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WATER ALLOCATION SCHEDUL ING
SONG PHI NONG IRRIGATION PROJECT
Project Engineer report
Weekno. 12
date: 6 sgp 1994
Period: 24 MARCH - 30 MARCH
Average discharges in main canals angd laterals in mi/s,

Laterals
WMS Name Station Q Name Q Name Q
1 2L 22.700 8.96 6L-2L 1.76 7L-21, 1.54
BL-2L 3.87
2 S5L-2L 0.000 21.50 IR-5L-2L 4,12 (L-SL-21 0.37
. 2R-5L-2L 0.00 2L~5L-2L 0.86
¥  s-on 9.813 15.08 3L-5L-21, 0.26 4L-5L-3[ 157
1L-2R-5L-2L 0.00
4 5L-2L 26.401 3.87 4R-5L-2L 0.90 SL-5L-21, 1.77
5 3R-5L-2L 0.000 7.20 IL-3R-5L-2L 0.25 2L-3R-5L-2L 1.20
3L-8R-5L-2L 2.31 4L-3R-5L-2L 0.07
SL=3R=5L-2L 1.02

--____-_..._-._-——-._.._-.--.._--._......__...__ __________

Total Discharge into project

Total Discharge for the Project Area 30.46 m3/s
Total Discharge to the Downstream Areas 0.00 m3/s
Water uses efficiency last week 18.00 4

(1) dwinuedihntialasen gy

WATER ALLOCATION SCHEDUL ING
SONG PHI NONG IRRIGATION PROJECT
Water Master Report Sector |

Weekno., 12
date: 6 SEP 1994
Period: 24 MARCH - 30 MARCH

Zone Canal Station Disch Norm.Req. E.R F.¥W.8 Act. Regq. Supply
i a2y 22.700 8.96 077 3 Norma | 077 0. 77
2 6L-2L 0.000 .76 0.80 3 Normal 0.80 0.80
-3 6L=-2L 6,915 0.91 0.86 5 Norma | 0.86 0.86
4 7L-2L 0.000 1.54 1.46 3 Normal . 1.46 1.46
5 8L-2L 0.000 3.87 1.09 | Normal 1.09 1.09
6 8L-2L 9. 782 2.59 0.05 7 Norma | 0.085 0.05
IR-8L-2L 0.000 6.13 Q13 7 Norma | 0,13 @13
1L-8L-2L 0.000 0.56 0.54 7 Norma | 0.54 0.54
2L-8L-2L 0.000 0.64 0.60 7 Normal 0.60 0.60
7 8L-2L 12.544 1.16 0.43‘ 7 Norma | 0.43 0.43
v ZR-8L~-2L 0.000 631 0.30 Z Normal 0.30 0.30
8 8L-2L 19265 0.36 034 5 Normal 0.34 0.34
Total Discharge into project 8.96 m3/s
Total Discharge for This Sector 8.96 ml/s
Total Discharge to the Downstream Areas 0.00 mi/s
Water uses efficiency last week 14,00 =

(2)  dmimantingmgdelitug TR ERE I

@t 2 Bt NI M 9 (Fuay. 2537 )
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(1) Tﬁiqn1iﬂaui:wﬂuﬁﬁqﬂﬁTﬂuﬁﬁnﬂinqu1ﬁﬂuﬁuszﬁh@ﬁﬁ

(Rotation in Farm Ditch)

L& 1)

L] L] ’ ;
(2) uma¥dIvmaay  (Canal Sections ) azlanmiaingansesamy

LA MTaYAi1E 9 97 sruumasedaltiduuuy  YTREE STRUGTURE!

(3) nWiihnqén$n15u§n17q1uﬁwun1iﬂqdﬁua:u%qq$huﬂ astuluaiy

Wuuwin o WAL lw s indineg Aat S mlfvaU TEn g e T s UUYaU TN Un e

(Main System) URENQUINEATNIQUARTtUUYaU Tenuluuda qun (On-Farm Irrigation

8 v

System) Tmﬂﬂn175ﬁuuqndﬂﬁﬂ?1u¥ﬁﬁﬂﬂauua:anannﬁﬁqﬁhﬁ@ﬂnﬁqﬁ

Wn. Fulntau Wn. (19)
ATULNYATNT almauan 300
Tounnu Tau (nateein) 5,000-10,000
At ud nly Viudalt (mateTou) 50,000
wamdilasansg nalasenag 300,000

(Mateeudnly)

iat1vdayal fan1satuanadtudasn 1 ival s sn e e 1A en1 99803 9

winaasinaldun

(1) Potential Evapotramspiration v 1ddayapiionaaAves

-

4 ﬂn1ﬁtﬁaﬂﬁu1m ETo 1AH37 PENMAN
ﬁnqﬁqgﬁuuﬁnaﬂﬁu 4 dnqil Aa
- A01ln Uy 9ayaTIMaN 1951-1975
- &nqilgnas Udayasiniiy 1967-1983

~ aninunsudu G9ouaTInily 1973-1983
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tJu 4 dumiuddn -THETSSEN POLYGON AU 3 A1 ETo  1afiuTimidautes

uﬁa:nnnﬁnaﬂwag1uﬂ1iqqﬁ 3

(2)  Crop Coefficients (Kec)

A1 Ke wavdig WasdnuudAvey IUAITINA & uas 5
AR §wiedn 0 Feflagifaguin tHatneuiud1iuardan
AT Kc = 0.8

(3) Land Preparation dmiudia (LP)

miun1Tugndna nmuald

DSS (8caking Req.) 150 .
Dst (Standing Water Req.): 100 wy.
1uﬁ1qn771ﬂ%auuuﬂqTﬂuuuuq:ﬁaqaan1Uaﬁsuqﬁuﬁ1m%uuu@anuuﬁa:ﬁUﬂqﬁ
w7189 WASAM nswuLﬁaﬂﬁaqaauiqnnilﬂ?uunuﬂqLﬂu1uﬂ1utﬂ1nuwaw%a1ﬂ
Tﬂu@qwnanﬁ1uﬂqiqqﬁ 1 ﬁ1ﬁuﬁlm?anuﬂaqﬁaani1Lnmﬁﬁnﬁnumiuw171q1ﬁ715¢1uﬁ1
ﬂnnwﬂﬁw»uﬁqrrﬁ1ﬁuﬁlm?ﬂuuﬂaquﬂnniﬂtnmﬁ?ﬁﬁﬁukuan1wﬁﬁtﬂu"lﬂﬂﬂ“ Tuungy

WASAM q:uﬁuanWSiquwﬁuNnﬂwﬁHﬁhnéqq1uu%ﬁu%u1mﬁﬁﬁéq%qq:!ﬁnéﬁnﬁq1uﬁqaaztﬁﬂﬂ

Tun1anay

(4) Percolation (P)

Wet Season : P = 0.5 uu. /U
Dry Season : P = 1.0 au./%u

(5) Pre-irrigation for Sugarcane

A AB IR T Ren 1T aTenulavday so uy. TagR19u179
daglany 5 1 dvduluudazddewandas Iniluday NUATRLS - wouaiey  Useuam

3 ' ¥
20 % wavRUUgndaunvnun
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A1T190 3 Average monthly peotential evapotranspiration data

(mm./month)_

NOV

JAN FEB MAR APR MAY JUN JUL AUG Spp OCT DEC
KANCHANABURI_ 137 161 198 193 153 124 128 122 114 113 119 139
U-~-THONG 148 170 223 233 o209 137 177 1865 142 143 J43 143
KAMPHAENG SAEN 137 161 207 208 183 151 156 143 134 141 ' 134 136
HUA HIN 156 169 202 208 181 156 153 150 140 142 147 156
A159A 4 Monthly crcp coefficients for HYV-rice
Months after transplanting i 2 3 4
Dry Season 1:1 1.1 1.25 .0
Wet Season 1.1 il 1.05 =85
A1TIN0 5 Meonthly crop coefficients for sugarcane
Month Plent cane Ratoon cane
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AT 7 Calculation of the monthly water requirement of sugarcane
Mon th NOV.  DEC  JAN  FEB  MAR APR MAY  JUN  JuL  aug
ETD (mm/month) for 19 131 137 1617 198 193 153 124 1258 122

Kanchanaburi

Weighted crop coef. (KC) 1.18 1.02 0.66 0.47 0.4 9.7 0.9 1.06 1.15 1.19

(reference figure 5)

Consumptive use 140 134 0 76 87 135 139 131 144 145
(ET K ) in mm/month
o ¢

Water requirement for - - ) 3 3 3 - - - =
Land preparation in mm.

(reference figure 5)

Total " 3% 9B 19 9 138 139 131 4 15
A1T19N 8 ¢ Calculation of the water requirement of 'other crop"

Mon th JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ET0 (mm/mon th) 137 161 198 193 153 124 125 122 111 113 119 139

in Kanchanaburi

Crop coefficient (KC) D8 S i i — --==> 0.8

Consumptive use (ETﬂ Kc) 10 129 158 154 122 99 100 8 8 % 95 105

in mm/mon th
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(Rainfall Probability Analysia) uEmIn1 7909 s Aul luudasuaniundnaa g

N179a8 990710 WASAM LWa L RanTeiuaanuinia Probability a&wmfunisifanaa

Expected Rainfall 1uiRauA1vy 9  vavudasdoni

nﬁﬁLﬁanisﬁbﬂnﬂuﬁuu1uiaUﬂ§qLﬁauiﬁiﬂtnmﬁﬁﬁﬁatuﬁﬁa
1o wavuresiueral™ iy 5 Su

- ﬁnﬁiiﬁuuTﬁlﬁQU7:Tuwﬁ§qqmua:1ﬂﬁﬁﬂaﬂﬁ:w1uﬁaaﬁgﬂ

HaN1997Ra v Tassiuaidudvudansiun1saei 9

A1319M 9  Selected Rainfall Probability Levels (1)
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Station Apr. May. Jun. ng. Aug. Sep., Oct. Nov.

-—..-—...-—..---_————_————_—..—__——_—...._—...-_-_..--———..--——-_—_....-—-——-——--——--_--—

Uinna 70 30 30 40 40 40 50 70
RPN 60 30 50 40 70 30 40 60
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6 Location of 16
Rainfall Stations in
Meklong Irrigation Project
“Area and Their Represen-
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(Irrigation System Specifications)
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Number and Father Tﬂﬂﬂ%ﬂﬂﬂi?

i seh Aae Az Fae iYL aY (Number) a49#1 18984 WL uay
I 8 (YY) L s
WRBILBNT 19149 FRAN M LAY @ Mili%n Father 1BTREYS
Auamluguin 7 iy dhansaddt 2 FullmRn g eaaed 1 nip
‘=¢I v ove d' =Y <
tharsnafl 3 Sl ndhenanes 2 WU Father No. Rui
” <
LAANMNIY + V15D -
! o d'r " | & S
+ MMM RN W o dhermaeda iy Father Nf
B WHALLYTY Minimum Supply Level (ol 3(2)
U 101.-.{-=|I [} -:ilq’ 1Y < 1
- mgmaN NI o luthareeeiiiy Father fBNNAT
' ) 1w 1 4
BUINUBHINIMY Minimum Supply Level |%U 2(~1) Y90 L4(-2)

Maximum and Minimum Capacity (Qmax, Qmin)

dm3uTasan i sgaUs smuenans g n*munlh
NG gAomax AM UM mean Y (pst) k& :n i g

15 < uv
Ign (LSL) ARl % 284 Qmax

LSL 28N ASEN Al 40 %  Omax.

LSL 284 Ao Yay

I

60 %  Omax.

Conveyance Losses (Eff)
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LOW SUPPLY (Qmin)
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OFFTAKES , whieh
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Lined Main Canal = 0.1 % U099 QOmax/km.
Unlined Main Canal = 0.2 & VB Omax/ km.
Lined Lateral = 0.25 & U Qmax/km.

- Evapotranspiration Area (Ev)

< ) -
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- Rainfall Station Area (Ex)
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(Tertiary Unit Specifications)

v

Tasenn ildﬂﬁudxﬂﬂﬂquﬂuL nuuL.huLu ﬂugﬁ% Tl 81319071580 50wy

1Nu'“¢uuﬁu9uﬂwaﬁq (Fixed Rotation Schedule) gnwaawuamﬁ*vwnuwnmuﬁ
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(Variable Data)
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Cannal System Data

DIPDH I __TANAL, SYITEM DATA DATE: 08~00~]588
FOR IRRIGATION SYSTEM : MEKLONG LOWER LEFT BANK DRY SEASON: 1988
Name Begin End Nr Fat Max QMin EBPf. ZoWwP Ev Er CA
™M 0.000 15.150 1 0 128.000 0.000 .0010 111 3 2 1473
TSBP 0.000 65.000 2 ~1 50.000 0.000 .0000 15 # 1 0
3L 0.040  6.800 4 1 0.670 0,000 .0025 311 8 1 25gn
3L 0.040 3.100 6 -1 3.570 0.000 .0025 21X & 1 1lgan
1L-4L 0.010 4.400 7 -6 2.020 0.000 .0025 211 8 1 asmn
4L 3.100 11.500 B8 -6 1.190 0.000 «0025 311 3 1 2292
1L-4L 4.400 11.530 9 -7 1.500 0.000 .0025 411 3 1 3945
1R=1L-41, —0.010 __3.500 10 -9 _0.330 _ 0.000 .0025 411 3 1 1B90
1L-5L 1.700 14.000 11 -16 2.010 _ 0.000 .0023 511 8 7 egnes
2R~1L-5L 0.020 2.200 12 11 0.440 0.000 .0026 511 3 7 927
1L-1R-11L-5L 0.020  3.000 14 13 0.310 0.000 .0025 Bll 3 7T 1120
2L-1R-1L-5L 0.020  38.820 15 13 0.320 0.000 .0025 611 3 T 1487
1L-5L 0.200 1.700 16-104 22.600 0.000 .0010 711 8 7 1l
1R-1L~5L 2.240  5.240 .17 16 20.210 0.000 .0010 711 3 7 498
1R-1R-1L-5L 0.020  6.820 18 17 1.620 0.000 .0025 811 3 T 847
1R-1L-5L 5.240 11.710 13 -17 18.630 0.000 .0010 611 3 T BITS
1L-1R-1R~1L-5L 0.0l10 6,600 19 18 0.530 0.000 .0025 811 3 T 1i%1
2L-1R-1R~11L-5L 0.100 4.500 20 1B 0.330 0.000 .0028 8Bll1 3 <7 BB2
1R-11L-5L 11.710 18.890 21 -13 17.920 0.000 .0010 921 3 7 3068
3L~1R-1L~5T, 0.000 5.560 22 21 0.530 0.000 .0025 921 g 7 3689
4L~1R-1L~-5L 0.000 4.620 23 21 0.850 0.000 .0025 021 3 7 3520
5L 0.000 11.710 104 ~1 73.000 0.000 .0010 312 3 2 1147%
LM 15.930 21.660 100 -1 48.900 0.000 .0010 112 3 1 4410
1R-5L 0.000 15.400 101 104 2.200 0.000 .Q025 212 3 1 12290
" ‘ )

Name = Y0YaNvNaARge (Canal Section)

Begin = NN. 1 THNARTENYEINARDY

End - nu.qﬂﬁﬁuﬁBQﬁdqﬂﬂaa

Nr = wgieeTRRmestasad (W lusuna)

" 4 s %
Fat = WNH L RYTRRIEI T I9ARDS AU IHE 9 ARD It
(HIATDIMOEALLERIT §NT0Ra ARy

. \mnquuﬁ"ﬂuuﬁavaun LSL.)

Qmax & U1u1muﬁﬁqﬁm

Qmin = Uwuwmuﬁﬂﬁﬁﬂ (ﬂudﬂﬂu17nﬁauﬁlﬁ?ﬂﬂnqﬁau1ﬂ)

Eff = ﬂﬂﬁﬁuﬂnﬁnﬂwﬁaQHHaqﬁquﬁ (ﬂﬂxﬁu1Uaﬁtﬂunanu.)

