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nMsiesgRvsIahiladisuivdssuas Iinguszasdaiiednynwiliuniswisuwdasi Iaegld
FoyauFunaivinade 518l seg9nia wazsedeuninnsiesgiteyalsunaiilvadisraiuvinyussuas
gounas 30 U (Wauluweu W.A.2532 - Whiauduial w.a.2561) iandnsesilaglduuudians TREND wavldnis
nadouwualty 2 35 Usenausie 35 Mann-Kendall kagds Linear Regression Ingiansadiiuiltiusenailiydnagy
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o aada Sl

nafanANetusosay 99 (P<0.01) wuiluuegslvedrdgynadafianuiesiusosay 95 (P<0.05) way

Py o

wualtuegalitedA @ ATANU BN USa8ay 90 (P<0.1) WUl HaN1TILATIEUSHNINYINS18T 35 Mann-

o

Kendall Laz35 Linear Regression ldfluualiuniswasuudasvesuSunaivilnaasenafvinussuas nans
a ¢ 1a T ' T v o a T ' < ° s
WATIZHUTUIUNUIMITIIEANE WU gaelu LifwunldunsiasundasesUSunauvnluaasenanuinussuas
gouas lfwliimsasuwlasvesUsnavilvaasenanuinUssuasitufontu uazran1simsgiuiunn
Wvhseiiou 35 Mann-Kendall Tdfuunlinnsiasundaswesimidiuiu 10 weou duudlduiudu 1 e way
fuualduanas 1 1hieu 35 Linear Regression lufiuuildunisivdsunlasdvingiuau 10 Wweou Suwualduiiuiiy
1 Fou wazlinuilunanas 1 1heu Lagliaszsiuullunnsiuasunasivinnigdd Moving Average WU Wil
516U T1999n1a 7 5 U 10 U fivsunaudvinanas winldusemey Ysnadviiedeniounsie 5 U duuiliy
a X 2 v 2 a -] = d' 4:4' o v A X 2 v
WA 3 eu Linlduanas 9 ey wazUSunuuvinedsndeunsie 10 U duwnlduiiady 2 weu wualiuanas
10 hou

AdARY: wuUTIaes TREND, n1satasigsiiuiliy, Aedsindoudl, onanuiiussues

Abstract

The runoff analysis of the Prasae Reservoir objective is to study on the runoff changing trend. The data
for analysis is comprised average runoff on annual, season, and monthly basis from historical inflows to
the Prasae Reservoir in 30 years (April 1989 — March 2018). Mathematical Model TREND is used to analyze
data and tested trend with 2 methods. Mann-Kendall and Linear Regression methods are applied by
consider significant trend of statistical probability 99% (P<0.01), significant statistical probability 95%
(P<0.05), and significant statistical probability 90% (P<0.1). Annual runoff analysis by Mann-Kendall method
and Linear Regression method are presented that no changing trend of inflows to the Prasae Reservoir. For
seasonal runoff analysis, there are no changing trend of inflows to the Prasae Reservoir in wet and dry
season as well. Based on monthly runoff analysis by Mann-Kendall method is presented that no changing

trend 10 months, increasing trend 1 month, and decreasing trend 1 month. The analysis of changing trend
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of runoff by Moving Average method is presented that annual and seasonal trends at 5 years and 10 years

have decreasing runoff. For monthly trend, moving average runoff at 5 years have increasing trend 3 months

and decreasing trend 9 months. The moving average runoff at 10 years have increasing trend 2 months

and decreasing trend 10 months.

Key words: TREND Model, Trend analysis, Moving Average, Prasae Reservoir
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A13197 2 USunautvinseieuwazs1eteiel w.e. 2531-2561 Alvanetsiuinusewas

. Unahsinsewiieu (31w av.) USanathvin@nu ava)
K Wy, | wa fi.e A, | da. | ne. | aa. | we | s.a. | wA aw. | G, | ogdu | goude | 518l
2532 241 4.22 15.07 19.52 24.12 57.12 63.99 8.17 1.35 0.65 0.26 3.30 184.03 16.14 200.17
2533 272 15.63 8.83 13.28 | 13.74 | 36.81 | 151.44 | 15.29 2.59 0.37 0.00 0.00 239.72 20.98 260.70
2534 1.74 7.78 18.35 | 21.53 11.71 | 109.48 | 99.37 8.11 234 2.90 1.33 0.15 268.23 16.57 284.81
2535 0.00 0.54 6.19 20.76 | 110.63 | 31.52 | 54.66 | 27.98 1.77 0.00 0.00 0.00 224.30 29.75 254.05
2536 3.90 3.34 11.02 7.90 42.61 | 138.65 | 92.66 11.97 223 0.20 0.07 0.85 296.19 19.23 315.42
2537 2.12 10.66 | 53.82 | 56.85 35.69 | 117.46 | 47.82 4.20 1.64 0.34 0.51 0.16 322.30 8.97 331.27
2538 1.19 10.38 | 23.85 | 56.41 69.73 | 225.50 | 151.50 | 13.47 3.79 1.21 0.64 1.07 537.38 21.36 558.74
2539 1.75 16.16 29.32 | 39.07 | 44.32 | 87.98 | 129.80 | 58.84 3.10 0.02 0.00 0.00 346.64 63.72 410.36
2540 4.86 11.60 25.31 13.17 | 71.87 48.05 69.11 14.61 12.15 10.82 7.62 7.26 239.11 57.32 296.43
2541 1.30 577 8.91 42.57 59.64 61.43 65.92 12.92 10.34 9.18 8.16 4.44 244.24 46.34 290.58
2542 5.55 52.19 | 40.60 51.56 5358 | 73.50 | 113.21 | 70.96 10.85 9.15 7.90 7.58 384.64 111.99 | 496.62
2543 6.75 11.84 | 31.96 | 73.36 | 27.18 | 47.99 | 74.62 12.46 2.98 0.56 1.38 0.00 266.96 24.12 291.08
2544 8.97 2249 | 23.01 | 21.30 6.73 25.06 | 88.19 | 27.15 7.44 1.59 0.83 0.55 186.78 46.54 233.31
2545 0.92 34.01 | 20.96 | 20.96 | 24.61 37.85 | 34.33 | 14.99 10.87 3.48 2.23 9.84 172.71 42.33 215.04
2546 8.38 1298 | 30.69 | 40.83 | 34.85 | 105.84 | 87.78 7.24 4.25 2.96 2.62 0.92 312.98 26.36 339.34
2547 7.39 23.43 26.82 16.16 43.68 | 42.86 74.66 2.95 0.78 0.38 0.30 0.55 227.61 12.36 239.97
2548 6.82 3.63 5.64 9.46 8.43 91.86 | 40.39 11.98 8.16 797 3.33 6.67 159.41 44.92 204.33
2549 9.76 30.59 18.51 1537 | 27.51 76.26 66.13 2.59 1.12 3.32 3.14 1.89 234.37 21.82 256.18
2550 9.87 20.42 | 28.50 49.67 35.95 | 46.75 32.81 1.11 0.02 0.97 0.00 0.02 214.10 11.99 226.09
2551 8.72 37.02 | 25.81 29.88 | 36.40 | 107.46 | 57.49 4.86 0.18 0.03 0.14 3.65 294.05 17.56 311.62
2552 7.13 8.47 12.53 34.45 19.28 86.79 96.84 5.82 0.01 1.98 1.16 1.57 258.36 17.66 276.02
2553 3.08 17.11 | 23.30 | 15.51 74.84 | 51.69 | 93.50 3.74 2.07 0.07 2.07 4.19 275.95 15.23 291.18
2554 9.87 7.86 15.18 | 23.07 | 87.94 | 149.22 | 101.21 | 6.31 0.11 10.61 1.78 0.42 384.49 29.11 413.59
2555 0.58 11.27 14.65 | 32.04 12.83 | 186.30 | 78.98 8.28 0.87 1.75 1.51 1.94 336.07 14.93 351.00
2556 6.95 0.21 28.43 | 26.16 | 20.87 | 56.69 | 158.07 | 78.06 3.21 0.03 0.24 1.15 290.43 89.64 380.07
2557 1.06 3.94 15.94 14.33 23.61 68.99 | 50.03 2.27 0.35 0.74 0.24 0.73 176.85 5.40 182.25
2558 5.73 2.69 4.21 12.02 | 36.83 | 126.14 | 78.95 2.06 0.00 2.06 0.14 0.00 260.84 9.99 270.83
2559 1.03 4.80 14.91 28.27 3259 | 48.83 88.60 4.43 0.04 2.71 1.31 0.97 218.00 10.49 228.49
2560 5.06 25.93 16.30 3274 | 75.27 62.67 69.14 1.53 2.50 3.48 0.92 10.82 | 282.04 24.31 306.35
2561 9.87 36.29 | 34.93 21.47 44.86 96.75 46.14 1.96 0.25 0.00 0.12 4.01 280.43 16.22 296.65
Lﬂﬁlﬂ 4.85 15.11 21.12 28.66 | 40.40 83.45 81.91 14.88 3.25 2.65 1.66 2.49 270.64 29.78 300.42
GAGL 9.87 52.19 | 53.82 | 73.36 | 110.63 | 225.50 | 158.07 | 78.06 | 12.15 10.82 8.16 10.82 | 537.38 | 111.99 | 558.74
ANEA 0.00 0.21 4.21 7.90 6.73 25.06 | 32.81 1.11 0.00 0.00 0.00 0.00 159.41 5.40 182.25
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uaz UNESCO a9 wuudrass TREND L umesduil
1.0.2

2.3 MsAAsEALIlTIveUSInavn

2.3.1 5 Mann-Kendall [2,3] 1dun1snagaay
meadpuuullinniwes Faduiifeuetmunsvans
dmsunislidinsgriniuuiliaveeunsuaIves

Toyan1ainugnninet (4] lun1sdanguuwuiliuni

o o

JyAA VDI UINULMANTUBAL UL ANAY LAY

o

FMTUBUNTUIAT X = {X1,X2,...xn} AUURFIUNGN

(Null Hypothesis, Ho) fiasiiae19ua4 n Lﬁuﬁmﬂieﬁu

Alddeanisdeulvanududassiaznisuantas

Wiy auuRgIumaden (Altemative HypothesisH1)

ANUSUNISNAFDULUUEDINANIE 8ANITLINLIIVD
= a ' = Y 1 .

X wae x Faaedialimillouiuiunneves kg j < n

fe k = j adfvadeu S Aualagaunisaail [5]

= k=12 j=k+15ign(x; — xy) (1)

'
A

LB

+1 for (xX; - X,) >0
0for (xj-Xx)=0;(2

=1 for(Xj- X)) <0

Sign(xj - xk) =

@

AaasAULUSUTILYRERANAdoU S fail (6]
E(S) =0 (3)

n(n-1)(2n+5)-%7L, t;(t;-1)(2t;+5)]
18

(@)

VO(S) = [

ANSLANLIIANLULLDYIVBY S hATWUILUUN

o w

HedrAgaiunsanageuld lnen1siuTeuiisuandn
wUsumsgu z Tuaunisi (5) Aren1swaniasund
yosiuUsduitssiuioddyifesnisienaiuiu

wazanamilaiing [3]
s—1
z= 0

s-1
Jvar(s)

ifs>0

ifs=0 (5)
ifs <0

Aruanaes z luaunisi (5) 1unisuansda
Tty luvasfirnauves z wansdaudliy
fianas Wevhnsveaeuuwnldufifiududeanad
seetu x Yoddy (pvalue) @ dlusuddeilldnas
insziuuiliuegradidedfyvadfvseduay
WesTuSevaz 90 (P<0.10) $o8az 95 (P<0.05) wax
¥auaz 99 (p<0.01) Fuuanstunauns A ERlaly
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2.3.2 35 Linear Regression [1] \un1snaaau
nsadfnuuimadines fedauudgiuiiteyading
AsgefwuuUnd wazidunisnaasunuliiuwuy
L@ UATILABATIEOUAMNEUNUSTENINIAN (X) Lag

FauUsiiaula (y)

p = Y (=) (Yi—¥)

— (5)
Z?:]_(xl'_x)z
dea = y - bx 6)
ANaEnANAdau S Ao
b
S=- @)
g

4 (123 (yi-a-bxp)
Weo = A(n—2)(n?-1) (8)

AR ANAFDU S MUNITHINLIS Student-t AT

a3rBase n-2 agmels avugmuvan (Null Hypothesis)

2.5 75 Moving Average

Moving Average (MA) #30 Anduiad oind oudl
Wumsinuenieds (Average) Tnglidoyadounds
aufiszeaniitviun wu drauleives Moving
Average srzliandaunas 5 Ju avlddeya 5 u
gounaaiuaniudagiu uAuineganIves
AnadsUsznniiaulaniodiaula Moving Average
srevIadounas 10 Ju aglddoya 10 Judoumnds
funniullagtusndmunsegnsaedsiauls

wdlesanaadeiissaufedliansalidoya
17'iLﬁaqwaﬁaguuaﬁmeﬁmumﬁﬂﬁafﬂﬁ%mi
WENINBUYDY Moving Average ponundunsnidy

men1sseateyanadeidnldraeiy

3. WAN1SANWNIY
2.1 HaNSIATIEIRLLLNSI AU UaIYIN
LRABA835 Mann-Kendall waz33 Linear Regression

LAAINANISIATIEN UL UNISIUA s Uk UaU 19N

1288A18735 Mann-Kendall Waz35 Linear Regression
Famn5199 3 wlern Z Wuuan (+) wanadaunliud

o X A ' I Py D
WL wazilean Z 1Wuwau () wansdauiliuiianas

A15799 3 HANSIASIEVBLI I LNUS YRR

19835 Mann-Kendall wag3s Linear

Regression
Ul | 35 Mann-Kendall |35 Linear Regression

Hwih | Amedeu| faw | Amedeu| A

z ety z ety
318U 0 @ -0.578 @
aoHu 0.036 (a) -0.388 (a)
A -1.392 @ -0.785 @
WU 1.873 (d) 2.183 ©
wounAN | 0.714 (@) 0.716 (@)
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Fawag 95 (P<0.05)
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Sovaz 90 (P<0.1

