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Buspakorn Khantithirakawee 2012: HEC-RAS Model Application for Flood
Management in Upper Nan River Basin. Master of Engineering (Water Resources
Engineering), Major Field: Water Resources Engineering, Department of Water
Resources Engineering. Thesis Advisor: Associate Professor Kobkiat Pongput, Ph.D.

147 pages.

The hydraulic models of river systems from the Hydrologic Engineering Centres -
River Analysis System (HEC-RAS) together with the HEC-GeoRas and ArcView GIS programs
were applied to analyze the relationship between the flow and the water level for floods
mapping and flood management planning in Muang Nan district. An extreme flood event in Nan
River Basin which occurred in year 2006 was selected as a case study. In the study, some
physical data were limited especially the aerial data and contours in the military area. However,
the problem was solved by using GIS technique called mosaic and the Digital Elevation Model
(DEM) to generate new contours. The generated contours were compared with field surveys and
topography maps of the L7018 series. The results indicated that the area and depth of flooding
from models were consistent with the evidences of flooding in year 2006 such as field survey,
aerial photography data, contours in Muang Nan district, and information from related agencies.
As a result of this study, the flood map derived from the model can be used for planning to

provide protection and flood mitigation measures.
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(Energy Equation) 1ae35n137 14 1m2a1fl0 Standard Step Method §UMUDUBIENNTNAITUA

1% drvnan 18un

2 2
Zz+Y2+%V2 :ZI+Y1+051V1 +h, (1)

Ty Z N\ = elevation of the main channel inverts

Y, 7Y, = depth of water at cross sections

V,V, = average velocities (total discharge/ total flow area)

Q. a, = velocity weighting coefficients

g = gravitational acceleration

h, = energy head loss
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= aV, aV/’
h =LS:+C|22 &Y% )
29 29
Tag L = discharge weighted reach length
Sy = representative friction slope between two sections
C = expansion or contraction loss coefficient
f discharge weighted reach length, L, Munaldvinaums
L= I‘Iob QE} + Llech +_Lronrob (3)

Qlob + Qch + Qrob

Tag Lis Ly Ly = cross section reach lengths specified for flow in the left
overbank, main channel, and right overbank, respectively
Q1> Qun» Qrp = arithmetic average of the flows between sections for the left

overbank, main channel, and right overbank, respectively
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K =LaR» (5)
n
Tag K = conveyance for subdivision
n = Manning’s roughness coefficient for subdivision
A = flow area for subdivision
R = hydraulic radius for subdivision (area/ wetted perimeter)
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Elevation Rocky Faver Test 2

Cross-section 3.000

MUN 5 MIAA1INV0Ia1AAAI(Bank Slope) A11TUNTAIUIUAT Composite N,

o ! o :’ [ 1 I 1 8 1 1 1
Tunmisarama n, ﬁWHTWﬁﬂfﬂg‘QﬂlLU\iﬂ@ﬂ!ﬂu N a7 @Q&LﬂﬁZﬁ?Uﬁ]%ﬂiTUﬂTﬂ?TN

1 U a QJ
e1veuduveuiilon (wetted perimeter P,) nazmiduilsz@nsanuviuse n,

2/3

i“;(en:f)

N s ©)
Tag n, = composite or equivalent coefficient of roughness
P = wetted perimeter of entire main channel
P = wetted perimeter of subdivision I

n = coefficient of roughness for subdivision I

a 1 (Y] ¢ a
msﬂszmummmqawmami\aumaﬂ

4 o < o a
Lﬁfi)\jﬂ’]ﬂllﬂ‘ﬂﬁ]’]aﬂq HEC-RAS !‘]Ju!l‘ll‘ll%’]ﬁ@\jﬂ’]iulﬂﬁllﬂﬂﬂﬁvn\naﬂj (One-
. . N Y o o o a oy A A @
Dimensional Flow) Gluuglazﬂu']ﬂﬂﬂ’]iuh’iﬁi‘l]illﬂiilﬂgﬂTﬂ'ﬁﬂ'}u’JmN'Ju'lﬁiﬂﬂiﬂwa\‘]\i']u

Y Y
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Y ]
weighted energy) mﬂﬁuﬁﬂaﬂmmgﬂﬁﬂmﬂwa (left overbank, main channel, and right

v v ] 9
overbank) 7N 6 uEAINMIAIIUNAILRABVEIFIAAMS Inai)sznevdednimdnuay

overbank #9171

WV, =mean velocity for subarea 1

V, =mean velocity for subarea 2

MNN 6 FIDE19NMTAIUIUMNAINUNAEY

o 1 o J { o & ' . . .
Tumsmuumndsnueaiimae Janusududeaninn velocity head weighting

coefficient alpha %9 A1 Alpha fUINNAUMTAIUA

Mean Kinetic Energy Head = Discharge — Weighted Velocity Head

v/} A
R TRST]
T2 g »
29 Q+Q,

VoV
29{Q12‘g+Q2229}

Q+Q )V

a =

(8)

a = Q1V12 + szz2

—2 )
Q+QV
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QV

] A < o 4 1 o
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dy ~ 09: 1 A Iy 9 o o gl @
(conveyance) JNUA M3 lanaauaIu Ao overbank Hade, overbank Hav1 azdniman

]
~

£ 2 ' g Y v e
mmmimmauaumﬂugﬂ UBIA1 conveyance uagiui laaail

3 3 3
KIob + Kch + K

(A |+t
_ A10b Ach A’ob
a= (1
K 3
t
Tag A = total flow area of cross section
Alob , Ach, Arob = wetted perimeter of entire main channel
K, = total conveyance of cross section
Klob , Kch, Krob = conveyances of left overbank, main channel and right

overbank, respectively

a 1 =) d‘ =
fniﬂi$!31uﬂ"Iqwlﬁﬂluﬁx‘lﬂ]ﬂ!!iﬂiﬁﬂﬂﬂ"m

mmsgadeoiiosninusudeanulunnuiiaes HEC-RAS vegnisziiulugiues
waﬂmizwdn Sy uaz L (dunsn 2) Tagm St ApA representative friction slope VOIFI
Y

W L UaNuningmuaumsi 3 A1nua1aveusddeaniu (slope of energy grade line)

A Y o o Y N LY
‘I/ILLﬂﬁxﬂMMﬂﬂTi"lWﬁ ﬂ’]u'lﬂ!‘lﬂ%']ﬂﬁﬂﬂ'ﬁ!luuu@ ANU

5,-(2) -

v
A1 representative reach friction slope lutuu$1a09 HEC-RAS §aiil¥idendnvateguny aail
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Average Conveyance Equation

2
= +
St = QrQ, (13)
K, +K,
Average Friction Slope Equation
— S, +S
5, =21 . f2 (14)

Geometric Mean Friction Slope Equation

St =./S,,xS,, (15)

Harmonic Mean Friction Slope Equation

—  2(S,,xS
S, - (S¢,%S4,) (16)
St +35,

aumsi 13 uaumsudn FazgnlFlulisunsulasdaluld  endudndly

U

P 4 H y
Tlsunsuldidenaumsduluduaeums input Yoiya
a 1 S d‘ U Y
m3sziiumgaaniiesnn NsanadazMIveNERIveHINAaNs I1a

A1 Contraction tiag Expansion losses 1DUT1a99 HEC-RAS v21)5ziliuldan

Y
aunInane T

alvlz _ 052\/22
29 29

ce

(17)

Tag C = expansion or contraction loss coefficient
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WS, =WS, , —Err, , *Err _ Assum/Err _ Diff (18)
Tag WS, = the new assumed water surface
WS, | = the previous iteration’s assumed water surface
WS, , = the assumed water surface from two trials previous

Err

s = the error from two trials previous (computed water surface minus

assumed from the I-2 iteration)

Err _ Assum = the difference in assumed water surfaces from the previous two trials.
Err _ Assum=WS, , -WS, |

Err _ Diff = the assumed water surface minus the calculated water surface from the

previous iteration (| —1), plus the error from two trials previous

(Err,_,).
Err _Diff =WS, |, -WS _Calcl -1+ Errl -2

AANANIINTOUMIRIUIMUIlInUsoumIAanta ldazgadina 13 lumu 50

I 4 1 = A Aal Y o 1 Y ) Y =} ~
nlesiFudvesm anwaniiauyd 3 luseumsdiuimnouniin 119 secant method 3 Tomerd
wldlilddhar Err _ Diff fianfesnulyl Tasdra1 Err _ Diff fisntiesndn 0.01 Tlsunsy
< 9 = Y c’dya dg’ <3 o o v A oy 1
N92901% secant method 491 1wigMsaitiAavyL Tsunsufazimsiassauriluil

Tagmsthaundesgriemauyduazainaiwan ldlusoumssuaunouniunldluns

s lusevilegiiv

9 9
uonnniuswIuseumMIsInd UM ItAnhaugaazgnimua i limu
Y H
20 seu awin  Tdsunsuldawisadildanhaugaldneluseumssunandimue

o o a a y ) 1 1 I o
Tdsunsuazimsmuisanuaningd methuSeuienieg g ladudaeu



MIMHUAAIANNANINGA (Critical Depth)

K a Aa o 1Y Y o o d? Y d' Y] ;Q 4?}
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1. imssmuald 1dsunsufuiauy supercritical flow

9Jq Y o Y o ' 2 a a
2. gl Tlsunsuimualdiamanuaningd

Y A a o Y o
3. vihdams lannassudunrhdanms lvanieuenveuiua (external boundary

condition) HazazAvIRIMIMIANUANINgANe 19111971 boundary condition N 1H 1A Tl
Tunpudrasagnaes

4. MIATIVABUAT Froude number d1M5 UM 1MaLLY suberitical W19 AB911INS
o J =K a a A A o A A 9y o o g’ A
Aurumanuaningaedudungms Inaimerdesnuszainauga
1 [ Y 1 1 ti' o
5. Tdsunsu'ldamnso balance dumswasaiuliodnisluar wolerance Nfmua

= Y1 o o =2 1 A o Yy 9
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Y
ANNgINSIIUNInUad M unThAams lua gnimualasauns

aV?
H=WS + (19)
29
Tas H = total energy head
WS = water surface elevation
aV'?
= velocity head
29

1 v o Aa 3@ a g 1 ] 9 o ] [ o o

MszaurniIngAumTzAUFINAIIUMT Iasmliadiga (wasnudumzdiige
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dmsvnihdams lvaiu o adsunamslvandimue) aszauingAvzgndiuimTagns
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Water Surface

Elevation

arit

o Total Energy Head

] Y
v o 1 @ v A o
ﬂTWﬁ 7 5 1ANUAURUFIEHINNAINULAZTZAVRIIN
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gumsnaanuazansa 1y lanums lnaniinsulasuutlasedeneaunee 1l (eradually
1 1 g
varied flow) lTuvaizinmanlasuulasmsvaainaniigms ivauuy suberitical Widluns
3 3 {
|vauuy supercritical 309UV supercritical 1 usnY suberitical iumsasundasnms
[} v A o [ L] A o Y a A v A v 9 1
Tvaedraiunnula  @egranimldinanmsnlasuudaims lvanvunuinulaldun s
A g =y @ 5 A i J
nlasuulasnnuaia Nesri Mmstiudanms Ivariowinazniu usnaoIATaALazAena
g’ A g’ I~ 1Y) ~ v 1 A 1 = 9 ..
11 tazusnUgaUITIUYesti udy luuensaidednnnainnsaunsaldauns empirical
o 9 ] =\ gl 3’ 1 ==\
Tumssnamsluald  wulunsdiveseasiianuazrhonaiin  ualuuiansaiiniu
o o ¢ o o
sutludealdaums Tuwuadulumsrnidiney
) d v ) I Y =} [} =
meluuuudians HEC-RAS aums lumuaauaaniotiunly ldlunsal @y Ung

(A9 hydraulic jump, NANT IMAUDY low flow hydraulics UTNMAZWIY UAZVTIUAUTTIU

4 H
Jo A

o 2’ & 9 Y a o o csy
UBDIATUN clm-mmﬂmnumnu“lﬂmmﬂﬂgmamﬁawmumu ANU
Force = Mass x Acceleration (change in momentum)

2F, =ma (20)
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A o A Ay A A o Yo Y A N v Y o Y o A
Lilf)u']ﬂi;]ﬂ']ﬁ!ﬂﬁf]uﬂ‘llﬂﬂﬁﬂﬂﬂlﬂﬂu?ﬂuil’]ﬁl%ﬂﬂﬂ@uu']ﬂgﬂﬂﬂﬁﬂuiﬂﬂﬂuTﬂﬂﬁﬂ\‘]ﬁu1ﬂﬂﬂ

o ] A = o o = s A &
AUHUE 1 Lag 2 ATUNTINN 8 fﬂzﬁﬁJ’]iﬂWﬂuﬁﬂJﬂ’]iﬁ’]WiUﬂ']ﬁLﬂﬁﬂullﬂﬁﬂjulﬂu@l@lNﬂﬂuﬂ

9

[ Yo A
wiena1ldag
P,-P +W,-F, =QpAV, 1)
oo P = Hydrologic pressure force at locations 1 and 2.
W, = Force due to the weight of water in the X direction.
F, = Force due to external friction losses from 2 and 1.
Q = Discharge
P = Density of water

AV, = Change in velocity from 2 to 1, in the X direction.

Mwi 8 M3tlszgnd 19ndn Tumudady
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U3UHBINNANNAUINEDA (Hydrostatic Pressure Forces)
d' [ 3’ a 9 1
usaluuuunu X loauananuauiiana laun
P= }/A?COSQ (22)
a (% a I Y o [ ti' 9 J
AUYATIUVBIMINTZIIBANUAUADATINTD 1T Iad S uanuammiioandn 1:10
Taga1cos @ Nanuatam 1:10 (Uszanar 6 93a1) FAUNINY 0.995 1ALIH0I91NAIANNAA

Y
voaneah lasdnfazliadosnin 1:10 110 9ausomuuan cosd Tiwiny 1.0 18

v 1 v
(Chow, 1959) A1iULTIAUITID99IAMIANNAUADANKYTNGA 1 1A 2 Ao
P =7AY, (23)

P,=7AY, (24)

oo Y = Unit weight of water
A = Wetted area of the cross section at locations 1 and 2
Y = Depth measured from water surface to the centroid of the cross sectional area

at locations 1 and 2.
13919109010111HNVE 931 (Weight of Water Force)

Y

Y Y ¥ Y Y
miinveanil = ahminuilaigueaii) x Asuasveai)

W= %%) L (25)

W, =W xsin @ (26)



Tag

2
L = Distance between sections 1 and 2 along the X axis
S, = Slope of the channel, based on mean bed elevations
y7 = Mean bed elevation at locations 1 and 2

!!iQ!ﬁ@x‘l%]ﬂﬂﬂﬂ!ﬁﬂﬂﬂ]ﬂﬂﬂﬂ@ﬂ (Force of External Friction)

Tag

Tag

Ei=aPL
T = Shear stress
P = Average wetted perimeter between sections 1 and 2
r=RS;
R = Average hydraulic radius (R = A/P)
Sy = Slope of the energy grade line (friction slope)
A— —
F,=y=S:PL
P

Mass times Acceleration

ma=QpA,

19

27

(28)

(29)

(30)

€20

(32)

(33)
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7/ [
P :5 wag AV, =(BV, - pV,)
ma = % (ﬁlvl + ﬁzvz) (34)
Tag p = momentum coefficient that accounts for a varying velocity distribution in

irregular channels

L osjl d' an d' 1 9
unumalsnanuaaslugunmsn 21 Hazaua Q ﬁ”liJ"IiﬂL‘]JﬁEJuLLﬂadﬂflﬂﬁﬂﬂ

Y o =2 Y o
HUINA 2 U UIAA |

yAY:—yAY, +7/(A';AZJLSO -%%} LS, :%ﬂlv1 —Q;/ﬂzvz (35)

Qz:gzvz .\ AZVZ +(%j LS, _(%j LS+ =%+ A?l (36)

A I o do o Aq Y ° =
qaunisn 37 L‘]_IL!E‘]JLL‘]J°]_lV\I\iﬂ“lﬂ!‘ll@\ifﬁJfniI?JLNH@]@]?JﬂﬁlGBGlHL!UU%Tﬂ@Q HEC-RAS %3 N3

P 7o A o . i
Uszgna ldaums Tuwudaaunieluuuuiians HEC-RAS NnATI 92 derive M1910AUNTN 37

msﬁammmmﬂ“lunizuﬁmﬁﬁmmﬁaqa (Air Entrainment in High Velocity Streams)

9
SO

o [ gl A 3 a o @ A 9 Y
ﬁmsumqummwmmmi"l‘waumqq N'Ju”lfl”ﬁlilgﬂﬂﬁ'JQ’\‘Iﬂ'JTV]ﬂWﬂll'JLaﬂu’BEJ
=

[ 1

] 9
iesnnmsasvesoma sl ludihauInaimsdsveseimeane lilinnuddy uaen
ﬁﬂﬂilf?”lﬁ}ﬂulﬁ”m%ﬂmillﬂmmﬂ highly supercritical (A1 Froude number 11NN 1.6)
o Y o A = a Y o 9
Hyvv1993 HECRAS llﬂuWWﬁﬂi%‘ﬂ‘ULu’i)\ﬁﬂﬂﬂWiﬂ\i"U'ﬁ)\i@1ﬂ1ﬁlﬂﬂﬂ1’ﬂul!ﬂﬂ%1ﬁﬂ\1 Taalsy

AUMIADIAUMNS A9 1T (EM 1110-2-1601, plate B-50)
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15uM3 Imaniia Froude number Y108n11 3B 8.2

D, =0.906D(e)"*'F (38)

Fmsums laniial Froude number ¥1ANI1 8.2

D, = 0.620D(e)*'*'* (39)
Tag D, = water depth with air entrainment
D = water depth without air entrainment
e = numerical constant, equal to 2.718282
F = Froude number

Y

AhNsaukanszNUveINIsAIeto I szgniiuisuaziaas Busnaaninly
Y 1
A1519 output ¥OWVVTIABY HEC-RAS aindIduuusiassdesmsudaiiniinsiumsag
4 H
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Hesnavesldsunsumsinanuunsh (Steady Flow Program Limitations)
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H,=dcosd
Tag H o = vertical pressure head
d = depth of water measured perpendicular to the channel bottom
0 = the channel bottom slope expressed in degrees
Unsteady Flow Routing
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partial differential F¥ane 1oz Sen continuity equation L{1¥ momentum equation
Continuity Equation
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aul a9 [ o’/’ ,:; a ' o
TUYA AX UMUBIUIN muumﬁuJawuﬂmma“luﬂmmsmmmzmm‘u

A vl BRAX) (o, 80 A
'OEAX_'OKQ ™ 2] (Q+6X 2J+Q'} (43)

Tag Q Aems nadwdhaudngilsmasniugu uaz p AvANUHUMLUYEWOUHAD

Y ' Y v .. . e
mJmﬂwagiugﬂﬂmmmmwﬁmaﬂmam L AX wla continuity equation AU
—T 4= _q =0 (44)

T g, ¥ueDIn1s Inad1udna (lateral flow) ABHHINUIBAIINET
Momentum Equation

P do A P Yy 9y A 9. o \ly
ﬂ'liWﬁﬂqjcﬁﬂiulﬂuﬂﬁumﬂuqﬂiﬂﬂi“ﬁﬂaﬂl@ﬂﬁflﬂﬂl’ﬂﬂu:]ﬁu PNU

SF - dd—'\t" (45)
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mM3nss NBa Tuwuadudmsvlsuiasarvaunain 13310as1ve Tumuadugnsnidng
Y '

