII
SHALLOW
CHANNEL

YVILE
CHANNEL
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Sub-Area Time of Concentration Details

Flow Mannings's End Wetted Travel
Length Slope n Area Perimeter  Velocity  Time
(m) (m/m) (sq m) (m) (m/sec) (hr)
30.00 0.1200 0.800 022677
459.46 0.25900 0.048
Time of Concentration 0315

1173.96 0.0600 0.271
Time of Concentration 23

30.00 0.1300 0.800 0.259
439.08 0.1400 0.066
Time of Concentration «325

897.12 0.1600 0.127
Time of Concentration 1.2

529.68 0.0062 0.050 0.380
1176.97 0.0038 0:..035 20.50 14.94 2.1:80 0.150
Time of Concentration 53

3000 0.1000 0.800 0.288
988113 0.3564 0.093
Time of Concentration .381

408.45 0.0203 0.162
241.44 0.0217 0. 085 18.00 18.37 4.192 0.016
Time of Concentration .178

814.45 0.0074 0.025 82.97 65.33 4.040 0.056

Time of Concentration szl



Sub-Area Land Use and Curve Number Details

Hydrologic
Soil
Group

it i ool e el o

FmOWwEEE OO0 =R~ il vs}

e

Sub-Area
Area
(km?)

.001

<291
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Curve
Number

33

77

77
66
36

Sub-Area

Identifier Land Use

I Residential districts (1/8 acre)
Fallow Bare soil
Woods (good)
Total Area / Weighted Curve Number

II Residential districts (1/8 acre)
Residential districts (1/8 acre)
Fallow Bare soil
Woods (poor)
Woods (fair)
Total Area / Weighted Curve Number

III Residential districts (1/3 acre)
Fallow Bare soil
Woods (good)
Total Area / Weighted Curve Number

v Residential districts (1/8 acre)
Residential districts (1/4 acre)
Fallow Bare soil
Woods (poor)
Woods (fair)
Total Area / Weighted Curve Number

v Open space; grass cover > 75% (good)
Paved parking lots, roofs, driveways
Commercial & business
Industrial
Residential districts (1/8 acre)
Residential districts (1/8 acre)
Fallow Bare soil
Fallow Bare soil
Fallow Bare soil
Woods (fair)
Woods (good)
Total Area / Weighted Curve Number

VI Paved; open ditches (w/right-of-way)
Residential districts (1/3 acre)
Woods (good)
Total Area / Weighted Curve Number

VII Open space; grass cover > 75% (good)

Dirt (w/ right-of-way)

Residential districts (1/8 acre)
Residential districts (1/8 acre)
Residential districts (1/3 acre)

Row Crop Cont & terraced (good)
Woods (good)

Total Area / Weighted Curve Number

F OO Q@
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Sub-Area Land Use and Curve Number Details (continued)

Sub-Area Hydrologic Sub-Area Curve
Identifier Land Use Soil Area Number
Group (km?)
VIII Open space; grass cover > 75% (good) € .061 74
Paved; curbs and storm sewers D .006 98
DiBt (w/ right-of-way) e =0 87
Commercial & business € .141 94
Industrial D .036 93
Fallow Bare soil ¢ .001 91
Woods (good) D 16 77
Total Area / Weighted Curve Number .42 84
Reach Channel Rating Details
Reach Reach Reach Friction Bottom Side
Identifier Length Manning's Slope Width Slope
(m) n (m/m) (m)
A 1174 403 .06 313 5.2 =1
B 897 .03 PR 6i.:5 Z8 ok
€ 1707 5035 .038 Biih 1.6 21
D 650 +035 0217 6 2 %1
E 814 .025 .0074 4 6..3 &1
Reach End Top Friction
Identifier Stage Flow Area width Slope
(m) (cms) (sq m) (m) (m/m)
A 0.0 0.000 0 33 .06
0.2 1.848 =] 4.8
0:i3 6515 15 6.4
0.6 26.100 3.9 94 6
15 189.020 17 19 1
3511 985.286 58.4 35
6.l 5560725 21355 66.7
B 0.0 0.000 0 65 <16
0.2 5539 1 Fe3
03 17.984 22 8.2
0.6 61.856 5 9.9
155 334.349 16.3 15
Bl 1373.267 45.8 23.6
Gisil 6389.795 143.7 40.6
(€ 0.0 0.000 0 8.5 .038
0092 2.989 12ae3 9
0.3 9.536 2:1 9.9
0.6 31833 558 105
Lai5 152.461 16::%6 13.4
Ful 543.182 40.8 183
6.1 2138.845 111.4 28
D 0.0 0.000 0 6 02157
0.2 1.606 1 6.6
03 51469 2 T2
0.6 17.459 4.4 8.4
1.5 90.112 13.7% 125, 1,
Bzl 351.475 3619 18.2
Gicl: 1550221 111 30.4
E 0.000 .0074

0.950 ¢
3.350 1.

97.054 20.
505.548 70.
2851.797 258.
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