ZOWP = WNIHIRY 1YW AO0W URE RTINS l%HQﬁaﬁu

Ev = MO IRTTRE  LHUMNANT ARN ETO ﬂﬂnﬂUﬂﬂuwunnaqﬂ1qﬂﬂaqu

Er = HMTUlﬂﬁﬁHﬁ Tﬁunuﬂandﬂuﬁﬁu nnﬁauaaununnaqﬂ1qﬂﬁaqu

CA = ﬁuﬁﬁ¢uﬁnqﬂnanaqﬁdeﬂaaqu
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G120 d: DT TCH CHARACTERISTICS DATE: 03-06-1889
FOR IRRIGATION SYSTEM: MEKLONG RIGHT BANK DRY SEASON: 1988
PROJECT i THA MAKA ; . CROPCODES:

WATER MASTER SECTOR 3 3

1=Paddy dry 2=Paddy wet
3=8Sugarc 4=Other G

5= fallow
ZONE nr: 1 !CANAL SECTION: 1lL-1R KM 0.000 = 7.000
Dit.no. CAP AREA D1 D2 D3 D4 D5 D6 D7
1 60 200 g ® & B 4 B B
3 60 176 1 1 1 A 1 2 1
5 60 162 1 L I 1 1 K
b 60 225 1) 1 1 1 1 2 1
9 60 8¢ 1 I I 1 3 B a
11 680 . 210 1 1 1 8| 1. J 1
13 60 212 3 i 1 1 5 2 1
15 80 183 1 3 R 3 I | 1 1
17 .60 209 1 L = 1 I 3 R |
19 60 225 i 1 1 1 1 1
. 60 247 il 1 1 1T 1 T 37
28 a0 337 T 2] 1 R 1. 1
24 120 4833 1 1 e 2 I 1 1
25 120 481 1 1 1 1 1 1 1
26 120 417 4 i 1 1 i 1. &

TOTAL AREA DITCHES: 3969 CANAL GOMMAND 'AREA: 4685

WHOY (Be:

¥ 4 i
flufigdy “TOTAL AREA DITCHES" f{duni? "CANAL COMMAND AREA"
REASTININTT twzugntal L Bukufd

- - u
EHE 9 AMBHIN  Ditch Characteristics



Th Th Th

current irrigation week next irrigation week

T Pu _ T

Next rainfall week

{ current rainfall week Mo j Tu | We

Mo = Monday 1 field wetness data collection and transmission
Tu = Tuesday : - rainfall data collection and transmission

- water allocation calculation process
We = Wednesday report distribution to 0 & M staffs

Th = Thursday : start irrigation week.

Figure 2.10: Time frame of the weekly water allocation process

in the Meklong Irrigation Projects.
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6.3  NITTINWEIMINTUWaIUY (Field Wetness )
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7.1 nasamiamimNtaan 1585880 ey
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NC i 2
I [EV(ES)* CF(w1,I) + LP(wl,I) + COR - RE(RS))]* A(I,N)
il
R(N) = 2 L3
378,000 * SUE(w1,I)
4 b vo 1 ,A e <
Ly R(N) = MANANNTNEANEAREY N Tuifuain w e 9 (u.”/Aum)
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EV (ES) = Weekly Potential Evapotranspiration ZANGDTY ES (NN.)
4 ) - (¥ «
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u w v 3
COR = AMWIUUN ( Correction)
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RE (RS) = HumANI3 (Expected Rainfall) mA9an7il RS (NN.)
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ACI,N) = waignng 1 ludeeeas N (11)
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(1) mmrawiudianiauadlufiuamila o

01 RACW (RS) # . RE (RS)
W DR = RE(RS) - RACW (RS)
<4 :i' = q' = r‘ﬂ'
lNB  RACW (RS) fB 'sWuvsnasavido rs TufUanin «
Wy . /S

.\ﬂ'
DR = M Correction  UAISMAU (Mn./FUnw)

1 o dJ‘ tio
(2) nasmmuIuud e e i lulUsun (Field Wetness)

W

170 <t [ VRS ' 1 v
dn i T iwasuanuien s sautia luiasun uﬂazﬂaqﬂaaqquﬂgﬂﬂﬁﬁqaﬂ
< [ w w o v 1 - w []
muan 2aadi v e asun D1ISALITBE TN 6-10 94,  wuetednmng  §ailaenaa

6 . wuemawwd Bwannta 1o W, waemAndadamin TAEARN T

1
AT NA 2

2 o ' 4 1 1 o Y]
n1dn 1w Tu e un ueasl 1L denns a e LBWUANIULN DS (FW)

Wamasnd 2

COR = MAX [DR, DS(FW)]

7.2 nsennalsinedt (o) Adedmsaeang 9

o { ! v ! < o Tn ! [l
naIFuIn o vaeitheeeed N aretuane Nyt gals sauite da
' a 1 ‘-';y ! L%
PWAREN N (ANMINRaIn 151MYeUs e ueeatammed N)  LINRAIINTAY o Nepeaa i
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M
Z

S(N) +
I=1

Discharges (ﬂ13/sec]

Q(N)
Qmax (N) -
O min (N)

incoming to in section (N)
maximum copacity
minimum capacity

© oulgoing to branches of {N)
. irrigation supply

irrigotion requirement

Ui 12

(Ilaco/Empire M&T.

Q(I) + LOSS(N)

BT Vs DAY

A S

LOSS (N)

. special counter for shortage or

excess distribution in the
branches of {N)

characteristic reiated to the
required supply levels in Ihe
branches af {N)

. conveyance loss (N)

n1gem o A Uas. 1eaganaRd N

1988(a))
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SN} =
- 170 d'v l’!"- v <
o(r) = vUswadPiraedesmdienees v Thaeay 1 09 M
g i
nsuliheesndieeany N
ross(n) = nisgyAethmsdiditnnmasihaediences N

o s v v '
ni AN AN o) TAuaI TUTun 54 wasaM LATIFFOUAT Q(N)  UAE

v | i I 314 v = £ e i
Usupiauinuen 1Tl AU (Vudhivanich. 1988)

{1 n a0l Q(N) < 0.4 Omin(N)

< 1 o yud' L &
Ao Wil ideimtiaen a0 munlh
Q(N) = 0

v 4 1 o %) o 4 Ty Iy 0
wasina anmanteanastitmse o) > o ualalhseh

(2) N30 0.4 omin(N) < Q(N) < gmin(N)

M o) = Omin(N)

1
v o |1

v 44. | [l
eni¥unsuf R(N) = 0 WaeraaansLiane Nt aeay v laReenag
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(L) niﬁ C(N) > Qmax(N)

W o) = omax(N)
4“5‘ <y Yo

nInuUALINMITINAUN (P)

P = Q(N) - gmax(N)

i1 p avgnindsilidieanes 1o Mnsimndndau
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8. NI ssansa 151N (Water Use Efficiency)
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I R'(N)
I=1]
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Csupphy
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L8 WUE(L) <= UssBvBamnaslitheaseudedtd Lo(s)
R'(N) = ﬂawuﬁaqnﬂiﬁﬁﬂanzwwuﬁw%&aqﬂaqaaaaﬁ N (8.2 /AUM)
NC
T [EV(ES)* CF(wl,I)+LP(wl,I)-ER(RS)]1* A(I,N)
378,000
............................... ¢ 6 3
7 = amuteesss lumslim L
ER(RS) = WulBnng (Expected Painfall) mAN@ M RS (NH.)
= : 1 < 3 Y o
Q = IQ. - ZIQ NruaElly W7 /U
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WEEKL X EFFICIENCY (%) IN WMS

DATE: 09-07-1994
PROJECT NAME: SONG PHI NONG IRRIGATION PROJECT
For DRY season in 1994

Week  WMS 1 wMS 2 WMS 3 WMS 4 WMS 5 Everage
) 0 0 0 10 19 16
3 0 0 0 28 40 36
4 0 0 0 54 56 55
5 0 0 0 69 63 65
6 0 0 0 71 66 67
7 22 30 46 76 53 46
8 41 36 35 66 43 44
9 47 42 32 56 53 48

10 53 42 41 46 59 48
11 14 5 0 21 30 18
12 3 0 0 0 0 1
13 74 63 63 62 54 63

14 66 41 79 64 62 59
15 0 0 36 45 T 1L
16 63 44 85 55 65 59
17 68 50 85 53 61 61
18 0 0 1.3 28 9 8
19 84 91 95 43 48 65
20 51 54 26 28 22 a5
21 44 43 37 32 15 31
32 57 56 50 11 17 36
23 56 63 78 11 8 38

CALCULATION OF SEASON EFFICIENCY;I

DATE: 09-07-1994

PROJECT NAME: SONG PHI NONG IRRIGATION PROJECT
For DRY season 1in 1984

WMS IWR Actual Q WUE
}m—_—— m3l/g—==——=—== il %
1 76.24 176.00 43,932
2 56.21 158.30 35.51
3 31.43 70.40 44.64
4 65.13 150.20 43,36
5 118,87 318.70 37:.30

EFFICIENCY OF PROJECT = 39.82 %

L]
= = o e C] ;
M 13 U5 sAvEnmn A5 THn e Tasen s datiuarun e nsae itla g gudiy

Yot 2537
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(1)  sudmiuuiegdeihniinlasnis (project Engineer Report)
ﬁqﬁaaﬂwqiuguﬁ 14

(2) T wdmivhnihandii™(water Master Repert) M MBHN
Tuzuﬁ 15

(3) e miuniineuaell®y (zoneman Report) ﬁeﬁﬂaﬁwq?ughﬁ 16
LAY S8 A 30 3 E AR (aih) ﬁqﬁﬁaﬁqq?ugﬁﬁ 17

e )

10 NAINTEITEU lus sautaaun

(Water Distribution Over Tertiary Units)
- 2 by} = o
Eﬁuﬂﬂ?UBUﬂD%ﬂ?WHﬂﬁLBHﬂ?&UﬂLMﬂGUﬁtﬂ WASEM  WASAM WD

° ‘;y ! au ! (V] ' v vy w ! ‘1 o=l
AN R RN EIIg Hf}l "ﬂl.‘ Wan 89U 1’?‘1?!*1 AN ..U‘,EJL"H 17

- = ,_j e
11 NISARAINIS SLNUNBNITEINA

{Monitorirg Procesg)

=y i | Yo vy ! v ) /s ‘1' [ Y] q' 5w
NUIRNARINLT EL}JUNﬂﬂW?ﬂ‘JE”‘.L'ﬂl.'.ﬂﬂ'?’f’ﬂ‘n'-T"}ﬂﬂiu']f‘.."l.l"s'ﬂ’."{\l'hﬂ uas . anad

dsea™y W au M ate1a e Tagning

vo 2 4 w
IRIUNCLLUANAIAIAUR STIEN U

- - \k ‘ :(' ly - ! © 1 - = uﬁe.-f°n lu it «-{ 2 v\,o -~ ,d
7l .ML‘:JJT\BTNHE%??’MEH-J 283 T1EN TUN ’ii‘&‘ﬂﬂ‘iiﬁ 16V TUHUEN N TUE \Jﬁﬁ WASAM WLV M THIAA
= = 1 = « i -y Yo ‘;J = v = 10 ‘I‘
L IHUINEU S WNHURSAUR SAUATIANT TN WR LT O WU TN MR 39N UYU FHUM
o a = I dl ‘
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WATER ALLOCATION SCHEDULING

THA MAKA

Project Engineer report

Date : 29 July 1985

Period : 1

Aug.

- 7 Aug.

Average discharges in main canals and laterals in m3/s

Water Main canal sections Laterals
g Name Km. Discharge Name Discharge Name Discharge
Sectors Station Q Q Q
1 1L-1R 0.000 0.39
2R 0.000 14.42 1R-2R 1.18 2R-2R 0.43
3R-2R 050
1R 0.200 63.57 TL-1R Q.25 2L-1R 0.00
3L-1R 2.10 4L-1R 1. 20
5L-1R B. 72 6L-1R 0.40
2 2R 27..3586 10. 61 4R-2R 181 SR-2R 0. 75
BR-2R 102 TR-2R 0.:33
BR-ZR 0. 64 9R-ZR .35
1R 26.000 56. 35 JL-1R 2.81 8L-1R 0. 70
SL-1R 2.5 10L-1R 218
3 1R 36.100 46.16 11L-1R .05 12L-1R 0. 73
13L-1R 0. 30 14L-1R 0.62
15L-1R 0.76
: ; ' 3
total discharge into the project area 78.38 m /s
. ; 3
total discharge for the project area 38.03 m /s
total discharge to the downstream areas 40. 35 m3/s
Remark
iﬂﬁ 14 fxample of Weekly Project Engineering report
UY—
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WATER ALLOCATION SCHEDULING

THA MAKA

Water master report

Sector 1

Date 29 July 1985
Period T Aug. - 7 Aug.
o Bl Normal ffec~ Field Actual
Zone Canal 5 il i require- tive wetness require- Supe
Bration ERaEg- ment  rainfall report  ment ad
1 1L-1R 0.000 0. 39 0.74 23 very wet 0.32 0.37%
2 2R 0.000 14.42 057 23 Normal 0.57 Q.87
26(2R) 0.000 0. 20 0.14 23 Normal 0. T4 Q.19
3 2R 7. 821 12.51 0. 24 28 Very wet 0.00 0.00
1R-2R 0.000 1.18 0.41 28 Wet B35 0525
4 TR=2R Zx 550 0..80 0.60 28 Dry 0.87 .87
5 2R 12. 346 12182 0. 13 28 Normals 013 0.13
2R-2R 0.0040 0.43 0..28 28 Normal Q.28 0.41
6 2R 15, 338 Tt 0.04 28 Normal 0.00 0.00
2R=-2R-A 0.000 0.00 0.06 28 Normal 0.06 0.00
2R 2. 5710 A= 0.03 28 Normal 0.00 0.00
8 2R 25. 180 13208 f.:03 28 Dry 0.06 0.06
3R-2R 0.000 0.50 0.30 35 Dry 0.46 0.48
21 1R 0.200 63.57 G 23 Very Wet 0.06 0. 06
1L-1R 7.000 0. 25 0.58 23 Very Wet 0.24 0.24
a2 2L-1R 0.000 0.00 Q.56 28 Very Wet P 0.900
iR 2. 100 60.52 0..29 28 Very Wet 0107 .07
23 3L-1R 0.000 B 10 0.28 28 Dry 0.38 0.38
1R 17.400 59. 65 0.24 28 Dry 0.34 0.34
33(1R) 0.000 Q.20 0.12 28 Normal 0.12 0.19
24 3L-1R 3.400 0. B85 0.64 28 Normal 0.64 . 0.64
25 TR-3L-1R 0.000 1.04 1. 03 28 Normal 1..:03 1,03
26 4L-1R 0.000 1.20 0.26 28 Very Wet 0.08 B 19
TR-4L-1R 0.000 .15 . 258 28 Very Wet 0.08 0.14
T1L-4L-1R 0.000 0. 29 0.45 28 Very Wet BL 15 0.29
2L-4L-1R 0.000 0. 29 0.50 28 Very Wet 0.16 .28
4L-1R 8.132 @, 38 0.61 28 Very Wet 0.20 0.36
29 5L-1R 0.000 0, 72 g. 69 28 Normal 0.69 0.69
6L-1R 0.000 0.40 0.49 28 Normal 0.49 0.38
. : : 3
Discharge into this Sector 78. 38 M/ sk
Total discharge for this sector 1:1..28 m./s.
Discharge to downstream sector 67.00 T 5

Remark

1
-

am 15 Example of Weekly Water Master report

u—
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WATER ALLOCATICN SCHEDULING
THA MAKA
Zoneman report : Zone number 1
date : 29 July 1985
Periocd : 1 Aug. - 7 Aug.
Expected rainfall 23

Canal Km. Discharge Normal Field Actual Supply
Station Require- Wetness Require-
ment Report ment
1L-1R 0.000 0.39 0.74 Very Wet G 32 0.37
Total water supply to this zone : 0.37% m3/s

ZONE MONITORING REPORT

Pha., 1 Fri, 2 Sat. 3 Sun. 4 Mon. 5

Tue. b6 Wed. 7

Rainfall

1L-1R 0.000

Remark :

<
Tn 16 Example of Weekly Zoneman report
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ADVICED AND ACTUAL SUPPLY IN ZONE : 2 IN LATERAL, --- 2R
Ditch Thurs P2 Sat. 3 Sun. 4 Mon. 5 Tue. 6 Wed. 7
2 30 30 30 30 30 30 30
4 30 30 30 25 25 25 25
6 33 40 40 35 35 35 35
8 50 40 50 50 50 50 50
10 25 30 30 30 30 30 30
12 40 40 40 35 35 35 35
14 38 35 35 30 30 30 30
16 45 45 50 45 45 45 45
18 25 25 25 20 20 20 20
20 30 30 33 30 30 30 30
22 50 45 30 45 45 45 45
24 15 15 (B 15 15 15 15
Total
ADVICED AND ACTUAL SUPPLY IN ZONE : 2 IN LATERAL, 26(2R)
o "
Ditch Thir Firi2 Bat.3 Sun. 4 Mon. 5 Tue. 6 Wed.7
2 15 15 15 1.8 =) 15 15
4 35 ¢ 35 35 35 35 35 35
6 40 40 40 40 40 40 40
8 50 50 50 50 50 50 50
10 50 50 50 50 50 50 50
Total
ﬁﬂﬁ 17 : Example of report presenting the distribution over
=

the tertiary units along a canal section.
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oL

¥ pLZMON ZMPLOT
L= |
\\\\\R oL )
1
_PLDMON DMPLOT

INMON = INput MONitoring programme, storing the data in
the £iles: HIsTorical (HIST)
Weekly Zone RAIN (WZRAIN)

DAily DIScharges (DADIS).
PLZMON = PLotting Zone MONitoring reports resulting in the
Zone Monitoring PLOT (ZMPLOT)
PLotting Daily MONitoring reports resulting in
the Daily Monitowring PLOT (DMPLOT)