153195 (momentum flux) VINNUNATINVOULTINGUDNNIHUANNTEINVUTUIATIZININD
@ &Y @ @ o’dyd P o a
ONTIMITALAY VDI IWNUAAY ANUFUNUTHITUaumMInamasNAszi I uNaN1UnNY x uay
] A Y 4 <3 a d'dy
A1 momentum flux A9 WIVVBIVBUHAIPUAIIAABTANWITI TUNFANVDINT Tra Tuiil
usanazannasansznovll dreusainann (1) anuau 2) anuTduasvedlan uag (3)
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gmsﬁmmnmmﬁ"u (Pressure forces)

MW 10 LAAUNDUN (NI UMIINAAINUB T ALDININANUGU

A 10 esurensaing lvesrindams lvan luadiuaues mMInszaea1veany

] a I ) { I [
ugnauydliiily hydrostatic (AIWAWReu)auiwduassnuanudn) waz anuau

v F v
NUNAABANTAAN1ENEIN  Shames

swnanua ldnnmsdufinsnHaguueInNuaY -

Y
v A

(1962) u3uHpIINANUAY & 3alA 9 o193 IdA

h
Fo= [ pg(h=y)T (y)dy (46)
0
Tag h = depth
y = distance above the channel invert

T (y) = width function which relates the cross section width to the distance above the

channel invert

Y A A 1% a 2 a
01 FP ﬂ'emmummnmwmu“lumﬁmmmu X W ﬂﬂﬂ\iﬂﬁ”l\ﬁlﬂ\‘lﬂiﬂWﬁﬂ’JllﬂﬂJ 133

be

Y A oy a = Yo
‘VINﬂTLll,‘Vi‘L!’e]‘uWGIJ?N‘]JiEJW]iﬂ’J‘LIﬂﬂJﬁnJﬁmsUﬂu]lﬂﬂﬁu

oF, AX 47)

Poox 2
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v 9 d oA v
llaglLﬁ\‘]‘ﬂ’]\‘]ﬂ’]ucﬂqﬂu'ﬂmﬂuqﬂlﬂu

oF, AX
Fo+—=— 48
Ploox 2 (48)

b
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oF, AX
A o
OX

Fs (49)
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Fo, =——FAx+F, (50)
Pn — aX

Alirlewsudenaumsi 46 Tasldnguea Leibnitz wazunusasluaumsi 50 0214
T(Y)
F., =—pgAX IT I(h y)—>=dy |+ F; (51)

1 a A A A 1 tﬂy A Y o A 9 = 1

AuINUeINBUNNINIUANNIN 51 AoAMAUNNINGAR A ARl (uAIe —pgAX) oA
] v v 1 9

YOILTIAUHDININVBUNAINNTZIIAEARY FaliAumny F, ualfigmuaasaiudy aaiu Al

o a <
usenugnsondon Idiiu

oh
F, =—pgA—AX 52
Pn £9 o (52)

15U INANNTINSIIVRTan (Gravitational force)
d’ Y 1 d' o a a =
usateenna Tiunuinszhuuveurar lulsuasaruguluiienaunu x fe

= pgAsin 4 AX (53)
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1599AfiA % 50U UTEAMY (Boundary drag or friction force)
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0 liatlsauazan

2991010 T4

(54)

(55)
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UNUAMENMS 56, 57, wag 58 Tuagumsd 55 vz laaumsdmsunspanafdl
F, =—pgAS, AX (59)
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v Jdo
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1N x MUy M friction slope VEADITUNUD ‘]Jﬂ']ﬂ?ﬁulﬁallﬁgﬂ15$ﬂ‘]_l “]5\11@87]'31‘].]“?1'3{1]35

1% friction equation Y93 Manning i18¢ Chezy ualy HEC-RAS vz 19 Manning Fq 13130
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(Y J 1
Tao R AoASAllvamans 1ag n A9A1 Manning friction coefficient

Momentum flux
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Q. =¢Q (68)
Tao Q. = flow in channel
Q = total flow
@ =K,/ (K, +K;)
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K, = conveyance in the floodplain
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Yszanuan Taeld implicit finite differences tazunma lagl¥is MsmulIaFadnaviyen

Newton-Raphson iteration technique

IEmsudaumslagIsHamaduiies (Implicit Finite Difference Scheme)

- { n+1

at

a0t

n

i j+1

MW 12 W3130me3 1auns Implicit Finite Difference Method

f1: Gary (2002)
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Wunszuaumsi1Flumsud lvilgmaumsms Ivaludnbae 1 106 nwlined fu

1301 (One-dimensional Unsteady flow) Tael4auns Four - Point Implicit Scheme NN 12

LTNTOUAAUNIT 19 Time derivative, Space Derivative, Function value Taglaa19 nyea
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Y
(n+6)Atasiiminga (n+6) At 3 1Funuadluaumslumsudanns Tngdsisaday Iaeg

Q

7% Numerical Schemes U014 Newton-Raphson

el Unconditionally Stable anla
Conditionally Stable ~ f1%118
Y

Unstable M la
) Y
fviva
_ n
fJ N fj
ay
_ fn+l _ gn
AF, = £ — 1,
Y
A9
n+l
fj = fj %—Z&fj

4 i
aatiuaumsna liues Implicit Finite Difference Tunsud luilaym Ao

0.5(Af._, + Af.
Time Derivative: ﬂ ~ £ — ( i1 J)

ot At At

of _af _(f,—f)+6af, -A

Space Derivative:

X AX AX
Function value: f~f=05( f,+ 1, )+0.50(Af; + Af, )
Continuity Equation:  AQ + AAA AS

M 2 AX,-Q,=0

(71)

(72)

(73)

(74)

(75)

(76)

(77)

waza Tasdsyanalumsud lvaumswassduriioslumenved Continuity Equation

aatanaluaisan 1



33

H ' a L
M5 1 M lasdseunaueansimos lUeaumMs Continuity Equation

Term Finite Difference Approximation

AQ (Q,H Q +9(AQ,H AQ))

0
iAXC Az + == Az,
ot j+l .

131: Gary (2002)

Momentum Equation

AQ.AX, +Q,AX ) A(,BVQ) ( +8,)=0 (78)
AtAX, AX AXc

vaza Taglszans lumsud lvaunmsnaaad o lumeuuea Momentum Equation

aatanaluaisian 2

o luvauun (Boundary Conditions)
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4 kY 1 A A 4 1 A A
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. a . P A o vy v o
AINININGA (Subcritical flow) ﬁﬂJﬂ'ﬁﬁi’)\iﬂ”lﬁﬂlf’]Ulﬂlﬂl\i@u"lsllV]QV]’]Q@”IUV”EJU”IL!?I%LWH@H”I

dmsums InamiioInga (Supercritical flow)
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H 1 a L
M3190 2 A11AsY T2 UUYRINTINADS JUENN1T Momentum Equation

Term Finite Difference Approximation
0.5
a(Qchc +Q; AX ) —(aQq. AXy +0QgAX g +0Q,, AXy +0Qy, AX )
OtAX, AX, ot
ANQ 1 0
o a A=A S (vQ),, - ()
AL =1Z.,-2;, 6 _Z.-Z
QA Al Az, ~Az;)|+OgaAATI L
A%, ] { AX, +Axe,-( 21 =42,) [+69 AX,

GA(St+Sn)  OASH+S)+OSUA (48,454 1S, +,) [+ Si+S1)( 444,

y 0.5(A., +A)
S, 0.5(Sy., +Sy)
OA,; (d—Aj Az,
az ),
. -2S 28
0y K Az, +| —| AQ,
K dz : Q ,—
oA 0.5(AA; +AA,)

f31: Gary (2002)
e lvveurunmely (Interior Boundary Condition)
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ANUABLLBIUBI8ATIMNST 1A (Continuity of Flow)

2.5:Q =0 (79)
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ANNABIHBIVDITTALIN (Continuity of stage)
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Flow Split Flow Combination
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ey lvvauuamadumiied (Upstream Boundary Condition)
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14
] [

9 o <3 A Y A Aa o J
REVSRIIGN Flow Hydrograph Glu’ﬂ’]ﬁﬂTViuﬂl‘]_]UN'ﬂuulGUEUﬂ‘UﬂlﬁﬂﬁNQ1ULﬂu@u1ﬂuﬂ31Nﬁu Us

v
AU1a1 @MV Flow Hydrograph ¥aedianinsaien'ld Iag

AQM =Q - Q, (83)
[ Y Y 4 1 [
=} A ) v 9 A o o o YY) 1 A A =1 Y I
19 k AD ALK UIATUUUDUIUDIATUT A UUTUNITHAA NTULUDINNTNUNITN (83) %"lm‘ﬂu

MUQ_AdQ, = MUB_ (84)
Lﬁﬁ) MUQ, =1
MUBm :Qn+l _Qn

1 1

ey lvveuruamamumesin (Downstream Boundary Condition)

1 Y v 2 2 Y
Roulvveuvanisdruiergnimuaiyaduganisdrumeniivewaazdnii ua
[l =2 A 1w tﬂy Ao g oy A A Y 9 oy
lisawdsgareuaenuiusnmnuiiny 9 junuvvesleu lvveuwaniediuieiense

smualdiilu 4 juuy fe

Y Y
I. Stage Hydrograph f9 nsuszaviiinanldnemszauihauszezinaaig g
I 4 oy 1 ] '

awnsolniuSou lvveuwanmediuieri1d Tasanmuadonais  wu ms lnaasge

< A A ] IJda a o g’ PR T @ dg‘ £ o

YPIALaN NzaUnIons Inanegnieldoninavesszauimeaniuinunlsdiiuasderi

Y = 1 [ 2’ d‘

Tansudemseautin o Time step (n+1)At, Roulvueuaan Stage Hydrograph #4139

uald lae

AZ, = Z,Q” -2, (85)
oA A ~ A
WA INFULUBIINTUNITN (85) AD

CDZ,A,, =CDB, (86)
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CDB =z -zn

m
° o Y a3 9 9) g‘ Y
2. Flow Hydrograph @1%i51U Flow Hydrograph ansalauveuvamadiuierila

Y Y Y o =y ° A ~ o P
ﬂ?llﬂllﬂﬁﬁ]ﬂlluﬂﬂsllﬂi;l,a HAZINNMIAUIVNDADUNYULUUIADN 1 INLHANITUUINIY

@ Time step (n+1) At 9o lvvouIUAIN Flow Hydrograph eansamviua’la lag

CDQ,AQ, =CDB,_ (87)

o CDQ =1
CDB, = Qv -Qn

Y
d v 1 [ o v o a
3. Single Valued Rating Curve noileatuvesmszauiindusns1ms lua 19esune
Y
v o do J @ a [} ] J o o
ANUFNIUTAINAADUTRUMS Inau M3 Tnariueimssasmans n1athdu Munnie
A A A o [ @ o"dy Y v a )
Wwouniimsaugu leorsnigdunuanuduiustinlgiums Inalusssumna arsi
[ @ L% 1 9 1 % [ A = A Y]

slnuuaNuduiusasnanuldedesziase i iosnneniianuamamaoulunsud ly
Payn1ms Tva uag Time step (n+1) At Toulvveuwagnimualag

5707 1Az, -5 ) (88)

k — k-1

QN +6AQN ~ Dk—l Y

K™ discharge ordinate

=3
[a)
O
=
I

S, = K" stage ordinate

NAINMITTIVTWMUA TNTIwAMId udeuIaums Haa A UIBIUBIaUMTN (88) 1D

CDQ,AQ, +CDZ_A,, =CDB, (89)
il CDQ, =6
cpz, -D.=h,
Sk - Sk—l

k k-1

D -D
CDBm = QN + Dk—1 +ﬁ(ZN _Sk—1)



4. Normal Depth TSaumsves Manning's ﬁ@gjﬁlugﬂ

0=K (Sf )0.5

A A Y o o A A P
WD K ADHUINARUAEN LAY S, AB Friction Slope

39180992 WI1H (Modeling Bridges)

furisvoantaaaauansluninm 14

Y o A
HUIAN 1
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(90)

I o [ 3’ ~ (=
Wy dwvivdamerinlud

A 9 £ = v & A ~ (]
Naﬂizwummmﬂwammmﬂiﬂimﬁwqm‘s"lwaumiﬂlmammmn AT NN 3 LT UDF IV

sa1aumMsvened Feaun31i lU1¥ 180y constriction slope UaZdRIIAIUTEHINANY

' Y v
{HIANIUYBIAAINY ANUFIAMUVDINIUIMANAT199 1UA15197 3 b/B ABOATIEIUVOIFDY

k4 Y '
WagzwuiuaNun NN aMuareIn191i (flood plain) Ny, AA1 manningn dwsuaas N,

Y

AoA1 n AMSTUMAITenan Laz s AeANVAIAFUVINININ

M519N 3 FIVDIDATINITVSTA)

Ny /Ne=1 Ny / Ne=2 Ny, /N, =4

b/B=0.10 S =1 ft/mile 1.4-3.6 1.3-3.0 1.2-21
5 ft/mile 1.0-2.5 0.8-2.0 0.8-2.0

10 ft/mile 1.0-22 0.8-2.0 0.8-2.0

b/B =0.25S =1 ft/mile 1.6-3.0 1.4-25 1.2-2.0
5 ft/mile 1.5-2.5 1.3-2.0 1.3-2.0

10 ft/mile 1.5-2.0 1.3-2.0 1.3-2.0

b/B=0.50 S =1 ft/mile 1.4-2.6 13-19 1.2-14
5 ft/mile 1.3-21 1.2-1.6 1.0-1.4

10 ft/mile 1.3-2.0 1.2-15 1.0-14

131: Gary (2002)
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Y o A 3 o ' v v o 1 9y o A <
UUIAAN 2 Lﬂuﬁ%!‘ﬁu\1°I/I'Nﬂ"l“L!“I/I"IfJL!"IWNﬁﬂﬂﬁgVI']‘L!LLﬁZWN%'lﬂ‘l‘iuWIﬂVI 1 !fiJ‘Ll

Y o A 3 o ' Y} A d o v Y o A
FEYTNN Le viUeaN 3 !f]JL!GIHlfﬁLN“I/]NﬂTULﬁu@u']ﬁW\ﬁ]"lﬂﬂ’JﬁgW']uu@ﬂ HagHrHuUInaN 4

I o ' Y A oy 2 ] Y o A I o
!flJu@nl!‘ﬁuﬂ“I/]Nﬂ"llﬂﬁuﬂu"lﬁlﬁﬁ'NﬂTﬂﬂL!WIWVI 3 L‘]Jl!ﬁ%“l/lN Lc Tﬂﬂﬂ’)l‘lﬂigﬂz‘ﬂﬁﬂl@ﬂﬂﬁ
A = 9 = A g 1 A [ A

llﬂﬁVlEJﬂ"li‘]J‘ULm‘]Jlﬁlﬂ Lc ﬂzmzsz‘mmfcmmwszEszwmﬂ”ls"lwamJeanm Le i59 Le > Lc

Y o d' =3 Y o d‘ [ d‘
HIAAN 1 Dartaah 4 agudaaslunini 14

Typical flow transition |, . *

pattern e
gy /
" L ,
J‘ ,
; /
f‘ , .
L. ’ ff Expansion Reach
! /
r’ f
K /! Idealized flow transition
I / pattern for 1-dimensional

T modeling

M 14 Sundanthdanazniu
4
NN: Gary (2002)

ﬂ1i%q‘[ﬂ]u!a?_l°INﬁﬁx‘l1H!ﬁf’)x‘ii]1ﬂﬂ1iﬁﬂ!!ﬂﬂ!%’1!!ﬁ$ﬂ1‘ﬁlﬂ1ﬂﬂﬂﬂ (Contraction and Expansion

Losses)

[ a @ 4 Y Y
ﬁuﬂigﬁﬂ‘ﬁﬂ'ﬁqmlﬁﬂwaqq1ulﬁ@\1i]’lﬂﬂ']iﬁﬂllﬂﬂlﬂl']!lagmﬂ']ﬂﬂﬂﬂﬂ’lﬂﬁlﬂaﬂ']Wﬂ’li
Yo o A o o a ~ )
"lwaLL‘]J‘]JGlG]’Jﬂim LEANANNIT 1NN 4 llagiﬂﬂ‘ﬂjqﬂ ﬁllﬂ5$awﬁﬂ151|l|!L‘ﬂL]JLGU’ILLagﬂ'WGUEJ’IEJ

pandmsums Inauuumileinganasezdniims Inaunuldings
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11' o a ya I3 [ ~ Y
AN 4 ﬁll']J5$ﬁ‘ﬂﬁﬂ1§'ll1’ia‘lﬁaﬂq@]?fTﬁﬁﬂﬂ']inJllﬂﬂl"]ﬂ!lﬂgsuﬂ']ﬂf]ﬂﬂ

Contraction Expansion
No transition loss computed 0.0 0.0
Gradual transitions 0.1 0.3
Typical Bridge sections 0.3 0.5
Abrupt transitions 0.6 0.8

lan: Gary (2002)

MIMIIVBAMAATHIUTZ Y (Hydraulic Computations Through the Bridge)

]
ad A [-3 =

FmsumsauIaeas s lvanies (Low Flow) & 4 INTWNTIMUIUMITNIAY

9

Y

@ ] Y o A =3 9 A Y
NAMNUNTUFAZNIUINUUIAAN 2 DINUINAN 3 llﬂl!,ﬂ

1. guMINaLIU (35 Standard Step)
2. o u@aimuuﬁﬁu (Momentum Balance)
3. @UN13 Yarnell

4. 3% FHWA WSPRO

a o ' Y o A 19 9 vy
MNN 15 muwumumﬂﬂagiﬂaxtazagﬂ1u1uﬁzw1u
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IBAUMIWAIIY (Standard Step)

' Y v '
AFVVDIMIAUIUIZFT VNN UM VDITZHIU HEGAN 2 Danidan BD tay
o Y o Y o o o Y
TisunsuagA1uInuuD Standard Step 1INMIIAA BD Daniiida BU Lagdquganiousinig
o o Y o = Y o d' [ d'
A 1sunsuazAuIaIninae BU 294119 N 3 aduaad lunng 15

ad

d o
SanaalausuuaAy (Momentum Balance)

9

[ A aA d o Y o d' = Y o d' [
“H"ﬁﬂﬂﬁEUEN’J‘.ﬁuﬂ@ﬂﬁﬁﬂJ@]aIMmuﬁ@M’MﬂﬁuW]ﬂﬂ 2 D9 viaan 3 aauaaslunin

9
o 1

A Jou A :/' A
n1s5 ﬂ']ﬁﬁllﬂﬁii]!llu@ NTUABUBDY 3 VUADUAD

o o Y o =3 Y o
1. ﬁuﬂﬁiﬂmu@]ﬁﬂﬁ]?ﬂﬁu’mﬂ 2 NHUINA BD

-2 2 A 2 JX
ABDYBD+%:AZY2+%—§;_APBDYPBD+H -W, 1)

D

e AL A, = Active flow area at section 2 and BD, respectively
ApBD = Obstructed area of the pier on downstream side
Y2,Yeo = Vertical distance from water surface to center of gravity of flow

area A, and Ay, respectively

Y Pep = Vertical distance from water surface to center of gravity of wetted

pier area on downstream side

PaoQep = Velocity weighting coefficients for momentum equation

5.Q, = Discharge

g = Gravitational acceleration

F, = External force due to friction, per unit weight of Water

W, = Force due to weight of water in the direction of flow, per unit weight

of water
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v Y o = Y o
2. ﬁmﬂaiulmuﬂﬁﬂﬁnﬂﬁu'lﬂﬂ BD fdnuaa BU

ABUYBu+'B;UQBU Ay, Y s Lo F -W (92)

ABU gABD

v Y o = Y o ~
3. ﬁNﬂﬁINLNu@W]MﬂWﬂ‘HuTﬂ@ BU 9duiuaan 3

4 2 _ 2 v 2
AjY + ﬂ3Q3 s ABUY + ﬂBU QBU + APBU —Y Pas +1CD APBDQ3 + I:f _Wx (93)
9A, 9Asy 279
!,ﬁ‘@ Co = Drag coefficient for flow going around the piers.