1) nan13itAsIERUsINaL ved osed 33
Mann-Kendall uaz33 Linear Regression laifiwalily
151UA sudasesuiunan winlnaasg e
Uszuas il lfiiady waelifualtufianas

2) mamﬁ,ﬂmxﬁﬂ%mmﬁwmLaﬁaiwaqanwa B

Mann-Kendall uag35 Linear Regression
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Water Productivity of Irrigation Project in Upper Thachin River Basin

weyiyen Junsiia’, uudisn awdie’, aange wedidaiina’ uasdgyen vigyiu’

o

P23 AARYIMINTSNYAUIIVINY, ANEIMNTIUAERS MUWHALEL, WNTIVEIGEINYAIAIENS, 2.uATUTY, 73140

BddFuRAYeUUNAIY: monthiria.kaku.th

unAnge

duivhiudusdthaendnAeusthviiu Ssiufidnivgduiufinuasnssy Inedifuiidnm 3 Tassmsdaiuay
Ungesnwpe Iﬂsqmiﬁaﬁmaxﬂ’@ﬁ%’ﬂmwamw Imamia'mfwLLasﬁﬁ;ﬁnmamsqﬂLLaxTﬂ'ﬁqmsﬁmfwu,azﬁwqq%’ﬂm
Tndnszen arlianuddyfuiuiimnglgnduasd oo uiinasvgiavosgudiiidu Tunsfnuil
ynsAnuidsiuuiassaudoanisinanlusunsy Cropwat udahmstasigimeudesnisitluggna
wngdgnitnun Tulssmelnanudosinisiesimiviinaseds 1,200 gnuatuns/ls uazanudoanisiives
Souiiusunanady 1,600 - 1,800 anuinaniuns/ls NMIANIANNFBINTUNe AL S o luR uR A nwn
USmnmenu doamsthlndidsstuanudosmsiluudwhnsussdiuanuansadumsuimsianisd wde
amithuazndn nmiheaUssnuanendudsyAninsdnivatssmuredanimadaiuasthsdnwusasuiag
arwduaes twausenu tneluguinvhiulindan mihsadssmusesinuazSosdeute

AEARY: 917, 998, NEANINUN, NAKER, N153ANTTI

Abstract

Tha Chin River Basin has the main river, the Tha Chin River. In which most of the area is agricultural
area. There are 3 study areas for water delivery and maintenance projects: Pollathep Operation and
Maintenance Project, Sam Chuk Operation and Maintenance Project and Pho Phraya Operation and
Maintenance Project. We will focus on rice and sugarcane cultivation areas because they are the economic
crops of the Tha Chin River Basin. In this study, a model of water demand from the Cropwat program was
conducted. And analyzed the water demand in the whole growing season In Thailand, the water
requirement of rice is average 1,200 cubic meters / rai. And the water requirement of sugarcane is average
1,600 - 1,800 cubic meters /rai. From the study of the water demand of rice and sugarcane in the study
area, the water demand was Approximate value to that of the general water demand, and the water
management capability was assessed. Water productivity and irrigation water productivity from the irrigation
water transmission coefficient of each Operation and maintenance project and Value of water content In
the Tha Chin River basin, irrigated water productivity of rice and sugarcane is relatively low.

Keywords: Rice, Sugarcane, water productivity, yield, water management
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Abstract

Seasonal rainfall forecasts plays an important role for water resource management. This information
benefits for planning water allocation and can be used for preparedness to cope with extreme events both
flood and drought in the near future. The objective of this research is to evaluate the method for rainfall
forecasting of 12 rainfall stations during a rainy season of Phetchaburi River basin 6 months in advance.
Predictors used in this study were Oceanic Nino Index (ONI), Dipole Mode Index (DMI), Multivariate ENSO
Index (MEI V.2) and historical observed rainfalls. Multiple Linear Regression (MLR) was employed in this study
together with k-cross validation method to reduce a bias of statistical models. All four predictors were used

in various types in MLR, and five statistical models were finally constructed. Coefficient of Determination
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(R?), Root Mean Square Error (RMSE), Nash-Sutcliffe Efficiency (NSE) and Total Volume Error (VE) were used

to estimate forecasted rainfalls. Results revealed that the combination of ONI, DMI, MEI V.2 and rainfall

presented highest skill of 465008 rainfall station with R?, NSE, RMSE and VE of 0.27,0.25, 45.02 mm and

0.75% respectively.

Keywords: Rainfall forecasting, Multiple Linear Regression, Large Scale Circulation Indices, k-Cross Validation
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fannsaUssiivismnumnzanlunsidenldinds
piemalan sudeisnsiiidenldlunisaianisal
Wieldfunumslunsiamnnisaanisalusunamny
dmsulfidudeyaatuauulunisnununisuing
Samsihlgrolulueuan

2. An1sAnen

2.1 YaULyaiuiIAN®Y?

1
aa A

quimvsyIiAufiqudisn 6254.5 ans1g
Alawuns Auiluunguitnseuaquil uisisnun 4

[

Jandn lawn Famdameysus Jminayvsasasiy

1 o

F1I59Y3 wasdminUseaiuAsius dnvaeauun

= a

\Hugudma suiudinedalunuiiang Suandedie
nzfusen ffmmidefatuguiuinass feldfniy
quimeilimziauszauAitus dang Tuandady
Uszinansrfienz Tuseniafusalnelnedusil
sy Rduwhianevdnvesguni msiune Tuan
vosduihasnduieninngifeiionunzuneidaiu
ﬁuﬁ%ﬁmamﬁﬁ%wmﬁ VSIS NNBUAINTEIUY
mmauﬂma‘uaaamwumﬂwm qﬁﬂiummﬂuv‘
sauushi uarlunsmouassdidnasfufidui
MugusilimeLa fednuaufiazrosgainmain

wirng Tupnaswnsilifiane ueen dadinszaneg

sirlulnegnindanlng ez lnaasguaiiinesyuas
panasgrziagveusag et uwau day
graaniszanm 227 Alawms Anuaiaduindees
11 (Average Slope) Uszanas 1:800 Inedigaiin

wsySuuseaniu 3 quihgeslaun quungesuaii

q

=

WYTYINOUUY Ejuﬁwsiamuifuwmiqmauéw way
duindeshousisydust (Ui 1)
2.2 Hesuildlunisinm
2.2.1 Yadeilélunisaanisal (Predictor)
2.2.1.1 Oceanic Nino Index (ONI)

Juedaiiinfidwinanegungiinimeia

Y

a

(SST) ﬁLU?{EJuiiJmﬂqmmﬁﬁmxLaﬂﬂm AU
LA vTLAEENT Nino 3.4 region 4 sazey
U3as 55-5N uazaesdgadl 120W-170W e ONI fid]
Adaud +0.5°C Tuluazidutasvesnisifia EL Nino
waziidanduauiaus -0.5°C asdudivesdienis
LA La Nina ONI 18 ue 1% w2897 National
Oceanic and Atmospheric Administration (NOAA)
Taldidudawdlunisviurenisiiausingnisal
ENSO uaglduseiliuanuusswasdsingnisel daudl
oglurrauinvideau 0.5-0.9 Aedudumiimdseeu

I Ao w

deglutisuinvieau 1.0-1.4 fednfimawiunans

LAENIAILINAINTSBIMIAY 1.5 980831800
9]

[

NYPN

2.2.1.2 Dipole Mode Index (DMI)

DMI (Huensuilildd Saan1azvesusingnisel
Indian Ocean Dipole (10D) & stind uluusiaadu
AudgnIveImayvsdude lngaziiauiuniuly
mVLa,JL‘i‘JumULLﬂJuauﬁuaaqmmﬁﬂaﬂfwsLa 1939013
Fend 920N (Positive) T2au (Negative) uagidu
nae (Neutral) Ingagdanansenuiugioiniaves
Uszimai egusnammaynsduiie lnazinainy
unnssvasgamgifiinimeiassuiiling funnuas

HangIusanvesumaynsdude lneiweiunnazld
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qquﬁﬁﬁwﬁnmaaﬁgm 50°E-70°E ULazazAyn
10°5-0°5 waglunang Yusonaylfgumndia ui
U agfga 90°E-110°E uay 10°5-0°S A1ANY
uanensiitalddudossi DM ludsiigumgiind
nziansilany Tuoonvesmaymsdufieifuninuna
LLazqm‘mgﬁﬁaﬁmzLasuaqumagm@wﬁaﬁﬂmﬁumﬂ
guninfesdutsingnisal 10D dauan dewalsiu
antesuaziinauwisddtulsemadulaiidouay
ooamsdenmaunarsuazaeuld lunsdiionmgd
ﬁaﬁmsmeaﬁqui’uaaﬂmamu’lagm@u@‘c’JQ'umh
UnﬁuazqmwgﬁﬁaﬁmzLaﬂuammaamiﬁulﬁaEia
pzunnifunitninfzdudsngmsal 10D daaud
denalififiadunnmindaunAniail sngTusenves
uaynsduisAeUsTmAdulatliduuareoansiae
Tnsawgnmeulfuaninauuiudstuiiniedu
Hang Yunnvesmaynsdulds luths 10D Aifiday
(Negative) agnalviAnnunnynuinluusnaUseme
ne [10]

2.2.1.3 Multivariate ENSO Index Version 2 (MEI

V.2)

\Jusilfiannsavendsnnuiiaun@ives EL Nifio
/ Southern Oscillation (ENSO) Gadumnuuysusou
ﬁ'LﬁmS?Tumaﬂaﬂwwqﬁmmﬂiummawﬂm%ﬂmfum
SouuazduussIna MEI V.2 gnasiatulngldious
5 @2uU3A @ Sea level pressure, Sea surface
temperature, Zonal wind component, Meridional
wind component L & ¢ Outgoing longwave
radiation Tun15lgavd MEI Tunsviuiansiin
Usngnsal Aelurieiiuauazvinedailoniaiin
Usingmisal La Nina luthsiiduuanaziileniaiin

Usngnised EL Nifo [11]

2.2.1.4 Yaanuru (Rainfall)
nsfnwiaseiladideyauSunaslusetu

naalnsiaiausuauvesnsugg deuinen

vieAu 12 aondl wanedeguil 1 vnaguiinysyd
2939397 0..2528 - 2563 (36 U) wldlunisfnm
TeazBuntayauTInaNY karan1dnsIainuanias
151971 1 Tnglunsfnuiadadusanuldgnuian
Uszgndldifumuusisdu (Predictor) Fududeya
USnaluadese 3 ou (WeAINIBU - UNSIAN) R
DudeyaneuninuSuiaruiiszgnaianisaiiiu
JrETLIAN 6 Lo

13197 1 uansdoyaanidnsratadWuveansy

a °

gallening1duiu 12 aandl

ik i doyad
- Yol

#a1u (W.A.)
424004 Amssneuinve 2528-2563
465002 A1NUNERTENNDTL DN 2528-2563
465003 |  @1inaununsenades 2528-2563
465004 | d@lnaunensenetiuatn | 2528-2563
465005 AUNNUNYATELNBYINGS 2528-2563
465006 fnsonetuLmau 2528-2563
465008 | mudineusumsUiliivgsn 246 | 2528-2563
465010 | IassnsimunUnliiounyseaad | 2534-2563
465012 | avualifanseATUASYY 0.ue8n | 2534-2563
465201 amam%siﬁ 2528-2563
500202 ane. R 2528-2563
500301 ANY.AUDINGU 2528-2563

500000 525000 550000 575000 600000 625000 650000

T
g P g
&l LG = ] 12
g L - g
il [ 65003, —
PO e 465006
= £ i .Y s
g B2 T RN 12
2 \ Al & P g
\7 \ ? 4550
g e T 1 TSP g
g } S ) i
= AT 45500244‘35003 =
. L ‘\\ Josy Ao .
S E - i ‘*oﬁsa,‘m g
g Angdnual e e A g
= Soosnt Y don201 B
wabin D b A

g & amfsmndu ST o500 g
E | venegunin i j e E
B 500000 525000 550000 575000 600000 625000 650000 -

JUT 1 wansvauuaguinmesysiasiumisand

A57393MUNEUTIUIY 12 dandl

2.2.2 Jadeiidpanisaianisal (Predictand)
nsAnwAstifiTngUsyasdliianInnisal

Ysunaulugisgaruvesiiufguuninesys ¥
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MnMsiieszidoyasetuiedu 36 9 (n.a
2528 - 2563) nan1HdnsainUTIIUNUIIIY
faAu 12 anfidafu nudhaggruresiiudigu
thinsydeglutasssrinaiou dsnau - gaay
(U7t 2) Tnefiuinaruadsnefouvadutag 3

WDUAINATHANNY 152 UL,

nsmiudnsBunduiedssoifaues udasdariiFoiiu
—-an1il azaooa
a0 1 0 465002
A 455003
A0l dg50id
071l 465005
- a0l 465005

-] 265008

Wiy

A 465010
« il ags012
il 465201

~amd 500207

~-anil 500301

JUN 2 wansUSinaunuaiesieiouvesaniinuny

2.3 M37iATIgYinITon0egFany A al (Multiple
Linear Regression Analysis)

WumsAnwianudunussewinedulsdasy
(Independent Variable) #a1ea63 Aud 3wUsn1y
(Dependent Variable) 1 &3 1#f @ w1315 fus
Saslathefisiuiunianisaiviossuienisiunys
289U IAAIUITOLARIAMUE LN US WARIF g
aunsi (1)

Y= bg+ bix1 + byxo+...+bpx;, (1)

Xi g AveIiILUIBaTEILaaLe

Y Ao A1veIRaLUInIg

k A iU sdaseluaunisanaes
2.4 351775 k- Cross Validation

35015 k-Cross validation method tJuAsn51n
Yoyaumenuduiusuanadsgui 3 Tnsyadoya
Usznevludedoya Predictor uag Predictand %4
msAnwafadlgsmundn k windu 1 (1-year Cross
Validation) Ingluuaag saureanisas 19aNudunus
yadoyanaunazgninanldainsaunisennuduius
gntdutdoya 1 ¥a vz luldlunisvaaeu

ANMNSITLABSAAAINNATES19ANUFURUS  91NUY

awnmsudiauteyannauniolunisdnuiiiu
foyalunnTaggninumaaey FBnstiazdrannig
\AnA1eAd (Bias) lumsaanisaiidesainlunisadn
aunsANdTus Mudsiivunldlunisaanisal
wazgnAnn1salazligniiunldlunisaseaunis
A9NAT

Predictor Predictand

k 3 k. [ k. k

JUN 3 wansnuduiusseving Predictor uag
Predictand 1n&75 k-Cross Validation
2.5 msusuiduainugniasuaz e
TunisAnwiasstidenlaisnisusziiunaves
Yoyausznoumie 4 35mslaun R, RMSE, NSE wag
VE 38n5AuiiAl R Lansiaun1sn 2 lnefian y
AoA1ns139dn p AvA1AIANISAL LAY | ABAIAUYDS
v = o a = 2 a0 | I
ToYaUAIWIUIUNA n T R AwdA19g 58119 0-1
a0 v Y ' = ca o o ¢
mndandnlng 1 Lansduiniansaidaudunus

AURUINTI93ng

2

RZ _ 2? 1(Vi=¥)(0i—P) )2
\/Zl 1i=y) \/Zl 1(Pi—D)?