INMON

WHERE

It

PLDMON

o
gﬂw 18 Relation Diagram of the Monitoring Process
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NS UNSNSEITLn WATER DISTRIBUTION MONITORING
vinuzna THA MAKA
SAUITUS T YUY MY . Main Sysiem Report
Tuf 9 nsngamu 2528 : dale | 9 JULY 1985

RAIN
mm/ w
r 100
- - T - - T T - O
29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49 50 5I
IR KM 0.200 WEEK
RAIN
mm /w
(L e ]
.W«;Mﬂq‘:“ﬂ i
: £t f |
N ¥ = l I I
: ‘ r f—" =m_m _J - T,
20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 4¢ 45 4B 47 48 49 50 5l
IR KM 26.000 WEEK
1 Tavesa 2 i " 3 q D
Uiy Puus Yy (Al u.s U] — 1 — ADVICED DISTHARGE (m3/s)
\ﬁmmurm'tﬁ 33 (av.u /3unfil — 2 — ACTUAL DISCHARGE (m3/s}
UUATNRNIS (U / AUAIM) - 3 — EXPECTED RAINFALL (mm/w)
HUANGSY (NN /AUATM)] = 4 = ACTUAL RAINFALL (mm/w)
ROYAL IRRIGATION DEPARTMENT ILACO/EMPIRE H&T

7u¥i 19 Example of a mai_n system monitoring report
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NS UHSNS I3 YT WATER DISTRIBUTION MONITORING
naunn THA MAKA
LAUD wu"nnu::n\h ‘LU‘U'(-'; B Zone man report Zone 8
UL IE figuipu 2528 date . 13 JUNE 1985
l.e=s 2 3 2 B 3 3 a3 3 3 2 3 2 a 3 3 3 3
0 RAIN
0.6+ mm/w
M3/5 100
D-«\-—-'
T T T Y 0
B 7 g 9 190 0 52 3 14 18 s I 18 19 20 21 22 23 24 25
2 K 25 180 = 27.355 WEEK
.64 2 2 &) J F 3 3 3 3 3 X 3 3 2 3 &
r {
Q RAIN
0.8+ mm/w
i 7
Mg | s 100
: e S e
[l 4 e | S
™
H m Al dlw mon '
| A OBA DA m| §
t T T T T T T T T R o q i a5 T
[ T \8 9 10 1l 2 13 14 15 & 17 18 1% 20 21 22 23 24 25
3R=2R KM Q.000 — 5.412 WEEK
...... = o a E] [
! 2 3 1 s []
Comment [ Non ovallebility of woter in week 5 ond 15 due ta loo high
olflokes of higher lying zones.
HAATVINAIVUADINAS YT (RU. 4./ IUAN) = | = CALCULATED REQUIREMENT (m3/s)
USIUIALUE VY (av. 1./ U — 2 — ADVICED SUPPLY (m3/s)
USuauantgeds (av. u.s5unfi) — 3 — ACTUAL OISCHARGE (m3 /s
tUAIRNIS TUN./ AURAMI — 4 — EXPECTED RAINFALL (mm /w)
8uAN33y (wu. sdURAIMYM) — 5 — ACTUAL RAINFALL {(mm/w)
ROYAL IRRIGATION DEPARTMENT ILACO/EMPIRE M&T

]
=
gﬂﬂ 20 Example of a Zone monitoring report
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GOQOD INFRASTRUCTURE.

(CANALS)
{ ROADS)
(STRUCTURES)

MAN POWER
(SUFFICXENT)
(MOTIVATED)
(WELL ORGANISED)
(WELL TRAINED)

COMMUNICATION
(RADIO/TELEPHONE}
(ROADS)

({TRANSPORT)

MAINTENANCE
(SURVEYS)
(STAFF)

(EQUIPMENTS)
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uaavagluguii 24

14.  Land13d1989

o 5
1. D397 WAOWA URSITNYD USUNTH  WASAM Version 1.1

- s y N, i
TRAINTIHENT dN. FUUN 20 N 7. BINIAN - 'Nf{i"i'?}ﬂ"]ﬂh 25364

2. 23775 ANt uasdgsy. answeunTUSUNSN  WASAM Version 2.
o ey i
IHINTINGT Wn. LN 25 TN 9. LawIEN — NINGIAN 2538.

-
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3. WMHIWRHNNTUIRUTEVULURE  NEWMASIP ﬂuaﬂﬁiqﬁiﬂﬁﬂﬂiu WASAM

(Windows Version). NIN#aUssviU. Qwmaan  2537.

4. Ilaco/Empire M&T. Water Allocation Scleduling and Moni toring.
General Program Description. Royal Irrigation Department.
April 1988(a).

Ilaco/Empire M&T. Water Allocation Scheduling and Monitoring.

WASAM Computer Marual. Royal Irrigation Depertment. Apfil 1988 (b)

6. Vudhivanich, V., Water Allocation Scheduling & Mcnitoring, CEC/

AIT-Training Document, Department of Irrigation Engineering,
Faculty of Engineering, Kasetsart University. Kamphzeng-

saen Campus, Nakorn Pathom, September 1988.
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‘Schematic Diagram of Demon Project
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Data for De mon Project

1. First Thursday 1995 - 5 January 1995

2. Dry Season 1995 _ start week 6 (9 Febuary 1995)

- only paddy in dry season

3. Monitoring Points 1.9
4. Report - project engineer = 1, B
_water master 1=1,2,3

_water master 2=4,5, 6

Command Area + Cultivated Area

Ditch Characterstics

WM ZONE ZONE Ditch Ditch Ditch
COMMAND No. Capacity Area
AREA (rai) is (rai/ditch)
1 1 5,000 1-4 60 280
B9 90 390
1012 120 520
2 6,000 1-4 60 260
510 80 390
11-15 120 520
3 7,000 1-5 120 520
6-11 150 650
2 4 5,500 1-3 60 260
4-8 90 390
913 120 520
5 6,500 1-5 120 520
6-11 150 650
6 7,500 1-6 120 520

712 150 650

Total
Ditch
Area

4,550

5,980

6,500

6,500

7,020




GENERAL DATA

FOR IRRIGATION SYSTEM: AIT

NUMBER OF PROJECTS:
PROJECT NAMES:

9-L6

NUMBER OF EVAPOTRANSPIRATION STATIONS:
NUMBER OF RAINFALL STATIONS:

MAXIMUM NUMBER OF

CANAL SECTIONS:

MAXIMUM NUMBER OF ZONES PER PROJECT:
MAXIMUM NUMBER OF DITCHES PER SECTION:

FIRST DAY OF THE FIRST POSSIBLE IRR.WEEK:

TYPE OF CROPS:
DAILY MONITORING FOINTS:

TOTAL NO, OF DAILY MONITORING POINTS:
MONITORING GRAPHS START WEEK:
NO. OF WEEKS ON GRAPHS(MAX=23):

CANAL SYSTEM DATA

FOR IRRIGATION SYSTEM : AIT

Name
LMC
1L
1R
LMC
2L
2R

Begin End
0.000 2.000
0.000 1.500
0.000 1.800
2.000 4.000
0.000 1 600
0.000 1.900

DATA DEMON

W 2
1 "
DEMON
2
2
300
50
25
5/ 1/1995 Thursday
Padd DS Padd WS Sugar C Other C
L 5
2
6
21
Nr Fat QMax QMin Eff. ZoWP Ev Er COMAR
1 0 8.625 3450 ;0010 41if 1 1 5000
2 1 1.380 0,000 0020 211 1 1 'GOUO
2 =1 1.610 0. 000 ,0020 311 1 1 000
5 =1 4,485 1.800 .0010 B21 2 2 6500
4 5 L. 266 G, 0n0 .00Re 421 2 4. 55U
8 =5 1. T2E 0,000 ,0020 621 2 2 To00

Yo WM,{CS(main),CS..CS(branches],D},O

BATA 14,1,2,3,050
DATA 2,5,4,6,0,0
DATA 0

LR

== 4 G5
PATA 1.,0,0:2 ==

€ Rl o)

oo w OB 00 68,0
. ’ =

DATA O

DATA ki DEMON H: ]
e AR .7 o,
DATA 1,6,0,0

DATA "END"

e 21 L)
= Total discharge in and out of the project area

=== Water master reports

=== WM,FZ(first zone),LZ(last zone),...,FZ,LZ,0,0
I
]

'project area

==> for section 1,2,..
: 'wm section 1
'wm section 2

]
=== Total discharge in and out w.m.

== Total discharge in and out w.m.

sector 1

sector 2



10~1

UMY 10

L oasg 1 3 o 1
nasai e suua L auii R e

(Operation of Huai Aeng System)

1. unuA
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4 ‘5} (] i ! o Y] 5 o i =4
Ne¥aanas  LReMuITaSnnUs aesRenan n 1 sdetinas ke s snay ke tureuiane Ut

'k
(1) N13INUAUR 15 ENEN (Planning the cperation) Lﬁ@Lﬂ%HNuNuﬂﬁi
ﬁqﬁﬁﬂﬂuﬂawuﬁ@qn1iﬂaqﬁﬁuﬂzﬁaﬂﬂﬁaqﬁﬁu?unmﬁﬁﬁuuuﬁﬁa%
(2) N1IALIANIUAMNUNY (Implementation of the plan)
(3) NIIAAATNAAN19UAIANIU (Monitoring of the operation) Lﬁ@ﬁau

qlldl (%) 2/ 0 v =
s toyanine Mun1 T IEIUAEN 19901 ATEN T IEN

ddl o U v ! = Y] ‘ﬂl o @
e swn Ui mnw urauinan Y lknen S wliimed senwat Duba il

v o Y] ] 1 < < v ) ‘=i' o =
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2.  FEUURIUNZBRNANLAUUMIELDN

i ql t o ] 4
saudeihgayssnuiipus @@M1) lweaan Yy 2 Jsuutadfa FEUUAGE

dotindnung uay srvupinluleun

2.1 swwussavduha g (Main System)

Ussnoukweeadegieting  eeavdgieean  uaseenvtay 2k 4

G v--; £y a U
LLIUARD IV AN I ABUN TANINNA

o |
2.2 swuethlulsun (on-Farm System)

ysenaufwpetiid ey (Main Ditch) Femakmrounian LI M

I o ] ] Ve U i . i Y 1 o
ssuunea s detidns g ude Mgt lulsun (Farm pitch) Sedaluazidensu 9 11 gih
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1o

q" 1 i = 1 = @ - 1"3
s 2 uﬂﬂqﬂWSLmqssuuaaaqﬁqﬁnuﬂsﬁzuugﬁqﬁqﬂﬁawuﬂﬁﬁﬂtquﬁﬁmu il

1 | w

i i1 o [l [} o ] I 1 1 o [} o o U
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C) 4

o Qi' o | 1 ! o W [ 1
ALIREN MUY TEILUINIUVAEIUAL 27U0 (Farm Turnout) L‘fﬂi‘;ﬂlﬁﬁdﬂ’)ﬂ 9 Ei.'L‘ll,I.’QﬂSﬂ

] & 2; I

u
N i =l i
MUY WARSLANALULUBY 100 - 150 15

3. nAsuN L e uRnTaylun 1 et ue LA 79w

naNgaL SR SungaLn 1 saeiuasyh s 5nea L ann e s suusse veiie 1w Tug

! ° i °'-‘u' v oS I v wve i
dawssuugihlulsunas Dutiuss aowuRntausaangul 18 wminnenns (g3 2)
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1 & A o 1 @ = = (YY) <
NISULN L W SURAEUANNET 2L Ui THU 8 BN SNERU T ENTWIEANLNBASN 5 1AL BnmdIus

iunﬂiéaﬁﬁuazuﬁ§q§nH1Tﬂian13ﬂaﬂ53w1u

L. N137NUMNT98MH (Planning the operation)

nasavtioeyTasan 19w ivean iy 2 defl
ol #1991 ATHULLAY (Land Preparation Period)

(2) d1n1sdeding (Normal Irrigation Period)
o 1 we [} o o (VR Y] ﬁ
uﬂti%ﬁﬂﬂsﬂwwuﬂuuawqu1ﬁﬁquﬂ?ui5UUﬂaaqﬁqﬁﬂuasiussuugﬁﬁiuﬂ%uqﬂ%ﬂqu

o

b1 wwandwanlun1sdeiilus suuaes saeiine 1w ng

(Main System Operation Concept)

wmwalun 13deiin s suunsa udasat Tugui 3

4.1.1 999015LATENMUEY (90 fulan)

Voo 1 a 4
ﬂ']iﬂ\‘!ﬁ?rlu?SUUﬂﬂB\]‘m‘dNLﬂ?HNLLﬂﬁQ’Q’JLLUﬂﬂﬂﬂL]J‘Ll 3 2624 FiD

1
L2

(1) g Wimdusy (Soaking Period) n15EIHATAULINTMING
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I 1 = 30
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¥ <% a i . 4 A ¥ &
A, WWWN 70% UBY A, NWWH 30%  ‘lugnuaraeiinanizi wen 19 ATeN e Tuwm A,

rg ilgadl
Wny i Tugatir Thiwmm A,
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MAIN SYSTEM

(SEULVen )

———

ON-FARM SYSTEM

(seuulun)
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<] Responsibility of FARMERS
g
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FARM TURNOUT I// /_ / // : R e
| - b .
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A .

I MAIN DITCH

| = %

| j}: “W;t: | T
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~ TOTAL AREA A b Replenishment of losses
= e e IV
Al e smciel 2 S Ol alt 5
//4// Py S e //
Land Soaking Land Soaking
Az0.7TA A 0.3A
FIRST IRRIGATION ROUND SECCND IRRIGATION ROUND
Days 1-30 Days 31-60
Soaking
DISCHARGE | QM
/ / , Replenishment Supply to A
REQUIREMENT //« " of losses
| 30 80 90
Day

Replenishment

DISCHARGE Soaking of losses
Supply to Ao
REQUIREMENT
/ ///3/ SRR |
: 1 30 60 Ele]
Day
: DISCHARGE | Qm
////?} Supply to A
REQUIREMENT / LA T
| i 30 80 20
Day
Land = -
preparation for Ay
period L for Az ey
™ l

1
= a & 1 | wo g
JUN 3 WWIRnn lun 4 saedlus suuaea agstine 8 IMQUATARD Joay

Tug99 L B SHN LS
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o Q!u uql
(2) tharnbuiiussn getviggmiely (Soaking and Reple-

1 ™ q' 1 L7 ‘*'
nishment Period): NAIERTHIDIM 2 IMINIM 31 - 60

. 'olo qc:u E’ & e
Tt anazaatin e HAuENH Tury A, WAL ozl AuaInAY
gt~ lutien tutPiigyL & Aty A,

(3) g outiiiggmsly (Period of Replenishment Only):

us
FEMINTWN 61 — 90
1 9 yo“*l 554' = ycﬂ:y i
ﬂ“ﬁﬂqﬁqu11UﬂﬂLﬁﬂuﬁwﬁmunﬂTUwqwuw A Usuiadivde s
¥
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Lo Y
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Y o S
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g
ment Only) (3um 61 - 90)
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a,. a; = 5030120 Replen(shmemﬂ
i ik e
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4 /// \,\‘
P / e
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o »
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//;/1;7 ///Remenshmenr
/C// g %
10 20 30 60
Day
Supply to GS
] Soaking
L /)// i /,Replenishrnent
T T T i
10 20 30 60
Day
iuﬁ L uuqﬂaﬂuﬁﬂiunwiﬁqﬂﬁﬂﬁgﬁﬂﬂuﬁaqtﬁ?ﬁhumﬂq



10-8

o

] ] 1
al o | we 4 spus A
fu 1 - 10 &EHH o e AN F
u i I aso 41 ° = |u ' i
i 11 - 20 IR a, ey mduiun g gud gy

g 1
el T a,

1 1 ] I
i 21 - 30 &l ay ey iAuBuFue s gaL goduiidy)

nie 'y lu a, WA a,

i P oA o
(2) fgaLred gl (Replenishment Period) Sun

31 = 60
1 ¥ | w6 ] 4; o @ Y o
g ranasdedn i neasn mauant matha it dss  nasdanag

dynma wkan 15t gaU T e N

h.2.2 #7491 ASHNIWA SBUEDN

Y < v s b o | o Y i Y
dratlay 1 finsdat gdeia s nguazgth  Luwait A, LWEN3

LeSselwtueaL aratusounsn  wak3unan 30 T

L.2.3  f2an15aefund

o = 4 b owe ¥ o
&9 Ltanastadonwiaane 2 seu  nascetnuenlumd a,

uas A, szﬁLﬁﬂﬁﬂzﬁaéauﬁ@qwquTUmwuﬁ?uﬁmﬂd1u%@qnﬂiﬁﬁﬂaqLM&Q%W?