Jd o 1o a ) o 1 =
fﬂ'iﬁﬂJﬂﬁTllLlllm@lMﬁﬂﬂ%ﬂWﬁMﬂi%ﬁﬂ‘ﬁﬂ’ﬂM%'3:611‘5$ M5 VYsEA T UTIANIY

J o =
Llﬁ$ﬁhﬂ‘i$ﬁﬂﬁui\1ﬂﬂ TINTULIINAVIINDUD aauaadluasen 5

' 4
MmN 5 duilssansusagadmsuneieglsauuune

Pier Shape Drag Coefficient CD
Circular pier 1.20
Elongated piers with semi-circular ends 1.33
Elliptical piers with 2:1 length to width 0.60
Elliptical piers with 4:1 length to width 0.32
Elliptical piers with 8:1 length to width 0.29
Square nose piers 2.00
Triangular nose with 30 degree angle 1.00
Triangular nose with 60 degree angle 1.39
Triangular nose with 90 degree angle 1.60
Triangular nose with 120 degree angle 1.72

131: Gary (2002)
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auN1I Yarnell

I .. = 9 t4 = a 3’
guMs Yarnell 1 uaumsuuy empirical Fl¥amanmisaimsidasuniasvesdiniinin

Y o A =2 Y o A @ A
NIRRT 2 DINTNAAN 3 Aduaad Ui 15

H, , =2K(K +10a)—0.6)(a+15a4)% (94)
Lﬁlﬂ 1 = Drop in water surface elevation from section 3 to 2
K = Yarnell's pier shape coefficient
0 = Ratio of velocity head to depth at section 2
o = Obstructed area of the piers divided by the total unobstructed area at
section 2
Vv = Velocity downstream at section 2

v 4
M9 6 duilseAnTneloved Yamell, K, dmivaonogilineme

Pier Shape Yarnell K Coefficient
Semi-circular nose and tail 0.9
Twin-cylinder piers with connecting diaphragm 0.95
Twin-cylinder piers without diaphragm 1.05
90 degree triangular nose and tail 1.05
Square nose and tail 1.25
Ten pile trestle bent 2.5

1an: Gary (2002)



45

aunms FHWA WSPRO

v 1
3% WSPRO funasdniwiiuazmiuIag aumsnaaay $anmsauganasaiudinsm

weu'lasaaasluanms 95

2 2
h+ Ve _p AV )
29 29

Lijﬂ h, = Water surface elevation at section 1

V, = Velocity at section 1

h4 = Water surface elevation at section 4

Vv, = Velocity at section 4

h|_ = Energy losses from section 4 to 1

9

= [ Y o ~ = Y o ~ o Yo A
MIFUTINAINUINNHUINAN 4 DINUINAN | mmm"lﬂmu

Y o A K Y o A
UUINAN 1 DI UINAN 2

B 2
N .
2™
1o B = flow weighted distance between sections 1 and 2
K., K, = total conveyance at sections 1 and 2 respectively

mMIgadenasnuiloninmsveiedinniidan 2 danihdain 1 duaalden

aunIn 97
Q' Al [AY
h, =——28—a,—2p, (—j—#az (—j 97)
29A A A
SV (04 = energy correction factors for non-uniform flow

p = momentum correction factors for non-uniform flow



o 14 ~ o w
a lhag ﬂl ﬂTujmllﬂﬂTﬂﬁiJﬂTﬂ/] 98 LIag 99 MuaIaLl

oy = SO AD
K3/ A2

_X(KI/A)
ﬂl_ KTz/Ar

a, way B, o lesruglsnvesaymunaziluluawannisi 100 uag 101

1
iy
-
!,ﬁ‘@ C = empirical discharge coefficient for the bridge
HuUIan 2 ’S\‘l‘ﬁlﬂ@lﬂ“ﬂ 3
h 45088

f(BU-BD) —
; ) KBUKBD

da Keu gy Keo

Le = length through the bridge

Y o A =2 Y o A
HTUIIAN 3 NHUINAN 4

h Lan2
3Ny

1ilo Lav = effective flow length in the approach reach

K, ttag K,  =total conveyances at sections 3 and 4

= total conveyance at sections BU and BD respectively

46

(98)

(99)

(100)

(1o1)

(102)

(103)
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Fmsumsiuiums lvauuuuine ( High Flow) HEC-RAS @115081142aiM5 11a
uuuun9 Tael¥aunisndaau (Standard Step Methods) 1130 lagmsuenaumssarmans

fFmsuusIduay/vse M3 maruehe

TUNINAINY (Standard Step Methods)

E4

Iq Yax @ o [ A
miﬂixqﬂmim‘ﬁﬁumiwmqm (Standard Step Methods) mmumﬂwamm Uy

a @ L o
Wmsmidlounumsszgnd l¥iums lnauuuies (Low Flow)

Fsusanunazms lviasurie (Pressure and Weir Flow Methods)

4

MIRUIBNITWUY0INT i HEC-RAS dgidendumsiinzausa ludaruegny
anImms Iva
nsdiusNgN NG 16 aumsh1dae
2V
Z aV
o 373
Q=CiAyv29|Y,——+ (104)
2 29
149 Q = Total discharge through the bridge opening
Cq = Coefficient of discharge for pressure flow
Ay = Net area of the bridge opening at section BU
Y, = Hydraulic depth at section 3

= Vertical distance from maximum bridge low chord to the mean river

bed elevation at section BU

@ a Jo 1 1 = v o U
dulszansonsimslva C, aglus190.27 8305 waznmmlanuduiuisening

C, M Y,/ Z aauaaaluniwi 17



M 16 Mveaziuiegnieldteu lvvesiuszuelunuiawazussiuvosms Tua

Coefficient of Discharge

0.7

0.4
Cy 1/

0.3 7

0.2

0.1

' ¢
ﬂTWﬁ 17 ﬁi]ﬂ‘i%ﬁ‘i’l‘.ﬁﬂ"liuh’iﬁﬁ'ﬁfiiﬂﬂ"lil’lﬂmmﬂ Sluice Gate

fn: Gary (2002)
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A A A YA
AIUN 2 ANINN 18 ﬁilﬂ”lﬁ/lsl%’ﬂﬂ

Q=CA\2gH (105)

1ile C = Coefficient of discharge for fully submerged pressure flow.
Typical value of C is 0.8.
H = The difference between the energy gradient elevation upstream

and the water surface elevation downstream.

A = Net area of the bridge opening.

d' A P o
HMNN 18 ﬂTwsuaqﬁzwm‘nagnw‘lmNau"lwENﬂﬁ”lmmJmmmmmﬂmmmﬂm

[ A So v o Jou o A = [ g
ﬁuﬂigﬁﬂ‘ﬁ’ﬂ@]i1ﬂ1§1‘ﬁﬁ C ‘JdJﬂUTNﬁNWH‘ﬁﬂUfﬂJﬂigﬁ‘i/l‘ﬁﬂ'ﬁqty!aﬂwaﬂﬂT‘L!‘VN‘VHJ@

Funnnjluuuvesaumsess el luTUsunsuneuiiunes HEC-2

Q=A, /—2?<H (106)

119 K = Total loss coefficient
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Faulasan K ¢ 1ddsaumsn 107

C=,— (107)

msﬁmamms"lmphmha (Weir Flow Computation)

9 [ = o Y 9 o A
ﬂﬁ"l‘wmlmﬁzwmmuﬁwﬂumwm 19 ﬂ'lu'JﬂJ"lﬂTﬂﬂi‘lﬂﬁﬂﬂ'ﬁﬂl@\‘]?\hﬂﬂﬂﬁﬂﬂ'ﬁﬂ 108

=

28 SPpBa P D=

mwﬁ 19 mwmmmi"lwasﬁ'mﬁswmuuuNwﬂuamﬂﬁu
3/2
Q=CLH (108)

= Total flow over the weir
= Coefficient of discharge for weir flow

= Effective length of the weir

T r O O

= Difference between energy upstream and road crest



Discharge Reduction for Submerged Flow
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Dischar
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DR
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Percent Submergence

t:' Jd (v o [ 2’
M 20 urlamesdsuaams Inauvvrhedmsums Ivaunyuauiia
2
NN: Gary (2002)

Msd1a0aneann (Modeling Culverts)

Plan View

Section A - A

d' ™ ] £ 9
HMNN 21 ﬂTW‘I/I’Jul‘]Jﬂl@ﬂﬂﬂﬁ@ﬂ“ﬁﬂﬁ‘ﬂﬂﬁﬂﬂﬂuu
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¥HAvYeINoasn (Type of Culverts)

HEC-RAS ansndiaesnthdaveanoasa la 9 sluuudwaaslunini 22

Pipe Arch Elliptical Low Profile Arch

Y Y o Aqya !
mwfi 22 Uuuunihaaildna lvesneasn
Auridarinan (Cross Section Location)

AR 23 uaasiedmnianihdandesmsdmsumsdiaeaneasa wihdai 1 oglu
o oA v & A = 9y ' £ ' 9 o Y
AUNUINMIVeIEANANNNNMITULAVINIVEINDADA FIT2EzHIIVOIMINARTINIT0 1%
Y o o Y Y o A 1< o oA 9 v ]
Jotmuavosmasiaosaziinld wihdai 2 iudwnisilndnuinnieeenvesrioasa
y v o o & & Y oo S . 1 odq v
e danaaslunini 23 uaznwi 24 nihdan 3 Wudwmusnlnaduilnnisesnves
' Y A :l Y o A I o " Aw 1A A =\ 9 A
neoaoaa o nindan 4 Wudwmiandalasuiimstouaudivesms lnaiiosnn

9 1
ﬂ"lillﬁﬁl“ll'mﬂﬁﬂﬂ



Elevation

24

Ineffective Flow Area Stations and Elevations

/)

sen ' e oo ' odo © sedn ' ofic © oo " icho | fodo oo oo oo o nbo ondo O

Station

1

d' Y o A 1
MNN 24 HUIAAN 2 VOINDDDA

131: Gary (2002)
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Elevation

80 B8o  odo  8f0 0 Sde 0 S0 0 8BD 1000 0 1020 0 1040 108D 108D oo 1120
Station

T

BRIL

MW 25 WA 3 YoINoann
4
NN: Gary (2002)

¥aran3veineasn (Culvert Hydraulics)

M 26 ihdaveneasagianauuazNoaoamasua gAY
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Section

Section ot
= 1% 3>
3
Entrance Exit
Region Culvert Barrel Length Region

H 3 1w o P
MWA 27 M3 anuuduneiudundsnuuazduramans

1a: Gary (2002)

v d . A A = S A Ay 9y '
MYUT (Tailwater) NNBDADAADAIINANUDIUINNINODNUIDAIUNIYUIVUDINDAOA

[ v 4

naautududnyal TW

o

Y :} A A = 9y =K 9 [
AUUT (Headwater) 150 HW ApAMVANINLINNMUVDUTUNAITIY

Y Y Y
5EAUINA UMDY (Upstream Water Surface) 1138 WSu fonuanveatiusnm
Yy Ay a3 :
MatmIemumetveaneana

@ { o ] Y 3’ @ <
WAIIIUTIY (Total Energy) ﬁmgmuﬂm L‘Vﬂﬂ‘]Jﬂ'JHJﬁﬂellfNuWU’Jﬂﬂ‘ULﬁlﬂﬂ’ﬂllL‘i’J
M3MuIn Headwater NY0IMIsUIh (Computing Inlet Control Headwater)

Y Y
mariutuuy Tiauin

M

all = i, Q —0.5S (108)

_+_
D D | AD”

M
H;Vi =K {AS“} (109)
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v v
Mty

HW, ’
-=C QOS +Y —-0.5S (110)
D AD™
1o HW. = Headwater energy depth above the invert of the culvert inlet

= Interior height of the culvert barrel

= Specific head at critical depth (d_ +V./29)

= Full cross sectional area of the culvert barrel

D

H

Q = Discharge through the culvert
A

S = Culvert barrel slope

K

,M,c,Y = Equation constants, which vary depending on culvert shape and

entrance conditions

MIAIMIN Headwater 150911931900 (Computing Outlet Control Headwater)

2 2
aV aV
23 =7, +Y,+22

Z,+Y, + +H, (111)

= Upstream invert elevation of the culvert

< N

w

= The depth of water above the upstream culvert inlet

=<

= The average velocity upstream of the culvert

= The velocity weighting coefficient upstream of the culvert

w

= The acceleration of gravity

= Downstream invert elevation of the culvert

< N @ R
8]

= The depth of water above the downstream culvert inlet

=<

= The average velocity downstream of the culvert

= The velocity weighting coefficient downstream of the culvert

T

= Total energy loss through the culvert (from section 2 to 3)
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aun13 FHWA Full Flow

HL :hen+hf +hex (112)
1o hen = entrance loss
hf = friction loss
=it loss

ex

mMsgaidenasaiesainusudeaniuluneacadiuiulasnisldgasves

Manning’s e luaunsn 113

2
h, = L(LMJ (113)
1.486 AR

Lﬁ"ﬁ) h, = friction loss

L = culvert length

Q = flow rate in the culvert

n = Manning's roughness coefficient

A = area of flow

R = hydraulic radius

mﬁﬁmamgﬂé’fﬂmuﬂnﬁaﬁﬁhﬁ% Direct Step (Direct Step Water Surface Profile)

9 [

1 3 1 o a g} J o gas .

dmsums lnavuuluduve jidaaiwediniluneasad uinlag143% Direct

de;}d A A A a A vy ;y A9 =3 1
Step A5 TuATINYszANTmINTeanIn Tideeaud Aedesnsrinnudnms navedua

(9 a g} o Y =< A A z:g/ Y a ] 1
az Step JUdamueMIHNIIzgRMUINAIIANNANIITNALTREY (TnslnAazegiz1d1e 0.01
uaz 0.05 W) S1AwanmMs Inaviiduaugevesneasanoudilalegaveioasndu
v ] v Y

milelh mygydendsnuiioannusudoanmuludiviimaoed luneasaiivazgnd i

a < < 1 { o {
Tagauyams lnailums lnanuwduve aumsldlumsdnnauaadluaunsi 114
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2 2

aVe _ Z,+Y, + %V,

+H (114)

Zo+Yo +

ex

!ﬁ"ﬁ) Z. = Elevation of the culvert invert at the downstream end
Ye = Depth of flow inside culvert at downstream end
Ve = Velocity inside culvert at downstream end
22 = Invert elevation of the cross section downstream of culvert (Cross
Section 2 from Figure 26)
Y, = Depth of water at Cross Section 2
V, = Average velocity of flow at Section 2

anuanm3lraln@luneasn (Normal Depth of Flow in Culvert)

=3 a o 9 . (% dy
ﬂ’JTJJﬁﬂf‘I"Iiulﬁaﬂﬂ@]ﬂ"luﬂﬂlllﬂiﬂﬂﬁuﬂﬁallﬂﬂ manning ANH

©1.486

AR*®S{? (115)
n

Q

1o Q = flow rate in the channel
n = Manning's roughness coefficient
A = area of flow
R = hydraulic radius
S, = slope of energy grade line

Y = aA 1 v o Y =3
iﬂﬂ’ﬂllﬂﬂﬂﬁUl‘l’iﬁﬂﬂ@]llﬂ?ﬂ1ﬂﬂ]1ﬂlu1ﬂ‘]ﬂ@ Tﬂ5u,mimzmwuﬂiwmmmaﬂmﬂwa

WA UYUIAND
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ANNaNMS Inalngaluneasa (Critical Depth of Flow in Culvert)

=KX a a dy A A @ o 9 [ o IS
AITNANING A LﬂWUulllfJﬂTﬁ‘Ilfl’ia1uﬂﬁ@QMﬂWWﬁQQWUi}WLWW%u@EJ Wﬁ\‘l\ﬂﬂ’iﬂlWngﬂu

< a 4 (K [ @
Nﬁ‘i’)ll"llfNﬂ'NllﬁﬂﬂTiUl'l’TaLLaZLaﬂﬂ'ﬂﬂJli’J ﬂ'ﬂllgﬂ'?lﬂ’qﬁﬁu@ﬂﬂﬂ‘iﬂi%‘ﬂlﬂ\‘lﬂﬁﬂ\illﬁ%@@liW

U u

ms Ina
2 3
A
8 = — (116)
g T
1ie Q = flow rate in the channel
g = acceleration due to gravity
A = cross-sectional area of flow
T = top width of flow
= a 1 A o Y
ﬂ’J"IﬂJﬁﬂﬂﬂi]ﬂ"’U’fN‘V]ﬂa’E)ﬂlfﬁa‘(’JiJﬁ'"IiﬂiﬂﬂTH’JﬂlﬁTVlﬂjﬂﬂﬂi\‘lﬂ"lﬂﬁuﬂ"li
2
9
Ye =3 (117)
g
& .
o A = critical depth
q = unit discharge per linear foot of width
g = acceleration due to gravity
mJ1Jsza‘nﬁmsqiymﬂwmemﬂmmm (Entrance Loss Coefficient)
V 2
_ en
oy =k 5 (118)
g
N h
o on = Energy loss due to the entrance

en = Entrance loss coefficient

Ven = Flow velocity inside the culvert at the entrance
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g = Acceleration due to gravity
ﬁT?J1.]igﬁ‘ﬂﬁﬂ1‘§g’iy!ﬁﬂwa\‘lﬂ1uﬂﬂ1ﬁf’)i’)ﬂ (Exit Loss Coefficient)

2 2
a Vo .V,

_ ex " ex
hex - kex 2g ~ 2g (119)
o hex = Energy loss due to the exit
kex = Exit loss coefficient
Vex = Flow velocity inside the culvert at the exit
V2 = Velocity outside of culvert at downstream cross section

Msd1aeseImImMeszmetaunuuivIu dhe uag 1mMsanszAulil(Modeling  Gated

Spillways, Weirs and Drop Structures)

Inline Weir and Gated Spillway
Water Surface Profiles Example
.03 J|
303 Legend
] —_—
i Ground
204 —h—
B Ineff
] [}
_ i Bank Sta
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= ]
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= ]
z ]
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-104
_2[]- T T T T T T T T T T T T T T T T T T T T T T T T 1
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] Y
WA 28 gIJ’JfJEJNGUfoJWﬂTiﬂ1\‘]3$‘U1ﬂﬁ1€1}ulm$§hﬂ

131: Gary (2002)
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msfnnavamansf ivarulszgszaneiidy (Hydraulic Computations through Gated

Spillways)

Y

ﬂi%@i%ﬂ1ﬂﬁ1ﬂ1uifg{\‘l (Radial Gates)

v 9 Y
MW 33 AedunmnilszgszneinulsiudedunuTen

= a
AIBINT MU asy (Free Flow)

Q N C@WTTE BBEH HE (120)

1340 Q = Flow rate

C = Discharge coefficient (typically ranges from 0.6 - 0.8)

W = Width of the gated spillway

T = Trunnion height (from spillway crest to trunnion pivot point)