F3msAINMAT RMSE wanssaunisi 3 Taedi

n Aesuaugatoyaianun @9 RMSE asdiAnog

551919 0 - oo mnda g lng 0 wanaaeud

mansalianuduiusiuduinnaing

RMSE = [PxZoi-p? O

35n15AUIUAT NSE LaAIRS@unIsh 4 taedn

NSE 2zdlAnegsening -co - 1 mindandilng 1 uans
PeuaanMsaliinuduiusiuunnsIainge ue
AU 0 wansneuNaAnIsaiTinus gy

] d' Yo a N e
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171 0 WAASIEUNAIANITAINANULLUGIHININNG

AANSallagltionsiede

ST i—p)?
NSE = 1 — (2200l (@)
i vi-y)
35AsAwaA VE Wuniseuiuiieousiiuda
AULANA9YDIUS U UHUNIRUAT LA RT UIINAT
n3523TAkazaINNITAIANITAl TRedl N ABTIUIUYR
TVRUATIIVIUA kaA9aUNI5N 5 Tagil VE mindend

108 0 wanI U ARSI ANUFUNUS AU UT

52930 Inenaves VE asfidndudevas

vE = btz g0 (5)

. ) i=1
2.5 YupaunIsant)

nsAneriis uaInnssIUTINRTIedaUAIN
Qndosuaryinsiindeyaiduivianiod033
Inverse Distance Weight (IDW) Mnturnsdenda
wlsiadu (predicton) fhanldmnnsalsiuou 4 @
wUs 1A DMI, MEI V.2, ONI wag Rainfall 4 18y
Toyaindvanifouveadoungainiou Sunauvestd
Aeunt 37 Aranisalsauduii eunnsiauve sl
Wenfufulfiannisal wazdauusana (predictand)
Aeusuarusiodowad sluraaieudmiay -
na1AuYesdiviinisaianisal Taednislddads
sufuutieanifurioun 5 WUUSIa09 LARWIR1Ie
7l 2 wazUszyndliBmeadinsilasgiinisonney
\BensiAnsINAU k-Cross-validation method i
vinsnsaseumLgnAesesUTInuuRiaansel
futeyansninlaglyd R?, RMSE, NSE wag VE waur
%umaumsﬁwLﬁumiﬁﬂmuamﬁagﬂﬁ 4

A15799 2 kERIUUIaesntglun1saInnisal

WUUTIAD4 fuinlélun1saanisal
Model 1 DMI, MEI V.2, ONI
Model 2 DMI, MEI V.2, Rainfall
Model 3 MEI V.2, ONI, Rainfall
Model 4 DMI, ONI, Rainfall
Model 5 DMI, MEI V.2, ONI,

Rainfall

| N13A1ANITAIUTINaLHUYEFUU WY TS |

USinanhwuseiiiou L1

- Oceanic Nino Index (ONI)

e

9INA

=0
>
=2

- Multivariate ENSO Index Version 2 (MEI V.2)

|
I

| Basharzinnuannesidmy (Multiple Regression Analysis) |

- Dipole Mode Index (DMI)

y ! l l

Model 1 Model 2 Model 3 Model 4 Model 5

Ynaniruannisal

mwaaummcvmﬁaq

agunan1sAne

gﬂﬁ 4 wanauNuunaUANSALTUNNSANE
3. NAN1SANEN

Han15A1ANSUUSHMEY 6 Lhaualatinlagly
33715 MLR wanasanisneit 3 Tnewiethusunaeui
AmNsallugisfey dmiau - natau Wisuiwey
AUAINTIATIATAL UG ILADUR T UTENI19T WA
2528 - 2563 vewmnaniuaglunnuuudiass 5
wuudrassmufiddulszansnsdndula (R og
5¥1IN 0 - 0.27 A1 NSE 9851319 -0.42 8 0.25 N
RMSE 8¢ 581714 36.42 - 79.94 Tad U Uasg
Volume Error 8g/5¥%i19 0.01 - 0.35 %

KazaINNIINTIERULLLAALLUUIIABINUIINTS
mansalsng Model 5 iduguuuunislisinneda
Aignvesaniil 465008 wansannseii 4 den R?
WiNAY 0.27 A1 NSE 111AvU 0.25 A1 RMSE vinAu
45.02 dadLuns wag Volume Error tvinAU 0.75 %
waz Model 1 dmsuannil 465008 lia7isesasun

Tagdan R? winffu 0.24 A1 NSE winiu 0.23 A1 RMSE
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WINAU 46.26 dadtuns wag Volume Error 11nAU

1.38 %

M159 3 HaNIAIANSIUTINHUAIMTN 6 iy
lngnsusuilagusuuuunsiddiiuevemnaniil
Aaudl w.A. 2528 — 2563

NUNBUR: (AAEA/AEER)

M15°97 4 aandimiruiangalunisainnisal

USuraunuvaumas Model

Paaiud w.e. 2532, 2536, 2553 Lay 2563 WanII

U

11531zl @ souan e InaLA e uAnd
nsratals danlugredadusunasuade syl
.6 2560 NM53ATIERldaunsananwailndifes
fuandinsratalaguientu

v
]

lesainnis@nwiasedladnisaiuay

v
(Y

sUsuudwUsidanduduwlsaesiuiionaaouin
nsldmudssunuulnagdamalinismanisalusunm
YU lnaAImsIeTA 91NAISILATIERNUI

Yudsugduuunmsldiviuneildiuls ME V.2,

SUT 5 - 9 wanananiIsAIANITalvoILA At
wuudaesitlinadiandmiuudazanid Tnaziiu
Tanluswnulaediulnguaresnisainnisalazes
Tiiansnsamanisaivinasilutdisiusinugvie
#1370 (Extreme event) éagnadiuszansan lng
1n3U7 9 Fadunvudassitlinanfiian uansls
Wiudwadi ldannnisaianisaldiduuuilululy
Amnaferfuiuduiiliannnismmaiauniigaile
Wisuiisufuuuusiaesdu wilugaed w.a. 2540 -
2551 fivsanasluadsroutnags Tuted ne. 2529
~ 2539 uay W.A. 2552 - 2562 JUSumuduRde

ADUYN9RININNATITR TelurralnTusunuauRde

Station | R* | NSE | RMSE | Volume .

g Code mm) | Error ONI shufuazdanalniinisainnisaiusunauneula

= (%) IndlAgaiuingTI9TRunNTuAsgun 5, 7 wag 9 uag
LA UIAINEaITAUIUAITAIANISAIN UGN
Model 1 | 465008 | 0.24 | 023 | 46.26 | 1.38 o
v o 2 o = b2 a =3 L

vogelz T aesoto Tozo To17 1 as72 | om0 aFnvee R® wag NSE danugndesiudu wir1ves
Model 3 | 265008 | 022 | 0.20 | 4642 | 057 RMSE uag VE agdamuususiuaeudnegs
Model 4 | 465012 | 0.17 | 0.13 | 5691 | 0.84
Model[5 élprUt UﬁéE 0.25 rﬁa% U'\(/%lurr o 465008
% (mm) Error
> (%)

1 | 000/024 | -030/023 | 3826/7332 | 0.08/2.32

2 0007019 | -025/017 | 36.69/7253 | 0.01/1.19 :

3 | 000/026 | -042/020 | 3642/79.94 | 0.12/3.27

4 |000/017 | -026/0.13 | 36.65/70.70 | 003/1.26 : [

5 | 0007026 | -0.30/0.25 | 38.13/76.19 | 0.07/3.01 gﬂﬁ 5 wansUSnauas I iARaraINNIsAIANISal

ﬁﬁqmaq Model 1

gﬂﬁ 6 WANIUSHNHUATIVTALAYINNISAIANTTAIT

aﬁqmm Model 2
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JUN 7 wansdSnamunsiniauagainnisaanisali

fiflgaues Model 3

JUN 8 wansSinamunsIvinuazannisaanisali

ANgAues Model 4

R

JUN 9 wansUSnamunsininuagainnisaanisali

faaves Model 5

15k e Veleme DM, ONI, Rairfall PR
RMSE
15 "
\
‘\
- & -, S|
5 A S2¥ PN Lo T TME
—===== e = === ———volume
£
15
10
= 8 % 2 &
. 3

JUN 10 uanarUseidiulseansnmeues Model 1

dmsunnaniingiaineduy

MEIV.Z, ONI, Rainfall RIISE

, — —NsE

30 a==volume

255008
455012
465201

420004
500301

JUN 11 uansAuszidulszavsnimues Model 2

dmiunnanniingiaindu

[ um ML MEL V.2 O Ak
DI, MEI V.2, ONI MSE
BO
SN 0
N
sooN .
\ - -
/ \ s - . 0
’ e LR Y
== S-Sy, Y . = =MNSE
= So== ~.’ === T ——_—
- Erre
20
1.50
0
5 o

JUN 12 wanerUsziiuusednsaimues Model 3

dwiunnaniilngiaiany

" DMI, MEI V.2, Rainfall RIMSE
&0
70 M
&0
J—
\‘ - K R S0
PN ., - S
A > - . s = =NSE
N s s, P -
b M N
e = = - Ep—
050
Errc
w0
150
10
250 N
2 2 g =}
R 2

JUN 13 wansrusziuuseansnmees Model 4

dmiunnanilngiaindu

DM, MEI'V.2, ONI, Rainfall RMSE

a
46
a

a

4
465006
A

4

a

a

JUN 14 wansrusziulseansamees Model 5

dmsunnaningiaindu

52



N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

JUM 10 - 14 uansravilanugnaeans 4

v

fatvaniazaniilidloviin1smedsuA ULUUT1a94

v '
o

Nanda 5 wuudassiuans1eiull laenan1sanwd
LLﬁﬂﬁIﬁLﬁu’j’]sﬁayjaﬁLLGlﬂG]I’NﬁJubL‘U?JENLLG\Iaxﬁﬂ’lﬁ"\lx
dwalinsnadeuvesunasuusiasdldnaiiunneing
fiu feg1aitu Model 1 (5U7 10) wag Model 5 (5U
i 18) Iinan1snaaoud A gaiudeyavesanii
465008 dmguen R? uraztiulddn Model 1 il
wngiunmaaeudmiuteyavesannil 465003 7
LaneA1 R® wag NSE 981 Model 1/Model 5 Aautng
falaeilan R windu 0.008/0.023 uaz NSE iy
-0.223/-0.291 wazluamginvinulia1ves RMSE
Lar VE Ainout1egs Tnofian RMSE w99 Model
1/Model 5 winfiu 73.32/76.19 fiadiuns wazal VE
WU 2.32% /3.01% «Sudu §wandliiiuiinig
Fonliisnsmufvusdstudmivdoyausun

v = o

upuazyadayaiinudidgduegimin ewin
Fnsnaiazianugeulmivdnuuzvestoyad
Wandnwidudiyy

4. a3UNaN1ANEN

s

Ms@EnwASItITngUsTasAfianInn1saluS U

q
v

duluga9nguuresgud Ny TyIAe3ITN1INeaia
(Statistical modeling) N157LASIEWNITONDDELTY
nAn (Multiple Linear Regression Analysis) 53U
k-Cross-validation method it atfeartun1siinend
(Bias) Tlenaiiintulunsaanise] Inedlaviigioine
1an 3 aviilawn DMI, MEI V.2, ONI wagUSunauely
Aeunth (Rainfall) \Jusudsdadiu (Predictors) wae
U?mmﬂwmaﬁ'uuguwmuﬁ W usdudsany
(Predictand) Anuduiusvasiuiniionnealaniugag
Weusunau-unsAL wazUsunaruseiouiads
Tugegeuioudanau-natau (Predictand) lagn
YunageuAuduius dudunsannisalarm

6 wounautegaruluiel 2527-2563 Tngnaan

N3ANANTSAILYNATIVADUANUYNABITUUTU U Y
ﬁmin’munﬂamﬁl,l,aznﬂl,l,wahaaq
NANITANYINUIMUUTIa0UAAEILUUT D99
TiA1ANgNARIaInIsAInsalana1aiulUuluwe
avannil ewisnsinmadedidunisleianisms
afArsudnvzvestayaUsnamuvesaranil
Fafidruddgineldiinainuunnd 19909013
AMN158 IAENUIILUUTNIa8Y Model 5 LanINans