4.3 inasnisdeiine@miug gAY (operation Criteria for Wet Season)

- 1 Y] [ = [} o o Lt a0
dunAdgn il iead 9L asaTun WagHu uae TATIES19A WA AIYD T EUUEIUT

usagay g 5

k3.1 inasnasdeiinlunsesasiiay ng

ool

f | b4
¥ Qg Asenuasuasdaun AR

(1) “dattuaumn Smlussasdeiinansvg - Saiamnsgaiies

» v
| vy ve

Irguazetiineniunen lug wtag 1AL
= wo - ) [ 1 1 A ' < =
(2) Uyt i eenadaiids nguin e luunss L gy TABIEY
o 2 90 ﬁ: ] = (Y5 “J o = [V ‘ﬂl i FY) I are
790500 Sunadinide L ineen e lug e Lanuliiliaeviga  naaUaAlIn Ea L B ARE N EIUEAE

L o vql o lg
Ingiasy L AW e TUVIRWANVILN LM



MAIN CANAL

MAIN  DITCHES

Raration 1_ 5 e B WL e o e Al kv
Group \ | MD Mo || | | mD Mo | I --- | mD
_______ ___.' \‘_,__.____.__._J
FARM DITCHES
IRy 2eean
1 |
e B FD FD
or e O e
lrrigation  unit
FARM TURNOUTS
Rotatien | _Al _______ =y I:" ey R e
! : |
Unit . | FTO FTo || ! | FTO Tl et FTO
\ ’ -
L \_ __________ I

M 5 Tasea819amaiuen s uuasth




10~

1
o = )

(3) e Suatidide Breeavdetihawngamiin - ama151an 13
o ! o 1 olu ) ! =]
datitman L Asu e aseinE s Ival wipetnisutne neeavde v ludaun @
L] o @ u @

(4) ¥aiin 1 sutunnsn sEatna e seasdatina e Ing luusas | Aoy

L L%

d‘ o o v Lo i o v Vo a v
LW@iﬂHﬂisﬂuﬁﬁiuﬂaﬂqinwaL%Wﬂuwiﬂﬂﬁuﬁﬁaqnﬂﬁ A15U5ua a1 sa i asha i Thden

u

A¥aiLIpuL 1901 el e g Inguss gih

4.3.2  tnasna et lupdeihse g

(fis 9andeiilugaeiinanngAntasionassifmu G 3um

1 1
v

Auamehdng o TiAnataatinnsiantsaen saeiiuuume e lugi 6 i

i
w A

Supply Duration (AU Imath)
lgﬁ_Nﬁ-ql
7 7 A
Py / / EFFE 71
/ 1 / /'/ s : / /
8T // 2 i /( // i
15 ] LI81
- N |
11

supply Interval (%auniussmarnissaiin)

= Y] 1 L o
un 6 F298191514N1589UN (Supply Schedule)

Pumiidet (supply Duration, N) v AR UM un e

ﬁaﬂﬁﬂiﬁﬁnﬁwuﬂﬂﬁt%1@ﬁqﬁ%ﬁnsin@w?agﬁﬁﬂuﬁdq%uisﬂiqqnﬁiéqﬁﬁ (supply Interval)

] L ' ! 3/o0 =% o
P TUIMINNTHUEY (Supply Interval, N ) PUIHTRIUU

Ay

Susgninana st susdatilugdedinene Ing weagih

o l o i =
uwﬂtﬁa€éwuauﬁuﬁﬁqﬁw (Supply Duration Factor, r) WNIHIN

Fas1dmImIn N, ) N,



10=-11

S v
cnostln 1 st ugdethans Wnguas gl e Tl

|
5\

(1) gaeniadeiin

! o

o ! o el u*'
4ﬁ1t%1ﬁﬁquwﬂﬂu1ﬂ@uas@ﬁq1nnqﬁzﬂuwaanLum1%

u

2

i

1
o~ Kk Slo

(Design Capacity) utwwsih (v ) ez aan 15aatilug 2 S Lvae sa g9 U

o

I I weo (B | [ 1 uql £
FENIINTTEIUN (Nu) 9y ey tiaen 115 sAuvipan w17

|
=y

2.

o

dailh (v ) uazfusgninniaaeth (v) Tugdai
selnguazpiiasiindiafy f1 N aenmunL He Win 13 datiwt Tdeaan uszasn mun T
| ]
[ i < = ©
avienan & Nu_azﬁﬂﬂLﬂaﬁuiuﬂuuﬂaxLﬂauw1NUiuwmﬂawuﬁaqnWiﬁwﬁaui:wquiu
1 =
AR | FDYL
3. idettmn Snilugaiihaneing - Sesenn el RIuin
awnﬂﬁqﬁﬁﬁwuin@w%auﬁuﬂuﬁuﬁdQﬁﬁ )
b, asdetuuum Salussaadahans g Taensuwagas
ﬁﬁﬁwﬂiw@uﬂ:gﬁﬁwﬂuuuaﬂaﬂqéqﬁﬁﬁﬁﬂﬁﬂ@aanLﬁu G nEuMUL DY (Rotation Groups)
a | o ! ! ' ! v Y Yo o v L o I wo
Topn munltisasansdatinusasnguiian i wau Lwelides 1 sai lunaa vaan
gne vl A
5. #n e ayiAsuaaslufaz Aoy aaunaL e Funst
(r) uazinaWinasaeiPvinliasan
=i /0 ‘*l | s L )
6. tﬂiauﬂﬂiﬂqnwﬁéauwﬁgutaﬂuﬂ@qgﬁquwﬂﬂﬂﬂwmﬂaqwuﬁmn
4 v v faY | 'Y = o i 4ua '
G uasyvn g inenan meusaatinTaen 1 B muen 1sdeifasluume
“;“t” '6) LGl 7 ' 4y c::t:i' 1 wauue A b
(sign-Board) manmsayInfuseassuteyn e g wInanuvnguH 1B Laan 2

(7 i 1 a0 () L i d: 1 q'
'Fi'JE]B']\'I?’I"I‘}"’l*Jﬂ']7ﬁQuWWI;IUL%HU'L‘ﬁﬂ§Uﬂ’] Nu f7Y 9 LB NS = 4 Liﬁﬂﬂﬂ%‘].uz‘l_lﬂ 7

(2) 9991 ATEULIGY

1. 1§1nmﬁh1ié0ﬁﬁiuﬂaqﬂﬂitﬂ?ﬂﬁuﬂmq%quﬁnéwauquﬁu

L 72 )

o i = ) 1y u%
2. nasdengamaul deusmIugaihselgauma

i : g II' 5 gl
) i 1-30 U Seugdetisn st Ui

1 gl | o ‘iﬂ:u
a, demssungud 70 % w1 THAENAY



10-12

SUPPLY DURATION Ns 4 DAYS

Ns | Nu No. of Group Day
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5 e
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3. ﬂa1uﬁaqn1$ﬁﬁﬁau$swnuﬂ@4ﬂﬁ3 (Farm Ditch Irriga-

tion Requirement, FIR)
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R R s (3)
Ea " Efd
4
138
FIR = mwhamisihssusmmsentt o . /%
B, = Uszdudnlunas Ui
Beg = Uss@vEnimnasdetineesiiy
muA? = 0. & =
NMuUAIN E_ 0.85 UA Eeq 0.8

4. mwhaenisiingmismmee spdetivansng (main pitch
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. 5970
AL~L 578 a2 Jl72 AL & S190 ' x 4B5] = P s
5970
S5L-L 566 .188 488 3 & 5070 2 0%8) = <187
5970
002 142 <042 042 x 1,05 = 044
004 L3I sl A d 33 x 1,05 = « 035
005 164 . . 048 JO48 x 108 = 20840
006 32 .010 010 x 1,08 = .,010
007 153 .045 .045 x 1,05 = ,047
Total 3,557 1.046 1.080

Note : A Q is computed according to eguation 16
—_— m

Service area of 2L-L was reduced to 388 rai in actual construction.
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- a2 ° 2o
a3 5 adunAglun 13ARN MR W ERIN 1

1.

Potential evapotranspiration,
ETo

Percolation rate, P

Effective rainfall, Re

wWater requirement for land
preparation (soaking, satura-
tion), Ds

Water requirement for main-

taining water depth, Dt

Duration of land preparation, N

Efficiency

Application, Ea

Conveyance, Ec

Farm ditch

Main ditch

Main canal and lateral
Crcpping intensity factor, C

Irrigable area

Irrigation period

Modified Penman method

3 mm/day
Simulation of daily rainfall
180 mm (Wet Season)

200 mm (Dry Season)

Computed from:

Bii= K. + P - Re
rice av
where
e ETo during land prep.(mm)
av N (days)
Farm ditch 30 days
Main canal and
lateral canal 60 days
Rice .85
Upland crops .60 (Wet Season)

.60 (Dry Season)

i ] T2
s 1- 68
-85
1.00 all casges
92 % of total
May 1 - October 20 wet
or May 15 - November 5 Season
December 1 - April 10  Dry

or December 15 - April 25 Season
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Q: v +>e L7 t
A1 6 AIINFBINTUIZBINIBUEN (ANU)

Month
Ttem
May Jun Jul Aug Sep Oct
1. ETo (mm/day) Beld 5.95 5. 1% k.59 bok2 473
(mm/month) (177.66) (157.65) (159.21) (1h2.44) (132.66) (146.77)
2. Percolation (mm/day) 3 3 3 3 3 3
3. Effective rainfall (mm/day) b0 4,16 4,51 .60 L. 68 1.51
(mm/month) 124,2 12%.7 59,9 142.6 1464 40,6
b, Land preparation and transplanting
a. No. of days : lst round 30 30
: 2nd round 30 30
b. Water for land soaking,Ds (mm) 180 180

¢) Water for depth maintaining,
Dt (mm/day)
1st round b, 43 b, 62
2nd round 3.5% 4 33
Equivalent farm ditch water
duty q' (1/s/rai)

1st round 5| . 126
2nd round 104 .118
d) Area for land preparation (%)
approx. 30-35
5. Ke for rice : 1st round 65-70 1.10 1.10 1.10 L 1.00
: 2nd round e ) 1.10 1.70 1.05 1.00
6. Crop irrigation requirement (mm/day) 3,45 2.76 6.42
KcETo + P - Re
(1/s/rai) .064 .051 119
7. Land preparation requirement (Wen's) i
a. q (1/s/rai) .231 .220
b. mm/day 12.47 11. 90
¢) mm/30 days
(after deducting Re) 37h.2 357.1
(Combined with Re) 498.4 k8.8
8. Irrigation requirement (1/s/rai)
q ¢ 1st round Eha 0.126 .18 L 094 075 178
: 2nd round -2l
q': 1st round 12 .126
: 2nd round 04

9. Adjustment for 92% irrigable
area (1/s/rai)

g ¢ Ist round " 0.116 .109 .086 .069 . 161
: 2nd round .202
q': 1st round <1494 .16
2nd round .096

10. Irrigation requirement for main
ditch (1/s/rai)

gmd : 1st round 257 0.128 21 .006 077 179
: 2nd round A2
q'md : 1st round ] 128

2nd round o6
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o o =
PUIH LUAT N SUAN TN 6

[T = i
1. UsunannslEihenaneE g BT WHamnansn 2

aa s @ a | . L V) 1,:
2. cmAnuluT ATIn 19 L DU TLUALS W Ty B e PR RE 0 Y
quﬁ |%‘d‘
NPT 28I UARE WY
3. auldhng MRanesien 3
i ¥ o o
L. f1 C (uwﬂLma{ﬂawuL%uﬁ@qnviﬂﬁwuﬁUQﬂﬁﬂ) lug1en1m 8

PANAIIIW 5

o 1 2
AIBE N L ADUNEA AN

D = K« BT +P - R
i e ave e

177.66

= 0. 95 = 31——+3—4.G1

= 4.43 . /U

coB

t
" 6.25 (8.64) E . E
C a
1.0 x 4.43 " o
G ; 777 A5
S osaaag ke etrar-  MARIGARE S, T3 8 51 5)
_ o121 dei/Tuwm/ls
3
5. AMANTIN 1

£ o ¥ an 1 5HA BeU L e awdEm Sug 1an 1 saiPun A

G E 1
i

Te gl g =
6.25(8.64) E_.E_ go R IB N

1
1= LB B N

= 5 i

M FUL ARUNGEN RN

1

AT A, a TR

I

q
e

N = i
0.231 ans/um/ls
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) =
8. q, q' : SmMIUNgEARN HQUILW NINGTAN  SMIWAIT 4 UKL 7

o () <5
FMSURIMIANINARIAN  5IEN1T 6 WITRIW E UBY E

9. 93IBN13 9 WIANIWH 5

R B (1.1 = —/m = —=)

(1) ss1anasaaiiaeearaeiing e vy,

4‘ 1 <
AT L ANERNITLEANULUUL ARy (Average design water duty)
2p9 geatinEw Wngian Ly

EQ 3 a =
% o Ted 1.046 N7/
g TR T ~
I 3,557 14

x 1,000
_ o0.294 ans/um/ls

o o 4 Io v 1 o '
an e 1udan 1T TeU T TEa L Apursuan e Suaaeindw g a8

b v “. 4: v v d'
] NS, Nu ge T 1TRamaun19y 11 Uas E'U'Vl T faugna 19 luansm 7

v

o " U = o i
uazdmananiil Qﬂ@NﬂHUL IHU Lﬂﬂ\]{.Lﬁﬂ\'I‘lu?l’]T'Nﬁ 8

QMANSINT 7 A &  asamaTadavEmaT1an sl Seudm fugdelihens
g lundias, faulh Foudaaluguil 12 99 17 Y Sodiniike a0 1581 rene va e ngiaE e

i @ I 9o = ol-:dlq
ﬁqgﬂﬂuuﬂasnﬁauaztuuLﬁwwmwanWiﬁqﬁw (Target Release) U3nwdhanminu

[

(BT R = Gl 1 S o -
(Surplus) LﬁﬁﬂﬂﬂﬂﬂﬂﬁﬂquWﬂaﬁauwgqxﬂuTﬂﬂLuaWUﬁziﬂﬁﬁhﬂzuﬁauwniﬁu7z%wﬁﬂﬁw

seTrae  LHeamn gy dulitiasiign  Feeinasutu uns. U fa aeeie e ng

|

' = =

Iv @ W U‘q.yo ql vﬁlu o V¥ ' =
Haiw sty Tastawfuratihd munuan ﬁQﬁﬁﬂQWﬂaqawﬂiaﬂ LAWMW1 50L WL T EEND

Amene s HTeun 19 vden 19

(2) #3naseeiiheeaein

Qlyi' o el L% Yo dl
cLUVIHQELLﬂﬂ\Jﬂ’]TQﬂﬂ’]‘J'i\]lQW']EfQ”TH‘i'LIﬂu"L 02 84 1L-L UWHUVUEAY FTO

u

) [} { IEC; @ | =
gpUL PRMeY uas L BugsiuusanglugIi 18 WUNWIVUGNEEN LW 10 MUIEMEULIEN A

P x ¥ o S | ¢
o ua i Ate b.5.4  WamievL JEnlaELEuLATY 9 31 ¥oyouan 5 suavs
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Sl = ¢ o & v : 6 8. % ;! C o
AT 7 ATUAIMMIIT WL ADITE M ILNTTIARTTINNA TaatiE ™ iUﬂﬁ-Jﬁ‘Tﬁ i lva;

Parameter vionth
May Jun Jul RAug Sep et
g (1/s/xrai) 213 G.116 +189 .086 2068 | 161
(.203)
]
q (1/s/rai) B - 116
(.096)
gmd (1/s/rai) = l.l- g e 128 25 .096 SO 179
(220}
1 | -
gmds 1.1 g k23 12R
(.106)
r = qud/amd or g'md/qmd 80 44 A1 N . 26 )
(.76}
Supply duration Ns; days 4 4 (4) 4 4 4 4
Supply interval Nu, days 55 10 (5)] 10 12 16 6
Number of groups,; G 5 5 5 3 4 3
(2)

Notes l, Figures in parentheseses are for land preparation in the 2nd

irrigation round,

L
2, 9 ;9 ,qnd q'md are from Table 6
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No. of Group Combination of Reguired Discharge
Retational No, Main Ditch in L¥C
Sroups Farm ditch (Cus)
3 1 1R-L, 1L-L, 2L-L, 003 «0774+,122+,109+,042 =,350
2 3L-~L, 4L-L «168+,179 =,347
3 SL-L, 002, 004;.005, 006, 007/ ,197+,186 =,383
4 1 1R-L, lL~L, 002, 004 «0774,122+,044+,035 =,278
2 2L=L, 3L~L .109+,1638 =,277
3 4L-L, 003, 005 2179+.,042+,05 s w2
4 5L.~L, 006, 007 o1974,010+,047 =,254
5 4 1R~L, 1L-L 2077+,122 =,199
3 2L~L, 002, 004, 005 .109+,044+,035+,050 =,238
3 3L-L, 003 3168+0042 ! =,210
4 4L-L, 007 179+,047 =,226
5 5L~L, 006 ’.197+n010 =,207
Land Preparation =
5 1 1R~L, 003 o077+,042 =,119
{First Round) 2 1L~L <122
3 3L~-L -1 68
4 2L-L ke
5 41L-L <17
2 1 SL-L A7
{S=cond Round)| 2 002, 604, 005, 006, 007 =186
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= (¥ 1 L | 0 ?,
1199 o Hamenannsiaraamnassstihluwen (gith 02 w9 1L-L)

Allocaced time, hrs
Rotation Area (rai)
. rTO Ho. Plot No. =
UHLE o el i (Rough 2stimate) Land preparation feLha L
{each l0-day period) s é-day
peried
1 3. 72 39, 40 3.91 8 4
! 2 3,4 41, 42 3,91 8 3
! 3 £, % 43, 44 6.10 13 5
| 4 7. 8 48, 46 7.70 16 8
5 g, 10 37, 38, 8, 9 19.89 40 20
8 11, 12 39, 40 5.49 11 5.5
7 18, L7 28, 28, 43 22.95 46 23
i 44, 48
i 3 |18 13, 16 .98 14 7
l}
9 13, 14 10, 12, 4l 13.57 28 14
10 15 11, 42 4.44 9 4.5
Tocal 94.94 192 96
Notes:- 1. Normal irrigacion: Ns = 4 days, from equacion (3.19)
4 x 24 _
5 = crEE = 1 hrs/ray
2. Soaking periad Ns = 4 days, Nu = $ days
i.ea. Supply B days in 10 days
Assume al : a2 : a = 50 : 30 : 20
= 47.47 ; 28.48 18.99 (rai)
5 8 x 24 Al
Soaking § — 3747 = 4 hrs/rai
i L a2
Replenishing : = [ 1 | ] T
= ¥ 28.418 4 . =
7 .97 [ v = 37,47 x 8 % 34 1.6 hrs/rai

Example of time allocacion in Rotation Unit 5 during soaking period.