TE = Trunnion height exponent, typically about 0.16 (default 0.0)

B = Height of gate opening

BE = Gate opening exponent, typically about 0.72 (default 1.0)

H = Upstream Energy Head above the spillway crest Z,, —Zgp

HE = Head exponent, typically about 0.62 (default 0.5)
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Zy = Elevation of the upstream energy grade line

Zp = Elevation of the downstream water surface

Zsp = Elevation of the spillway crest through the gate

A [ :' Y g} A dgl = A 1= Y a [ 9
Weszauihmeduiniudgandszg lifims naldededase Tsunsuazaday |14

aumsh 121

Q=C./2gWT B (3H)"* (121)
e H = 74 Dya
ﬂiﬁﬂ1ﬁ"lwagmmmf1 (Submerge Flow)

Q=CA\2gH (122)

1o A = Area of the gate opening.
H =2Z,-Z;,
C = Discharge coefficient (typically 0.8)

Y

Y329 321181V VVINENIUIAT (Sluice Gates)

i Y v Y
MW 34 Mednmwilszgszusimuvenuunatudursveaniaidy
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AIRMT AUV ATL (Free Flow)

Q=CwB,/2gH (123)
1ile H = Upstream energy head above the spillway crest (Z, —Z)
C = Coefficient of discharge, typically 0.5 to 0.7

asaims Inauyuauih (Submerge Flow)
Q=CwB,/2g3H (124)
il H = [

9n31m3 lviatieaq KIUUIUIZLY (Low Flow Through The Gates)

a o J v v 4 o
M 35 AegnilszgszuisihiuIdimeldlou lums Inanuuidesq
Aq YA
aumsnlsae

Q=CLH?Y? (125)
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1o C = Weir flow coefficient, typical values will range from 2.6 to 4.0

depending upon the shape of the spillway crest (i.e., broad crested or

ogee shaped).
L = Length of the spillway crest.
H = Upstream energy head above the spillway crest.
1.1
i
ol&
w
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w "1
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e
I
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Y 4
NA 36 dudseansms Ivaruehe

131: Gary (2002)
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11-0ct-04
RID Computer Center LS/ QDAYWY/ 04
Station - Forestry Office, Muang, Nan, (N.1) Rowal Irrigation Department
Stream - Nan Thailand
River - Han Hydrology Diwvision
River System - Man River Rating Curve C.000Y/1952
Water Year - 18952
Discharge, in Cubic Meter per Second, Uater Year April 1, 1952 to March 31, 1953
Date Apr May Jun Jul Aug Sep ot Now Dec Jan Feh Mar Annual
1 12 19 13 88 4z2 563 216 7z 23 20 45 24
2 20 z0 19 108 zZ64 5z6 208 70 23 20 45 24
3 20 Z0 19 132 348 460 198 66 23 20 43 24
4 20 z0 17 111 602 369 151 62 23 20 41 24
5 20 z0 21 a3 354 340 17z 54 23 20 38 24
3 20 Z0 20 11z B6T 339 141 44 23 20 37 24
7 20 z0 19 205 594 34 128 44 23 20 35 24
] 20 2z 17 195 434 T4 123 41 2z 20 34 23
9 20 22 17 108 324 20863 105 41 22 20 34 23
10 20 4 17 22 3z9 1421 100 38 2z 19 3z 23
az| 11 19 23 17 61 322 558 97 38 22 19 31 23
@2 12 12 23 17 56 577 420 85 38 4 19 31 23
2 13 13 23 17 57 371 355 a1 37 2z 19 30 23
14 19 29 17 47 407 344 86 35 22 19 30 23
15 12 ) 17 a3 333 363 83 34 Zz 19 28 23
18 13 57 17 213 304 353 a1 34 2z 19 28 23
17 15 27 16 123 326 329 81 32 22 19 28 23
13 13 z3 is 104 399 383 73 30 zz i3 28 2z
13 17 23 i5 175 411 411 79 28 22 19 28 2z
20 17 23 15 269 541 2147 87 26 22 19 28 22
21 17 23 15 551 464 1902 a7 25 22 19 27 18
22 17 25 19 443 432 1157 83 25 Zz 17 a7 1
23 17 35 50 563 375 574 83 24 21 17 27 16
24 17 53 53 566 449 458 81 24 21 17 25 18
25 17 35 83 614 647 486 81 23 z1 17 25 i
26 138 27 79 348 1104 471 a0 23 21 19 25 16
27 15 27 75 269 619 335 79 23 21 21 25 15
23 13 23 23 249 03 311 79 23 21 21 25 15
29 19 23 82 288 1337 279 7 23 21 22 15
30 17 23 89 608 1605 247 7 23 21 30 15
31 2z 516 a1 75 21 37 15
Total 563 814 969 7429 16093 19028 3313 1100 680 626 880 635 52130 CHMSDAY
Hean 13 Z8 3z 240 519 B34 107 37 2z 20 31 21 143 CH3
Max 20 57 99 614 1605 2147 216 2 23 37 45 24 2147 CHS
Hin 17 19 13 47 o1 247 75 23 21 17 25 15 13 CH3
Runoff 49 70 84 642 1390 1644 286 a5 59 54 7E 554503 .990 MCH
Momentary Peak  2161.00 CMS, at  199.53 M (MSL.), at 18.00 hours, on Sep 20, 1952
Runoff Yield 30.99 Liters/Second/Scuare KM, Momentary Peak Yield 466.87 Liters/Second/Scguare KN
a4
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11-0Oct-04
RID Computer Center LOS/QDATWY/ 04
Station - Forestry Office, Muang, Man, (M.1) Royal Trrigation Department
Stream - Nan Thailand
River - Man Hydrology Division
River SJystem - Man Riwver Rating Curve C.000Y/1953
Water Year - 1953
Discharge, in Cubic Meter per Second, Water Year April 1, 1953 to March 31, 1954
Date Apr May Jun Jul Aug Sep oot Hiow Deo Jan Feh Mar Annual
1 19.0 11.0 40.0 41.0 75.0 151.0 81.0 895.0 31.o 22.0 19.0 16.0
2 19.0 9.8 40.0 39.0 75.0 144.0 85.0 895.0 30.o 22.0 19.0 16.0
3 19.0 9.0 38.0 38.0 73.0 128.0 8z2.0 90.0 3n.o 22.0 19.0 16.0
4 19.0 11i.0 37.0 117.0 219.0 117.0 78.0 83.0 28.0 2z2.0 19.0 16.0
5 19.0 z23.0 34.0 154.0 336.0 138.0 75.0 73.0 25.0 2z.0 i9.0 is5.0
& 19.0 37.0 45.0 151.0 zzz.0 z211.0 74.0 65.0 25.0 2z.0 i9.0 is5.0
7 7.0 34.0 3.0 1z5.0 139.0 346.0 71.0 62.0 25.0 2z2.0 i9.0 is5.0
=) 7.0 34.0 135.0 1z6.0 154.0 30z.0 7z.0 62.0 z7.0 2z.0 i3.0 15.0
2 7.0 34.0 141.0 115.0 166.0 513.0 75.0 61.0 27.0 22.0 i7.0 14.0
10 17.0 34.0 1z6.0 106.0 z219.0 390.0 73.0 55.0 25.0 21.0 17.0 14.0
5 11 17.0 38.0 83.0 98.0 239.0 2659.0 73.0 57.0 25.0 21.0 17.0 14.0
s6( 12 17.0 40.0 54.0 80.0 260.0 258.0 100.0 57.0 27.0 21.0 17.0 13.0
57( 13 17.0 41.0 49.0 69.0 252.0 254.0 85.0 56.0 24.0 21.0 17.0 13.0
14 17.0 41.0 66.0 65.0 211.0 355.0 78.0 54.0 24.0 21.0 17.0 13.0
1s i7.0 41.0 117.0 57.0 333.0 252.0 4.0 54.0 23.0 21.0 17.0 1z.0
i 16.0 41.0 75.0 97.0 §31.0 195.0 71.0 53.0 23.0 21.0 i7.0 i7.0
17 16.0 41.0 9.0 209.0 1605.0 255.0 9.0 53.0 23.0 21.0 i7.0 iz.0
iz 16.0 45.0 75.0 1z0.0 1325.0 250.0 7.0 51.0 23.0 21.0 i7.0 iz.0
13 15.0 43.0 i0z.o s0.0 60z.0 z01.0 65.0 43.0 z3.0 z21.0 i7.0 iz.0
z0 15.0 40.0 zle.0 79.0 516.0 208.0 65.0 458.0 23.0 21.0 i7.0 iz.0
21 11.0 35.0 206.0 83.0 531.0 206.0 64.0 46.0 22.0 21.0 17.0 1z2.0
22 14.0 3z2.0 169.0 94.0 513.0 192.0 65.0 46.0 22.0 20.0 17.0 16.0
23 14.0 31.0 85.0 93.0 430.0 157.0 64.0 45.0 2z.0 20.0 17.0 21.0
24 14.0 31.0 62.0 85.0 378.0 184.0 64.0 44.0 2z.0 20.0 17.0 2z.0
25 13.0 35.0 57.0 73.0 622.0 18z.0 64.0 41.0 23.0 20.0 17.0 17.0
Z6 13.0 38.0 49.0 70.0 516.0 169.0 2.0 37.0 23.0 20.0 17.0 15.0
27 iz.0 38.0 49.0 99.0 34z2.0 1z6.0 gz.0 35.0 23.0 20.0 i7.0 14.0
5 1z.0 38.0 45.0 137.0 z279.0 101.0 gz.0 34.0 z23.0 15.0 1.0 14.0
z3 1.0 3g.0 46.0 101.0 zz9.0 104.0 i00.0 34.0 z3.0 13.0 14.0
30 1.0 3g.0 44.0 54.0 187.0 95.0 83.0 3z.0 z3.0 13.0 13.0
31 3g.0 75.0 169.0 27.0 23.0 18.0 14.0
Total 470.0 1045.8 2447.0 3004.0 12158.0 6456.0 2326.0 1871.0 769.0 646.0 4591.0 454.0 31937.8 CHMSDAY
Mean 15.7 33.7 81.6 96.9 392.2 215.2 75.0 55.7 24.8 20.8 17.5 14.6 87.5 CH3
Max 19.0 49.0 216.0 209.0 1e05.0 513.0 100.0 95.0 31.0 2z2.0 19.0 22.0 1605.0 CHZ
Hin 1.0 8.0 34.0 38.0 73.0 95.0 gz.0 3z.0 z2z.o 13.0 is.0 iz.0 9.0 CH3
Punoff 40.6 90.4 z11.4 259.6 1080.5 557.8 z01.0 144.4 6.4 55.8 4z.4 39.22759.430 NCI
Momentary Peak 1780.00 CHM3, at 195.98 M (MSL.), at 18.00 hours, on Aug 16, 1953
Funoff Yield 18.98 Liters/Second/Scuare KM, Momentary Peak Yield 386.20 Liters/Second/Scuare KN
b
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12-Zep-03
RID Computer Center LOS/LDAYWY/03
Sration — Forestry Office, Muang, Nan, (N.1) Roval Irrigation Department
Btream — Han Thailand
River - Man Hydrology Division
River System - Nan River Rating Curve C.000%/15952
Water Year - 1952
Gage Height in Meter (MSL.), Water ¥ear April 1, 1952 to March 31, 1952
Date Apr Hay Jun Jul Aug sep oot Howv Dec Jan Felh Mar Annual
1 182.683 1%9z.82 182.71 153.71 185.758 196.39 1594.65 193.55 182.90 192.84 183.2z 159z2.94
2 192.84 192.84 1592.82 193.70 154.97 196.24 1594.63 193.53 1592.90 192.84 193.22 192.594
3 19z2.84 192.84 19z.52 194.11 1595.44 195.87 1594.57 193.49 182.90 1592.84 193.20 159z2.94
4 192.84 192.84 1592.80 193.83 196.53 195.54 1594.46 193.44 1592.90 192.84 193.18 192Z2.594
5 19z2.84 192.84 192.56 1593.76 195.61 195.40 1594.40 193.34 182.90 1592.84 193.14 19z2.94
13 19z.64 192.84 192.84 193.94 196,76 195.39 194,18 193.21 182.90 192.84 193.12 192.94
7 19z2.84 192.84 192.52 194.61 196.50 195.31 1594.08 195.21 182.90 192.84 193.10 19z2.94
=) 18z.564¢ 192.86 192.80 194,55 195.585 196.%4 194.03 193.15 182.58 192.84 183.08 192.%92
9 18z.84 192.8& 192.50 193.50 1895.31 199.39 193.57 193.17 1592.83 192.84 1583.08 19z.92
io 18z.564 19z.86 182.78 1593.75 1585.34 1595.42 193.83 1593.14 182.58 192.82 183.06 19z.82
i1 19z2.82 192.590 192.75 1593.42 195.30 196.37 193.50 193.14 1592.88 192.8z2 1583.04 19z.92
1z 192.82 192.90 182.78 193.36 1596.44 195.78 193.78 193.14 1592.88 192.8Z 193.04 192.92
13 19z.82 192.590 19z.50 1593.37 195.55 195.47 193.74 193.1z 182.88 192.8z2 183.02 19z.92
14 18z.82 193.01 192.80 193,25 195,72 195.42 193.6% 193.10 182.88 192.82 193.02 19z2.50
is 192.82 193%.11 192.75 193.33 195.3¢6 195.51 193.66 193.05 182.83 192.82 193.00 15z.50
16 18z2.82 193.36 192.78 194.66 195,20 195.46 193.64 193.08 182.88 192.82 193.00 12z.50
17 18z.82 192.99 192.76 194.03 185.32 195.34 193.4A4 195.05 182.83 192.82 193.00 19z.50
ig 18z.82 19z.82 182.76 153.86 185.68 185.658 193.62 193.0z 182.88 19z2.82 183.00 159z2.68
19 192.80 192.50 192.74 194.42 1595.74 195.74 193.62 193.00 152.88 192.82Z 193.00 192.88
z0 18z.50 19z.50 1Sz.74 155.00 196.30 1585.51 1593.70 192.87 182.88 19z2.82 183.00 159z.68
21 19z.80 1592.590 19z.74 196.3¢ 195.99 199.16 193.70 192.86 1892.83 192.82 193.95 19z2.76
22 192.80 192.96 1592.82 195.82 195.84 197.96 193.66 192.896 1592.88 192.80 193.98 192Z2.76
23 19z2.80 193.14 193.29 196.41 195.53 196.43 193.66 192.594 192.86 192.80 193.95 19z2.76
24 182.80 193.32 193.32 196.40 195,92 195.86 193.64 192,893 182.86 192.80 193.96 192.76
25 19z2.80 193.14 193.72 196.57 196.69 196.068 193.4A4 192.92 1892.86 192.80 193.96 19z2.76
26 18z.682 192.96 193.62 195.44 197.86 196.02 193.63 192,892 182.86 192.83 193.96 192.76
27 19z2.82 192.98 193.55 195.00 196.59 195.37 193.62 192.92 1892.86 192.86 193.96 19z2.74
28 18z.62 192.56 1593.48 154.86 196.55 1595.24 193.62 192.82 182.86 192.86 183.9¢ 159z2.74
29 192.82 192.92Z2 193.65 195.11 198.28 195.06 193.60 192.892 192.86 192.88 192.74
30 18z.78 19z.82 183.82z 1596.55 1595.72 194.87 1593.60 192.82z 182.86 1593.02 19z.74
31 192.88 196.20 1597.45 193.58 192.86 193.12 192.74
Hean 18z.82 192,95 192.92 194,63 196.13 196.25 193.86 193.11 182.88 192.84 193.33 192.86
Max 19z2.84 193.38 193.52 196.57 1893.72 199.51 154.63 193.55 1892.90 193.12Z2 1593.98 19z2.94 199.51
Hin 18z.78 1%9z.82 182.71 1593.25 154.87 194.57 193.55 192.8z 182.86 192.80 183.00 19z.74 182.71
innual Max Momentary Gage Height 199.53 M (MSL.) , at 18.00 hours, on Sep 20, 1952
Zero Gage at Bottom Elevation 192.17 M (M3L.) , River Bed 0.00 m [M3L.)
Left Bank Elevation M (MSL.)
:|Right Bank Elevation M (MSL.) M (MSL.) , Drainage irea 4,600 Square Eilometers
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12-Zep-03
RID Computer Center LQS/LDAYIY/03
Station - Farestry Office, Muang, Nan, (N.1) Royal Irrigation Department
Frream - Nan Thailand
Riwver — Nan Hydrology Division
River System - Nan River Rating Curve C.000F%/1953
Water Year - 1953
Gage Height in Meter (MSL.), Water Year April 1, 1953 to March 31, 1953
Date Apr Hay Jun Jul Auy Sep ozt Hov Dec Jan Fel Mar Annual
1 18z.82 152.64 193.15 193.18 193.56 194.26 193.74 183.768 193.594 182.88 19z.82 1592.76
2 19z.82 19z.62 193.1f 193.15 193.58 194.21 193.63 193.78 193.03 102.88 192.52 192.7¢
3 192.82 192.60 193.14 193.14 193.56 194.08 193.65 193.73 193.02 192.88 192.82 192.76
4 192.82 182.65 193.12 193.98 194.70 193.98 1583.61 1593.66 1593.00 192.88 192.82 192.76
5 18z2.82 182.92 193,05 194.48 195.36 194.16 193.55 1983.56 193.00 192.88 19z2.82 192.74
g 19z.82 193.1z 193.z¢ 194.26 194.72 194.65 193.57 1593.47 193.00 192.88 19z.52 192.74
7 19z2.80 193.05 193.45 194.08 194.51 195.43 193.54 1593.44 193.00 1592.83 192.52 192.74
8 192.80 193.08 194.17 194.06 194.28 195.19 1593.55 193.44 192.98 192.88 192.82 192.74
El 18z2.60 193.08 194.15 193.96 194,36 196.1% 1%3.55 183.42 192.958 192.58 192.80 192.72
10 18z.78 183.08 194.06 193.88 194.70 1595.84 193.56 183.40 182.86 192.56 192.80 192.72
11 192.78 193.14 193.76 193.81 194.81 195.00 193.56 1583.38 192Z.96 192.86 192.80 192.72
g 12 182.78 193.16 193.34 193.63 194,95 194.94 193.83 193.38 192.96 192.86 192.80 192.70
= 13 18z.78 183.15 193.27 193.52 194.350 1594.81 193.65 183.36 182.594 182.86 192.80 152.70
) 14 1892.78 193.15 193.49 193.48 194.65 195.47 193.61 193.34 192.94 192.86 192.50 192.70
15 192.78 193.18 193.98 193.38 195.36 194.90 1593.57 193.34 192.92 192.86 192.80 192.68
16 18z.76 1983.18 193.58 193.80 197.3%9 194.55 193.54¢ 183.32 192.92 192.86 192.80 1592.50
17 19z2.76 193.15 193.5z 194.64 1598.72 194.94 193.5z2 193.32 192.92 102.86 192.50 192.68
18 192.76 193.22 193.58 194.01 198.26 194.89 1593.50 193.30 192.90 192.86 192.80 192.68
15 192.74 193.28 193.85 193.73 196.53 194.59 1593.48 1593.28 192.90 192.86 192.80 192.68
z0 18z.74 183.16 194.88 193.62 196.20 194.62 193.47 183.26 182.80 182.86 192.80 15Z.66
21 192.64 193.10 194.62 193.66 196.26 194.62Z2 193.46 193.24 192.858 192.86 192.80 192.68
2z 18z2.72 193.06 194,38 193.77 196.19 194.53 193.48 193.24 192.88 192.84 192.78 192.76
23 18z.72 193.04 1593.78 193.7¢ 1595.583 194.30 1893.46 183.22 182.858 1582.84 192.78 15Z.56
24 19z2.72 193.04 193.44 193.68 195.58 194.45 193.46 193.21 192.85 1592.84 192.78 192.58
25 192.70 1893.10 193.37 193.56 196.60 194.47 1893.46 193.17 1892.92 192.84 192.78 192.80
26 18z2.70 193.14 193,28 193.53 196.20 194.356 193.44 1983.13 19z2.92 192.84 192.78 192.75
27 19z2.68 193.14 193.23 193.82 1595.41 194.06 1593.44 1583.10 15z2.92 192.34 192.78 192.73
28 192.68 193.14 193.26 194.15 195.06 193.84 193.44 1593.08 192.92 192.82 192.76 192.73
29 192.66 193.14 193.24 193.84 194.76 193.86 193.83 183.08 1892.92 192.82 192.73
30 18z.64 193.14 1593.21 193.67 194.56 193.756 193.82 183.06 1B82.82 182.52 19z2.71
31 193.14 193.58 194.38 183.80 19z2.92 192.s52 192.72
Hean 182.75 193.06 193.59 193.77 195.35 194.63 193.58 193.35 192.97 192.8f6 192.50 192.74
Max 192.82 193.28 194.68 194.64 198.72 196.19 193.83 193.78 193.94 192.88 192.82 192.88 198.72
Hin 18z.64 192.60 193,09 193.14 193.56 193.756 193.44 183.06 192.858 192.82 192.7¢ 192.66 192.60
Annual Max Momentary Gage Height 195.98 M (M3L.) , at 18.00 hours, on Auy 16, 1953
Zero Gage at Bottom Elevation 192.17 M (MSL.) , River Bed 0.00 m (MSL.)
Left Bank Elevation M (MSL.)
Right Bank Elevation M (M3L.) M (M3L.) , Drainage Area 4,609 Square Kilometers
1
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RID Computer Center, Processing @ S8-JUL-2011 10:02:22.59 LOS/LOS0ZD/03
Station — Ban Na Lak, Ai. Uang Saphung, Loei, (KH.Z84) Royal Irrigation Department
Stream — Loei Thailand
River - Khong Hydrology Division
River Systewm — Khong River Rating Curve HC3.0063Y/2006
Water Year - 2006
Gage Height in Meter (MSL), Water Year April 1, 2006 to March 31, 2007
Date Apr May Jun Jul Aug Sep oot Now Dec Jan Feh Mar Annual
1 239.70 241.33 240.33 240.72 242.39 242.48 242.24 240.38 239.92 239.80 2359.66 239.63
2 2389.70 240.34 240.35 240.49 241.14 241.40 241.55 240.36 239.92 239.80 2359.68 239.62
3 239.71 240.09 240,43 240,43 240.79 241.01 243.27 240.36 239.92 239.7% 238.71 238.62
4 239.71 235.95 z40.34 Zz40.zpc 240.70 240.568 246.56 240.35 239.92 239.78 238.71 238.61
5 239.71 235.90 z40.15 Zz40.17 240.56 240.56 246.51 240.34 239.91 239.78 238.71 238.40
3 239.71 239.84¢ 2z40.1¢ z40.22 240.41 240.80 245.5¢ 240.32 239.91 239.78 238.71 2309.60
7 239.65 239.84 240.158 z40.79 240.33 241.05 244.35 240.30 239.90 239.78 230.70 230.60
=l 239.65 2395.90 2z40.08 z40.357 240.27 240.76 243.94 240.27 239.59 239.77 239.70 2359.59
=l 239.65 240.28 240.03 240.85 240.65 240.70 244.31 240.25 239.88 239.77 239.70 239.59
10 239.65 240.11 239.96 241.21 241.19 240.92Z 244.58 240.21 239.87 239.76 2359.70 239.59
11 239.67 240.06 239.96 240.98 240.58 243.28 245.43 240.18 239.86 239.76 2359.69 239.58
1z 239.67 240.03 239,95 240,51 240.43 243.39 245.73 240.17 239.86 239.75 238.70 238.55
13 239.65 240.03 239.94 Z241.21 240.36 242.e0 243.73 240.15 239.85 239.75 I3B.72 238.55
14 239.70 2z40.01 239.97 Zz40.56 241.47 241.50 2z4z.z2z 240.14 239.84 239.75 238.74 238.57
) 15 239.70 239.93 239.97 240.73 242.60 241.05 241.85 240.12 239.54 239.75 230.75 2389.57
16 239.71 239.85 239.90 z40.50 241.40 241.02 241.36 240.10 239.54 239.75 230.74 230.56
17 239.72 239.84 239.38 z40.46 241.25 241.54 241.14 240.08 239.54 239.74 239.70 230.56
18 239.85 239.80 239.86 240.90 241.47 241.91 240.98 240.06 239.83 239.74 239.68 239.56
19 239.86 239.80 239.84 2Z41.686 241.21 Z241.65 240.86 240.04 239.83 239.74 2359.67 239.60
20 239.85 239.80 239.88 242.22 241.98 241.80 240.78 240.03 239.83 239.73 239.67 239.69
21 239.85 239.83 240,02z Z41.12 241.67 242.25 240,74 240.01 239.83 239.72 238.606 238.69
2z 239.84 240.04 240,02 Z41.46 241.72 241.e0 240,72 240,00 239.83 239.71 238.65 238.658
23 239.84 241.47 z40.058 241.95 241.66 242.10 240.70 239.98 239.82 239.71 238.64 238.67
24 239.82 243.37 240.17 240.7f 241.59 241.30 240.83 239.97 239.52 239.70 230.64 230.65
25 239.82 242.23 240.29 z40.55 241.29 241.01 240.54 239.96 239.52 230.69 230.64 230.64
26 239.83 240.85 2z40.71 z42.z2z 242.01 241.61 240.51 239.94 239.52 2309.69 230.64 230.63
a7 240.15 240.89 240.83 243.22 242.46 242.98 240.48 239.92 239.82 239.68 239.63 239.61
28 240.40 240.85 241.15 241.33 242.57 242.95 240.46 239.92 239.82 239.68 239.63 239.60
29 240.42 240.34 240.56 241.01 241.70 245.08 240.43 239.92 239.81 239.67 239.59
30 242.03 240.46 240.52 240.78 242.20 243.89 240.41 239.92 239.81 239.67 239.58
31 240.41 241.53 242.95 240.39 239.81 239.60 239.57
Mean 239.87 240.37 240.19 241.05 241.39 Z241.85 242.38 240.12 239.55 230.74 230.68 230.61
Max 242.03 243.37 241.15 z43.2z 242.95 245.05 246.35 240.38 239.92 230.80 239.75 230.69 246.85
Hin 239.65 239.80 239.84 240.17 240.27 240.70 240.39 239.92 239.81 239.66 239.63 239.56 239.56
Annual Max Momentary Gage Height  247.82 M (MSL), at 21.00 Hours, on Oct 4, 2006
Zero Gage at Bottom Elevation 239.82 M (MSL), River Bed 238.18 M [MSL)
Left Bank Elevation 253.64 M (ML)
Right Bank Elevation 253.65 M (N3L), Drainage Area 1271 Sguare Eilometers
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RID Computer Center, Processing : B8-JUL-2011 10:02:22.91 LQS/LO30ZD/04
Stacion - Ban MNa Lak, A. Wang Saphung, Loei, (KEH.28L4) Royal Irrigation Department
Stream - Loei Thailand
River - Ehong Hydrology Division
River SJystem - Khong River Rating Curve HC3.0063¥/2006
Water Year - 2006
Discharge, in Cubic Meter per Second, Water Year ipril 1, 2006 to March 31, 2007