AAN1salATigndlunsAinwiniall egrslsinunis

= <) 4

npgaULUUaemarfulsiududdisndudos
fudunsneunsidenlduuusaemdoiudsieiu
\lefinsusuuseteyadilaannnsesiaialmdy
ﬁﬁ]ﬁ;ﬁ’uiunnﬂ%gq iesnuuudiasseaifazdan
goulm (Sensitivity) fion151Ud sunlaswesdoya
wonantunsidenld3snismieaias u sauds
Frsamesiulsisiuiidentd nsidenldmuds
aienelaniiiuidy wazniswamnuInislunis
AnnIsal SN us ed e WudiudAydmsu
nsdnwseiiiedlusuinn il eWmwLUUSaedlH

a13150ANTsalUSINaluasn ke e g1 guguNn
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Abstract

Effects of hydraulics in Pasak. River. In the area where there was a problem with the transport boat
causing the bank to collapse. By analyzing water flow conditions using 1D and 2D hydraulic models. In this
study, HEC-RAS simulations were analyzed to describe systems with natural virtualization. The 1D flow
model is a model for the length of the stream from gauging Station S.26 and S.5 is the boundary of upstream
conditions and the Boundary of Conditions downstream. Calibration water level information gauging station
MD.01. The result of this study was a Manning's of 0.023 Coefficient of determination of 0.95 Efficiency Index
of 0.95. Then simulate the flow in 2D, divided into 3 case studies, i.e. in case of no boat docking. In the
case of boat berthing at one side and the case of boat berthing on both sides at return period 2 5 10 25 50
100 years. The result of this study during normal events and return periods 2 and 5 years does not affect
the river bank. But during the return period 10 years or more affect the riverbank

Keywords: HEC-RAS 1D, HEC-RAS 2D, Bank erosion

56


mailto:pakorn.sur@live.ku.th1

c

sy

AL
A%

N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

1. AN

ASWAILNTEUUANSIUE SBUR M a1y
Fatanszuaseiegseisluofnuastagtu deldd
\DuRenssumaassghafiieideatunsvudadudn
aeluUssmeuasseninasena wasvindetud
Audraylunisidudemislunisdndsduniosn
ugmanasnsUssine nisvudsmainidumsvudedia
mmﬂiwé’ﬂmnﬁqm wazaunsnvudsdulansiay
11N 9 Fafumsrudimaidadussuunmsoudaid
audAgunitsluedauazluewian n1svene
unuinvean s eluny v Uadnsansa
WszuATATEYsY1 TienadnansEnunFuYamans
senuiiusinseu 9 v1130 lago1atinn1sinLeIy
Nuiinasitlilalnsiadranaunin

n1sun lod gniazd eed n1sa Laun1s
Siasizanimnisinalunddvndn (il e3iasiess
Sviwavesvinof damansznusuvaniand @
Fududealduvudiasamisvamans lun1sinass
anwmnislwalunsin Fsmsinsisddananldiiie
unuamdunisu$uuss iieannansgnuiidssasie
widUndn nseiuniseensowfisunia faeise
Fudiiflownelng axvildanunirsmineiidnng
sendoriunavas Fiilemaiavsinlian wnislua
vouhasunadllaueradmansenusonisines
ad 13081 Tluns@nend asviinisiasisilngld
WUUR1883 HEC-RAS (River Analysis Systern) daifu
TUSHATULUUT 109 19T UILATIZU A 1 UvaA1dns
Waulag Hydrologic Engineering Center (HEC), US

Army Corps of Engineering Uixmﬂaﬁgamém

2. FAnlunside
SusuagynsiusiuTndeyaidifnsing
9 wethunlfiluteyaindiuuuinass HEC-RAS 34

ATAT19ILUUINED9 HEC-RAS azuuUsaanidu 2 du

Taun wuudraesnisivauuu 1 3@ Lagluudnasinis

Ivawuu 2 5 Tnenisasrauudnassnisinaluy 1
iR avidunsasauuassnelvgfisiassanin
nsluavesusidUrdniifianueinaongiuinane
Alansaudasiumafidaandsattemadumie
thuagnsiineth eflerlddeyannaniiiini,
sndudoyainduuudass ndusgsinisaen
Weun1518mesvesuuUI1anisivaluy 1 94
Wieliwuushassdinuasnndasiuaninnislvaves
555U NTUETNsaEdsuUUTIasInslawuy
2 9f nsedhfiufidne efiezaiunsodnsiya
Ussidiuanmnisivaldogaandemmnuinaluiiug
viude Tngensesuuni ldmualdannuuusiass
naeatasEidnuUY 1 37 ssgminarlfidudeya
YN IHAULUUT 1889 2 97 Wagn151TLnes v
WUUIIARINITIvaLUY 2 47 agldainisdmes
WeINUAULUUTI889NSIaLUY 18R waviinng
gounuANsERUtiAwIlaa N LUUsIae 1 5
dlelduuusransnislvauuu 2 88 Aldnanismuam

TaanlnalAsslaraanmadiiulouansiatnasawad f

U

v ° [ '

ylguuudnaninsivawuu 2 9 fenans undaes

)

Aa A4 a v ooa

nsdiflidedudufisuvniiednszduansenusely
dvsuinasimsleseiaudsson st aas
wavsieainluntineslfinasianuisanssuatng
pousuldvaausith wihiu 1.00 wns/Aund (AASHTO
Model Drainage Manual, 1991) @%5usigazidun
YOIt URBUNSANWILAZIZNTA q Tiangu]
NANVDILUUINAIANNFAI1EAS HEC-RAS N155IUTIM
Foyaildlunmsiinsiuuudiasinisina msdnsi
LUUd1a09 HEC-RAS 1 dfiuay 2 46 wagnisaeu
Wieu ansassungldifudesaolud
2.1 NOB)NANVIIUUUTIAIMNNYAAIEAT HEC-
RAS

TUIHNTULUUTIARY HEC-RAS 1JulUswnsy
WUUTIaInIesadIdns A wmuilae Hydraulics
Engineering Center US Army Corps of Engineer R

A58 1AL UR IUIAANERN S LUNT AR (one-

57



N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

dimensional) uaz 2 5 (two-dimensional) Lii e
AurnsiasunUasssduiuiagi wavanunse
$raeanslvaldianisinanuuléBngd (subcritical
flow) waginiladng i (supercritical flow) Wi aui
smma‘uaﬂsm”uﬁyuﬁaugﬂ (water surface level)
\esandsinvananisiuavesin wu azniu e
wazeregamans [udu aunisiugiuildluns
AUINTDILUUS1809 UTENaunle daun1saewias
wuu 1 37 Fauansluaunisi (1) aunisaeiieauy
2 iR Fwansluaunsii (2) warvaunistumudu &

LRIl UENN1SN (3)

0A 98S . 9Q _
at+at+ax+q1_0 (1)
0H = d(hu) . d(hv) _
Y + Py + dy +q= 0 (2)
a_Q o(vQ) (2 ) _
at+ ox +gA ax+Sf =0
Lﬁa VvV = ﬂ'JWMLé’JLQaiEJSLUWﬁ'](;]/ﬂﬁ']ﬁ'] (m/s)

S¢ = friction slope
X =528¥M9v8d8t (m)
t = 1381 (s)
Q = 8nsmsiua (M3/s)
A = uiividinnisiwavesdti (m?)
gy = IATINTIMARTEYENS (M/s/m)
u wa v= muiSuadglumingagh (m/s)
¢ = usslduaslan (m/s2)
2.2 nMssusmdeyaildlunisimsizviuuudiaes

o <

Foyai g ndulunisiasziuuuiiass

[ o

Uszneude Yeyadisravienin uagteyad15iad
siuindayaUsunuvi InuliseasiBeaseluil

2.2.1) Foyadrsiavienin Mfine

o t%

e l99aUad1529M09U191NNT LN TasUasan

U
v v v

FEAUNBIUINILAAVBULYARUUIYDILU VT8

ALUUIEDIUNTIITAUT $.26 FUDIVDULIAATUNY

WweduuIaeiuvlEn1lngaia .5 udild
\A3Bsilan1sUTEINMATTERUANNATlUYILAREY

2041UsUN3U ArcGIS Tinaneiudaya DEM (Digital

= v aq'

Elevation Model) %4983ja DEM %

oz fidnwaye

v
o w '

U7 1 Tasvoulvadeyadisasiesindnades
AsaUAquAUT AN Sudausuinaiia Wide
809 11150 FmianszunsAIeysen HAUsEUM
686042 N 1609806 E aufisuiiansnuanesnulue
FLN0 NILUATATOYTYT TINTANTLUATAS 0YTEN

NinUseaad 670784 N 1587878 E

v
[ % °

9y DEM 52AUnNeai1vednsuinyia

v
' o o

2.2.2) Toyad15afszAulIuaY

g*dﬁ' 1

ayavIuIudv1 nsAnunilalddeyadisiad

v

e

sgauinNnIuaysenu Inegldteyadrsamseay
Wrvesaningiainuvin 2 aa1d 1lunisuda

° P Ay 8 oa =~
LLUU"\]'T@EJ\T‘UEJUL‘UWLQEJUI‘UﬁﬂTNC‘]UH'] AD @01 S.26

= &

warvaniynedn Ae @l S.5 duduaniiiinseauun

£ o

578 24 93119 4 06.00 U. WazIaUAFISIVAITEAULUN

Y
v '

INNTULIIVN Ao @n1finanaun MD.01 Faduannil
Tnszaudnsneg 1 alus lnedeyad15i9mseaun
AanaN9LlyluNISAD U8 VLAY AR UNIULUUI RS

Tunsinunillddeyanaudiun 1 gainu w.a.2563

58



N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

o A

Fui 30 garAx n..2563 Tunsaeulfisuluuinges

Faranainanarnduiuioutiivain

2.3 MIIANULUUINED9 HEC-RAS 1 &R waz 2 4
A1TUNTIUUUINEDS HEC-RAS A8UU4

panldu 2 du laun uwuudiaesnisluanuy 1 97

wagkUUIIaesnsivaluy 2 37 lnefisieazidennis

IAVLUUIADIR 9

2.3.1 NM3IAYILUUIIa89 HEC-RAS 1 3R
N199ANILUUT1809 HEC-RAS 1 1R
Tagvhnsadns whdmdsiaun 218 wihdn A
g17d i 43.6 Alawns wanadeguil 2 Tneviinng
auyAduUsAvdannuvgusy wdasvinisufund

nends walddeyauunaniviainannd .26 WQu

o -

Toyavouunouluiumiletn uag Tileyarseau

g &

11 S5 Wudeyaveuivndeulusuied Fains
918999293UN 1 Aa1Ay W.A.2563 1381 06.00 U. Hig

30 anAY W.A.2563 1381 06.00 u.

U7 2 vouwanuUTIaes HEC-RAS 1 §1f

2.3.2 ANSIAMBUUIIADY HEC-RAS 2 315
A15IAYIILUUIIABY HEC-RAS 2 Tagvin
A158519 A159NTATUNN 1010 LUAT AN9vUA 3,967

N30 uanedsgui 3 Tagldananduussavsanuvguse

Munsaeuiiey wazlddayainuuudiaes 1 {6
AE1unsasuiiou tagldntndn Alawmsn 7+200
< v a T A v P
Judeyausunainh dufuveunieulusumnie
U1 waglddeyanirdanlawnsi 5+400 Wudeya
seaud Faduveurvad sulvd1uritedi Tae
nsfnuillddeyanuniun 1 gatau w.m.2563 8
Tuil 30 ganAu W.A.2563 AAsiensieiu dmsunsal
Ainsauufgiulidisevendisurinlaviinisdnaes
YUIAVDAIBLAAIUNING 15 LUAT ANNENT 50 LUAS
AMUANLANDAUTD 5 LUAT LAYANWLYBAIBAINGET?
1ra1nnsuL919i1 Inedasnind1nsunisitasasely
LUUINA09 HEC-RAS 2 T/ luid@u1san1591aeavios
Seiilnarusuanld fuinisdasaduviuy
Fudaaiundannuauinvasse agralsiniuainudn
%!l a S a0 = S
WUTHINATBATENAT 5 §3 6 Wwes lneussuna 150
Jeesunglaianudnisviessewinduseauiugnven
=

159

", Geometric Data - 2D_G1 - o x

Fle Edt Options View Tal
Jooks Fver | Surage | 3onee

SUT 3 vouiniuUTIaes HEC-RAS 2 §if

2.4 NSEDUIYULAZEIUNIULUUINADY

W oA misfimed urea i ey ly
WUUII889 lda1usaviinisasIaiaalelnensa
149NAINNITUTLLLUINNANWAUENNIYATNUDIANIN
sssumdlaeostuyindy 3nluiivedosdinisaey

W ULUUIIABLNDMIAINS AWM asAInaludaang

59



B o
e

\C
R

N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

gnsiosiugimuauiuaiwinian waziiel

wUUIaRIEunsa i dusnuraIn1sanwle

d v =]

1AYT ¥R DI N1TEOULTBU

saa °

WISAADINAANNE
dm3ULuUTIaeg HEC-RAS A Arduuszdndany
Y3U5¢ LUANNTS Manning’s formula laaldnis
1/1maaqq'm"lé’uﬂisﬁwﬁ(mwmqmmmmqﬁyw
Manning’s n LU15 88 9 aundmaiiasigann
wuudaesvzdanulndidesiudeyansiainaislu
auTunTian all Arfluuziiives Manning’s n ifle
T dudnduidudiu uasiitoldveduinasilunisda
M a1unsafiansanlianndnuaenianienInues

ANUNLERIAINNT1N 1

A19197 1 ardudsedns annuvgeseluaunig

Manning’n
sllouazdnuar  agn U gedn
‘Vﬂ\?‘l}"] Nang

dnhenien 0.035  0.045 0.050
guhilfuiiouesfiu - 0045  0.050 0.060
qnN
anhtaeidseily 0075 0100 0.150
qn
anhtaeiilvadn 0050 0070  0.080
drhazenn 0.033  0.035 0.045

A ‘U%’UU;W’]H Bruce R.el al., “Fundamentals of Fluid
Mechanic”,lowa State University. Ames,lowa, USA,
1990, 843 pp

FauUsiiloUsziunnnuulugvesnisaeu

e Tunnsdnedlddenldan R? way Bl daduy

Aadaflasunissansunaziinnuundefoadns

unsviany (Ywuns,2555)

dulszdns anduwus (Coefficient of
determination: R 10 ua 1m19@8 A9 1905 une

A9AAH 095¥MI N0 ANTIVTANUNAAILINAIN

WUUSaed dmiuan R fla1szuing 0 s 1 Taeend

Wlnd 1 1nTu muneda Jadeviansdiaonndaaiu

mm’ﬁu Feanunsawalldanaunisi (5)

" ,(0i-0)(Pi-P) 2

R2 =
\/2{;1(01'—0)2 JZ?zl(Pz—P)z

R? = dusvavisandumg

i = deruil

n = Sruruteyarion

Oi = AN TARIUT |

0 = AdBYDIrIRTIITAT LN

Pi = HARIWINAINLUUS@OIEGUT |

P = ALRAYUDINAAIUINIINLUUING D

AuidUszdnsnawuuudaes (Efficiency
Index: El) tHuaA1n1eadfdmsuniuseansaines
WUUIN809 lae E dA15enine 099 1 g E = 1 fe
T lng 1 undyu nuneds Jadosaaesd
aenAABfUINNTY (Nash and Sutcliffe, 1970) 4

a1unsaauadlaainaunish (6)

™ (0i-Pi)?