Time in hrs
Area L
(rai) [
Days 1-10 11 - 20 21 - 30

10.0 40 16 18

6.0 - 24 9

3.89 - - 15
Total 19.89 40 40 40
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! o
(2) #15190156987 (Delivery schedule)
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: Rainfall Intensity No. of Days
Period ;
mm/day for Suspension
Land 21-41 1
Preparation 42-62 2
63-83 3
> 83 4
September 16-31 1
32-47 2
48-63 3
> 63 4
Normal 12-23 1
Irrigation 24-35 2
36-47 3
48-59 4
> 50 5
Note: Suspension is to be made one day after the beginning
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a19197 15 Tusunsan1istihun s

Delivery Objective Procedure Recommended
Component Frequency
Main Calibration of Head Measurement using current Once in
and Regulator for proper meter 5 years
lateral flow control
canals
Structures Calibra- Current meter measurement Annual
tion
Determination of Ponding loss or Inflow- Twice per
conveyance loss outflow loss measurement, year
making use of existing
hydraulic structures (e.g.
check, drop, culvert,
siphon, tail regulator)
Regular flow con- Install staff gauges at Daily
trolling and various hydraulic struc- staff gage
recording tures reading
Main Broad-crested weir Measurement using current Once in 2
ditch calibration meter years
Reqular flow con- Make use of existing Daily
trolling and re- broad-crested weir reading
cording at turnout
Determination of Similar to maim canal Once in 2

conveyance loss

Farm Ditch turnout Use cut-throat flume at
calibration

ditch farm turmout
Regular monitoring Install staff gauge
and recording showing normal water level

and undesirable level due
to channel frictiomn change

Determination of Ponding loss, or Inflow-
conveyance loss outflow loss measurement,
using cut-throat flume

[ e
____.,_____-..__-_-__‘_________.._-__....__ - - - -

years

Once in
2 years

Monthly

Once in 2
years
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8. LON#1IANEN

1. The Royal Irrigation Department 1985, Operations and Maintenance
Manual, Huai Aeng, for The Northeast Small Scale Irrigation

Prcject, Parsons-Team Consultant Task Force.
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IMPROVED IRRIGATION PROJECT MAINTENANCE PRACTICES

Section I.

INTRODUCTICN

Most countries in the world, including Thailand, have already
constructed the most economical irrigation projects. Consequently, the
major focus in the future will be on improving management practices to
increase crop production on existing lands. However, deteriorating
irrigation channels and inadequate operating procedures often preclude
any significant improvement. To overcome these problems, an
"Operations and Maintenance Learning Prccéss" has been introduced.
This process was developed in Thailand to provide a technological and
institutional framework for operating an irrigation system.

..An irrigation system can be divided into four major subsystems:
1z Water Source;
b4 Water Delivery;
3. Farm; and
4., Water Removal.

The Farm subsystem 'is considered to be the "heart" of an
irrigation system; it performs the system’s primary function, that of
food growth for humans and animals. The Wafer Source, Water Delivery
and Water Removal subsystems support the Farm subsystem. An adequate
technological and institutional framework for operating the irrigation
system in accordance with design criteria must be established. If
thege frameworks are not in place, system failure or low agricultural
production levels are likely to result even if the four irrigation

subsystems have been properly designed.



Phed

- A common problem in irrigation systems is the continual cycle of
irrigation system construction, followed by deterioration because of
inadequate maintenance, followed by rehabilitation (which ends up being
major re-construction), followed again by deterioration. This
significantly inhibits the development of irrigated agriculture.. As
irrigation channel networks deteriorate, the capability of delivering
water equitably throughout the system is decreased. The adequacy and
dependability of the idrrigation water supply decreases for some
farmers, depending upon their location; thus, they are less likely to
risk other expensive agricultural inputs such as fertilizer. In some
cases, a portion of the lands have to be abandoned for lack of water.
The consequences are very slow progress in agricultural development.

As mentioned, the emphasis in the future will be improving water
management practices and increasing crop production on existing
irrigated lands. Technology alone will not bring about the necessary
improvements. Instead, technological <changes and institutional
modifications will usually help existing irrigated lands become more
productive.

For example, it is not sufficient to rehabilitate a network of
irrigation channels; the channels must be maintained season-after-
season so that a dependable water supply can be delivered to every
farmer. Likewise, it is not sufficient to just fill the channels with
water, flow measurement devices are needed so that irrigation supplies
are equitably delivered to each farmer. First of all, in order to
operate and maintain an irrigation system on a long-term basis, high-
ranking government officials need to provide the necessary manpower,

equipment and budget. Secondly, the personnel responsible for
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maintenance and operations must provide farmers with timely and
equitable water deliveries.
Recognizing the "site specific" nature of irrigated agriculture,
where each project area is uniquely different, an effective approach
must be process oriented, rather than an emphasis on technology alone.

Such a process must be capable of being adapted to each "site specific”

situation in order to be transferable.

The Operations and Maintenance "Learning Process" provides one
technological approach for effectively sustaining an irrigation network
over a long period of time. This process emphasizes:

1. maintaining rather than rehabilitating;

2. documenting maintenance needs to improve financial
management and accountability;

3. using existing flow control structures in irrigation
channels for water management;

4. developing more detailed physical knowledge about what
is occurring within the system;

B increasing sensitivity about operating the system to
meet the needs of farmers; and

6. documenting the need and costs for irrigation system
improvements.

In discussing operations and maintenance (0&M) issues, it is
useful to subdivide the water delivery subsystem into the main
subsystem, usually called the main system, and the tertiary subsystem.
The tertiary system is the land served by the Tlast flow control
structure along the main system. An irrigation project consists of a
main system channel network that serves numerous tertiary systems.
Most irrigation projects have a division of 0&M responsibilities

between the main system and the tertiary systems. Usually, RID is
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responsible for O&M activities in the main system, while the farmers
are responsible for O&M activities in the tertiary channel network.

This 0&M process focuses upon the water delivery subsystem, but
the same principles would apply to the water removal subsystem, which
is the surface and subsurface drainage channel network. Most Tikely,
the farmers would be responsible for maintaining the drainage channels
in the tertiary subsystems.

For new irrigation projects, and recently rehabilitated systems,
the initial emphasis of the O0& Learning Process would be the
operations phase followed shortly afterwards with initiating activities
under the maintenance phase. In contrast, for irrigation systems that
are deteriorating, the term M&0 Learning Process would be more
appropriate, because the 1initial emphasis should be the maintenance
phase followed by an increasing emphasis on the operations phase as

more and more of the maintenance needs are corrected.
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Section II.
MAINTENANCE PHASE OF THE
OPERATIONS AND MAINTENANCE LEARNING PROCESS

The Main System of an irrigation project consists of irrigation
channels. The channels start from the dam or river, and end at the
outlets along each Tlateral and sub-lateral. Each outlet provides
irrigation to a Water Users Group. The network of irrigation channels
downstream from each outlet is defined as the tertiary system.

The Royal Irrigation Department is responsible for the maintenance
of the main system, but not the operation and maintenance of the
tertiary system.

The first step in the Maintenance Phase of the 0&M Learning
Process is to Conduct a Operations Control Maintenance Survey. The
Maintenance Survey should be conducted at each structure that has been
identified as being important for flow control and water measurement.

The most important flow control structures are the gates at the
dam that regulate the flow rate into the main canals, or the river
diversion structure, the Head Regulators for the laterals and sub-
laterals, and CHO or outlet structure serving the tertiary system at
each Water Users Group. In addition, check structures are valuable for
flow control.

Any necessary repairs, such as malfunctioning or Tleaky gates,
should be written in detail in a field book. Any maintenance needed on
existing flow control and/or water measurement structures should be

adequately described in the field book. All deficiencies should be
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noted. In some cases, structures may need to be replaced or additional
structures constructed.

The term "Essential Structural Improvements" refers to those
structures in the irrigation channels that are important for:

1. controlling the flow of water; and

2. measuring the discharge rate.
Fortunately, the same structure can often be used for both purposes. A
detailed "Essential Structural Improvements Plan" should be prepared

that includes:

1. Physical description of irrigation system;

2 Proposed flow measurement program for equitably distributing
water supplies;

3. Proposed flow measurement program for evaluating channel
losses;

4. Essential Structural Improvements (ES1):

5. Costs of Essential Structural Improvements; and

6. ESI Implementation Plan.

Once the Essential Structural Improvements Plan has been approved,
then detailed cost records‘should be kept of actual expenditures during
implementation. This is important for planning similar investments in
other irrigation networks because these costs reflect the minimum
investment that should be made in upgrading the irrigation channels
operation. Accumulating this information for many irrigation systems
will allow planners to allocate more realistic funding for upgrading
other irrigation projects in their region.

The next step in the maintenance phase of the "Operations and
Maintenance Learning Process" is to Conduct a Diagnostic "Walk-Thru"

Maintenance Survey which is a detailed field survey that lists all
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maintenance needs along each canal, lateral and sub-lateral, including
the outlet structures to each tertiary system. This survey requires
two to three individuals, such as a Water Master and Zonemen, walking
along each irrigation channel, taking notes on each maintenance need.

"Walk-thru" rather than "riding-thru" is very important to be sure
that all of the maintenance needs, such as small cavities, are actually
seen. When "riding-thru," only the major maintenance problems are
observed. A "walk-thru" will allow observations of minor maintenance
problems that can readily be corrected at low level costs before they
become expensive major problems.

It is important to understand the physical phenomena "causing" the
problems. This allows the observers to "diagnose" the maintenance
problems as to their actual causes so that recommended maintenance
needs will correct the "cause" of the problem rather than treat the
"symptoms."” In this manner, the causes of maintenance problems can be
eliminated so that they do not recur year after year.

Typical detailed field notes during a diagnostic "walk-thru"
survey would include: (1) reaches of channel requiring sediment
removal, including an estimate of the volume of sediment in cubic
meters; (2) cavities along the concrete lining that need to be filled,
along with an estimate of the cavity volume; (3) cavities at structures
such as bridge abutments and gate structures; (4) repair of holes in
concrete lining panels; (5) replacement of failed concrete Tlining
panels; (6) grading of roadway; (7) repair or replacement of gates; and
(8) sodding.

A report should be prepared by the staff of each irrigation

project that describes a "Maintenance Plan" that will correct all
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maintenance needs within five years, or less. This report should
include: (1) Essential Structural Improve&ents for water control and
flow measurement; (2) costs of Essential Structural Improvements; (3)
inventory of required maintenance; (4) maintenance costs; (5) Priority
Maintenance Needs and costs; (6) maintenance equipment requirements;
(7) maintenance manpower requirements; and (8) maintenance plan. The
maintenance plan should include: (a) maintenance 1issues such as
eliminating sediment sources, reducing deterioration of channel lining,
and minimizing seepage losses; (b) method of implementation, such as
force account maintenance, private contractor maintenance, or contract
main system maintenance with Water Users Groups; (c) implementation
schedule including the first-year priority maintenance needs work plan
and proposed work plans for the second, third, fourth and fifth years.

For each fiscal year, a Priority Maintenance Needs Work Plan would
be forwarded to appropriate RID authorities in the provincial, regional
and central offices for approval and funding. Although most
maintenance work is done between irrigation seasons, this work plan
should also describe what maintenance activities can be completed
during each irrigation season. The allocated funds may not be
sufficient to correct all of the maintenance needs listed in the
annual work plan, so the highest Priority Maintenance Needs should be
corrected first, then the next highest priority, until all allocated
maintenance funds have been expended, or all Priority Maintenance Needs
have been corrected.

At the end of each fiscal year, the Irrigation Engineer for each
project would prepare a Annual Maintenance Completion Report that lists

each maintenance need that had been corrected and its actual cost.
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This procedure will provide experience and documentation for more
reliable estimates of maintenance costs in the future.

Documenting the maintenance phase with a Maintenance Plan, an
annual Priority Maintenance Needs Work Plan, and an Annual Maintenance
Completion Report allows for accountability between the project,
provincial, regional and central offices. This documentation provides
the necessary information for properly monitoring and evaluating the
improvement in the main system and the effectiveness of the
expenditures.

When the operations phase of the O0&M Learning Process has
proceeded to the point where channel losses are being measured in the
main system, then the maintenance plan should be refined. The periodic
measurement of channel losses is an excellent indicator of the quality
of the maintenance program; good maintenance reduces channel losses.
Revisions in the previous maintenance plan can be made based on new
information and experience gained during implementation.

If a program on "Irrigation Water Management In Tertiary Systems"
has been undertaken, then the results can be incorporated into the
revised maintenance p1an.‘ As a minimum, the Water Master, the Water
Users Group Leader for the particular tertiary system being inspected,
and the Zoneman responsible for delivering water at the main system
outlet to the tertiary system should walk along the tertiary channel
network and collectively prepare detailed notes on maintenance needs.

A Preventive Maintenance Plan should be prepared that would be the
basis for continued maintenance activities after completion of the
Priority Maintenance Needs. This plan should discuss: (1) physical

causes of maintenance problems; (2) anticipated extent of maintenance
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problems; (3) maintenance equipment requirements; (4) maintenance
manpower requirements; (5) maintenance requirements for Water Users
Groups; (6) estimated annual maintenance costs; and (7) preventive
maintenance plan.

This document should be forwarded to the provincial, regional and
central headquarters offices for appropriate review and approval. If
the maintenance phase of the Operations and Maintenance Learning
Process is pursued and followed properly, it will greatly assist in the

correction of problems and improved operation of the irrigation system.
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the Head of the Operation and Maintenance Section looks after
operations activities at medium-scale irrigation projects on behalf of
the Project Engineer (Provincial Irrigation Engineer). In this
handbook, this position is referred to as the Head of Operations.

A. MAINTENANCE SURVEY OF
FLOW CONTROL STRUCTURES

¢+ The Head of Operations provides to the Head of Engineering the Flow
Control Structures to be calibrated for discharge measurement in the
Operations Phase of the O&M Learning Process.

¢+ The Head of Engineering provides the Tlisting of flow control
structures required by each Water Master for the area under his
Jurisdiction.

¢ The Water Master conducts the maintenance survey, accompanied by the

Zoneman when in that portion of the area serviced by the Zoneman.

B. ESSENTIAL STRUCTURAL IMPROVEMENTS PLAN

¢ The Head of Operations prepares the first three sections of the ESI
Plan and submits this material to the Head of Engineering.

¢+ The Water Master(s) rewrite their notes and sketches in a format for
inclusion in the final section of the ESI Plan and submits this
material to the Head of Engineering.

+ The Head of Engineering completes the ESI Plan and submits it to the
Project Engineer for comments.

¢ The completed ESI Plan is submitted by the Project Engineer to the

Irrigation Regional Office.
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C. DIAGNOSTIC "WALK-THRU®™ MAINTENANCE SURVEY

¢+ The "walk-thru" survey is conducted by the Water Master, who prepares
all of the field notes and sketches.

¢+ The Water Master should provide field training experience to each
Zoneman; in particular, when conducting the "walk-thru" in the area
serviced by a Zoneman, then he should accompany the Water Master so
experience is gained of the maintenance problems in the Zoneman’s area

and the causes of these problems.

D. PREPARATION OF MAINTENANCE PLAN

+ The Water Master(s) rewrite their field notes and sketches in a
format suitable for inclusion in the final section of the Maintenance
Plan and submit this material to the Head of Engineering.

+ The Water Master(s) compile the Inventory of Required Maintenance for
their area, plus prepare cost estimates, and submit this material to
the Head of Engineering.