Date Apr May Jun Jul Aug Sep oot Mow Deo Jan Fekb Mar Annual

1 3.00 40.z0 11.80 zl.e60 82.60 86.20 76.60 iz.80 5.z0 4.00 Z2.60 z.30

2 3.00 i11.80 1z.80 14.80 34.20 43.00 49.00 iz.z20 5.z0 4.00 2.80 Z.20

3 3.10 T35 13.60 13.60 23.70 30.30 121.65 1z.20 5.20 3.90 3.10 2.20

4 3.10 5.80 11.80 i0.zo0 21.00 z6.40 359.60 iz.o00 5.z0 3.90 3.10 2.10

5 3.10 5.00 8.70 8.55 16.80 25.80 351.z20 11.80 5.10 3.90 3.10 2.00

g 3.10 4.40 8.40 9.40 13.20 z4.00 z47.80 11.40 5.10 3.80 3.10 z.00

7 2.50 4.40 8.70 23.70 11.80 31.50 Z04.00 11.00 5.00 3.80 3.00 2.00

g8 2.50 5.00 7.20 zg.10 10.40 zz.B0  153.00 i0.40 4.80 3.70 3.00 i.90

=l 2.50 10. 60 .45 25.50 19.50 21.00 172.05 10.00 4. 80 3.70 3.00 1.90

10 2.50 7.65 5.80 3g.30 35.70 z7.80 157.80 9.20 4.70 3.80 3.00 i.90

11 2.70 6.590 5.60 29.40 17.40 122.10 240,10 8.70 4. 60 3.60 2.80 1.80

1z 2.70 .45 5.90 z4.30 13.80 127.05 261.10 §.55 4. 60 3.50 3.00 i.80

13 2.80 6.45 5.40 36.30 12.20 S1.50 14z2.50 8.25 4.50 3.50 3.20 1.80

14 3.00 6.15 5.70 z5.80 45.80 47.00 75.80 5.10 4. 40 3.50 3.40 i.70

15 3.00 5.30 5.70 21.50 91.50 31.50 53.00 7.80 4. 40 3.50 3.50 1.70

16 3.10 4.80 5.00 z4.00 43.00 30.60 41.40 7.50 4. 40 3.50 3.40 i.e80

17 3.20 4.40 4.80 14.z0 38.40 45. 60 34.z0 7.20 4.40 3.40 3.00 i.60

15 4,50 4,00 4.860 z7.00 45.580 63.40 28,40 6.30 4,30 3.40 2.80 i.80

138 4.60 4.00 4.40 53.40 36.30 53.00 25.80 6.60 4.30 3.40 2.70 Z.00

20 4,50 4,00 4.80 75.80 66.20 59.00 23.40 6.45 4,30 3.30 2.70 2.90

21 4.50 4.30 6.30 33.60 53.80 77,00 2z2.20 6.15 4.30 3.20 2.60 2.90

2z 4.40 6.60 6.30 45.40 55.80 51.00 21.60 &6.00 4.30 3.10 2.50 z.80

23 4.40 45.80 7.20 66.20 53.40 71.00 21.00 5.80 4.20 3.10 2.40 2.70

24 4.20 126.15 8.55 zz.g0 50.80 39.00 15.30 5.70 4.z0 3.00 2.40 z.50

25 4.20 76.20 10.80 16.50 38.70 30.30 16.z20 5.60 4.z20 z.90 2.40 2.40

26 4,30 26.40 21.30 75.80 67.40 51.40 15.30 5.40 4.20 2.90 2.40 2.30

27 8.25 26.70 24.90 119.40 55.40 105.80 14.60 5.z0 4.20 z.80 2.30 2.10

28 13.00 25.50 34.50 40.20 90.15 107.25 14.20 5.20 4.20 2.80 2.30 2.00

29 13.40 11.s0 16.80 30.30 55.00 z217.80 13.60 5.20 4.10 z.70 i.90

30 £8.20 14.20 15.80 23.40 75.00 150.50 13.20 5.20 4.10 2.70 1.80

31 13.z0 45.z0 108.80 1z.s80 4.10 z.80 i.70
Total 191.35 531.50 293,00 1043.65 1412.75 1916.20 3033.00 244,30 140.70 104,70 78.70 64,10 9060.95 <
Hean 6.35 17.15 9.97 33.87 45.57 £3.87 97.54 5.14 4.54 3.38 2.85 2.07 24.32 CHS
Max 68.20 126.15 34.50 119.40 108.60 217.80 355.60 12.60 5.20 4.00 3.50 2.90 359.60 CHMS
Min 2.50 4.00 4.40 8.55 10.40 z1.00 12.s0 5.20 4.10 z.80 2.30 i.80 1.60 CHMS
Runoff 16.533 45.922 25.834 S0.171 122Z.062 165.560 262.051 21.108 12.156 9.046 6.886 5.538 782 .866
Momentary Peak 459,20 CM3, at 247.62 M (M5L), at 21.00 Hours, on Oct 4, zZ008
Runoff Yield 19.53 Liters/Second/Sguare KN, Mowentary Peak Yield  361.290 Liters/Second/Sguare KN
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RID Computer

Station
Btresm

River

River Zvstem

center,

Processing

S8-JUL-2011 10:0Z2:23.23

Ban Ma Lak, L. Uang Saphung,

Loei

Khong
Khong Riwver

Loei,

[KH.284)

Water Year - 2007

Royal Irrigation Department

Thailand
Hydrology Division
Rating Curwve HC3.

LQS/LOS02D/03

Gage Height in Meter (MSL), Water Year April 1, 2007 to March 31, 2008
Date ipr May Jun Jul Aug Sep oot How Dec Jan Feb Mar Annual
1 239.67 238.75 240.23 240.39 240.05 Z40.60 240.99 240.36 239.90 239.74 239.63 239.54
z 239.67 238.75 240.11 240.26 240.94 240.50 3240.67 240.47 239.90 239.74 239.606 239.54
3 239.87 239.75 240.05 240.23 Z241.44 240.45 240.65 240.47 239.9% 239.74 239.79 239.53
4 239.65 239.76 240.02 240.2Z23 240.51 240.36 240.73 240.33 240.41 239.74 239.88 239.53
5 238.70 238.91 239.99 240.25 240.25 240.49 244.46 240.25 239.89 239.74 239.91 239.53
& 239.85 240.22 240.01 240.22 240.16 240.99 247.64 240.2Z4 239.90 239.73 239.86 239.56
7 238.83 240.z24 240.04 240.23 240.08 241.00 245.16 240.21 239.80 239.72 239.79 239.56
8 239.82 240.21 240.03 240.26 240.37 240.99 244.43 240.19 239.97 239.7v1 239.75 239.58
El 238.83 240.10 240.12 240.23 244.558 240.50 Zz44.06 240.15 240.06 239.70 239.72 239.58
i0 239.76 239.99 240.02 240.15 £245.30 Z240.62 245.27 240.13 239.85 239.70 239.70 239.58
i1 239.5%2 239.91 239.94 240.05 Z242.39 240.55 245.17 240.12 239.82 239.70 239.68 239,57
1z 239,91 239,88 239.90 240.00 241.39 241.07 243.83 240.11 239.82 239.70 239.67 239.57
i3 239.89 240.33 239.86 230.97 240.95 241.32 Zz44.10 240.09 239.82 239.70 239.66 239.56
14 239.83 241.64 239.83 2359.98 240.59 241.42 245.01 240.08 239.81 239.69 239.65 239.56
is 238.75 240.72 239.83 240.05 2Z40.51 z41.61 244.33 240.07 239.81 239.69 239.64 239.52
16 239.72 240.86 239.85 239.97 240.42 241.26 242.92Z2 240.06 239.82Z 239.69 239.63 239.52
1 17 238.70 240.88 238.86 £389.92 240.40 241.35 Zz4z.03 2z40.06 239.581 239.69 239.62 239.50
L 18 239.70 240.55 240.30 239.86 240.72 241.42 241.55 240.05 239.73 239.68 239.61 239.53
1 i9 238.65 240.43 241.34 2389.53 240.61 =241.84 241.15 240.05 239.72 239.68 239.60 239.57
20 239.63 240.36 240.99 £235.51 240.74 243.06 240.93 240.02 239.71 239.65 239.59 239.57
21 239.63 240.26 240.54 235.54 240.49 243.02 240.76 239.99 239.71 239.63 239.58 239.56
2z 239.66 240.16 240.24 239.82 240.61 241.47 240.65 239.97 239.72 239.63 239.57 239.54
23 239.66 240.11 240.14 235.54 =240.54 240.59 240.58 239.95 239.74 239.63 239.56 239.54
24 239.64 240.12 240.05 240.01 240.43 240.61 240.51 239.94 239.75 239.62 239.55 239.55
25 239.64 240.10 239.95 240.37 240.35 240.53 240.44 239.93 239.77 239.60 239.54 239.60
26 239.63 239.99 240.02 240.22 240.27 241.06 240.39 239.93 239.77 239.60 239.53 239.61
27 238.63 238.92 :240.45 240.05 240.19 241.73 240.36 239.93 239.76 239.60 239.52 239.62
28 239.67 239.92 240.53 240.04 240.18 242.03 240.33 239.93 239.7Y6 239.59 239.52 239.59
z3 238.72 238.95 :240.76 240.05 240.53 24z.14 240.30 239.82 239.75 £39.59 239.52 239.62
30 239.79 240.05 240.63 Z240.10 240.32 241.53 240.26 239.92 239.75 239.59 239.63
31 240.22 240.13 240.52 240,26 239.74 239.59 239.85
Mean 239.72 240.20 240.19 240.08 240.87 241.23 242.26 240.10 239.83 239.67 239.65 239.56
Nax 239.91 241.84 241.34 240.39 245.30 243.06 247.64 240.47 240.41 239.74 239.91 239.65 247.64
Min 239.63 239.75 239.83 239.81 240.08 240.36 240.26 239.92 239.7Y1 239.59 239.52 239.50 239.50
Annual Max Momentary Gage Height 245.12 M (M3L), at 6.00 Hours, on Oct 6, 2007
Zero Gage at Bottom Elevation 239.62 M (MSL), River Bed 238.18 M (NSL
Left Bank Elevation 246.16 M (MSL
Right Bank Elewation z46.34 M (ML), Drainage ires 1271 Sguare Kilometers
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RID Computer Center, Processing @ 8-JUL-2011 10:02:23.2Z5 LOS/LOS02D/ 04
Station — Ban Na Lak, i. Wang Saphung, Loei, [(EH.ZB4) Roval Irrigation Department
Srtream - Loei Thailand
Riwver - EKhong Hydrology Division
River System - Khong River Rating Curve HC3.
Water Year - 2007
Discharge, in Cubic Meter per Second, Uster ¥ear April 1, 2007 to March 31, 2008