El=1-3200

) E = fudUsEansanuudnasd

n = uUIulsyarivun
pi = NAAIUINAINLUUTIADIEIAUT |
oi = AATIVIAGIAUN i

0 = ANRAYVBIAINTIVIATIINLA

2.5 Malnseiviuaimandsaulniaifagn
Ag 9
dmfuaArdnaduedsuiinadiusgegase
Usmaiuesgegasediadvldendedayanin
nsAnwInsiessitwiaudendnanudvesns
\Ane1 098 5InS unsTauy uazasye afosvos
(2557) Faldvian1siiasgsianiad suosdnindau
szrisiinamanniiseudmaindsoUiinanii
InageaneBindeandoyansiatmhvousasanid

TuguihUdnlidennsiad 2

60



&,

""u 1500 \‘\

AC
\\‘\

N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

M1399 2 dnsdeieUsunaniueaaaaUTN

ussgeanseliade

o ) = P -]
dnrnsivageganiseulinisiiagidednsnisivagegatiade

q'z.lfh (au.u./Aundl)
2% 59 109 259 50U 100 U
Unén 0.897 1.452 1.820 2.284 2629 2971

711 USuUs9an 59908 unedmug wavadyen asesmes
(2557)

v
o o

f\nﬂwamimammwumum FLRUIVOULYA

aa a1

mumuauwauwumam 2 4f uAUseanas 15,623
asaitaas Tneiedraiui Sudnluduaiu
aun1sguuUdn arldnsinsivagegameliads
Wity 603.76 gnurafunsAedundl waziilerae
Uinanhuangeananediadslugaiusandiuues
Q:/Q: ﬁ%ﬁﬂ%mmﬁmmﬂqaqm U AT
Nuiidnufiseudniningring q wanafeansad 3
dleldUsunaimanniisevdnisiingasne o 59
annsathdeyadananuldifuteyaieulvveuin
Frunided 1wesuuuTIa8e HECRAS 2 16 1o
Anszianmnsinareniusnavinideiisevdnig
\Angnsing 9

M15199 3 USinadmangeaadniuauanuinisineg 9

Wuinsu Yhnawaingegansaulinisiiadading q Qr

thely (au.u./3ud),
(m3.n31.) 2% 5% 109 259 509

15,625 541.6 876.7 10989  1379.1  1587.4

100 ¥
1793.9

3. WAN1SAN®EN

nansanwwUady 3 ide laun nanisaeu
WBULUUTIa09 HAN1STLASIEW N5 nAT8 91N
wansaiTag Uy waznadiasgsianinnisivad
Usunmd mannii seudnisiing 1m0 q lagdl
svwazLBondal
3.1 nan1saauLiguuuUIIang

NS UNBNITEDULNBULUUIIADY TEUINNAN
szut19Inanningiata MD.01 warsysuL19In
wuudaas HEC-RAS uanssaguil ¢ Taagaanandly

lun1saeuliisuwuudaeanaud Jun 1 faiau w.a.

g
=

2563 11 30 Aa1AN W.A.2563 laA1duusydns
ANFUNUS RZLMIAU 0.95 havnvdusednsnw
LUUINEDY Bl winnu 0.92 Taalaaduusgansany

U3U5% Wiy 0.023

2

Ve N

0.5 — AR A |

’U'rJHﬂ’M neaninsInin

Stage Hydrograph (m.MSL)

0

1-Oct 5-Oct 9-Oct  13-Oct 17-0ct 21-0ct 25-0ct  29-Oct

Time (2020)
(M) HANTSABUM UM UUI1809A LA TUN 1 D9 30

AAAU N.A.2563

2

0.5

HAATUINAINUVUTIADI(M.MSL)

0 0.5 1 15 2
doyaamilng293n(m MsL)

(v) MInTIRABUAINYNABITRITaYanTIRInLATKA
INLUUINEDY

UM 4 HaNITABULT EULUUT 1889

3.2 nanaTeinslvavastn wgmsailagii

IINNANITAIUINIINUUUTIADIAIUATUT 1
AAAL WA, 2563 fa¥uil 30 Aa1AL W.A. 2563 Lag
Jipsrzaimnusvesnseuainlutud 21 AAIAL WAL
2563 1ilpennidutuiiinnuivesnseuayiunn
ﬁqmmnﬁau@mm Tnonansitasizsinislvavesi
winnsaitlagtiunansdsguil 5 nudrdianuiEives
nszuathusnatundwsithnsdilifidessnfiousia
(n) fiAnasqldiiu 0.10 wnsAeIu uagAwsy
909n5TLALIUS NANAaNE L llLAY 0.20 Wnsee
Surft Gaduaruifidsldneliifnnis ey
vauzfinsdififinisanufgulvidFofidvuinaauniis

15 WHS AU 50 WA 31U 3 81 fNUNI9en

61



“hraans®’
o
Rt

N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

Wiguvin (v) Sanusaladiiu 0.10 wnsradund way
< Y a o ¥ | a
AMULSIBINTERAYIUS LINA19a11N bl A Y 0.30

I a P g oo I Y a o
WA uA Fuduanusindddneliiinnisie
Aaa a va N o y a
wir waznsalndinisauuAgulviisens 2 da (p) &
@ I a I a a @
AMULSLL AL 0.10 LASADIUNT LaTAINULSIVDY
AszwadIUsMna19dun iy 0.35 WesAeIuId
= & g Aoy i v a o
Faduanusndinelmainnisineny

-~

(n) AMLLS LA AAN1aBInsTLaLNNLUUT a9

all 1 A a 1
nsalldfiSaieuyin

(¥) AMIULS AL AFN VBN TEHAUIINWUUT A
| ' y
ASHASagUYI 1 He

() AULSLALTNFNIIVBINTERAUIINKUUIIAD
AN A A ' y
ASNASaLgUYI 2 B

'
a

JU71 5 anuiduagiianavesnszuainnnuuuiiaes

win1seitagdu Tui 21 gaiau wa. 2563

v

3.3 wadnszian1saliivanisaulnisiiagl
Ag 9
dwsunadineimvanisaliivainiiseutnig
a ¥ . v o a o al a a ¥ A a
Wageng 9 levhnsiesigifiseulnsiiegd 2 Y
5 U uaz10 Laanasusiimanisaiuinainiiseud
Asingn 10 Wusuly danusinszuatinusiiumnda
wazNa1kiu LAY 0.90 WAsHDIUNT Fuduninuise

nnalviinnisineie Inednadnsieimanisalun

'
=

PN ~ a 8 o ]
NANNNTDUUNITAAYING & ANAIT N 4 WagSUN

Y

a

049 UM
U
A5 4 ma%mswﬁmamizﬂﬂmmﬂﬁ

- a 3 .
FBUUMINAYINNG €

AMUEINTEUEE (WAS/Au)

soulns - s s
Lﬁﬂéq ﬂimﬁﬂ"d’] ﬂﬁl\iaﬂ f:a':j WIENE]\?
418 AU UV

nsdllifiBefisuria 0.43 1.10 0.43

23 nssifiFeuieurin 1 i 0.64 1.20 0.43
nsdififefiewh 2 s 039 130 0.30
nsdllifiBefisuria 0.65 1.40 0.65

5% nsdifidadlowin 18 080 1.50 0.65
nsdiffediewh 2le 077 1.90 0.60
nyflldfiiSealfiouin 0.73 1.50 0.73

109 nsdifidadlowih 18 075 1.70 0.75
nsdififefiewh 2 s 096 220 0.90

b b 4 . N

(n) AMLLS LA AANIBINSTULALNINLUUT a0

nsallufiSaiguyin

62



N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8

26 WeAdInIgY 2564

() AU ILALTIANIVDINTERAUIINLUUII1AD

N A A | y
ATaldllSaWeUnT 1 6

AsdSaWeun 2 Bl

SUN 7 ﬂ’J’]llL%’JLLﬁSﬁﬂW’N‘U@ﬂﬂiZLLﬂﬂ’lﬁ]’]ﬂ

Y

° s na' = a 3 N
LUUABN IMﬁ!ﬂ?imuqﬂaqﬂVﬁQUﬂﬂ'ﬁLﬂﬂ‘lﬂ 54

AsEITSoLUNT 2 He
SUT 6 ANULSILATAANIIVBINTLWALNRN

Y

wuudaes wgn1salivaniseutnisiing 2 U

(@) ANMLISUALAANIIVBINTEUAUIINNWUUT DA

AsadSaWigunn 1 il

63



N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8
26 WeAdInIgY 2564

(A) ANULSILALTIANIIVDINTERAUIIINLUUIIAD
AsdSaigun 2 £l

= < a S
SUN 8 ANMULSILALNANIUBINTZUEUIRN

G

° ¢ % - = a 3 =
Wuunaes wsn1saidmainiiseutnisiiagy 10 ¥
4. a3unan1sAnen

INNANITATUIUVBILUUTIABITIAUNTATU

< 3

1071 Tugrawmnnisalund anusivensewauilu

o
[ ]

dndnita 3 nsdilaiEannidn fadudsliiAnnisie
e aUs el 1 Lagnd sy dudu
wnnsaiimainfisoudninfad sis 3 nedl 3
mmﬁmsmafﬂﬁausﬂ’wqq Imammmﬁ'gqqqmﬁ
goulindu 1.00 wasaodund Saanuiiusiou
nansdth eﬁu’qt,wimqmﬁaﬁmmﬂﬁsauﬂﬂmﬁm% 2

Y Yuly deranusuiwvindu 1.00 wasaeIundi

v
[ a

gatuo1inn1sAasd uls Tudiuresninuiss

USURGSIWIY Auswsnsalivainfiseulnis

v
o

vingn 10 Wuduly Sanusiiu 1.00 wnseeiundi

v
o o

ﬂuumiﬂmsmwﬁwm%u@hLwimamsiﬁﬂma’mﬁ

€

soudnisiingn 10 § wJuduly egrelsfinunis
Bes1einisinavesnsyualinainarudumnnisaid
a | < Moy ¢l a &£

winlugianandu q lulddumgnisalfiavindu
naenel fanudsasulaiinansenunisingizvios

UkazAnwndSuwiuiUidn asinyisvsnisal

v '
° d

11912710750 UUNISAALILYVINTUY LD 999U1LEa9919
WARNNSTUNLLAL AUANINNN9TAANER S buws U En

Tindvundumiioudu

P9UN1TIATIEAENINN9VAANENS LASNTIAYI

LUUIIA89 U3 EIUIENUS I ILNDUATHAN
FINIANTLUATATOYTET AIUITOUUBNAILNUIYAT
21AANTARLEIL DU BINFNNNTAAERN S Luan
g Y @ v v ]

W1 wagldidunwmensuddaymlingsge 1w n1s
519NN 9n URG T B39N1ARTIUIULS BT 980
= 1 I~ 1%

Waun Wusu

5. N1591999

[1] Bruce R.el al, “Fundamentals of Fluid
Mechanic” lowa State University. Ames,lowa,
USA, 1990, 843 pp

[2] AASHTO Model Drainage Manual (1991) by
the American Association of State Highway
and Transportation  Officials. All  rights
reserved.

[3] qund vivanlua. (2555) dwianszunseiaysen
Saysanmsnnaadiundledagmidesteadou
UsuiiuSomsuudailifnnduazdades
nadn. drindnnsuuszandunus

[4 ywuns Tuafsend. (2555) n1sUsegnd
WUUIR09 HEC-RAS Lilansdanistviaulugy
Ynuuduuy . umiinedeineasmans/
NFUNNL,L

o

WUy wazdNvYn @5e8ned (2557)

9

(5] §59¢ wna
ANSIATIEFUNTINA LRSI NAIUDVDINITHAAYN
IngNa1savaquu1sandmsuUseinelneg

MATYIMNTTUYAUTEN I/ NTANNA.