¢ The Head of Engineering compiles the Maintenance Plan in consultation
with the Water Master(s). and the Project Engineer, then submits the
complete Maintenance Plan to the Project Engineer for comment.

¢+ The Project Engineer submits the Maintenance Plan to the Irrigation

Regional Office.

E. ANNUAL MAINTENANCE WORK PLAN

¢ The Head of Engineering prepares the Annual Maintenance Work Plan in
consultation with the Water Master(s) and the Project Engineer, then

submits a completed copy to the Project Engineer for comment.



,1|—|5
+ The Project Engineer submits the Annual Maintenance Work Plan to the

Irrigation Regional Office.

F. ANNUAL MAINTENANCE COMPLETION REPORT

» The Water Master provides a monthly report to the Head of Engineering
on completed maintenance activities, including manpower, equipment,
time and materials used for each maintenance task.

+ The Head of Engineering determines the costs of completing each
maintenance activity based on the monthly reports submitted by the
Water Master(s).

+ The Head of Engineering compiles the Annual Maintenance Completion
Report in consultation with the Water Master(s) and the Project
Engineer, then submits a completed copy to the Project Engineer for
comment.

¢+ The Project Engineer submits the Annual Maintenance Completion Report

to the Irrigation Regional Office.

G. PREVENTIVE MAINTENANCE PLAN

+ The Head of Engineering prepares the "Preventive Maintenance Plan" in
consultation with the Water Master(s) and the Project Engineer, then
submits a copy to the Project Engineer for comment.

+ The Project Engineer submits the Preventive Maintenance Plan to the

Irrigation Regional Office.
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Section IV.
PHYSICAL PHENOMENA CAUSING MAINTENANCE PROBLEMS

A general description of the physical phenomena occurring in
irrigation systems needs to be presented in order to understand the
relationship between the field maintenance inveﬁtory and the proposed
solutions contained in the form of maintenance needs, including
activities, costs, and manpower. There are five distinct areas of
concern. The most serious problem is the formation of cavities behind
the concrete lining panels which eventually leads to the actual failure
of the panels themselves. Second, seepage losses from earthen channels
can be quite significant in canals, laterals, sub-laterals and tertiary
channels, particularly when operating at high water levels. Third,
sedimentation is a serious problem in some channels, but not others;
the theoretical approach to this problem is to prevent the sediment
from ever entering the irrigation channels. Fourth, aquatic growth is
a difficult problem, especia]]y' as the present level of technology
generally allows for such growth to be removed only by hand or
mechanically. The fifth area of major concern is a problem unique to
Thailand -- the extensive use of the irrigation system for fishing;
fishing practices have resulted in considerable maintenance being
required, and in some cases extensive damages have occurred.

To provide further insight into solutions to the various
maintenance problems, the role of drainage is discussed. To complete
the general picture about maintenance needs in an irrigation system,
~the impact of various structures upon maintenance requirements is

presented.
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Figure M-04-1. Earthen Irrigation Channel in a Cut Area with Bank
Sloughing and Erosion.
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Figure M-04-1. Earthen Irrigation Channel in a Cut Area with Bank
SToughing and Erosion.
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The greatest contributing factor to high seepage losses in earthen
channels is the biological life existing in the channel banks. This is
particularly the case in the capillary fringe above the phreatic line,
which by definition is the 1ine demarcating saturated soil moisture
flow from unsaturated flow. The capillary fringe immediately above the
saturated soil provides an ideal living environment for many forms of
biological Tife, including rodents, worms and insects. Excavation of a
channel bank is 1ikely to disclose small caverns and numerous very
small diameter channels. In fact, careful inspections of the channel
banks may show small leakage holes in the embankment (Figure M-04-2).
In some cases, there will be hundreds of these small leakage holes near
the base of the channel embankments along a reach length of only one
ki]pmeter. Consequently, even irrigation channels constructed in clay
soils may have very high sespage loss rates, particularly when the
operating water levels in the channel are high.

Another problem, particularly in tertiary channels, is that
farmers will cut the bank of the channel in order to take water. With
time, this results in many cuts along the channel. Besides increasing
seepage losses, some of these cuts also provide small holes through the
channel bank that allows leakage. Without adequate maintenance, the
seepage and leakage losses from earthen channels will continue to
jncrease with time. Many times, the channel banks (or embankments)

need to be rebuilt in order to decrease water losses.
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B. CONCRETE-LINED CHANNELS

The most serious long-term damage to the concrete-lined irrigation
channels is the formation of cavities behind the wall panels such as
shown in Figures M-04-3 and M-04-4. The systematic physical process of
cavity formation followed by eventual failure of the concrete panel(s)
results from the combination of lining panel joints and monsoon rains,
with many other contributing factors. This problem is further
aggravated in the Northeast because of sandy soils.

Generally, the concrete lining panels are three meters in length.
Alternate panels are formed with wood strips and then poured in-place.
Later, the wood strips are removed and the open space three meters in
length is completely filled with concrete. A triangular-shaped piece
of wood is used shortly afte} pouring to etch a joint about 1-2 cm
deep. However, upon drying, there is frequently an open joint between
the concrete panels that is 2-5 mm wide. These open joint openings are
the result of concrete shrinkage. The wider joint openings are most
likely caused by the more rapid drying of the poured concrete due to
inadequate curing, with the thickness of the lining as a possible
contributing factor.

The process of cavity formation most commonly begins with seepage
through the joint into the irrigation channel. This seepage also
carries some sediment into the channel, which results in a small cavity
near the joint. Since the easiest path of the seepage water is
vertically along the joint, it does not take too long for the cavity to

progress upwards until there is an actual opening at the top of the
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Figure M-04-3. Medium-Sized Cavity Behind Concrete Lining.

Figure M-04-4. Huge Cavity Behind Concrete Lining.

N



11-23
lining wall panel. Then, as surface runoff during the monsoon rains
starts running down into the open cavity, it enlarges even more.

During this process of cavity enlargement, the concrete panel
begins to deteriorate. First of all, very small amounts of concrete on
the sides of the joint opening begin to break off, most commonly just
above the floor level, but sometimes much higher. Next, hairline
cracks will Tikely occur, first near the joint but perhaps later across
the full width or height of the panel. Soon, a small chunk of concrete
adjacent to the joint will break off, thereby leaving a small hole in
the lining (Figure M-04-5). This small hole further aggravates the
problem by allowing the cavity underneath to further enlarge, so that
larger chunks of concrete eventually break off (Figure M-04-6). At
this point, water 1in the irrigation channel 1is also eroding the
underlying soil. The filling and emptying of the irrigation channel,
which occurs frequently, further aggravates this process of soil
erosion. The eventual outcome of this physical phenomena is the
failure of the concrete lining panel. This process is accelerated if
surface runoff from the roadway or berm is allowed to flow towards the
irrigation channel. [If the cavity has formed an opening to the top of
the lining, then some of the surface runoff will flow into the cavity,
thereby increasing the seepage flow and sediment transport through the
joint. Thus, the cavity becomes enlarged even more rapidly. If the
soil surface is depressed below the top of a panel, then the surface
runoff will pond behind the panel and is likely to move along the
interface between the soil and concrete, eventually reaching a joint as

an outlet.
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Concrete-lined irrigation channels located in cut areas are highly
susceptible to cavity formation and eventual failure of the lining
panels (Figure M-04-7). (In contrast, concrete lining in fill areas,
such as shown in Figure M-04-8, are usually in excellent condition
unless the fill was not properly compacted). The cut banks are easily
eroded and eventually surface runoff containing high sediment
concentrations are being transported into the irrigation channel
(Figure M-04-9). Also, the soil is saturated to a height higher than
the top of the panels; this results in seepage flow over the panels in
some cases, as well as definitely increasing the seepage rate and
sediment transport through the joints. In addition, seepage continues
to occur for many more days after a rainfall event or canal closure

because of the large volume of stored soil-water.



Figure M-04-6. Damaged Concrete Lining in a Cut Area.
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Figure M-04-7. Damaged Concrete-Lined Canal in a Deep Cut Area.

Figure M-04-8. Concrete-Lined Channel in Excellent Condition Because
Adjacent Land is Below the Invert Elevation.
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C. ROADS AND BERMS

Roads

In general, the roads are in good condition: however, there are a
few locations that definitely need attention. The major problem with
roads is that they are not always graded so that surface runoff flows
away from the irrigation channel.

The second major problem with roads is bank erosion on the bank
opposite to the irrigation channel (Figure M-04-10). This erosion can
be the result of:

1. The cross-slope grading of the roadway being too steep so

that surface runoff has a relatively high velocity;

2. The bank slope being too steep; or,

3. The bank height being too high.

Another important problem with roads is that they are often
constructed too high above the top of the irrigation channels (Figure
M-04-11). This situation results in more surface runoff moving at a
higher velocity into the irrigation channel, thereby resulting in more
sediment entering the irrigation channel. Also, this condition will
result in higher soil-water pressures behind the lining panels in a
concrete-lined channel, which will cause more cracked, broken, and
failed panels. The best remedy is to lower the road elevation to a

level about 15 cm above the top of the concrete lining panels.
Although the ideal solution would be to place the roadway at the same
elevation as the top of the Tining panels, there are two advantages in
placing it 15 cm higher. First, vehicles will be prevented from riding

on the edge of the panels and inflicting damage. Secondly, the grader
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will avoid catching the machine’s blade on the top of the panels, a

problem which has occurred, thereby causing their displacement and

subsequently, possible failure.

Berms

The biggest problem with berms is that the soil is not as well
compacted as under roadways. Secondly, berms are not as wide as roads.

For earthen channels, the berm embankments are likely to contain
more biological life than the road embankments. Thus, the seepage loss
rates will be much greater through the berm embankment as compared with
the roadway embankment because of: (1) more biological life; (2) less
width; and (3) less compaction.

For concrete-lTined channels, soil settlement 1in the berm
embankment can be detected by horizontal cracks in the concrete lining
panels (Figure M-04-12). In some reaches, all of the concrete lining
panels along the berm embankment will have horizontal cracks, while the
concrete lining panels on the opposite side of the channel along the
road embankment will not have any horizontal cracks. Also, if the
seepage losses are high in a concrete-lined channel because of wide
joint openings or deteriorated lining, the outlying bank of the berm

embankment should be inspected for small leakage holes.



Figure M-04-12. Horizonta] Cracks
Result of Soil Set

in Concrete Lining Panels as a
tlement in the Berm Embankment.
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D. SEDIMENTATION
== SLUIRENTATION

There is , tremendoys Variation ip the amount of sedfmentation

that 0Ccurs in the Canals gapg laterals. This sediment comes from

surface drainage inflows into the irrigation chanre] (Figures M-04-13

and M-04-14) .. some of which are Planned, sych as at concrete surface
drainage inlet Structures, while most js the result of.
) Roadway and berm erosion;

2. Erosion from cut banks;

3. Erosion resulting from farmers ang persons fishing (includes
Men, women, boys and girls) tampering with the contro] gates,
thereby resulting ip overtopping of the concrete Tining
Panels and serjoys erosion and evep failure of the panels;

4. Overfloy from adjoining earthen irrigati
into the concrete-Tined Channel; and,

» S0 that no sediment enters

the irrigation channels, However, the complete elimination of all
sediment soyrces is nearly impossible, although it i quite possible to

eliminate the majority of it, that 13, some 90 percent. (Certain]y,

sodding the bank adjoining the panels, and grading the roadway so that
surface runoff flows away from the irrigation channe]. The berm should
be cut down to the Tevel of the top of the panels, and then graded_so

that surface runoff flows away from the irrigation channel.



Figure M-04-13. Concrete-Lined Irrigation Channel with Much Sediment.

ooy
TELS, B

Figure M-04-14. Cut Bank which is a Source of Sediment into the
Irrigation Channel.
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the cut bank. This open drain wi7] require frequent maintenance;
otherwise, it will soon fi1] With sediment. Consequent]y, the cut bank
should be sodded tg minimize erosion. Also, at the top of thé cut

bank, surface runoff should pe diverted sg that the figw over the cut

bank is minimized,

turnout structures to regulate theip irrigation water deliveries.
Attempts have been made tq improve the Tocks on the Constant Head
Orifice gates, byt they have not been Particularly successful, A
combination of better Tocks, pubTic education, and sanctions appears to

be in order to overcome this problem.

the necessary control structures. In some cases, a higher berp between
the two channels is needed. This could result in more surface drainage
and erosion frop the berm, 2 situation which can be alleviated by
Proper grading, shaping, ang sodding of the berm. In some cases, the
Problem results from adjoining buffalo Wallows, which can be prevented
by providing other nearby sites for buffalo wallows and informing
farmers aboyt the damage theijy animals can cause.

Animal Crossings are not generally a major problem, but they are a

definite source of erosion and sedimentation. At animal Crossings,
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there is no vegetative growth, so that the soils in the pathway are
easily eroded during rainfall, with the runoff and sediment being
conveyed into the irrigation channel, Animal crossings are
particularly destructiye of earthen banks, even resulting in higher
seepage losses for the smaller channels. For concrete-lined channels,
animal crossings can also lead to cavity formation because of the
surface runoff not flowing into the channel, but rather behind the

concrete Tining panels.

E. AQUATIC AND VEGETATIVE GROWTH

One of the most persistent maintenance problems, beside:
sedimentation, is aquatic growth. The most difficult of the aquatic
growths are underwater (submerged) weeds, most of which require soms
sediment for establishing roots, while a few species can attach £
concrete. This s & frustrating problem because once the aquati:
growth has been removed from a channel, it will return to the sam
degree of growth within one or two months. The amount of aquati
growth that commonly ocecurs results in considerable reduction of tr
discharge capacity of the irrigation channel, often by 20-50 percent
This is also the case for vegetative growth that has its roots in th
sediment lying in the channe] bottom.

For concrete-lined channels, vegetative growth can be largel

eliminated by removing the sediment in the irrigation channels and t

employing corrective measures to prevent sediment from entering ti
channel in the future. Any remaining vegetative growth would be fou

in broken joints and in holes in the Tining panels; therefore, aspha



possibility,
Unfortunate]y, e]iminating aquatic growth is an extremely
difficult task. One alternative is to use Chemicals; 3 Procedure which
should be attempted on an experimental basis, Presently, the only sure
technique for removing aquatic growth is by hand or improvised
mechanical tools. There is no known commercial machine for removing
aquatic growth, byt Some irrigated areas in the world have developed 3
machine for theip OWn use, usually a boat with cutters. A floating
platform with power-driven cutters would appear to be 3 possible
approach.  Another approach 1is tg drag a very heavy chain along a

channel using two large tractors or bulldozers, one on each side of the

vegetative material, perhaps during one day.

F. FISHING

boundaries of each irrigation system (Figures M-04-15 and M-04-16).
Considerable damage has resulted from fishing activities, but at the
same time, fishing is major benefit of each irrigation system. The
reservoir, canals, laterals, ang adjoining earthen channels and ponds
are extensively fished. The argument can be made that in order to be a
good designer of irrigation systems in Thailand, an extensive knowledge

of fishing practices s definitely needed.
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The most serious problem resulting from fishing activities is the
opening and closing of gates. This practice not only interferes with
the operation of the system, but also has caused considerable damage on
a few occasions. Many of the prefabricated concrete walkway panels
installed on the Constant Head Orifice turnout structures have been
removed by people wanting to catch fish by damming of the irrigation
channel to trap fish. Nowadays, the Royal Irrigation Department
neither installs these walkway panels on Constant Head Orifice’
structures, nor replaces them on the existing structures. Riprap
placed at the end of Constant Head Orifice outlet structures for
erosion control is commonly removed to build temporary dams in the
downstream earthen channel in order to trap fish in the outlet
structure and in downstream channels. 1Ip addition, riprap is removed
from the compacted backfills surrounding USBR Stilling Basin VI
structures in order to pond the stilling basin. As a consequence,
rubble masonry is being recommended rather than riprap alone. In other
cases, soil is removed from the irrigation channel bank to from an
earthen dam, allowing rainfall runoff to quickly erode more soil fror

the disturbed area into the channe].



Figure M-04-15. Many People Enjoy Fishing the Irrigation Channels,

Figure M-04-16. A fish

pond with W
Project js 3 Produ

ater Provided by ap Irrigation
ctive Business for a Farmer.
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G. ROLF of DRAINAGE
==L Ur URAINAGE
Surface Drainage
=21 14CE Urainage

surface runoff from entering the irrigation channel because of: (a)
the sediment load being conveyed by the surface funoff; and (b) the
potential fop cavity enlargement op formation in concrete-lined
Channels. A second purpose in Providing surface drainage is tg prevent
the ponding of water alongside the irrigation channel. Most of thisg
ponded water wilj eventually percolate into the soil, thereby raising
the underlying groundwater table, which ip turn increases the Seepage
rate that weakens earthen channe] banks and sediment transport through
the joints in concrete-1ined channels, Consequent]y, the emphasis of a

surface drainage system should pe the rapid conveyance of surface

Subsurface Drainage
=——1-dLEt _Urainage

When concrete-1ined irrigation channels are constructed in cyt
areas, the soil-water Pressures behind the concrete panels cap increase
significant]y, particularly during the monsoon season. This condition
results ip higher séepage rates, and consequently, greatap sediment
transport through the lining joints. Also, these increased hydraylic
Pressures can cause side Panels to fail by sliding, or flgor panels to

fail by increased hydraulic uplift pressures.