Date Apr May Jun Jul Aug Sep ozt Now Dec Jan Feb Mar Annual

1 2.03 2.75 10.98 15.14 7.08 20,60 30.74 14.36 4.10 2.66 1.67 0.86

4 2.03 2.75 7.86 11.76 29.44 1g.00 2z.42 17.22 4.10 2.66 2.1z 0.86

3 2.03 2.75 6.30 10.98 48.16 17.48 21.80 17.22 4.82 Z.66 F.11 0.77

4 1.85 Z.54 5.5z 10.98 15.26 14.36 23.98 15.58 15.66 Z.66 3.8z 0.77

5 2.30 4.19 4.91 1z.28 1z.z28 16.44 198.06 11.50 4.01 Z.66 4.19 0.77

3 3.65 0.7z 5.26 10.72 9.16 30.74 515.40 11.24 4.10 2.57 3.74 1.04

7 3.47 11.24 6.04 10.98 7.08 31.00 241.z24 10.46 4.10 2.48 3.11 1.04

8 3.38 10.48 5.78 11.76 14.62 30.74 1096.23 9.94 4.73 2.39 2.75 1.2z

9 3.47 7.80 8.1z 10.98 Z205.38 28.40 173.66 §.90 6.56 z.30 z.48 1.zz

10 2.84 4.91 5.52 §.90 251.00 21.12 248.80 8.38 3.65 z2.30 2.30 1.22

11 3.38 4,129 4.46 6.30 88.72 20,08 241,93 8.12 3.38 2.30 2.1z 1.13

1z 4.19 3.92 4.10 5.00 46.21 33.73  161.16 7.86 3.38 2.30 2.03 1.13

E 13 4.01 13.58 3.74 4.73 29.70 43.45 176.10 7.34 3.38 Z.30 1.94 1.04

14 3.47 55.96 3.47 4.52 20.34 47.38 231.61 7.08 3.29 z.21 1.85 1.04

15 2.75 23.72 3.47 7.058 15.26 54.79 180.13 6.52 3.29 z.21 1.76 0.68

18 2.48 27.38 3.65 4.73 15.92 41.14 114.1%6 £.56 3.38 z.21 1.87 0.68

17 2.30 27.88 3.74 4.28 15.40 46.21 71.44 .56 3.29 2.21 1.58 0.50

15 z2.30 19.30 1z.80 3.74 23.72 47.38 52.45 6.30 2.57 z.1z 1.49 0.77

13 1.85 l6.18 44.26 3.47 20.86 63.76 36.85 6.30 2.48 z.12 1.40 1.13

20 1.67 14.36 30.74 3.29 24.24 121.12 259.18 5.52 2.39 1.85 1.31 1.13

21 1.67 11.76 19.04 3.56 17.74 112.04 24,76 4,91 2.39 1.67 1.2z 1.04

22 1.94 9.16 11.z4 3.38 20.86 49.33 z1.80 4.73 2.48 1.67 1.13 0.86

23 1.94 7.86 8.64 3.56 19.04 258.14 z20.08 4.55 2.66 1.67 1.04 0.86

24 1.76 5.12 6.30 5.26 16.18 z20.86 18.26 4.46 2.75 1.58 0.85 0.95

25 1.76 7.60 4.82 14.62 14.10 15.78 16.44 4.37 2.93 1.40 0.86 1.40

Z8e 1.87 4.91 5.5z 10.72 1z.02 33.34 i5.14 4.37 2.93 1.40 0.77 1.49

z7 1.87 4.28 17.48 6.30 9.94 59.47 14.36 4.37 2.84 1.40 0.68 1.58

z8 z2.03 4.28 16.76 6.04 9.68 Tl.44 13.568 4.37 2.584 1.31 0.68 1.31

29 2.48 4.91 24.76 6.30 18.78 Ta.72 1z2.80 4.28 2.75 1.31 0.68 1.58

30 3.11 6.30 21.38 .60 13.32 51.67 11.76 4.28 2.75 1.31 1.67

31 .7z 8.38 18.52 11.76 2.66 1.31 1.85
Total 75.48 346.56 318.63 237.64 1076.01 1276.74 3153.38 235.95 116.64 63.20 54.55 33.59 [=E]
Mean 2.52 11.18 i0.82 7.67 34.71 42.56 101.88 7.86 3.76 2.04 1.88 1.08 19.11 CHs
Max 4.19 55.90 44.26 15.14 251.00 121.1z 515.40 17.22 15.66 z.668 4.18 1.85 515.40 CH3
Min 1.87 z.75 3.47 3.29 7.08 14.38 11.76 4.28 2.39 1.31 0.68 0.50 0.50 CH3
Runoff 6.521 29.943 27.534 20.532 92.967 110.310 27VZ.984 20.386 io.o07g 5.460 4.713 2.90z2 60
Momentary Peak 597.60 CM3, at 248.12 M (M5L), at 6.00 Hours, on Oct G, 2007
Runoff Yield 15.03 Liters/Second/Square KM, Momentary Peak Yield 470,151 Liters/Second/Sguare KN

MNHUINND U3 (519)
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27-Jan-10
Foyal Irrigation Department, Thailand Computer Center
Station - 28013 A. Muang, Nan RFL/RDAYNY/2.01
Tater Year - 1952
Daily Rainfall in Millimeter

Date Apr Nay Jun Jul Aug Sep oot Howv Dec Jan Feb Mar Annual

1 .0 .o .0 .0 .0 1.3 .0 .0 .o .0 .0 .0

2 .0 .0 .0 .0 .0 4.0 .0 .0 .0 .0 15.9 .0

3 .0 .0 13.7 .0 3.8 4.6 .0 .0 .0 .0 .0 1z.6

4 2.5 .o 3.6 .0 .0 .0 .0 .0 .o .0 4.8 .0

5 .0 .o .0 .0 0.6 .0 1.8 .0 .o .0 .0 6.1

8 .0 24.3 .0 .0 .0 1.4 .0 .0 .0 .0 .0 1.2

7 .0 .0 .0 .0 33.0 1.4 .0 .0 .0 .0 .0 .0

g .0 .o .0 .0 1.0 20.3 .0 .0 .o .0 .0 .0

s .0 .0 .0 .0 .0 52.2 10.5 .0 .0 .0 .0 .0

10 .0 .0 .0 .0 2.5 .0 .0 .0 .0 .0 .0 .0

11 .0 4.1 2.0 .0 .0 .0 .0 .0 .o .0 .0 .0

1z .0 o .0 .0 3.0 2.8 .0 .0 .0 .0 .0 .0

13 .0 .0 .0 .0 1.0 1.4 .0 .0 .0 .0 .0 .0

14 25.0 8.7 .0 .0 .0 3.0 3.3 .0 .o .0 .0 .0

15 .0 4.2 .0 .0 .0 1.1 .0 2.7 .0 .0 .0 .0

18 .0 5.9 1.2 .0 .0 3.6 .0 .0 .0 5.8 .0 .0

17 .o o .0 .0 2.2 1.3 .0 .o .0 6.1 .o .0

18 .0 o .0 .0 36.7 9.7 0.5 .0 .0 .0 .0 .0

] 19 .0 o .0 .0 20.6 182.9 .0 .0 .0 .0 .0 .0

20 .0 ul .0 .0 5.5 .0 .0 .0 .0 .0 1.4 .0

21 1.8 4.9 .0 .0 5.5 19.6 .0 .0 .o .0 3.3 .0

22 8.7 4.2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

23 .0 .0 .0 9.7 .0 .0 .0 .0 .0 .0 .0 .0

24 .0 .o .0 0.8 13.3 .0 .0 .0 .o 4.5 .0 .0

25 .0 7.2 .0 0.8 10.5 6.3 .0 .0 .0 .0 .0 .0

26 11.3 15.1 11.2 .0 5.1 24.5 1.4 .0 .0 .0 .0 .0

a7 18.8 5.7 4.0 .0 .0 0.8 0.5 .0 .0 .0 .0 .0

28 .0 0.8 .0 .0 63.1 .0 .0 .0 .o .0 .0 .0

29 .0 .0 1.7 27.6 76.8 .0 .0 .0 .0 1.8 .0

30 .0 .0 .0 7.0 .0 .0 .0 .0 .0 8.4 .0

31 .0 3.1 1.3 .0 .0 .0 .0
Total 688.7 85.1 37.4 49.0 2B85.5 34z.2 17.8 2.7 .o 26.4 258.4 19.9 D63.1 MM.
Average 2.3 2.7 1.2 1.8 9.2 11.4 0.8 0.1 .o 0.9 1.0 0.6 2.6 MN./Day
Rainy Days 6 11 7 & 158 15 8 1 u 5 k3 3 86 Days
Maximum 1 Day Rainfall 182.9 MM. 19 Sep 1952, Meaximum 2 Day Rainfall 192.6 MM. 18 Sep 1952
Maximum 3 Day Rainfall 202.5 MM. 19 Sep 1952, Meximum 4 Day Rainfall 212.2 MM. 18 Sep 1952
Maxiwum S Day Rainfall 213.5 MHM. 17 Sep 18952, Maximam 6 Day Rainfall 217.1 MM. 16 Sep 1852
Maxiwuam 7 Day Rainfall 218.2 MM. 15 Sep 1952, Maximun & Day Rainfall 233.3 MM. 19 Sep 1952
Maximum 9 Day Rainfall 243.0 MM. 18 Sep 1952, Maximum 10 Day Rainfall 244.3 MM. 17 Sep 1952
Maxiwum 14 Day Rainfall 297.9 MM. B8 Sep 1952, Maximuam 15 Day Rainfall 2589.3 MM. 7 Sep 1852
Maxiwum 30 Day Rainfall 452.6 MM. 25 hug 1552
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27-Jan-10
Royal Irrigation Department, Thailand Computer Center
Station - 28013 A. Muang, MNan RFL/RDAYWY/2.01
Water Year - 1953
Daily Rainfall in Millimeter

Date Apr Hay Jun Jul Aug Sep oot How Dec Jan Feb Mar Ainnual

1 a .0 7.4 .0 .0 .0 -0 o.1 .0 .0 .0 .0

2 a} .0 o .0 .0 .0 -0 .0 .0 .0 .0 .0

3 a 1.8 o .0 41.0 1.3 0.8 .0 .0 .0 .0 .0

4 a .0 u .0 1.7 16.7 11.5 .0 .0 .0 .0 .0

5 a .0 o .0 1.0 .0 0.9 .0 .0 .0 .0 7.0

3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

7 a} .0 o .0 .0 .0 -0 .0 .0 .0 .0 .0

=1 .0 .0 .0 2.9 5.8 1z.7 .0 .0 .0 .0 .0 .0

9 14.0 2.7 5.8 .0 1.7 .0 -0 .0 .0 .0 .0 .0

i) a .0 o .0 9.8 7.7 .0 .0 .0 .0 .0 .0

11 .0 a} .0 .0 5.4 11.2 -0 .0 .0 .0 .0 .0

1z 0.1 3.3 .0 .0 .0 .0 -0 .0 .0 .0 .0 .0

13 .0 a 15.9 .0 .0 22.5 -0 .0 .0 .0 .0 .0

14 .0 1.2 0.8 0.6 4.7 4.0 -0 .0 .0 .0 .0 .0

15 .0 a .0 6.6 .0 .o .0 .0 1.z .0 .0 10.9

16 .0 a 5.4 .0 23.5 1.4 -0 .0 .0 .0 .0 .0

17 .0 a .0 .0 0.1 .0 -0 .0 .0 .0 .0 .0

15 .0 z.8 39.8 .0 .0 .0 .0 .0 .0 .0 .0 .0

5 19 0.6 a} 26.9 .0 39.9 3.6 -0 .0 .0 .0 .0 0.9

20 .0 a 4.8 2z.4 .0 23.1 .0 .0 .0 .0 .0 3.5

21 5.0 .0 2.1 7.2 .0 8.8 18.2 3.2 .0 .0 .0 13.7

2z .0 .0 0.4 .0 .0 .0 1.7 .6 .0 .0 .0 .0

23 r .0 o .0 6.0 .0 -0 .0 .0 .0 .0 8.5

24 2z2.8 .0 o .0 25.8 0.3 .0 .0 .0 .0 .0 .0

25 0.5 .0 o .0 .0 21.4 -0 .0 .0 .0 .0 .0

26 .0 31.0 7.0 16.5 .0 .0 -0 .0 .0 .0 .0 .0

a7 0.3 .0 .0 2.0 .0 .0 .0 .0 .0 .0 .0 .0

28 a} 13.8 0.4 2.5 15.4 .0 4.8 .0 .0 .0 .0 .0

29 .0 0.5 .0 8.8 .0 1.0 .0 .0 .0 .0 .0

Eln) 56.2 3.5 3.5 13.6 21.3 .0 -0 .0 .0 .0 .0

31 .0 .0 a -0 .0 .0 .0
Total 177.0 60.7 124.2 84.1 208.9 135.5 37.7 4.9 1.2 .0 .0 44.5 878.7 MM.
hverage 5.9 2.0 4.1 2.7 6.7 4.5 1.2 0.z 0.0 .0 .0 1.4 2.4 HM./Day
Rainy Days B 9 13 10 15 14 [ 3 1 a o [ 86 Davys
Maximum 1 Day Rainfall 7.7 MM, 23 Apr 1953, Maximum 2 Day Rainfall 100.3 MM. 23 Apr 1953
Maximum 3 Day Rainfall 100.8 MM. 23 Apr 1853, Maxiwum 4 Day Rainfall 105.3 MM. 21 Apr 1953
Maximum 5 Day Rainfall 105.8 MM. 21 Apr 1953, Maximum & Day Rainfall 105.9 MM. 19 Apr 1953
Maximuwm 7 Day Rainfall 106.4 MM. 18 Apr 1853, Maximam & Day Rainfall 157.3 MM. 23 Apr 1953
Maximum 9 Day Rainfall 157.3 MM. 23 Apr 1853, Maxiwum 10 Day Rainfall 162.3 MM. 21 Apr 1953
Maximum 14 Day Rainfall 164.1 MM. 21 Apr 1953, Maximum 15 Day Rainfall 164.7 MM. 19 Apr 1953
Maximum 30 Day Rainfall 216.6 MM. 26 Jul 15853
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13| 7 (331002 Funzuvian 3000 n.A.-05 o o o 7| 20| o o o of w o stz o o o o o of o 55 154 3| 17| 10| 3] 22| 37 o o o @ 217
14| & [331002-dwnzuwien 300w ap05| 0 w10 95 o o 0 15 57[505] @ 55 5| 117 50| 305 o] 13| w425 o] o o5 o 86 © 2 o] o of of 47 36
15| 9 331007 Funzuvian 300 ann 05| 36 74| 318 0| 42| 143 29| €105 o o 76 4 o o 32| o 35 55 e 5[ o o 22 o] o of 120 4] 32 - ass
16| 10 [331002-Funauviizs 3.0 oe05| @ o o o o5 o o &7 06 o o o o 4 o o o o o o o o o o o o o o o o 55 33
17| 11 |331002-nnawilas 3.4 w05 - = - = = = > = = = = < = = = = * = S = = = = E: :: - = = = = % =
18| 12 331002 dunzuvize 3.um ea0s| o of o of e of e o e o e o o o e o e of o o e o o o o o [ e o o o =
19| 13 (331002 Funzuriias 3000 0,06 of of o o o o o o o o o e o o o o o o o o o o o e o o o o - - - -
20| 14 [331002-dwnzuwian 300w %06 © o o o o o o o o o o o o o o o e o o e o o o o o o o e o022 215 487
21| 15 331002 Funzunian 300 0,06 of of o o ® o o o of o o e o ® o 19 o o 78 o o] e2] 13 e o] o 1| 7e & B3 - 123
22| 16 |331002-Fwnzuvize 30T ma06| o of o o e o 13 o e o 65 o o o ess/103] 57 13 87| o0 126 167 265 0 o o o eof 28] 27 25 367
23| 17 [331002-Fwnawinian 3o #0056 of of o o 25 4 o o o o o 7 o ® o o o of 14225 19 0| 245 o o 81 06] 1| 0[113 [ 723
24| 18 |331002 dwnzuvizn 3 nm06 | 0 of 13 o8] 95 346 o o5 o o o e o o 27 o o o 24 35 o €9 o o o325 3ws] o o o 43 1k
25| 19 331002 Funzuviian 300 a.n.-06 7] 18] &5/ o ® o o s 71 o 17| o o|/7e4| 65/ 37| o o 104 6 57 4 32| 46 o 8 i3] o o] 20 10 7
26| 20 331002 dunzuviizn 300 no06 | 196 0 o o o o o o o o 162 521 of o o o o ofi153 4837 o0 305 o0 o 47 0 35 o 0 - 27
27| 21 [331002-dwnawiian 350 #.8.-06 0 of 18 24| 83 115] S0 23 39) 27[ 175 o o o o e of of wof o e o o o e o o o o o o e
28| 22 331002 Fwnzuviize 3T ma06| o of o o e of e o e o e o o o e o e o o o e o o o o o of o o o - =
23| 23 331002 Funzuviian 300 £.A.06 o o o o o o o o o o o o o o o e o o o o o o o e o o o o o o o -
30 | 24 [331002-dwnzuwian 30w w07 | © o o o o of o o e o e o of o o o e o o e e o o o o5 o o e o o o o5
31| 35 331002 Funzuvian 300 2,07 o] of o o o o o o of o o os] o o o o o o o o o o o e o o o o [ - - os
z | 26 [331002-Fwnawiian 3.0 07| o of o o o o o o o o o o o o o o o o o o o o o o o o o o o oz o o8
32| 27 [331002-dwnzuien 3 w007 ol of o o o of 47 of of o o e o e o e of of 72(352] o o o o o o o[+ 43] 4 -l 148
34| 38 331002 Funzuvize 30T wa 7| 0 87 06 5/335 147 o o of o o o &7 o 17 14e] 4 o o o e7r] o 13 o o o e1] 13] e4/165 0 162
35| 79 | 33100Z-Funzuriiae 3000 f.0.07 5 o o o < o o 13 o o o o o 15 32| o 4] 64| 46| 57 86| 195 o0 0305 45 425 33 o[ 0 - 204
36| 30 [331002-dwnaw an 07| © © o o of of337 o o o e o o o o 13 o o o e 57 o o 38 o o o e o o o 45
37| 31 331002 Funzund aAd07 | 231 1 o o o o 3 o/3;s 2| 35 o 46 o o 65 2 105 o o 3s 0 2| 13 1.7 128 0| 0/ 206 304 14 138
3| 37 [331002-Fwnauviizs 3.0 amd7 | 0 0 1] 55| 17] w| es| 0z[ 24| 3 o 106 25 o 72| os] o 24/ 141 o o o o o o o 1 o o o -| 833
35| 33 [331002-Fwnawian 3w 28,07 7] © 1 0165 783 o 10| 32/305 3 of o of 13 e 16 ®© o o o o o o o o o a o o o5 1
40| 34 331002 swnzuvizn 3 wa 07| 75 of o of e of e of e o e o e o e o e o e o o o o o o o of o o v - 78
41| 35 |331002-Funzuviias 300 £.8.407 o] of o o o o o o o W o e e o o e o o o o o o o e o o o o o o @ -
42| 36 331002 dunzuviizn 300 ua08| o of o o o o o o e o o o o o o o o o o o o o o o o o o ew3 o o i3
43 | 37 [331002-dwnzwian 3 amte| 13 o o o o of o o o o o o o o o o o o o o o o o o o o o e 4 - - 53
44 | 38 [331002-dunzunian 30w a0 o o o o e o e es e o e o o o o o e o o o o o o o o o o e o o s 1a
45 | 39 [331002-Fwnzwiiian 3aiu w.0,-08 of of o o o 28 o o o o o o o115 o374 o o 0[5 o o 12/ 15 o o o o & s - 170
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]

MAR,
045
042
048
042
042
042
042
0,42
0.35
0.35
0.35
0,35
0,35
0,35
0.35
0.35
0.35
0,35
0.35
0.35
0.35
0.35
0.35
0.35
0,35
0,35
0,35
0,35
0.35
0.35
0.35

11.6

0.38
0.4
0.35
4,17
11.2

1

0.27

APR.,
0,35
0.35
0.27
0.27
0.35
0.93
0.35
0.35
0.35
0.35
0.35
0,35
0.3t
0.35
118
0.93
0.42
0.64
0.71
0.35
0.35
0.35
0.35
0.49
0,35
0,35
042
0.42
0.35
0.71