64



MIUTFPRAPIMTIMNTTIUUNSUANGE AN 8
26 NOAINEY 2564

o\ ¢,
o

2A9NTIUUTEUILALHVIAUTS

65



N5UsEYuTYINITIAINTIUUAANUAIYIA AT 8

%, g N
s

26 WeAdInIgY 2564

NSANEINANTENUNIEIEANUAZUUINIINITIANITAATN Ltﬁﬂﬁaugﬁﬁﬂﬁ

nsfiAnw MsnaaiisglusddaunlasenisuudsananisussUununanasan 9

=] a a 1%
6l LNy

‘nedvwealulaganntdaenssy, auganlnenssumans, iwinerdemaluladavianasyys, Jarinunusiil

DUUAHTUNATOUUNAIU: taan.ynpp@gmail.com

unAnge
nnsneadeglusAdnilasainisuiudssiamsdssUunumvanasen 9 WulasinisvesnisussUuasmaislunis

Y sruvassyUlaamuiiuszlitesessuionsuenefiiveiisalarensEAUAMA NIRRT UUTE MY W

)
[

ewhadulasinsvgdsinansenuseanmuindeuniiivimivesyuaulagseu n1snwiasailied

[

nnUszan
ey mansenumsangmiienaifiniu uaziauouuziusmslumsianisanmwandounivimifianfnty
nsfnwedaiigadulunisiessanimnadoumsgifmidudedudenardumsfin lasiduainnisfine
Foyatugruvadlassnmaielildudaiumisis swazdnvusvesdsgnaine fivammn 9 9a udwihnisdisn
YaulANINoniu denmuazidonawiiogldidunmiunulundazgasan 18 nw adeamdrasadausiy
aeny (Photomontage) Hislsiifiunmuanszvufiagiintuainnisroadng
MnmenginUhuAfinanszusaensnniigaiio 9n 98-5 uay 9C-1 waramnmsasituiiiievhaany
dlafuginerdeuiinlndifsmugaiidedldsumautilofie ga 98-1, 98-5 way 9C-1 Feldhuidanarau
feglunsiansaninuindeniiieussimsanszmumeaemlngdsns 1. wiaemdmeonsiagiivmilagseu

'
a v =

2. anvew WasuULuusednvazvesdalgnasne 3. fefinsdslgnasne Jawasnnisdnudanunsaldiiludeya

U
¥

JeviulumsdanisannwindeugiiviadsiolUluswaala

ANEARY: aNTMLINREUIVIAY, HANTENUNIEENT, Blasddeitse

Abstract

The construction of waterworks tunnel, the 9th Bangkok Water Supply Improvement is a project of
the Metropolitan Waterworks Authority to expand the water supply infrastructure to support the urban
expansion and improve the quality of life in the population. However, this megaproject scale could affect
the visual environment of the surrounding community; consequently, the purpose of this study to identify
the potential visual effects and to suggest guidelines for managing the upcoming visual environment. The
study also focused on simulating the landscape environment as an intermediate tool.

Starting from studying the basic information of the project to obtain the location and characteristics
of the building, there were 9 sites in total and then surveying the view shed. Secondly, taking photos and
choosing 2 photographs of each 9 sites to utilize as a representation, then creating an overlay of the
simulation to photomontage from 18 photographs total to visualize the impact that may cause by the

construction.
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The analysis revealed that the most visually impacted areas were 9B-5, and 9C-1, from the site

survey to create an understanding with nearby residents and found out that there were more needed to

be corrected at the 9B-1, 9B-5, and 9C-1. Therefore, the area has been used as an example of how to

manage the environment in order to mitigate the visual effect by the following methods: 1. Camouflage by

arranging the surrounding landscape from eyesight. 2. To reduce and transform buildings' form or

appearance. 3. To transfer the buildings' setting. The results of the study can be used as preliminary

information for future landscape management.

Keywords: Visual Environment, Visual Effects, Waterworks Tunnel
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Impact of COVID-19 Pandemic on Potable Water Demand in Phuket
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annfionna sausifounnsinu 2558 - Weuliuiaw 2564 naduuuTaosmInnaesadunsafioinnes
KANTENULBINTUNTIEUINYDIlATA-19 sonrmdasniniivssdludmiagiin 3 Ussuan 1dun anudesnis
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AANARY: AUABINITU, COVID-19, Ussmalng, Qlﬁm, A1

Abstract

This study is analyzed the effect of COVID-19 on water demand in Phuket, The most important
tourism in Thailand. But after March 2020, A tourist and persons employed are decrease significantly. Such
conditions resulted in a significant reduction in water demand. This study, water consumption, populistic
and weather data from January 2015 - March 2021 are used to develop linear regression model for analyzed
the impact of COVID-19 on water demand in Phuket in three types (Total Water Consumption (D), Resident
Water Consumption (Dg) and Non-resident Water Consumption (Dy)). The result shown D; have statistically
relation with the number of guest arrivals (Ng), the persons employed (Np), population (Np), average
temperature (T), average wind speed (W), and average humidity (H), While Dg have statistically relation with
Ng, Np, T and R. And Dy have statistically relation with Ng, Ng, T and R. From the results, It was found that
the decrease in the guest arrivals is the most statistically significant in water demand in resident (Dg) and
non-resident (Dy).

Keywords: Water demand, COVID-19, Thailand, Phuket, Tourism
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The Simulation of Flood Boundary for Ubon Ratchathani Province Using HEC-RAS 2D
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HEC-RAS 2 11 vinmsaeuiieunagn3Iafigaiuuudnassvesdfuls Manning’s n Taesraesnsivavesiuuulsned
YguiIMISaeas R uINaN T ativi M5 lusityauazanlaiovi £.2 Tuishing uaufadeutnga datunm
msladiduddldiuudaes Nav lunmsussdusBananidududvi wedldand e M7 whingafiasmues
UszrnBulpevinmsmsaeuiiisuiagasiafigaiiuudiass naannsAny Il Manning's n AfiailngiAesiuann
yosnamaUszliA WU 0,04 uariufiwismnusdthyoussuiiddunas 393.78 na.nu. dalvgjeguinusing
dodu warsinadiesguanted fwaanmsiteedstanilugmsfnyuumainsussmenm oiiuiidosguassid

wasiiundaeasald

v
[ P

AdNALY: msaa‘umEJULLazmsmﬁq%ﬁLLwai’ﬂaaa, LLmuﬁﬁwhu, wUUT1889 NAM, wuudnaes HEC-RAS 2 i, auasusiil
Abstract

Ubon Ratchathani province has faced flooding from the area above the confluence of the Mun and Chi rivers
through the Ubon Ratchathani community to Kaeng Sa Pue due to the condition of a low-lying area and a flooding route.
In addition, at the end of the Mun River, there are various islands in the middle of the river obstructing the flow. The
objective of this study was to simulate the flood extent of the Lower Mun Basin and Lower Chi Basin in August to
September 2019 by using a 2-Dimension HEC-RAS model to calibrate and verify the model from the Manning's n
coefficient test that was obtained from the unsteady water flow simulation. The simulation scope started from M.5 station
in the Mun River and E.2A station on the Chi River to Pak Mun Dam, the part of lateral inflows used NAM model to
estinmate rainfall as runoff, and using the M.7 station on the Moon River to calibrate and verify the model. The results of
the model showed that Manning's n, which was close to the station of the Royal Irrigation Department was 0.04, and
from the simulation of flooded areas, it was found that 393.78 square kilometers of flooded areas of the Mun and Chi
rivers were flooded, where the most flood areas are Khueang Nai and Mueang Ubon Ratchathani. The results of this

research will lead to further study of flood mitigation approaches in Ubon Ratchathani and surrounding areas.

Keywords: Model calibration and verification, Flood Map, NAM model, HEC-RAS 2D model, Ubon Ratchathani
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Abstract

In recent year, Thailand's drought has severed, resulting from climate change and other factors such
as extreme weather both rainfall and temperature. This leads to the challenge of drought assessment and
monitoring in present. Drought is a major disaster in Thailand, because the most of land use is an agricultural
area which locates in non-irrigation and rain-fed area. The area mainly uses precipitation for water usage,
causing of water scarcity in dry season. This study focuses on meteorological drought assessment and has
developed drought monitoring system using Thailand's drought index and satellite-based rainfall. The
system aims to monitor daily drought risk area in provincial scale. Thailand's drought index is an initial input
of the system which is calculated from statistical data including annual rainfall, drought frequency, and
irrication area. All statistical data is defined different weight and classified to different risk level using

Potential Surface Analysis (PSA) technique. The output of PSA is a drought risk level in provincial scale.
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Moreover, the system uses daily satellite-based rainfall as a trigger to indicate the drought risk area from

precipitation. The operation system has been developed on 2010. The accuracy of the system is up to 809%,

and higher accuracy on dry season while as low accuracy on rainy season. In addition, this system is useful

for water management plan to prevent drought in Thailand.

Keywords: Drought, Drought Index, Drought Monitoring System, PSA
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Abstract

The Upper Mun Basin is a watershed area of Nakhon Ratchasima province that has rapidly developed
socioeconomically. It is a flooding area during the rainy season. The study of preventing and reducing
flood damage is therefore important. The purpose of this study are to (1) study the drainage potential of
the main river, (2) assess the flood risk areas of the main river in a return period 2, 5, 10, 25, 50, 100 and
500 years, and (3) establish guidelines for water management to solve flood problems. This study applies
the HEC RAS model in the Upper Mun Basin. According to the study, the Upper Mun Basin has a drainage
potential in return period 2 years (or 159 cms). It can drain well in an upstream of the Upper Mun River.
For flooded areas, it started flood risk areas from a return period 2 years. The flood areas in a return period
2, 5,10, 25, 50, 100 and 500 years equal to 100.59, 228.78, 475.51, 527.86, 546.93, 561.17, and 595.11 sq.m.
respectively. They cover all 8 districts within the Upper Mun Basin. Flood solutions are included the
increased drainage potential, the water barrier and the flood warning system. Moreover, the addition of
the runoff stations, database system preparation and integrated water management are important for flood

prevention approaches.
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AnduUsEavsanuvguasiildannisuiuiiien
LUUaB Wiy 0.03 uavduSufiufitnyinuddldan
duusyAviSaugusgiiavintu 0.03

MsUSUBULUUS A0S ALduNSRILA 1 e,
2555 §19 31 4., 2556 Lagn1S@0ULTIgULUUINGaDY
FduUnISHILE 1 1.8, 2556 89 31 l.A. 2557 &
wansluguil 3 uaggudl 4 Fawadiléanuuudians
HEC RAS fidnfilndiAnetuandilaainniste sty
LuUSIaesNMsAnuiaeinnuindedefiannse
inlUlelaneld

yennil esiiunsaeuiisuveumtiviaud
#91nuuUsIass HEC RAS Aulsuditviuiiriiuns
LUANAINATNANEAIIA BNV 1T NITUN AU

walulageane uag)iiansauna (93ANITUMITY)
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w59 GISTDA Tngmsa9doun1 uy1Ld odoves
WUUS 180999878 confusion matrix & adu3Eldly
nsiieuiteuiuiivivia/muilivian (ns.n.) o
n3aueafudildannuuusasslunisanefuiiuiin

Yu/NuUR blvig Aleanamaneaniieuiladnis

Wivdoyassean GISTDA Indinundewriuiuwinls d
WaARINATUANSI9A 3 Fananaliiulnan1sAnendl

ANUUIBRD ausatluImseinalule
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1 3sniiny
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1 Yudy “kepung
0
7 sunr
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—— Observe
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9 1eqe0
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o
1 sequieang
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Aienugod ‘Aepyd
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e Simulation

M.173

JUT 3 nansusuiieuasnsnisivanianiiian M.173

400
300
200
100

€102
1 1dy ‘Aepuon
€102 ‘T
aunr ‘Aepinjes
€102 ‘T 3snBny
‘Repsiny L

= Observe
M.173

€10C 'T 1290120
‘Repsan |
€102
‘1 laquiadaqg
‘Aepung
p10Z ‘1 Adeniged
‘Kepinyes

e Simulation
M.173

JUN 4 wamsaeuiisumsnsnistrafianilinin M.173

= . .
M99 3 W@ confusion matrix

GISTDA data HEC RAS Row
(Reference data) Flood Non-Flood total
W.A.2555
Flood 0 2.56 2.56
Non-Flood 0 2,593.23 2,593.23
Column Total 0 2,595.79 2,595.79
W.A.2556
Flood 34.10 161.47 195.57
Non-Flood 77.68 2,020.63 2,098.31
Column Total 111.78 2,182.1 2,293.88
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Wuiaatu waziuiinednduiiuinsu sty 113a

Tvaaauviiug

v

91

15199 4 Fneamnisseuigdiddluliihyaneuuy s i wazfnenmnsszue IiLTuIINNIsYRaen

‘ AR i FneamnssEuneth @ua/Aundl)
anndldrsne Alalumsd
UTM_N UTM_E fua U i Twnai

X-27-LNM-080 119.42 1698468.268 | 245372.187 nlwig Ry 527.07 830.87
X-26-LNM-091 | 6+508.096 | 1696313.63 | 244553.712 aalog g 367.00 807.00
X-50-LNM-130 9+4021.73 | 1695575399 | 242986.197 nalwig Ry 678.00 807.00
X-09-LNM-135 | 11+183.96 | 1695158.426 | 242291.796 aalngy g 504.00 807.00
X-25-LNM-134 | 14+657.49 | 1693660.522 | 241407.961 nlwig Ry 367.00 807.00
X-24-LNM-098 | 24+761.21 | 1690684.454 | 237699.104 yva Ry 504.34 807.90
X-23-LNM-060 | 34+402.04 | 1688606.399 | 235090.036 YIa Ry 176.46 811.36
X-88-LNM-048 | 42+202.34 | 1686004.184 | 232483.546 Twileg Ry 176.84 811.85
X-22-LNM-031 | 44+459.51 | 168527333 | 231679.058 Twdles Ry 176.92 811.93
X-47-LNM-016 45+9535 | 1685081.944 | 230552224 Twileg Ry 176.95 812.34
X-21-LNM-044 54+507.33 1684202.963 | 225851.658 ﬂizLﬁaﬂmg‘ finney 177.31 812.42