Cut areas, in particular, require that the design of the
irrigation channel include effective subsurface drainage. This can be
usually accomplished by excavating open drains alongside the roadway

and berm provided they are sufficiently deep. Preferably, the invert
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elevation of the open drain should correspond with the invert elevation
of the irrigation channel, or be even Tower,
§ubsurface drainage is Provided naturally when the irrigation

channel jg lTocated in 3 fill area sg that the adjacent Jand alongside

channet, Preferably, the adjacent land wil] be at, or below, the

invert elevation of the irrigation channel,

H. IMPACT of STRUCTURES
T Ut STRUCTURES

Constant Head Orifice Qutlet Structures

Constant Head Orifice outlet Structures gare usually in good
Structurai condition if the adjacent Jang is above the invert elevation
of the irrigation channel, 1f the drop in water surface elevation
between the Constant Head Orifice outlet structure ang the downstrean
earthen channel js 10 cm or more, then the outjet structure wil] Tikely
fail because of soil erosion immediate?y downstream from the outlet
structure ag shown in Figures M-04-17 and M-04-18. This erosjon soon
undermines the end panels, which crack, then break, and eventually falj
into the scoup hole. If the drop in watep Surface elevation is
sufficiently great, then the entire outlet structure wilj fail soon.
In some cases, even the concrete pipe sections between the Constant
Head Orifice ang the outlet structure have failed.

For small drops in water surface elevatjon, say 10-30 cm, rubble

walls, and even more importantly, in the downstream channel floor ipn
such a manner as to dissipate the excess hydraulic energy. This

Serves as a good temporary measyre until the on-farm facilities are
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Figure M-04-17. Failed Constant Head 0
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) Outlet Structure

i i t Structure
i -04-18. Failed CHO Qutlet Structure, and Pipe Outle
e B Hh;ch is Undermined and Will Soon Fail.



When the drop in water surface elevation js more than 30 cm, then 3

and in the embankment overlying the concrete pipeline, These cavitijes
can result from: (a) surface drainage into depressions; or (b) Teaking
concrete pipe Joints, Quite frequent]y, a hole has formed in the joint

between the eng of the outjet transition structure and the beginning of

the irrigation channe] concrete lining panels; the large hydraulic
pressures, resulting from the high nearby roadway and berm, are most
easily relieved at this Particular joint. This problem can be
Partially relieved by: {a) Towering the roadway ahead of the inlet
structure so that the roadway wil] not be so high above the outlet
structure; (b) placing an open drain alongside the roadway and berm
that is sufficiently deep to provide subsurface drainage, as well as
surface drainage; and (c) installing more small-diameter weep holes in

the outlet transition structure.



Figure M-04-19. cHo Outlet Structure with Downstream Channe] Concrete
Lined to Prevent Structure Failure.

Figure M-04-20. CHo Outlet Struct

ure with Concrete-Lined Chute to
Prevent Failure of the Outlet Structure.



shown in Figures M-04-22 ang M-04-23. 71, Prevent such cavities from
forming underneath bridges, rubble masonry should be Placed between the
top of the Concrete 1ining Panels and the bridge abutments. If the
bridge settles, then the rubble masonry will Crack, and the Cracks can

be filled With asphalt op mortar,

Other Structures
=EF Structures

In general, the concrete structures are Usually in good Structural

condition. The quality of the construction work s usually very good,

structures) but frequentiy they have resulted in Cracked, broken, or
failed concrete Tining panels. The remedy for this situation is to
fill the cavities with mortar and then Properly shape the surrounding

$0il surface.



Figure M-04-22.

Large Cavity at a Bridge Abutment.



Figure M-04-23. Broken Concrete Lining Panels Underneath a Bridge,
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Culvert Drains

In general, the culvert drains are another example of excellent
concrete construction. In some Cases, more compacted backfill should
have been placed behind the headwalls of the inlet and outlet
structure. The maintenance problem associated with drain culverts is
the removal of sediment and shrubbery in the outlet and inlet
structures. These drain culverts are very important as potential
outlets for open drains or pipe drains alongside the roadway or berm
embankments, if required, even though they were primarily installed to

convey the flow in natura] channels underneath the irrigation channel.
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Section V.

MAINTENANCE OF CHANNELS

The order of the topics discussed 1in this section are not
necessarily presented in their order of priority. Instead, those
topics that Pertain to both earthen channels and concrete-lined
channels are Presented first. 1p this way, these same topics do not
have to be repeated at the end of this section when discussing the

maintenance of lined and unlined channels,

A. AQUATIC AND VEGETATIVE GROWTH

For clearing aquatic and vegetative weeds growing in irrigation
Channels, the common practice is to yse hired temporary Tlaborers.
Pulling weeds from the bed sediments by wading laborers (Figure M-05-1)
has proved more effective than cutting by hand blade because the
regrowth rate is reduced. Thus, nﬁ tools are required.

In the future, the use of mechanical methods Will Tikely be used
on the large-scale irrigation projects, at least for the main canals

and large laterals,

B. EROSION AND SEDIMENTATION

program for eliminating as many sources of sediment that enter the
irrigation channels that can feasibly bpe accomplished. Some
"Irrigation System Improvements"” may be required to control sediment
inflows; however, a large proportion of the sources of sediment can be

eliminated with improved maintenance practices.
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Lowering roadway and berm embankments tgq only the required heights
would reduce the degree of erosion and result in less maintenance

costs. For example, these embankments dg not have to pe higher than 30

centimeters above "Full Supply Level" (FSL) for earthen channels and 15

berm (Figure M-05-2).

Erosion from Cut-Banks
=—=100 Trom Cut-Banks

irrigation channels have had to be constructed in cyt areas. A typical
cut-bank cross-section s shown in Figure M-05-3, Usually, the earthen
toe drain fi11s With sediment each monsoon season. Removing the
sediment from the toe drain s crucial, otherwise the surface runoff
during and immediately following a rainfall event wili then transport
considerable sediment into the irrigation channei. Also, the berm
should be sloped away from the irrigation channel towards the toe
drain. Then, the placement and maintenance of vegetative cover on the

berm, and even more importantly on the cut-bank, will minimize erosion.

Overflow from Adjoining Channels and Ponds

There are situations where tertiary system channels flow nearby
main system channels, usually sub-laterals. Also, there are cases

where small ponds or buffalo wallows exist nearby an irrigation



Place Sod
1:200
———
Fy <A i
cavate Roadway .,
to here and
grade 0.5% to here and
) grade 0.5%

Figure M-05-2. Some Recommended Practices for Controlling Erosion and
Sedimentation from Roadway and Berm Embankments.
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Figure M-05-3. Typical Cross-Section of a Cut-Bank.
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channel. The first remedy is to request that the farmer move to other
buffalo wallows, then excavate the buffale wallow, replace with
compacted soil, and then shape the embankment so that it will not
collect or pond water in the future (Figure M-05-4),

For the situation with adjoining irrigation channels (Figure M-05-
Bls 1 is hecessary to have a berm of adequate height so that one of
the channels cannot overtop and flow into the other channel. Also,
this berm should pe well-compacted, particularly if one (or both) of
the channels is concrete-Tined. If the compaction of the existing berm
is doubtful, then the berm material should be excavated and the berm
reconstructed, with the berm height being plenty adequate to prevent
flow from one channel into the other, even under unusual operating

conditions, such as having higher than'desfgn water Jevels,

Animal Crossinas

Erosion resulting from animal crossings could be eliminated for
the most part by installing a concrete bridge, but care should be taken
to provide adequate measures to prevent surface erosion near the
abutments. In some cases, farmers may need to be encouraged to use a

nearby bridge for an animal crossing.

Fishing Activities

One of the Tessons learned is not to place riprap downstream from
any type of outlet structure, because the rocks will be removed to trap
fish during canal closure. Instead, rubble masonry is required.

For the situations where gates have been tampered with, or banks

cut to obtain soil for trapping fish, the best remedy is to inform the



Buffaio
Wallow
Bed of Berm

lrigation
Channel

1

112
J Excavate to hera
and replace berm embankmant

In 15 cm soil layers
well-compacted,

Figure M-05-4. Removal of Buffalo Wallow

and Reshaping of Embankment ,

Rebuilt Embankment

g [y
Excavate to here

and rebuild berm
embankmentin 15cm
soil layers compacted
by mechanical vibrator.

Figure M-05-5._ Reconstruction of Berm Embankment Between Adjoining
Irrigation Channels. i
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farmers and villagers of the damage they cause. This needs to be done

many times, including showing the situation where damage has occurred.

C. SODDING

One of the most effective techniques for preventing erosion is
good vegetative cover, Thus, as part of a Tong-term effort to
eliminate sources of sediment flowing into irrigation channels, the
pProvision of vegetative cover, oftentimes by sodding, is a primary
activity. Once this Job is completed for an irrigation project, then
an  important preventive maintenance activity is maintaining the
vegetative cover,

Proper sodding requires meticulous care. First of ail,
appropriate plant species should be selected that are drought
resistant, the Plants must be grown in relatively fertile soil,
periodic fertilizer applications may be required particularly during
the first year of growth, and the plants may have to be irrigated to
establish good root development. Then, cattle should not be allowed to
graze on newly planted areas for at least one year.

Preventive maintenance requires monitoring of areas where the
sodding has failed and then determining the Causes of failure, periodic

irrigation during the dry Season, and periodic fertilizer applications.

D. ROAD AND BERM EMBANKMENTS

Road and berm embankments have already been discussed above in
terms of "Erosion and Sedimentation” More detail will be provided
below on surface drainage from embankments. Also, embankment

compaction and subsurface drainage will be discussed below.

. A AA



Compaction

For concrete-Tined channels, horizontal cracks are evidence of
inadequate compaction, usually of the berm embankment. If the concrete
Tining panels are being endangered, then the embankment should be
€Xcavated, perhaps to half of the height, then heavily compacted, and
good soil materia] placed in layers of 10-15 cm and heavily compacted
(Figure M-05-6). If there are also cavities, then the appropriate
maintenance procedures would be to first fill the cavities after
excavating the embankment, then reconstruct the embankment.

Other visual evidence of the necessity for reconstructing the
embankment s numerous leakage holes discharging along the outside
bank, usually near the toe of the embankment . In such cases, i
determination must be made as to the origin of the leakage holes.
Usually, they begin on the inside bank just above the usual operating
water level. A reach where this problem is most serious should first
be slowly excavated by laborers and Visually inspected for holes and
small caverns, Perhaps, the embankment only needs to be excavated
slightly below the usual water levels ip the channel. This 1s
particularly important for concrete-lined channels since it may allow
long reaches to be excavated by mechanical equipment, and only a short
upper portion of the Tining panels would be exposed (Figure M-05-7).

The necessity for reconstruction of embankments may not be
realized until implementing the Operations Phase of the 0&M Learning
Process.  The measurement of seepage loss rates with various water
Tevels will disclose the magnitude of the seepage losses and how
rapidly the seepage loss rate is changing near the usual operating

water levels; rapidly increasing values of Seepage loss rate indicates
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that the embankments should be explored, using laborers, for
determining if small holes and caverns exist. This situation is more
likely to occur for earthen channels than concrete-lined channels, but

certainly does occur for either 1ined or unlined channels.

Reconstruction of the embankment may be done as shown in Figure M-05-7.

sSurface Drainaqe

In order to eliminate the sources of sediment entering irrigation
channels, the roadway and berm need to be graded so that surface runoff
flows away from the irrigation channel. on road bends where super-
elevation has been purposely constructed to facilitate vehicle traffic,
there are two possible solutions for right turning bends (in the
downstream direction) which result in surface runoff into the
irrigation channel:

1. Place a curb of concrete or asphalt on the inside of the bend
near the irrigation channel and convey the water from the
curb to the irrigation channel in a concrete-lined chute
(Figure M-05-8); or

2. Remove the super-elevation and grade the roadway so surface
runoff will be conveyed away from the irrigation channel,
then place 3 sign warning motorists to reduce the speed of
their vehicle.

Sometimes, the cross-slope of the roadway is too steep so that the
surface runoff has a relatively high velocity, which increases even
erosion of the roadway. This problem can be easily corrected by using
compacted backfill in the eroded area if required, then grade the

cross-slope to be much flatter (1/2 of 1 percent, or flatter), then

cover with Tlaterite.
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. 3. Construct rubble
1. Construct small dike

masonry or concrete
along edge of roadway chute walls.

to collect rainfall runoft.

E;,!:_: —— <
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2. Construct rubble masonry
or concrete chute from
roadway to top of concrete
irrigation channel lining.

Figure M-05-8. Collection of Surf

ace Drainage from a Roadway and
Conveyance into the Irrigation Channel.

Original
Bank Slope

.;|

o Eroded Bank
7\5-

/
1. Excavate eroded area
A~ to here.

2. Reconstruct bank slope by
placing 10 cm soil layers

e and compacting with mechanical
g WO vibrator.

Figure M-05-9. Reconstruction of an Eroded Bank.
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Sometimes the bank slope is too steep, or tao high, or both. This
results in bank erosion. The eroded bank needs to be reconstructed,
usually by excavating a small amount of the exposed eroded soil, then
rep]acing'with good soil that is compacted in small layers of 5-10 cm,
and finally, sodding the exposed soil surface and meticulously Tooking
after the vegetative growth until it is will established (Figure M-05-
9). To prevent bank erosion in the future, it wil] be required that
the surface runoff from the embankment surface be collected and then
conveyed down the bank surface. In order to collect the surface runoff
from the roadway or berm, a curb will have to be constructed along the
outside edge of the top of the embankment (Figure M-05-10). The curb
would serve to collect the surface runoff and then it would be conveyed
down the bank slope in a concrete-lined or rubble masonry chute. At
the toe of the outside bank, special measures will be required to avoid
erosion, which wil] require a stilling pond lined with concrete or

rubble masonry,

Subsurface Drainage

Where irrigation channels have been constructed in cyt areas,
there are oftentimes enormous maintenance problems and costs because
subsurface drainage was not used as a design criteria. Thus, it may be
required to construct facilities that provide subsurface drainage.

The possible alternatives for providing subsurface drainage are;
(1) open drains; and (2) interceptor pipe drains. Another alternativ¢
is to provide relief from the hydraulic pressures using either wee

holes or filters.

M_NE_141
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If the roadway embankment already has asphalt pavement, but the
roadway is too high, then it may become too expensive to lower the
roadway in order to provide better surface and subsurface drainage.
Some alternatives are shown in Figure M-05-11 where open drains are
used to provide both surface and subsurface drainage, or Figure M-05-12
which illustrates the use of a surface Runoff Interceptor Drain for
surface drainage and a Perforated Pipeline Drain for subsurface
drainage. Figure M-05-12 also illustrates the use of a Perforated
Pipeline Drain to provide subsurface drainage for a cut-bank.

Weep holes can be used to relieve hydraulic pressures behind
concrete 1ining panels as shown in Figure M-05-13. Also, rubble
masonry that is porous, or any other porous material can also be used
as shown in Figure M-05-14. These are lower cost measures that treat
the symptoms rather than the cause of the maintenance problems.
However, this is very satisfactory if these measures continue to
function well with time and do not become clogged, or they do not allow
soil behind the concrete lining panels to be washed into the irrigation

channel.

TR . o
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Asphalt Road

Previous Ground Surface

Concrete Lining

Figure M-05-11. Typical Cross-Sections for Open Dr

ains for a High
Roadway Embankment in a Cyt Area.

Asphalt Road Surface Runoff

( Interceptor Drain

L - R

o 1
i1 1112
Perforated Pipeline Drain A

: : Concrete Lining
with Sand and Gravel Filters

Figure M-05-12. Typical Cross-Sections for Open Drains and Use of a

Surface Runoff Interceptor Drain and a Perforated
Pipeline Drain for Providing both Surface and
Subsurface Drainage.
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1cm. diameter
metal pipe spaced
every3dm

along canal

Filter fabric to
prevent soil erosion
into canal
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Figure M-05-13. Use of Weep Holes to Relieve Hydraulic Pressure Behind
Concrete Lining.

Porous

Filter fabric
to prevent
soil erosion
into canal

Figure M-05-14. Use of Porous Rubble Masonry with Filter to Relieve
Hydraulic Pressure Behind Concrete Lining.
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E. CONCRETE-LINED CHANNELS
=L IL-LINED CHANNELS

Panels causes the most deterioration of concrete-lined channels., This
is the most important of alj maintenance activities, because of the
great loss in capital or investment costs each year and the tremendouys
cost of rehabilitation in a relatively short time period of 5-15 Yyears,
rather than 50 years, which_woqu be the case if Proper maintenance
practices were being employed.