13.7

0.46
1.16
0.27
507
13,1
1,18

A B C
i
2 |DEPARTMENT OF WATER RESOURCES
3 |NAM FA [090501]
4
5 | DRAINAY90km2
g
7 |DaY JAN, FEE.
8 i 0,78 0.5
3 z 0.78 0.58
10 Ed 0.71 0.58
ii 4 0.71 0.58
12 5 0.71 0.56
13 [ 0.71 0.56
14 7 0.71 0.56
15 & 0.71 0.56
16 ] 0.71 0.56
17 0 0.71 0.56
18 11 0.71 0.4
13 12 0,64 042
0 12 0,64 049
21 14 0,64 D42
2 is 0.64 048
3 & 0.64 0.4
24 i7 0.64 0.4
5 18 0.64 0.4%
% 1% 0.64 D.4%
77 0 0.64 D.4%
8 i 0.64 0.4%
b} 7 0.64 0.4%
30 3 0.64 0.4
31 24 0.64 0.4
32 5 0.64 049
3 3 0.58 042
34 7 0.58 D42
i E 0.58 D48
6 = 0.58
37 ) 0.58
I8 5] 0.58
k]
40
41 |TOTAL 0.3 1.4
42
43 |MEAN 0.65 0.52
44 |MAX 0.78 0.56
45 |MIN 0.56 049
45 |LIS/KM2 7.27 £.72
47 | RUNOFF 19.5 12,3
48 | RUNOFF 175 1.25
49
50 | MAXIMU 16.4 MINIMUI

MEAN

MAY,
2.26
042
0,35
0.35
0.35
689
0.86
071

1.4
4.68
552
158
116
086
1,16
0.86
0,86
0,71
084
084
0.56
0.71
0.78
3.06
Bg2
LE7
2.74
198
152
128
1,16

4.1
207
562
0.35

&1.6
L.54

139

JUM,
0532
0,93

45,7

1.52
5.08
0.78

439
395

JUL
078
0.78
0.78
0.78
0.71
071
071
071
0.78
5.31
154
L.E7

17

29
2.58

21
1E7
1,75
163
1.87
2.74
2.42
242
5.08
488
4.09
3.54

29
242
242
242

52.1
2.97
164
0.71

EBS
7.95

TOTAL R/

DALY DISCHARGE IM CUBIC METERS PER SECOND FOR CALENDAR YEAR 1985

AUG, SEP. OCT,

2,42 178
4,28 163
1.06 1,78
122 163
1.06 1463
2,74 1,75
1.06 428
2,74 19
&.08 4.09
3.7 3.06
.05 2.58
2,74 242
2,58 2.26
2,42 2.1
126 21
2,42 1598
2.1 187
1,98 187
1.87 3.22
1.75 1.98
1.75 1,98
1.63 1,75
2,74 1.7%
1.58 1.63
2,26 163
2.9 1,52
2,74 1,52
2,26 1,52
2.1 187
1.87 163
175
521 4.7
2,65 2.16
&.08 4.29
163 1,52
28,5 24
78.9 2.1
| t.5e

44,1 MILLION M3

1.52

N N

[Erpr
e
o

L o [
[=a=M=]
1 om

=
=
o]

648
10e
154
175
183

14

14
128

50.8

1.64
648
105
182
48.9
4,39

MO,
1,16
1,16
1,16
1,16
1.16
1.16
1.16
1.16
1.05
1.05
1.05
1,05
1,05
1.05
0.53
0.53
0.93
0.93
0.85
0.85
0.85
0.85
0.86
0.8
0.7e
0.7e
0.7e
078
0.7e
0.7e

251

0.57
1.16
0.78
10.8

2,52

LEC,
078
078
078
078
0.78
0.78
0.78
078
0.78
0.71
071
0,71
071
071
071
071
071
0,71
064
084
084
054
0.64
064
0e4
0e4
04
D4
0.e4
0.e4
0.e4

2.7

0.7
0.78
04

7.E
20,9
188
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0.36
0.32
0,32
0.32
032
032
0.32
0.32
0.32
0,32
0.32
0.27
0.27
0.27
027
045
045
D41
0.32
0.27
0.27
0.46
032
0.27
027
027
027
027
0.27
0.36

9.59
0,32

0.27
3.56
9.22
0.83

A B c C
51
52
53
54 |DEPARTMENT OF WATER RESOURCES
55 |NAM FA |[00201]
57 | DRAINAY 90km2
58
59 DAY JAN, FEE. MAR., APR.
(=] 1 0.51 041 0.36
61 2 0.51 041 0.36
&2 3 0.51 041 0.36
63 4 0.51 041 .41
e 5 0.51 041 041
65 & 0.51 041 041
&6 7 0.51 041 036
&7 -] 0.51 041 0.36
=] ] 0.51 041 036
&9 i0 0.51 041 0.36
70 i1 0.51 0.41 0.36
71 i2 0.51 0.36 0.36
72 i3 0.51 036 0.32
73 14 0.51 03 032
74 i5 0.51 0.32 0.32
75 16 0.51 032 032
76 i7 0.51 0.32 0.32
77 i8 0.48 0.32 0.32
78 19 0.45 0.36 0.32
79 20 0.46 036 0.32
ED 21 0.45 0.36 0,32
&1 22 0.46 0.51 0.32
2 23 0.45 045 0,32
83 24 0.48 0.38 0.32
B as 048 03 032
85 26 0.45 0.36 0.32
86 a7 045 03 032
&7 28 0.45 0.36 0.32
88 29 0.46 0.32
&9 30 0.41 0,32
S0 3 0.41 0,41
91
92
93 [TOTAL 15 10.7 10.6
o4
95 [MEAN 0.48 038 034
96 |MAX 0.51 0.51 041
57 |MIN 0.41 0.32 0.32
S8 | L/S/KM2 5.39 4.26 1.82
99 |RUNCFF 14.4 10.3 10.2
100 | RUNCFF 13 0.93 0,92

MAY,
0.27
0.22
0,22
0.22
051
0,51
0.32
0.32
0.27
0.27
0.27
0.22
0.32
027
027
022
022
0.22
041
0.27
0.22
0.22
0,22
0.22
0,22
0,22
017
0.17
0.27
0.22
0.32

829

0.27
0.51
0.17
2.97
7.97
072

JUN,
045
.41
0.56
061
036
0,32
.61
1.19
1.5%
0&L
0.46
041
0.36
032
041
0elL
1.46
0.76
0.51
041
045
0.36
0,32
0.32
032
0.32
032
0.32
0.32
0,32

15.8

053
1.55
0.32
5.85
15.2
1.36

JUL.
0.27
0.27
0.27
0.27
0.27
0.36
036
0.32
0.32
0,32
0.27
0.27
0.27
0.27
0.27
0.27
0.27
036
0.32
0.27
0,22
0.22
0,22
0.36
045
0.36
0.27
0.27
0.32
0,32
0.32

9.21
0.3
0.22
313

585
0.8

56 | DAILY DISCHARGE IM CUBIC METERS PER SECOMND FOR CALEMDAR YEAR 1587

AUG,
041
0.36
0,32
0.32
0.3z
0.27
0.32
041
036
0.36
0.32
0EL
046
041
0.32
032

2.3
B.B4
2

i
0.76
1
1.8
i6.6
716
569
187
114
2.6
2.3
2.2

97.2

113
11.8
0.27
4.9
93.4
838

SEP.

HHHH
| i 1= =5
LI I =

O

T Lt
| |

E4.E

183
172

0.3
52.6
473

CCT,
158

]
P Fd

EEEYuERT

HHHHHHHHHHHHHHH
Y o ] -
w L

._.
o=
e e B L

45,2

146
2.5

16.2
434
19

NOW,
0,95
0.95
0,95
1.1%
095
0,95

0.9
1.08
0.95

0.9

0.9

0.9

0.9

11

0.9

oz

0.9

0.9
1,55

0.9
081
0.81
081
0.81
076
0.76
076
0.76
0.76
0.76

74

091
1,55
0.76
0.2
263
237

CEC.
0.76
0.76
0,76
0.71
071
071
0.71
071
0.66
086
0.66
086
0.66
Des
066
Des
066
066
066
061
D&l
061
0.El
061
DEl
061
DEl
061
0.56
0.56
0.56

20.3

DEs
0.76
0.56
727
19.5
178
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A B c D E E G H I ] K L !
|
2 |DEPARTMENT OF WATER RESOURCES
3 |MAM P [020201]
4 | DAILY GAGE HEIGHT IN METERS FOR CALENDAR YEAR 1577
5
& |DAY JAM. FEE. MAR, APR. MAY, JUM. JUL. AUG, SEP. OCT, MO, DEC.
7 i o7re 0,83 0.84 1.06 162 1.21 1 1,08 0.85
8 2 0.59 075 0.84 1.02 157 L18 0.98 1.0 0.B5
9 3 0.77 0.7 0.88 1.0 1,58 1.18 0.%8 1.0& 0,54
ih 4 077 075 0.84 1.03 1.37 1.2 1,01 1,05 0,84
11 5 .77 0,78 0.83 0.9 1,34 L15% 1.01 1.02 .84
1z & 0.76 0,75 0.82 1.21 132 1.12 0.58 1.01 0.83
13 7 074 07e 0.81 1,13 1.25 1.1 0.%6 0.99 0,83
14 & 0.75 0.75 0.8 1.1% 136 11 1.03 0.57 0.83
15 9 0.75 0,54 0.8 1.14 1.28 1.19 1 0.57 082
15 i0 0.76 0,93 077 1.05 1.28 1.19 0.98 0,96 0.82
17 11 077 0.85 0.78 1 1,28 1.14 0.9 .95 082
18 12 0.77 0.51 0.87 0.57 1,26 1.1 0.5% 0,54 082
15 13 0,76 o7e 0.85 0.98 1.22 1.11 1,02 0.93 0.82
20 14 0,78 0.52 0.82 1.07 1.17 1.1 0.9% 0.52 0.E1
21 15 0.76 0.51 0.85 1.18 1.14 1.06 0.9% 0.52 0.B1
22 1& 0.76 078 0.82 1,34 1,11 1.05 0.%6 0.51 081
23 17 0.76 0.77 0.82 1.28 1,15 1.04 0.95 0.51 0.E1
24 18 0.75 0,75 0.7% 1,25 1,15 1.03 0.9 0.5 0.B1
25 19 0.97 0.52 0.88 1.21 119 11 0.97 0.89 0.8
26 20 0.75 0.77 0.88 1.13 1,18 L.09 0.96 0.89 0,52
27 21 078 077 0.85 1,16 1,12 1.09 0.95 0.88 0.5
28 22 0.76 0,78 0.83 136 123 L34 0.95 0.88 0.8
29 23 0.76 0.77 0.81 1.45% 1,24 1.24 0,54 0.87 0.8
30 24 0.73 074 077 0.91 1,38 1,18 1.13 0.93 0.87 081
31 25 0.76 0.74 0.8 0.8%9 129 118 L9 1.09 0.86 0.B1
3z 26 0.73 0.74 0.8 0.85 121 1.13 106 1.02 0.86 0.B1
13 a7 0.73 0.73 0.8 0.84 1,16 1,11 1.04 0.98 0.93 0.81
34 28 0.73 0.73 0.79 0.83 117 109 Loz 0.98 0.87 0.B1
35 % 073 0,72 0.559 0.83 1.72 3 1.03 1.33 0.86 087
] 30 [ 0,87 1.05 2,31 131 1.01 1,18 0,85 0,84
T 31 0.75 0.85 1,54 127 1.09 0,54
35
3% |MAXIMU 231 METERS
40 | MIMNIMUI 0.72 METER
41
42
43
Fr

v 9
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45 |DEPARTMENT OF WATER RESOURCES

46 |MAM PU[020201]

47 |DAILY GAGE HEIGHT IN METERS FOR CALENDAR YEAR 1578

48

4% |DAY JAN, FEE. AR, APR, MAY, JUN. JUL AUG, SEP, OCT. NOW, DEC.

] i 0.82 0.75 0.71 0.7 0.73 0.73 1.24 1.3 1.06 1 0.88
£l 2 0.81 0,75 0.7 0.7 0.7 0.73 117 1,29 1.05 0.99 0.8
52 3 0.8 0.75 0.72 0.7 0.7 0.74 1.15 .3 1.05 0.58 0.87
53 4 0.7 0,76 072 0es o7e 0.88 1,15 157 1.4 1.05 0.57 0.E7
t4 5 0.81 0,75 0.7z 0.69 075 0.85 1.21 1.4% 1.33 1,33 0.97 0.87
55 [ 0.82 0.74 0.73 0.69 0,72 0.53 1.1% 142 1.31 1.19 0.56 0.87
) 7 0.8 0,88 0,73 0.7 0.72 0.93 1.17 142 7 1,11 0,96 0.E7
57 -] 0.8 077 0.73 0.7 072 0.93 1,14 1.51 1.63 1,22 0.95 0.87
) El 0.7e 0,76 071 o7 0.7 1 11 173 1,56 1,24 0,55 0.E7
55 i0 0.7e 0.76 0,72 0.7 072 0.87 1.06 192 149 1,39 0.54 0.86
&0 i1 0.78 0.74 0.73 0.75 0.7 0.8 1.05 1.83 145 1.31 0.54 0.86
&1 12 0.78 0,74 072 0.8 0.7 0.82 1.08 LE 158 1,26 0,54 0.8
&2 11 0.77 0,74 0.72 0.77 0.7 0.85 1.28 1,64 1.61 1.1 0.93 0.86
(] i4 0.77 0.74 0.71 0.87 0.7 0.89 1.36 192 1.53 1.17 0.53 0.86
&4 i5 077 0.74 0.71 082 075 0.91 1,28 1.7& 1,51 1.14 0.93 0.E7
65 i& 0.77 0.73 0.72 0.77 0.76 0.9 1.1% 1.6 144 1.12 0.52 0.87
=) 17 077 0,73 071 0.74 o7e 1.02 1.21 182 1,37 11 0,54 0.E7
&7 i8 0.76 0,73 0.71 0.74 0.7s 0.54 1.14 1.56 1,34 1.09 0.92 0.87
] i% 0.76 0.73 0.71 0.76 0.77 0.54 1.11 1.5 1.29 1.08 0.52 0.86
&9 20 0.78 0.73 0.71 072 0.76 1,37 1,54 151 1.26 1.09 0.51 0.86
Fi!) 21 077 0.72 071 0.7 0.7e 1.29 1,32 1,55 1.23 1.08 0.51 0.86
71 a2 077 0,73 0.7 o7 o7e 1,22 1,32 151 1,22 1.07 og 086
72 23 077 0.71 0.7 0.7 0.75 1.09 1.27 148 1.21 1.07 0.9 025
73 24 0.77 0.7 0.71 0.69 0.84 1.01 1.29 144 1.17 1.06 0.9 0.85
74 25 0.77 0,74 0.7 0es o7e 0.5e 1,37 18l 117 1,05 os 0.E5
75 26 0.77 0.73 0.7 0.7 076 0.96 133 153 1.15 1.09 0.89 0.85
i ] 27 0.76 0.72 0.71 0.73 0.76 2.12 145 1.13 1.08 0.89 0.85
7 25 0.76 0,72 0.71 074 0.82 2 141 111 1.05 0.89 025
78 29 0.78 0.7 0.72 0.79 1.63 136 1.09 1.03 0.89 0.84
79 ] 0.7e o7 074 o7e 1,39 132 108 1.02 0.88 084
&0 ]| 0.76 0.7 0.75 1.3 1.01 0.24
&1

E2 |MAXIMU 2.1 METERS

B3 [MINIMUI 0.65 METER
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| €l | [t P

31
32
33
4
35
]
a7
3B
£
40
41
42
43

A E c D E 5 G
DEPARTMENT OF WATER RESCURCES
NAM PU, [050201]
DAILY PRECIPITATION IN MILLIMETERS FOR CALEMDAR YEAR

DAY ]

L
-
=

FEE. AR, APR, MAY, JUN.

Ll L e I e e
R
RIRINIRD
RN
o
o
R

-
e
[
i
i
'
'
]

12 - - - - 4 n
13- - g 2 - 2
14/- - - - - -
15 - - . - - =
16 - = 5 - - -
17 /- - - = . =
18 - 3 - r - -
19 - E - . - .
20/ - : - - -
21 - - - 3 - g
22 - 3 - - d 2
23 - - - - -
24- - 3 ! - B
25 = - 2 ] 2
26 - - - . C 2
27 - - 2 z - .
78| % E - - 2
29 - A - x =
0 - 3 - - -
3 - ” -

TOTAL | - d z - - =

MAX - i - : - E

AMMUAL xeooseeee  IN MILLIMETERS

1953

JUL AUG,
- 19.9
- 10

= 1

- (%]

- 5.5

4.4 2.4

i

0.3 4.3

8.7

3.3
0.3

4

9.5

123

3.1

52

71

5.1
19

- 186.7
- 8.7

SEP,
2.2

it}

164
8.6
4.7

0.5

15.2
16,7

5l
3.9

2.6
0.3

104.8
16.7

OCT,
3.7

14.7

1.1

NOW,
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szauin  dSaanh  szauih  dSuanh szauih YSwnanihh szamih  USinanih

1.(5NN)  auNA  WN(ND)  auNA  WGENN)  aua/d  w(snn)  auad

198.96 910.00 199.18 941.81 199.40 974.16 199.62 1,006.51

198.97 910.93 199.19 943.28 199.41 975.63 199.63 1,007.98

198.98 912.40 199.20 944.75 199.42 977.10 199.64 1,009.45

198.99 913.87 199.21 946.22 199.43 978.57 199.65 1,010.92

199.00 915.34 199.22 947.69 199.44 980.04 199.66 1,012.39

199.01 916.81 199.23 949.16 199.45 981.51 199.67 1,013.86

199.02 918.28 199.24 950.63 199.46 982.98 199.68 1,015.33

199.03 919.75 199.25 952.10 199.47 984.45 199.69 1,016.80

199.04 921.22 199.26 953.57 199.48 985.92 199.70 1,018.27

199.05 922.69 199.27 955.04 199.49 987.39 199.71 1,019.75

199.06 924.16 199.28 956.51 199.50 988.86 199.72 1,021.22

199.07 925.63 199.29 957.98 199.51 990.33 199.73 1,022.69

199.08 927.10 199.30 959.45 199.52 991.81 199.74 1,024.16

199.09 928.57 199.31 960.92 199.53 993.28 199.75 1,025.63

199.10 930.04 199.32 962.39 199.54 994.75 199.76 1,027.10

199.11 931.51 199.33 963.87 199.55 996.22 199.77 1,028.57

199.12 932.98 199.34 965.34 199.56 997.69 199.78 1,030.04

199.13 934.45 199.35 966.81 199.57 999.16 199.79 1,031.51

199.14 935.93 199.36 968.28 199.58 1000.63 199.80 1,032.98

199.15 937.40 199.37 969.75 199.59 1002.10 199.81 1,034.45

199.16 938.87 199.38 971.22 199.60 1003.57 199.82 1,035.92

199.17 940.34 199.39 972.69 199.61 1005.04 199.83 1,037.39
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syaui  dSmanih  szavii YSananh szauin YSwnanihh szauin USinani