M.184 6147274 | 1683772796 | 222719.192 Fugys Ry 507.52 813.20
X-20-LNM-039 64+2935 | 1685554.717 223706 nszlnn Tyade 177.76 807.00
X-19-LNM-046 | 74+507.04 | 1681271.048 | 218388.928 Fugys Ry 178.44 807.00
X-86-LNM-003 | 76+540.69 | 1680248.81 | 217836.084 ADUTLY Tuuga 17858 807.00
X-18-LNM-021 | 85+181.11 | 1676334.343 | 217377.542 0y Tuugs 179.07 807.00
X-17-LNM-038 | 94+618.48 | 1673011.255 | 216817.749 3a Tuuga 179.67 809.29
X-16-LNM-029 | 104+5229 | 1670005391 | 216024.662 3a Tuuga 180.45 809.70
X-15-LNM-043 | 11449209 | 1668431.187 | 213596.229 dya Tuugs 181.44 810.24
X-14-LNM-019 | 124+580.5 | 1657341933 202931 da Tuugs 182.74 810.82
X-85-LNM-032 | 130+927.8 | 1665334.016 | 209808.535 dya Tuugs 183.58 811.02
X-44-LNM-037 1314266 | 1662943.433 | 207341.666 M1 WaunsEIAYSA 508.29 807.00
X-03-LNM-028 | 132+4300.9 | 1662528.802 | 207448.598 M LaaunsEIiesh 508.31 807.00
X-62-LNM-025 134+103 1662190.44 | 207277.79 M8 WaNnsEIAYsA 504.00 807.00
X-81-LNM-018 | 135+310.6 | 1661781.657 | 205933.972 M aaunsELIiYsh 504.00 807.00
X-13-LNM-045 | 144+4480.5 | 1661195673 | 205463.095 M8 WaNnsEIAYsA 378.81 812.09

M.2A 146+715.9 | 1657685.339 | 203064.877 WIEWNG LaaunsEIiesh 184.46 807.00
X-80-LNM-082 | 148+660.8 | 1655755.022 | 203411.238 NIYNNG waunszAesh 504.00 807.00
X-39-LNM-024 | 149+486.2 | 1654757.384 | 203167.027 WIEWNG LaaunsEIiesh 380.42 807.00
X-38-LNM-022 | 15145309 | 1654106.136 | 203131.301 WIEWNG LaaunsELIiesh 380.51 807.00
X-12-LNM-005 | 155+003.3 | 165228421 | 202754.757 NIYNNG Wwaunszifesh 381.58 810.30
X-11-LNM-088 | 164+0822 | 1648204.177 | 200020.995 funIeu Tvade 185.28 811.97
X-37-LNM-145 168+185.8 | 1646492.634 | 199272.763 AULNIgUY Tyade 510.30 814.79
X-35-LNM-069 | 169+681.5 | 1645809.809 | 198782.205 funIeu Tvade 504.00 807.00
X-10-LNM-149 174+403.5 | 1642965.549 | 198813.921 AULNIEUY Tyade 385.48 807.00
X-9-LNM-127 184+137.4 | 1639007.476 | 200030.031 FIAGAN Tvade 389.73 807.00
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2 100.59 0.018 4.198
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M15299 7 uwwinsasindenuiluwiiyaneuuu

- Augevesdu/mifsiud () - Augevasdu/mifsiu (u) . Asgevesdu/mifsiu (u)
anil (n.)) ” ani(n.a) " annil (n.a) =
4o m 4y mn Kl N

119.42 0.74 0.83 114+920.90 22 2.18 178+638.10 - -
6+548.10 0.54 1.66 146+715.90 1.57 2.08 184+137.40 0.94 0.5
9+021.73 - - 124+580.50 - 3.59 194+156.20 2.45 2.32
11+183.96 0.19 0.58 130+927.80 - 3.5 200+809.30 1.53 0.79
14+657.49 0.48 1.26 131+266.00 - - 201+550.80 0.88 2.05
24+761.21 0.67 0.83 132+300.90 0.55 0.3 198+725.20 353 3.36
34+402.04 0.77 1.56 134+103.00 - 0.46 204+457.10 0.45 1.66
42+202.34 0.41 153 135+310.60 - - 204+684.40 - -
44+459.51 0.29 0.16 144+480.50 0.81 12 214+295.00 2.17 1.81
45+953.50 1.88 1.83 148+660.80 0.43 0.83 224,670.70 0.85 0.88
54+507.33 2.04 1.56 149+486.20 - - 234+468.10 2.49 1.31
64+293.50 2.46 1.75 151+530.90 0.98 0.25 244+414.00 1.56 1.17
61+727.40 0.87 0.92 155+003.30 1.18 0.49 246+007.70 0.05 0.1
74+507.04 1.13 2.22 164+082.20 1.21 1.67 247+586.70 1.16 1.54
76+540.69 2.84 3.07 168+185.80 0.92 1.09 248+741.00 174 1.84
85+181.11 1.01 2.18 168+768.70 - - 254+259.80 1.37 1.86
94+618.48 3.44 1.67 169+681.50 0.47 0.51 264+393.30 - -
104+522.90 1.64 1.14 174+403.50 2.04 1.38

P

= oA g st a o GF S o ¥ ¥ ' 3
MITNN 8 miLﬂiwmwNaﬂwwumﬂmmﬂummﬂwwmﬂumLLazuwuqﬂuuﬂuummgamauuu
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10 475.5098 18.48705 37 8 63.63478 2.833501 33 8
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50 546.9286 21.2637 37 8 398.4937 15.49279 37 8
100 561.1731 21.8175 37 8 441.1897 17.15274 37 8
500 595.1087 23.13686 37 8 501.3485 19.49162 37 8
p191971 9 Ussnaubwhiideahsy Sluwsiiyauu dmsudufiamdsdumaiadim
annil onsnslua Huifagldsunansynu
Alawunsd N0 fua UTM-N UTM-E ﬁl’ﬂﬁﬁl guno fua
(au.3./2u9)
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nsglnn, Tuadey, v
819, ANULNIBU
g Fugd
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Abstract

This paper presents the flood risk model including economic damage assessment. The objective is to
develop the flood risk map illustrating economic damage in agricultural sector. This paper showed the
evaluation and analysis results of flood risk by using (1) primary data of surveyed damage and loss in study
area and (2) secondary data of satellite images of inundation maps, harvested map and land use map in
agricultural sector. The outputs of this paper are flood map, exposure map, vulnerability map and risk map
of flood. These are developed under the international frameworks of the World bank, Ministry of Finance
and Japan International Cooperation Agency.

Keywords: Flood risk map, Rice, Ayutthaya
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Abstract

This article presents an experiment on the effect of dry granular flow through the open check dams.
The objectives are to study the flow behavior of dry granular through the open check dam and study the
relationship of dry granular movement for application to landslides. Carry out laboratory experiments and
numerical models. Three types of open check dams were tested: aligned, V-shaped, and Alpha-shaped,
experimental flow slope of 30 degrees. Conclusion: The aligsned open check dam has maximum trapping
efficiency and impact force. The impact force on the V-shaped open check dam is relatively high compared
to the Alpha-shaped open check dam, but the trapping is not much different. Therefore, the V-shaped open
check dam is not suitable for solid retention. Numerical models show the relationship between the
movement and velocity of dry granular. Three dry granular samples from the numerical model yielded
similar experimental results. This can be used as quantitative data to predict the severity of the situation in
the incident of the landslides. This study can be developed in the future from a numerical model which
studies the relationship of dry granular movement. To be able to assess the quantitative impact used in
the prevention of landslide disasters.

Keywords: Open check dam, Physical model, Numerical model, Discrete element method
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Abstract

During the dry season, the water in the Chao Phraya River is low, which causes salinity intrusion
problems that have affected the quality of water used for domestic purposes and agriculture. According to
measurements taken at the Samlae station, the salinity intrusion was particularly intense in 2021. The
salinity reached to the highest point of 2.53 ¢/l at 8:40 p.m on 30th January 2021. The Hydro Informatics
Institute (HII) and the Faculty of Fisheries, Kasetsart University conducted a survey to study the salinity
intrusion behavior in the Chao Phraya River during the spring tide (27-28 Feb. 20) and the neap tide (7-8

Mar. 20) by dividing the survey into two forms. The first was a longitudinal survey of the Chao Phraya River
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from the river mouth to the Bang Sai district, and the second was a cross-sectional survey of the Chao
Phraya River around the canal mouth of Prapa with continuous measurements for 25 hours covering high
and low tides. The longitudinal section of the Chao Phraya River reveals that the salinity of the estuary was
stratified. The surface water is less salty, and it gets saltier as it goes deeper. There were few changes in
salinity with the depth and water mass mixing better from Siriraj Hospital to Samlae station. Another finding
from the Chao Phraya River cross-sectional survey was the presence of soft stratification in a short period
of time. The onset of neap tide has resulted in increased estuarine circulation, with salinity intrusion
extending far upstream. This is more noticeable during the neap tide because there is less mixing of water
masses. The study discovered that the Chao Phraya River's salinity distribution behavior during low runoff
was that of a well-mixed estuary. However, the survey should be expanded in the future to better
understand the mechanism behind why salinity was so high in the past. One of the factors that makes
seawater stratification obvious in the early years could be the temperature of the sea.

Keywords: Chao Phraya, Salinity intrusion, Samlae station, Well mixed estuary
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Abstract

Planning for adequate water consumption throughout the year, it is necessary to know the water
level status of water resources, which is an important basic information especially in the drought situation.
Thailand has about 140,000 small reservoirs at community and local levels. It requires people to take notes
in the area where access is difficult causing a lack of continuity of information. If there is a device that can
reduce the number of manpower and continuously transmit water level data of the water resources
automatically. This will enable data to be used for effective water use planning. If data from these water
resources is integrated, it will lead to supporting overall water management planning. Therefore, a small
buoyant water level measurement system was researched and developed. This small buoyant is aimed to
be installed at water resources in communities where they do not have an automatic water level
measurement device. The equipment is designed to easy to use, convenient to install and economical. It
is equipped with a Hydrostatic Level Sensor and a GPS locator to determine the location of water resources
being measured, transmit data via mobile network relying on electric power from batteries with a solar cell
charging system. There are pilot areas to test the installation of the system in Nam Phong District, Khon

Kaen Province and Santisuk District, Nan Province.
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Abstract

Accurate water management requires accurate water storage information. In the past, surveys of
underwater surface were done by random point surveys, causing limitations in monitoring sediment
accumulation of water resources and the relationship between capacity and water level is very inaccurate
from current data. As a result, the analysis of water storage volume data has large discrepancies. This
research is the development of a small, easy-to-carry and controllable survey boat. The system consists of
a wide-band Multifrequency Multibeam Echo Sounder, that transmits multiple frequencies from 200 Hz to

700 Hz, with 210-degree wide-angle sweep. The velocity of sound waves in water is adjusted with the Sound
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Velocity Profiler (SVP). The Echo Sounder assembled as a system with Inertial Navigation System (INS) that
equipped with two satellite antennas to receive corrections from the Kinetic Satellite Surveying Network
(RTK GNSS Network), together with Thailand Geoid Model and the automatic navigation control system. The
whole system, when working together, can measure the water depth close to the actual depth, compared
to the depth measurement with SVP, and can display the results in 3D format showing the depth as the
mean sea level value (MRT). The system can export the data as text file, XYZ file, geographic coordinate
data and displayed depth data in vector and raster underwater surface data. The most important feature is
displaying water volume data during the survey. This research was conducted using the testing area at Nong
Chok soil pond, Nong Chok district, Nong Chok sub-district, Bangkok.