W.GNN)  AavNA  WGND)  aLANA (NN auiA w(Enn)  auad
199.84 1,038.86 200.08 1,074.15 200.32 1,109.45 200.56 1,144.74
199.85 1,040.33 200.09 1,075.63 200.33 1,110.92 200.57 1,146.21
199.86  1,041.80  200.10  1,077.10 20034  1,112.39  200.58 1,147.68
199.87  1,043.27  200.11  1,078.57 20035  1,113.86  200.59 1,149.15
199.88  1,044.74  200.12  1,080.04 20036  1,11533  200.60 1,150.62
199.89 1,046.21 200.13 1,081.51 200.37 1,116.80 200.61 1,152.09
199.90 1,047.69 200.14 1,082.98 200.38 1,118.27 200.62 1,153.56
199.91  1,049.16  200.15  1,084.45 20039  1,119.74  200.63 1,155.03
199.92  1,050.63  200.16  1,085.92  200.40  1,121.21  200.64 1,156.50
199.93  1,052.10  200.17  1,087.39  200.41  1,122.68  200.65 1,157.98
199.94 1,053.57 200.18 1,088.86 200.42 1,124.15 200.66 1,159.45
199.95 1,055.04 200.19 1,090.33 200.43 1,125.62 200.67 1,160.92
199.96 1,056.51 200.20 1,091.80 200.44 1,127.09 200.68 1,162.39
199.97  1,057.98 20021  1,093.27 20045  1,128.56  200.69 1,163.86
199.98  1,059.45 20022  1,094.74  200.46  1,130.04  200.70 1,165.33
199.99  1,060.92 20023  1,09621 20047  1,131.51  200.71 1,166.80
200.00 1,062.39 200.24 1,097.68 200.48 1,132.98 200.72 1,168.27
200.01 1,063.86 200.25 1,099.15 200.49 1,134.45 200.73 1,169.74
200.02  1,065.33 20026  1,100.62  200.50  1,135.92  200.74 1,171.21
200.03  1,066.80  200.27  1,102.09  200.51  1,137.39  200.75 1,172.68
200.04  1,06827 20028  1,103.57  200.52  1,138.86  200.76 1,174.15
200.05 1,069.74 200.29 1,105.04 200.53 1,140.33 200.77 1,175.62
200.06 1,071.21 200.30 1,106.51 200.54 1,141.80 200.78 1,177.09
200.07 1,072.68 200.31 1,107.98 200.55 1,143.27 200.79 1,178.56
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syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad
200.80 1,180.03 201.04 1,215.33 201.28 1,250.62 201.52 1,285.91
200.81 1,181.50 201.05 1,216.80 201.29 1,252.09 201.53 1,287.38
200.82  1,182.97  201.06 121827 20130 125356  201.54 128885
200.83  1,184.44  201.07 121974 20131  1,255.03  201.55  1,290.32
200.84  1,185.92  201.08 122121 20132 125650  201.56  1,291.79
200.85 1,187.39 201.09 1,222.68 201.33 1,257.97 201.57 1,293.26
200.86 1,188.86 201.10 1,224.15 201.34 1,259.44 201.58 1,294.73
200.87  1,190.33  201.11  1,225.62 20135 126091  201.59  1,296.20
200.88  1,191.80  201.12  1,27.09 20136 126238  201.60  1,297.68
200.89  1,19327  201.13  1,228.56 20137  1263.85  201.61  1299.15
200.90 1,194.74 201.14 1,230.03 201.38 1,265.32 201.62 1,300.62
200.91 1,196.21 201.15 1,231.50 201.39 1,266.79 201.63 1,302.09
200.92 1,197.68 201.16 1,232.97 201.40 1,268.26 201.64 1,303.56
20093 1,199.15  201.17 123444 20141  1269.74  201.65  1305.03
200.94  1,200.62  201.18  1,23591 20142 127121  201.66  1306.50
200.95  1,202.09  201.19 123738 20143  1272.68  201.67  1307.97
200.96 1,203.56 201.20 1,238.85 201.44 1,274.15 201.68 1,309.44
200.97 1,205.03 201.21 1,240.32 201.45 1,275.62 201.69 1,310.91
20098  1,206.50 20122 1,241.80  201.46  1277.09  201.70  1,312.38
20099  1,207.97 20123 124327 20147 127856  201.71  1313.85
201.00  1,209.44 20124 124474 20148  1,280.03  201.72 131532
201.01 121091 20125 124621 20149 128150 201.73  15316.79
201.02 1,212.38 201.26 1,247.68 201.50 1,282.97 201.74 1,318.26
201.03 1,213.86 201.27 1,249.15 201.51 1,284.44 201.75 1,319.73
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syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad

201.76 1,321.20  202.00 1,356.50  202.24 1,391.79  202.48 1,427.08

201.77 1,322.67  202.01 1,357.97  202.25 1,393.26  202.49 1,428.55

201.78 1,324.14  202.02 1,359.44  202.26 1,394.73  202.50 1,430.02

201.79 1,325.62  202.03 1,360.91  202.27 1,396.20  202.51 1,431.49

201.80 1,327.09  202.04 1,362.38  202.28 1,397.67  202.52 1,432.96

201.81 1,328.56  202.05 1,363.85  202.29 1,399.14  202.53 1,434.43

201.82 1,330.03  202.06 1,365.32  202.30 1,400.61  202.54 1,435.90

201.83 1,331.50  202.07 1,366.79  202.31 1,402.08  202.55 1,437.38

201.84 1,332.97  202.08 1,368.26  202.32 1,403.55  202.56 1,438.85

201.85 1,334.44  202.09 1,369.73  202.33 1,405.02  202.57 1,440.32

201.86 1,33591  202.10 1,371.20  202.34 1,406.49  202.58 1,441.79

201.87 1,337.38  202.11 1,372.67  202.35 1,407.96  202.59 1,443.26

201.88 1,338.85  202.12 1,374.14  202.36 1,409.44  202.60 1,444.73

201.89 1,340.32  202.13 1,375.61  202.37 1,410.91  202.61 1,446.20

201.90 1,341.79  202.14 1,377.08  202.38 1,412.38  202.62 1,447.67

201.91 1,343.26  202.15 1,378.55  202.39 1,413.85  202.63 1,449.14

201.92 1,344.73  202.16 1,380.02  202.40 1,415.32  202.64 1,450.61

201.93 1,346.20  202.17 1,381.50  202.41 1,416.79  202.65 1,452.08

201.94 1,347.67  202.18 1,382.97  202.42 1,418.26  202.66 1,453.55

201.95 1,349.14  202.19 1,384.44  202.43 1,419.73  202.67 1,455.02

201.96 1,350.61  202.20 1,38591  202.44 1,421.20  202.68 1,456.49

201.97 1,352.08  202.21 1,387.38  202.45 1,422.67  202.69 1,457.96

201.98 1,353.56  202.22 1,388.85  202.46 1,424.14  202.70 1,459.43

201.99 1,355.03  202.23 1,390.32  202.47 1,425.61  202.71 1,460.90
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syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad

202.72 1,462.37  202.96 1,497.67  203.20 1,532.96  203.44 1,568.25

202.73 1,463.84  202.97 1,499.14  203.21 1,534.43  203.45 1,569.72

202.74 1,465.32  202.98 1,500.61  203.22 1,535.90  203.46 1,571.19

202.75 1,466.79  202.99 1,502.08  203.23 1,537.37  203.47 1,572.66

202.76 1,468.26  203.00 1,503.55 203.24 1,538.84  203.48 1,574.13

202.77 1,469.73  203.01 1,505.02  203.25 1,540.31  203.49 1,575.60

202.78 1,471.20  203.02 1,506.49  203.26 1,541.78  203.50 1,577.08

202.79 1,472.67  203.03 1,507.96  203.27 1,543.25  203.51 1,578.55

202.80 1,474.14  203.04 1,509.43  203.28 1,544.72  203.52 1,580.02

202.81 1,475.61  203.05 1,510.90  203.29 1,546.19  203.53 1,581.49

202.82 1,477.08  203.06 1,512.37  203.30 1,547.66  203.54 1,582.96

202.83 1,478.55  203.07 1,513.84  203.31 1,549.14  203.55 1,584.43

202.84 1,480.02  203.08 1,515.31  203.32 1,550.61  203.56 1,585.90

202.85 1,481.49  203.09 1,516.78  203.33 1,552.08  203.57 1,587.37

202.86 1,482.96  203.10 1,518.25  203.34 1,553.55  203.58 1,588.84

202.87 1,484.43  203.11 1,519.72  203.35 1,555.02  203.59 1,590.31

202.88 1,485.90  203.12 1,521.20  203.36 1,556.49  203.60 1,591.78

202.89 1,487.37  203.13 1,522.67  203.37 1,557.96  203.61 1,593.25

202.90 1,488.84  203.14 1,524.14  203.38 1,559.43  203.62 1,594.72

202.91 1,490.31  203.15 1,525.61  203.39 1,560.90  203.63 1,596.19

202.92 1,491.78  203.16 1,527.08  203.40 1,562.37  203.64 1,597.66

202.93 1,493.26  203.17 1,528.55  203.41 1,563.84  203.65 1,599.13

202.94 1,494.73  203.18 1,530.02  203.42 1,565.31  203.66 1,600.60

202.95 1,496.20  203.19 1,531.49  203.43 1,566.78  203.67 1,602.07
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MS51WUINT Al (99)

syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad

203.68 1,603.54  203.92 1,638.84  204.16 1,674.13  204.40 1,709.42

203.69 1,605.02  203.93 1,640.31  204.17 1,675.60  204.41 1,710.89

203.70 1,606.49  203.94 1,641.78  204.18 1,677.07  204.42 1,712.36

203.71 1,607.96  203.95 1,643.25 204.19 1,678.54  204.43 1,713.83

203.72 1,609.43  203.96 1,644.72  204.20 1,680.01 204.44 1,715.30

203.73 1,610.90  203.97 1,646.19  204.21 1,681.48  204.45 1,716.78

203.74 1,612.37  203.98 1,647.66  204.22 1,682.95  204.46 1,718.25

203.75 1,613.84  203.99 1,649.13  204.23 1,684.42  204.47 1,719.72

203.76 1,615.31  204.00 1,650.60  204.24 1,685.89  204.48 1,721.19

203.77 1,616.78  204.01 1,652.07  204.25 1,687.36  204.49 1,722.66

203.78 1,618.25  204.02 1,653.54  204.26 1,688.84  204.50 1,724.13

203.79 1,619.72  204.03 1,655.01  204.27 1,690.31  204.51 1,725.60

203.80 1,621.19  204.04 1,656.48  204.28 1,691.78  204.52 1,727.07

203.81 1,622.66  204.05 1,657.95  204.29 1,693.25  204.53 1,728.54

203.82 1,624.13  204.06 1,659.42  204.30 1,694.72  204.54 1,730.01

203.83 1,625.60  204.07 1,660.90  204.31 1,696.19  204.55 1,731.48

203.84 1,627.07  204.08 1,662.37  204.32 1,697.66  204.56 1,732.95

203.85 1,628.54  204.09 1,663.84  204.33 1,699.13  204.57 1,734.42

203.86 1,630.01  204.10 1,665.31  204.34 1,700.60  204.58 1,735.89

203.87 1,631.48  204.11 1,666.78  204.35 1,702.07  204.59 1,737.36

203.88 1,632.96  204.12 1,668.25  204.36 1,703.54  204.60 1,738.83

203.89 1,634.43  204.13 1,669.72  204.37 1,705.01  204.61 1,740.30

203.90 1,635.90 204.14 1,671.19  204.38 1,706.48  204.62 1,741.77

203.91 1,637.37  204.15 1,672.66  204.39 1,707.95  204.63 1,743.24
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MS51WUINT Al (99)

syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad

204.64 1,744.72  204.88 1,780.01  205.12 1,815.30  205.36 1,850.59

204.65 1,746.19  204.89 1,781.48  205.13 1,816.77  205.37 1,852.06

204.66 1,747.66  204.90 1,782.95  205.14 1,818.24  205.38 1,853.53

204.67 1,749.13 20491 1,784.42  205.15 1,819.71  205.39 1,855.01

204.68 1,750.60  204.92 1,785.89  205.16 1,821.18  205.40 1,856.48

204.69 1,752.07  204.93 1,787.36  205.17 1,822.65  205.41 1,857.95

204.70 1,753.54  204.94 1,788.83  205.18 1,824.12  205.42 1,859.42

204.71 1,755.01  204.95 1,790.30  205.19 1,825.59 20543 1,860.89

204.72 1,756.48  204.96 1,791.77  205.20 1,827.06  205.44 1,862.36

204.73 1,757.95  204.97 1,793.24  205.21 1,828.54 20545 1,863.83

204.74 1,759.42  204.98 1,794.71  205.22 1,830.01  205.46 1,865.30

204.75 1,760.89  204.99 1,796.18  205.23 1,831.48  205.47 1,866.77

204.76 1,762.36  205.00 1,797.65  205.24 1,832.95  205.48 1,868.24

204.77 1,763.83  205.01 1,799.12  205.25 1,834.42  205.49 1,869.71

204.78 1,765.30  205.02 1,800.60  205.26 1,835.89  205.50 1,871.18

204.79 1,766.77  205.03 1,802.07  205.27 1,837.36  205.51 1,872.65

204.80 1,768.24  205.04 1,803.54  205.28 1,838.83  205.52 1,874.12

204.81 1,769.71  205.05 1,805.01 205.29 1,840.30  205.53 1,875.59

204.82 1,771.18  205.06 1,806.48  205.30 1,841.77  205.54 1,877.06

204.83 1,772.66  205.07 1,807.95  205.31 1,843.24  205.55 1,878.53

204.84 1,774.13  205.08 1,809.42  205.32 1,844.71  205.56 1,880.00

204.85 1,775.60  205.09 1,810.89  205.33 1,846.18  205.57 1,881.47

204.86 1,777.07  205.10 1,812.36  205.34 1,847.65  205.58 1,882.95

204.87 1,778.54  205.11 1,813.83  205.35 1,849.12  205.59 1,884.42
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syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad

205.60 1,885.89  205.84 1,921.18  206.08 1,956.47  206.32 1,991.76

205.61 1,887.36  205.85 1,922.65  206.09 1,957.94  206.33 1,993.23

205.62 1,888.83  205.86 1,924.12  206.10 1,959.41  206.34 1,994.71

205.63 1,890.30  205.87 1,925.59  206.11 1,960.88  206.35 1,996.18

205.64 1,891.77  205.88 1,927.06  206.12 1,962.35  206.36 1,997.65

205.65 1,893.24  205.89 1,928.53  206.13 1,963.82  206.37 1,999.12

205.66 1,894.71  205.90 1,930.00 206.14 1,965.29  206.38 2,000.59

205.67 1,896.18  205.91 1,931.47  206.15 1,966.77  206.39 2,002.06

205.68 1,897.65  205.92 1,932.94  206.16 1,968.24  206.40 2,003.53

205.69 1,899.12  205.93 1,934.41  206.17 1,969.71  206.41 2,005.00

205.70 1,900.59  205.94 1,935.88  206.18 1,971.18  206.42 2,006.47

205.71 1,902.06  205.95 1,937.35  206.19 1,972.65 206.43 2,007.94

205.72 1,903.53  205.96 1,938.83  206.20 1,974.12  206.44 2,009.41

205.73 1,905.00  205.97 1,940.30  206.21 1,975.59  206.45 2,010.88

205.74 1,906.47  205.98 1,941.77  206.22 1,977.06  206.46 2,012.35

205.75 1,907.94  205.99 1,943.24  206.23 1,978.53  206.47 2,013.82

205.76 1,909.41  206.00 1,944.71  206.24 1,980.00  206.48 2,015.29

205.77 1,910.89  206.01 1,946.18  206.25 1,981.47  206.49 2,016.76

205.78 1,912.36  206.02 1,947.65  206.26 1,982.94  206.50 2,018.23

205.79 1,913.83  206.03 1,949.12  206.27 1,984.41  206.51 2,019.70

205.80 1,915.30  206.04 1,950.59  206.28 1,985.88  206.52 2,021.17

205.81 1,916.77  206.05 1,952.06  206.29 1,987.35  206.53 2,022.65

205.82 1,918.24  206.06 1,953.53  206.30 1,988.82  206.54 2,024.12

205.83 1,919.71  206.07 1,955.00  206.31 1,990.29  206.55 2,025.59
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szauin  dSmanih szavi YSunanh

syaui  YSunani

szauin  UYSwnani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad
206.56 2,027.06  206.80 2,062.35 207.04 2,097.64  207.28 2,132.93
206.57 2,028.53  206.81 2,063.82  207.05 2,099.11  207.29 2,134.41
206.58 2,030.00 206.82 206529 207.06  2,100.58 207.30  2,135.88
206.59  2,031.47  206.83 2,066.76  207.07  2,102.05 207.31 2,137.35
206.60  2,032.94 206.84 206823 207.08  2,103.52 207.32  2,138.82
206.61 2,034.41  206.85 2,069.70  207.09 2,104.99 207.33 2,140.29
206.62 2,035.88  206.86 2,071.17  207.10 2,106.47  207.34 2,141.76
206.63 2,037.35 206.87  2,072.64 207.11 2,107.94 207.35  2,143.23
206.64  2,038.82 206.88  2,074.11 207.12  2,109.41 20736  2,144.70
206.65 2,040.29 206.89  2,075.58 207.13 2,110.88 207.37  2,146.17
206.66 2,041.76  206.90 2,077.05  207.14 2,112.35  207.38 2,147.64
206.67 2,043.23 20691 2,078.53  207.15 2,113.82  207.39 2,149.11
206.68 2,044.70  206.92 2,080.00 207.16 2,115.29  207.40 2,150.58
206.69  2,046.17  206.93 2,081.47 207.17 211676  207.41 2,152.05
206.70  2,047.64 20694 208294 207.18 211823 207.42  2,153.52
206.71 2,049.11  206.95 2,084.41 207.19 211970 207.43  2,154.99
206.72 2,050.59  206.96 2,085.88  207.20 2,121.17  207.44 2,156.46
206.73 2,052.06 206.97 2,087.35 207.21 2,122.64  207.45 2,157.93
206.74  2,053.53 20698  2,088.82 20722 212411 207.46  2,159.40
206.75 2,055.00 20699  2,090.29 207.23 2,125.58 20747  2,160.87
206.76  2,056.47 207.00  2,091.76 20724  2,127.05 207.48  2,162.35
206.77 2,057.94  207.01 2,093.23  207.25 2,128.52  207.49 2,163.82
206.78 2,059.41  207.02 2,094.70  207.26 2,129.99  207.50 2,165.29
206.79 2,060.88  207.03 2,096.17  207.27 2,131.46  207.51 2,166.76
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MS51WUINT Al (99)

syauil  dSmanih  szavii YSunanh szavi YSwnanih  szauin  USinani

1.(GNN)  avNA WGND)  AaLANA  WGNN)  auNA w(Enn)  auad

207.52 2,168.23  207.76 2,203.52

207.53 2,169.70  207.77 2,204.99

207.54 2,171.17  207.78 2,206.46

207.55 2,172.64  207.79 2,207.93

207.56 2,174.11  207.80 2,209.40

207.57 2,175.58  207.81 2,210.87

207.58 2,177.05  207.82 2,212.34

207.59 2,178.52  207.83 2,213.81

207.60 2,179.99  207.84 2,215.28

207.61 2,181.46  207.85 2,216.75

207.62 2,182.93  207.86 2,218.23

207.63 2,184.40  207.87 2,219.70

207.64 2,185.87  207.88 2,221.17

207.65 2,187.34  207.89 2,222.64

207.66 2,188.81  207.90 2,224.11

207.67 2,190.29  207.91 2,225.58

207.68 2,191.76  207.92 2,227.05

207.69 2,193.23  207.93 2,228.52

207.70 2,194.70  207.94 2,229.99

207.71 2,196.17  207.95 2,231.46

207.72 2,197.64  207.96 2,232.93

207.73 2,199.11  207.97 2,234.40

207.74 2,200.58

207.75 2,202.05
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