Keywords: Automated survey boats, Echo Sounder Multifrequency Multibeam depth probe,

The 3D subsurface depth model, Geoid elevation models.
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sundadiefinsiedeuluives INS luennisidusine
2791 (Roll), nswaguieng (Heading) Lagn158nii7
Fumdenaas (Pitch) Wiofinsindeulmfasiinns
Waguvmariinain Xins, Yins, Zins Lusdu X,

Y., ZL
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PL = RINSPINS (3)
P Huiidnsundsuazyulvifiudsusdadlyd (X,

Yi, ZL)

RINS Lf]uzgmzwm INS (Xins, Yins, Zins) Auvintvd

INS Fiaeu
Pins  tuifimsindslvisiung INS (Xins, Yins, Zins)

aun157 (4) wazaunisy (5) Wuniswasuane

v
o

RO REGRGITN

o

ang U World Geodetic System

a

1984 (WGS84) HA1uwanssuiudlunng X, Y, Z
PG = RLPL + RECEF (4)
(Corrected)= PECEF-RLRINSATA (5

Pe 1Huiidnsuvisisnsdeiiundngiu WGSs4 (Xe,

Ye, Za)

¥

Re WWunsusuasugunsiiemsldgiundngu

WGS84 1ae RA, R

Recer L UUARILALIYBIEIDINANIONID IR

fuvusuadlan (Xg, Ye, Z)

RINS Lﬁugmij INs (XINs, YiNs, ZINs) Lagaunl
Afifaiasdu (XL, YL, Z0)

dTa LﬁuﬁﬂﬁLﬂaﬂuizmﬂﬂ@uéﬂmwaﬂmemﬂLLaz

Audna1aves INS Tunitda X, Y, Z

nMsAsuseaiinnumLvesgUnsaliniy
aunsfinaunazldnadns iy Point Cloud Tueh
{m X, Y, Z ﬁagﬂuﬁwé’ﬂgm WGS84 wlasmiay
gunflonsssunduaranugunieszaunzialiu
na M3eMNgeeasinwmsn (Orthometric height)
Tnold4eya TGM2017 veansuusudinuns il

d1dyAan1sInnIsiavetgunsalusazAiuiun

dniiszuundnvilasinisauaunisvinauligunsal

NNT18NITIAANTANINUTINAUUUA UFIWIAN
WA UBIsTUUNIMUANNIN INS gunsalnsvuniile
W1uagi ut ey an 18TUTUNTNAIUA NN

ABUN AT

Pecer(XE, YE, Zg)
Gps o

// ZINs - ZL
/ ‘.‘ XL
f Yu Ty
WGSa4 XINS) ‘sz Echo Sounder
TGM2017 INS

'
a

JUT 3 dnwaznisifsuneyuvesgunsniusazaiu

Y

2.2 gunsal

N o a

Fodafidarilunuided fdnuaznisine
gUnsalmugUT 4 seuulduennisvinnusmugunsel

-5UUAIUANNTUIMIMUUSALUER (Auto NAV
Control System) uszuuiimu vmihiithniauay
wanImaTiAN19N1sLAA oufiuniaanieuauniaiiu
dedamslitinsdsanuusalusifazsinisaiugu
nsfulndouliidrmanudunsiidivue windnng
AIUANNTTULAG B UA 8T UMz uARITAN1aNIS
\wdeuiiunftandnaiiu

-gUnsalszydIumUs INS aninf seyd dn

a 4

si’wLLmiq‘vfgﬂmmimEJ%’UméTz:yzme%’mLﬁmnamﬁ
Tasstneaussiamenfisuuuuaatiivinisasen
USuuAmnuminsannduussenniels dewalimsiu
NARFAUALIVEIRANTIDIAUUUTIUT AfARued
Iiluthadisiaazdadayalst Auto NAV il od iy
AMUATANIINISTULAG DULAZ AR ALAZIA NI

°

vurdraliaaniaaiu luduneulszuianan

fAinailddargniasdisluligunsninatn Echo

sounder iflargAfiftalugagadsraiuilith
—i%UUMé‘j’\iﬂ;’lLLUUMa’mmmﬁ (Multi Frequency

Multi beam Echo Sounder) ¥MTtNNIn5ITANURD
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Tdlnensdnauninuiides 200 Hz 8¢ 700 Hz &
N13N1ALNNINE 210 BIAT annsainanuanlddous
0.5 WATHY 275 LWAT

LuAMe3 Battery L uguUnsalasngluinleidy
seuv laudeanisanglidndu 2 diufeussuudu
indeudiangliinlitunemesdiouazyn Snyndne
Il ussuunsiadn, ssuviing, Aeuiines
AIUAY

Aadaeiannuiadeddun (Sound Velocity
Profiler (SVP) ﬁmﬁwﬁﬁuﬁagaﬁmamﬁqLﬁaﬂuﬁ’],
ﬁwqmmqﬁﬁﬁ, ANAULAL, ANANTTAUAIL A
fmuarounsadn lunsldanuazinsiiua 1 ada
NAIN1TAN? Lﬁ'aqumﬁﬁﬂﬁqmLLé’qﬁ’]man'aa
vnsnialivihnaiudeya deyadildaziinunlds
nsUszinana deesdinaiduegrsunnseniany
gndaslunsnsaaindiuialéi (8]

Lﬁaﬁwmsaw‘?ﬁqmszﬁmuLmumi&mé?qﬁuam
Tugﬂﬁ' i q‘dﬂiﬂﬁfﬁ'ﬂwaaiaﬂ'wmmgﬂﬁawmmi
nTviauazszygauassavinsTigniesfanandugy
2 f® INS, Echo sounder, Antenna FusRnRes
i1 3 gUnsnfuazaunstaeiiosuneluguil 3 oy
Huilldlulusunsudsauazyszanana gunsaiia
szuusd oUsznausaufiainunaInnd susIngeg
gunsal [9] AANHYNABINITATIVTANIALWITEUIY
gl 5 lwuRluns A1ANLgNFEIMIILLIAIRET 15
WUAWAS lunsd1sIaluy RTK

guUnsaifssruuazyinnisdeansteyaduand
muqumﬂﬁuuasamﬁﬁﬂmmwﬂﬂa gﬂﬁ 519y
an1flauauniaf uiidoansdouatuideniundu
AINE Wifi 2.4 GHz wazszuud aansniulasene
INSANYILUU 4G Dual SIM TuszuuazUsenaunie
Qﬂﬂim‘ﬁiﬁmmmmmfw%’uﬁyammuu Wifi,
ARLTIMBSAUANLAYSLIMATUAL

Uil 6 aunsalRamunsieusseglnan

Y 9

TAsanedumasidaduszuunaninanzdsa

#10130AIUANNTYINUVBATO LIV T TIAUY
anludiale
s:uuszqmlmﬂmfiamsﬂ1s'm

szuumugumsimaudalnia (Inertial Navigation System : INS)

(Auto NAV Control System)

o

(

MICELH

(Battery)

=y

v
o

JUN 4 gunsaliifinfsuuised1sin

-

& T ) = ¢
\ , LYDUADHIHDUIABTLUA

S

s:UUﬂmﬁ]umﬁamsﬁ:ﬂﬂﬂa
(Wi-Fi Remote desktop & Remote control
Auto or Manual)

a

JUT 5 gunsalmuaunaiiuszeslng

amiinannaszeslna

\ & 11 a [ /
- IHONADH THHIND 116

1

- ' 4G Dual SIM

& |

|
|
|

'
=

U7 6 gunsalinnunsyiauszeglnarulasane

3
Buwesidn

U 7 Wunsuansnmdrassusinduadmd
msnnagunirsiuindlusaginisdisa wevi
nsdrsasdnszuunsiaianduaiudasdng
nszaweeniuinauduyn 210 aem vilin1sdsa

Tu 1 seuanunsasiugasinudng 512 agdesning

‘ %
szuUndRIUUHMEA N
(Multi Frequency Multi beam Echo Sounder)
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n3esiannsudesldn
(sound velocity profiler : SVP)

f
4
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< R

'
a

JUN 7 anvaigwinduanudn1snaguninewnudng

U
2 s
ITUNTEUIUNITAITID

-
CRHEEATI b RT]

2.3 mslgausyuy

daynpmdnliund
1IN GNSS CORS

a @ s
CﬂHWTNQ'UEIHE\ﬂ"IS]iIiiH:.IﬂE )7

MMsd1sn

ATIADUNINNWUDITZVY

w %

Nl

R
TR

szunanadaya

E‘Uﬁ 8 unufenszuaunsldnussuuiiernisdiss

msﬂ’wsswﬁﬁwaaﬂﬂﬁﬁﬁmuﬁsﬁgumaumﬁ
ﬁwswmmgﬂﬁ 8 Wasud15eesiinsmiussuy
d9nfaidngunIninassuuniouiad eusosue
VUL nunywesduUssennanaani GNSS
CORS Wilasyuuideusadniadausunszuiunisd1sin
Tusgnined1sasiimsmuauLasinn1un15v1eu
y9sd0 AR UF8STUU Wifi 2.4 GHz wazsEu
umes AN 1USEUU 4G Dual SIM waga1u1s5a
fanun1syinulanaadfnniusseglnanu
sruvduwmesinundilauily senineinisdisied
NM5AAAINNITNIUTRI UNTallnen IR UAN
wssdulidn, Argamgd, Aeudy, an1ugveanis
Woumedumesiinfieuausuns wWoussuans
narlunsdsianasdesiuanuidemevesgunsal

mniaunAlingad1siaudusunisdrsialug usi

Un@ivihnsdinadeuada iedisaaesznsiu
mnugaiianiigaliiinisasaiaduiuuinnm
dosluhlasvhnisudesirinaianus udssasly
uflagafi and gaszuuazriinaidudinieg lng
Snluglf
2.4 uiinsnaaey
gunsallumsideilonisusznousyuuiase
Igvinmeaeuldaulunsasatafuialivoniidi
UDAUNUBIIBN LUANUDITON NTUNNUNIUAT
(13.889005°N 100.825076°F) dn1snaaauszuulu
nsiiudoyalugud 9 WudnuuzleAuyadnums
fufilasouiFeaunsadmaldnasunquldvionn
Wuiluivofu 5Ufl 10 uanadoyanisdsiaiiannd
muAueiiu Tunsdsaldinisaunudina
wuugnludflagasradunisdrsianaideuanlise

A2 UAUNUA

A o

U7 9 Bedmavagyhmsifiudeyaniufildieai

U7 10 uansanumsiiudeyaiiaandauauniaiiu
2.5 HanNAFY
IINNIINAFDUTZUUAIN50Y11N1581593L AU

v

& a v ¥ vy v ¥ & v a
wuRaldnlanasunguviesiaiun Tdmnudluns
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415737 400 Hz 41317 210 83A1 Ausalung
d1918 2.5 wasseind Teyaiildlednvinduunud
wuu 3 46 annsetdeyasenidu XYZ file wang
| 4 U a v a s 4 = I

Judeyaarfidngiaians, uansdoyanudniduy

a

Toyan uilduLuugadu (Vector), Wuuan
(Raster), anunsauaninatoyaUsuinsurmdudeya
vaurd1339le 3UT 11 Junisuanssadisanfiduum
Aldvkuy 3 98
NUITeillanisasiageunanisnsIvinlagle
2BNWUUNITNTIVIAAINUAN MULUILAUFANAI9VDIUD
Aunansluzui 12 99U 5 ynauedidedlugy
YA o < = o I3 | Ay v
naansnisinuanulugaaudn dwaadueiilaain
nsnsavianudndisde yeduRudunisnsiaia
#28LAS B9 SVP 9@ lakanslunns1an 2 1o
WsuAguliiuAULANgA19 115953938150
dafiduniaadeiiulagidongaivieliiu 15
a o fav va ' a LA
WURLIAT HAaaNST LAAIANANgIgaaYT 24
LHUALLAT ANER2.8 LwuRwng Tdnudesuunnnsgiu
(S.D.) 71 0.082 3NnuaNSUSBUWIBUANUANTNLARIN
A o ) | a o v
150d1979AENSTNVYRUATBITA SVP wandliiiu
AUENT P AN BEN5NHANTSIALE bNA LA LI U

AMUANDII

o 17898

17.711 ¢ 16:902

15.042 16,873
®1a013

'
a

SUT 12 WS8uigumuannsiainansedIsianay

Y

w3aaiamnusnassl@un svp

HaansAlanNn1snsIviafiwandlugui 11

'
A o °

WI91NUANLIURIUANTIN 3 AUSEINS TngsEeU
o % d o . o X d
NIUNVUENVINTTETI9DYY -4.5 1.990. NUNA1TI
anum 131,447 9157190405 3NN URLAUATAS
WAL ULUAIMIUAMUANLETBYINNSANUIUMIUS LIRS
16 1,251,188 gnurariums MidunsAriadiung
AUNUR AV 99119590 ISZAUNURY AdiudnTesiu
L a P o v & & A v
WuRIRYN -4.5 w590, feanusadniiuiiulasn
FIUIULINLAR DIAIUIULAULAYNITHTIDTAN UR
USnude J9luaunnnaziiniswausalun1sanag
Laser AS293AN UAIUSIUAE sdanabianu1sad

o = v 2 da Xy
ﬂ’]u’gmﬂiuqmsﬂﬂLﬂ‘UWLWNmﬁlﬂ
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A15197 2 WIueumuanmsI9InaInNEed1939

wazesarinANusIaealain SVP

i | Fednn | wdesinanuadeddh | dsa
(tums) (tums) (tums)

1 9.692 9.452 0.240
2 15.042 14.913 0.129
3 17.711 17.898 0.187
4 16.873 16.902 | 0.028
5 4.671 4.476 0.195
Min 0.028

Max | 0.240

S.D. 0.082

A15799 3 BERIUSUASVRILNAINNLAINN15EN

SEAURIUN wui J5uns
(a.59n.) (M5.9.) (au.y.)
-4.5 131,447 1,251,188

3. g3y

nuidsildiauededsesilutiniain
wuunaneaEd kUL aiisdsagivssmeatuy
woudl Tngldiiauenquiuasduneundeugunal
Alddnviszuu gunsalidetansunduszuuuas
AruAunIsvieudelUsunsufinssulunsduney
madan1sasudiggaiidnaingunsalinsiuenle
9819gnHosAe INS LA Bunwa AR lalvegly
sUkuuAIAgamiloTERunEaUIuNaNS NT0RIY

a99a5lnunin (Orthometric height) WARAILALULT

U

Iagndsaneluligunsalngiadn Echo sounder uax

Y

¥ v

dsaeludaniuninlaun nadwsnledaduannuiale

q

a 1 o

UINTIUARARA UL IAZANGITO1983A LA

c

¥
N

AT VN, uanInRadNslavanegUwuuTeyaiuRy

L@dlauase (surface) WUU 3 I
AINNITTANITLUVLALY WAAIHAT WG LU

AT unsuandlidiunadninuialdihdenis

d197ununatengUnsalnsszuuilaUsenautiud

ﬂ'wmmqﬂﬁmmimaﬁ]i’m‘wwLLu’gixuwaq'ﬁ 5
LYURLUAT mmmgﬂéfawml,uﬁaagﬂiﬁ 15 L URLUAT
miuAuauUAvesg Unsal INS, Echo sounder,
Antennas $21fUNMSE15IMUU RTK weifoafianios
miaauLﬁw%a%ﬁmiﬁwLﬁumisialﬂiuﬁuﬁmmm

solUlusuan

4. fANsNUIENIA

YBVBUAMUIINGANTY Ugya1Tee Tunis
UiuuAnaznmadeuludiuunangan1usingy was
younuanuianuiivefuvuesaenlunislaniui
Faduiuimanziunismasouiilesandueiugs
faudn fananudulutuaisaavesiviili
anunsavagougunsal SVP lunsiiuainaidades
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