The filling of cavities is ap expensive maintenance cost,
Usually, by the time a cavity is being filled it has become a huge
cavernous opening that may extend 1-3 meters ip width on each side of
the joint opening, thereby Teaving an extensive area of concrete lining
unsupported. Also, there may be a sizeable hole in the Tining. 1If so,
one procedure is to remgve the broken pieces of concrete so that the
size of the Cavity can be seen. If the cavern size s quite large,
then remove soi] from the top of the cavity downward unti] j large
opening has been made. Then, place a small amount of heavy soi] (clay
or silty clay) in the opening and compact this soil by hand labor using
d wooden compactor. If only sandy soil is available, then consider
using a mixture of sand and cement.  Then, Place a small amount of
additional soil in the cavity and compact this soi]. Continue this
process until the cavity has been filled. Then repair the concrete
Tining.

If the cavity cannot be detected at the top of the concrete lining
panels, but only by a small opening in the joint, then the best

Procedure is to break the concrete that s already showing
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deterioration. Inspect the cavity, using a flashlight if necessary.
If the cavern is small, then fill it with grout or a soil-cement
mixture. If the cavity proves to be quite large, then exéavate from
the top of the lining down to the cavity and follow the procedure
described in the paragraph above.

Preferably, the joint opening should be sealed with asphalt or
some other sealant. If the cavity formation has resulted from the lack
of subsurface drainage, and subsurface drainage is not going to be
provided, then a weep hole should be placed when the concrete is
repaired as shown in Figure M-05-15.

If there is extensive damage in a channel reach resulting from the
lack of subsurface drainage, then the facilities shown in Figures M-05-
11, M-05-12 and M-05-14 should be considered and appropriate measures
implemented.

Finally, the roadway bank or berm bank adjacent to the lining
panels having the cavities must be graded and shaped. Then sod
(vegetation) should be placed on the bank to prevent erosion. This
sodding should be inspected weekly for a few months afterwards to be
sure that proper vegetative cover is being provided, then inspected
later as appropriate. If proper vegetative growth does not occur, then
the soil should be removed and replaced with a more fertile soil then

sodded again, and taken better care of than before.



2. Inspect cavity relhd
using a flashiight, fy

1. Breakout and
enlarge hole in

Boundary of cavity
behind concrete lining
3. Fill cavity with soil-cement mixture.,

4. Place weep hole with filter fabric in hole in
concrete lining and fill hole with concrete.

1. Excavate bank to here.

2. Fill cavity with soil-cement
mixture to here.

6. Reconstruct bankin
10 cm soil layers using
amechanical vibrator,

—7
ATEEENED

7.Place sodding on
bank surface.

3. Excavate
trench to

material.

4.Install perforated corrugated plastic
drainage pipe with gravel and
sand filter surrounding pipe for
Subsurface drainage.

Figure M-05-15. Procedures for Fil

ling of Cavities and Repair of
Concrete Panels.
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F. EARTHEN CHANNELS

For earthen channels, the most obvious maintenance problems are
‘ sedimentation and aquatic and vegetative growth. Removal of these
materials from the channels and sodding of the channel banks will be
important maintenance activities.

The most important maintenance problems wil] perhaps only be
discovered while implementing the Operations Phase of the 0&M Learning
Process.  The seepage loss rate measurements, particularly at high
operating water Tlevels, will disclose whether or not the embankments
may reguire reconstruction, or if concrete Tining should be considered.
This type of field data should also be collected in the tertiary
channels; then, the Water Users Group Leader and the farmers should be
informed of the results. RID field personnel could provide technical
advice to the farmers on reconstruction of their channels if the

seepage losses are significant.
6. DRAINS

The open drain network often suffers from a lack of maintenance.
Also, the hydraulic effectiveness of the drainage channels are rarely
evaluated. The biggest problem is clogging from extensive vegetative
growth, followed by an accumulation of sediment. In some Tow-1ying
areas, it is difficult to move machinery into the area, such as
draglines or backhoes, which is the preferred methods for cleaning
large drains. In the tertiary systems, where the drains are much

smaller, the farmers wil] clean their drains by their own Tabor.

LY Y = -y
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Section VI
MAINTENANCE OF STRUCTURES

Usually, the concrete structures will be in excellent structural
condition. The quality of the construction work has been very good.
For concrete-1ined channels, the primary difficulty with structures has
been their impact on deterioration of the nearby concrete lining
panels. For both earthen and concrete-lined channels, there are
problems with the flow control structures, primarily with the

maintenance of gates.

A. DRAIN CULVERTS

The most common maintenance requirement for drain culverts is the

removal of sediment and shrubbery at the inlet and outlet. The fact
that shrubs exist, and often the growth is quite dense, is a good
indicator that maintenance has been neglected.

In some cases, there has been erosion of the banks near the
headwalls. This situation should be remedied by refilling and
compacting soil in the eroded area, careful grading, and sodding, with
special attention given for some time afterwards to assure that good
vegetative growth is occurring in the sodded area and that the erosion
problem has been corrected.

The drain culverts are valuable structures for serving as outlets
for either open drains or pipe interceptor drains constructed along an
irrigation channe] to provide subsurface drainage. In some cases, it
may be desirable to construct additional drain culverts to provide

outlets for subsurface drainage facilities.
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B. BRIDGES

——— et

Bridges are usually a problem for concrete-lined canals
Commonly, surface runoff from rainfall causes eroéion at the bridg
abutments and the formation of cavities behind the concrete linin
panels. The required maintenance is to place rubble masonry betwee
the top of the concrete lining and the bridge abutments as shown i
Figure M-06-1. This remedy should be incorporated into the desig

criteria for such structures in the future.

C. DROP STRUCTURES

The inlet to a drop structure needs to be inspected for cavitie
along the outside walls and immediately upstream in the transitio
inlet structure. If cavities exist, or erosion is occurring, then th
appropriate maintenance remedies should be applied.

If an open channel chute is used between the inlet and outlets fo
the drop structure, then the walls can be inspected for cavit
formation and soil erosion, with the appropriate maintenance remedie
applied. If a pipeline is used between the inlet and outlet, then tt
major concern is water leaking at one or two Joints, usually because o
soil settlement in the embankment. The visual evidence tha
signific;nt leaking of the joints is occurring would be a cavity in tt
soil above the pipeline (Figure M-06-2). If so, the overlying soil
needs to excavated, the pipeline inspected and repaired as appropriate
the backfill properly compacted, the top of the embankment proper’
shaped to minimize the potential for erosion, and then sodded with tl

sodding being given special attention during the following year.
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Bridge Deck ——\

Bridge Abutment

NS r—
~ NS EIN=

Rubble Masonry

Top of
Concrete
Lining <>

Section A-A

A ——
’__l Bridge Deck \\ I_
AP Bridge Sans
8 8 i ey J Abutment ) LAY

=T

Rubble Masonry
a0

Concrete Lined
Irrigation Channel

Elevation

Figure M-06-1. Construction of Rubble Masonry

Above Concrete Lining to
Bridge Abutments.
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Often, a hole will have been created by deterioration of the
concrete at the joint opening of the end of the outlet transition
structure. This is the result of hydraulic pressures behind the
structure. The remedies, as shown in Figure M-06-3, are:

1. Lower the roadway, beginning at the inJet transition
structure, so that the roadway will not be so high above the
outlet transition structure;

2. Place an open drain, surface runoff interceptor drain, or
perforated pipeline drain alongside the roadway and berm
embankments that is sufficiently deep to provide subsurface
drainage, as well as surface drainage; and,

3 Install either more small-diameter weep holes in the outlet
transition structure (Figure M-05-13) or small sections of

porous rubble masonry with a filter in the concrete walls
(Figure M-05-14), -

D. CULVERTS AND INVERTED SIPHONS

Usually, there are only minor maintenance problems with culverts,
with the usual maintenance activity being the removal of debris at the
culvert inlet. This would also be the case for inverted siphons.

The primary maintenance problem for inverted siphons is
accumulating sediment, gravel and rock, twigs and branches, or pieces
of lumber. The maintenance is expensive because after canal closure,
the water in the inverted siphon has to be pumped out, and then a
laborer enter the inverted siphon to remove the accumulated material.

In order to determine whether or not maintenance is required for
an inverted siphon (or a culvert,) a useful technique is to
periodically check the coefficient of discharge for the structure.
This can be done with a single discharge measurement using a current

meter, along with the difference between upstream and downstream water
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surface elevations (See the Operations Phase of the 0&M Learning
Process for the activity, "Check Discharge Ratings for Flow Control
Structures"). If material is accumulating, either ipn a culvert or
inverted siphon, where submerged outlet contro] exists, the coefficient
of discharge wil] decrease (Figure M-06-4). When the flow capacity of
the structure has been reduced to the point where downstream operations

are affected, then the accumulated material should be removed.

E. CONSTANT HEAD ORIFICE OUTLET STRUCTURES

The principal maintenance problem with Constant Head Orifice (CHO)
structures is when they are used as the outlet from the main system to
serve a tertiary system. The maintenance problem is the transition
from the outlet structyre to the tertiary channel, where small drops in
elevation of only 10 centimeters may result in failure of the CHO
outlet structure.

For small drops in water surface elevation, say 10-30 cm, rubble
masonry can be placed at the end of the outlet structure along the
walls, and even more importantly, in the downstream channel floor.
This will allow the excess hydraulic energy to be dissipated (Figure M-
06-5).

When the drop in water surface elevation, between the CHO outlet
structure and the beginning of the tertiary channel, is more than 30
cm, then a rubble masonry or concrete chute should be constructed. A
lined stilling basin for dissipating the hydraulic energy should also

be built (Figure M-06-6).



W.S. Elev. 128.858

.S. Eiev. 129.263

A

Clean Inverted Siphon
Pipe Diameter = 1m.

Example:
By current meter measurements,

Qq = 1.561 m3s

Q, = 1.536 m¥s

|

Average Q = 1.548 m%s

Gy Q - 1.548 mYs
AVRg (h,-h oS 0.7854 m2\/2.9.81 mis?
e 1.548 m3s
0.7854 m2\/2(9.81 mis? (129.263m - 128.858m)9%-5
= 0.699
W.S. Elev. 129.392 W.S. Elev; 128.827
e Vs
Qy —— Inverted Siphon with Debris Q
——— e — d
Example:

By current meter measurements,
Q4 = 1.318 mYs

Q, = 1.341m¥s
Average Q = 1.330 m%¥s
3
I 1.330 m3/s
0.7854 m2\/2(9.81 mis?d (129.392m - 128.827m)9%-3

0.509

it

If this flow reduction is not satisfactory, then schedule the required maintenance.

Figure M-06-4. Discharge Measurement Technique for Determining When
Maintenance is Required at an Inverted Siphon or

Culvert.
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Tertlary
Channel

CHO Qutlet

Rubble Masonry
Stilling Basin

Figure M-06-5. Construction of Rubble Masonry Transition Between CHO
Outlet and Tertiary Channel for Drops Less Than 30 cm.

"’ﬂ-_—hﬁﬁ\\"CHOOuﬂm
Tertiary
Channel

Top of
Concrete

Wall

<

¥

Energy Dissipators
Q e,

Concrete Chute -2____,,.,,

3D

Concrete Stilling Basin e

Figure M-06-6. Construction of Concrete Chute Transition Between CHQ
Outlet and Tertiary Channel for Drops Greater Than
30 cm.
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F. GATE STRUCTURES

One of the important activities to support improved operations of
an irrigation project is continued good maintenance of gate structures,
most of which are used as flow control structures. Fortunately, the
design of gate structures is quite standardized, which provides many
advantages when improving the hydraulic operation of the irrigation
channel network. Usually, the construction, fabrication and
installation of gate structures has been very good, except in some
cases where standardization was affected by gate frame installation.

The maintenance of gate structures should include maintaining
standardization to support the Operations Phase of the Q&M Learning
Process.

The usual visual indicators of gates and gate frames requiring
maintenance are gate leakage, bent gate rods, and poorly installed gate
frames. Special attention should be given to correcting these
deficiencies and then continually maintaining these gate structures.

If a gate frame was improperly installed, then the frame should be
removed and installed properly. In some cases, the gate frame will
have to be replaced.

If the gate rod is bent, then it should be removed, taken to a
workshop, and straightened or replaced.

If there is much gate leakage, attempt first of all to correct the
problem in the field. If this becomes too difficult, then remove the
gate and gate frame, haul to an appropriate workshop, and correct the

deficiencies.



preferably every year. Commonly, metal gates will corrode and the
metal become weak inside Without being visible, until the gate buckles,

This is usually the result of infrequent cleaning and painting.

G. OTHER STRUCTURES

When inspecting other irrigation structures, the primary
maintenance problems will be cavities along a wall and erosion because
of improper grading nearby the structure. Correcting these maintenance

problems is usually a relatively simple task. Correcting these

These simple maintenance problems for the structure may result in
significant maintenance costs to salvage the nearby concrete Tining
panels. '

The necessary maintenance practices are the filling of cavities,
Proper grading around the structure, and sodding. These maintenance
problems should be detected early before they result in significant

damage, then corrected soon in order to minimize maintenance costs.



The section on "Identifying Flow Control Structures" in the Handbook

to develeping discharge ratings.
Ideally, the maintenance Survey of flow control structures should be
done twice, once when the channels are Cperating and once during canal

During channel Operation, each structure should be inspected for
visible damage and leakage. The gate structures should be Operated to
determine if there are any difficulties. In particular, each gate should
be completely closed to determine if it can be campletely seated and view
the amount of leakage. 1In addition, since the flow conditions can be seen
during normal or usual operating conditions, decisions should be made
regarding the location of staff gauges, benchmarks, or piezameters for
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During canal closure, each structure should be carefully inspected foi
reguired maintenance. For gate structures, the gate and gate frame shoulc
be very carefully inspected. The condition of the gate lip should be notec
in the field book — are the edges square or rounded?; are there any dents
or encrustaticns?; is scraping and painting required?; can the maintenanct
be accomplished in-place or does the gate have to be removed?; or, does
the gate have to be replaced?

The gate frame needs to be just as carefully inspected as the gate
Again, the condition of the edges of the gate sill on the gate frame i
important — are the edges sguare or rounded?; is any of the metal bent?
are there any encrustations?; are there any obstacles to prevent ful!
closure of the gate?; is scraping ard paJ.ntmg required?; can the require
maintenance be done in-place or does the gate frame have to be removed
or, does the gate frame have to be replaced? Also, the cordition of th
gate seat should be especially noted in the field book — is the seat of o
the gate frame smooth and level?; are there any encrustations; is ther
any locse material that can easily be removed?; is scraping and paintin
required? Finally, measurements should be made of the vertical dept
between the gate sill and the gate seat; this should be dene at both insid
edges and in the middle (3 measurements,) which should be repeated at bot
ends of the gate cpening and at the one-fourth, half and three-fourths o
the width, giving a total of 15 measurements (3 measurements at
lecations). This last information is extremely important in interpretir

the field measurements when developing discharge ratings later.



11-83
Section VIII
ESSENTIAL STRUCTURAL IMPROVEMENTS PLAN

A detailed "Essential Structural Improvements Plan" should be

prepared that includes:
1 Physical description of irrigation system;

2.  Proposed flow measurement program for equitably distributing
water supplies; ;

3. Proposed program for evaluating channel 7losses using the
inflow-outflow method;

4. Essential Structural Improvements (ESI);
5. Costs of Essential Structural Improvements;
6.c ESI Implementation Plan: and,

T Field Notes and Sketches.

A. PHYSICAL DESCRIPTION OF IRRIGATION SYSTEM

A general description of the irrigation project should be provided
including a small Tlocation map and a larger map of the irrigation
system showing ' the main canals, laterals and sub-laterals, each
properly labeled. The lengths of each sub-lateral, lateral and main
canal can be provided, along with their design discharge capacity and

irrigable area served.

B. PROPOSED FLOW MEASUREMENT PROGRAM

This section of the ESI Plan needs to show on the Targe map and
Tist in a table the structures selected for flow control and water
measurement., The Tisting of structures should state the type of

structure, important dimensions pertinent to flow measurement, and the
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design discharge capacity. The role of the various structures in
controlling the discharges in the system and equitably delivering water

to the outlets serving the tertiary systems needs to be c]ear]y(

presented.

C. PROPOSED PROGRAM FOR EVALUATING CHANNEL LOSSES

Assuming the completion of Essential Structural Improvements and
the Development of Discharge Ratings for the flow control structures,
state an operational program for evaluating seepage loss rates in
various reaches of the main canals, laterals and sub-laterals using the
Inflow-OQutflow Method. First of all, serious consideration needs to be
given to operating the system at different water-]eVels, either by
adjustiné gate seftings, ar vary%ng the discharge rates, or a
combination of the two. If there are some reaches of the irrigation
channel network where there is some doubt as to whether the Inflow-
Outflow Method will provide satisfactory data, then these reaches
should be delineated, and consideration given to whether or not the
Ponding Method will be used in these reaches. A time schedule for
conducting the channel loss measurements should be given; this requires
some thought as to how much of the system could be evaluated on a
single day, taking into account the availability of personnel. Also,
for large-scale projects, it may be preferable to evaluate an entire
lateral for one discharge on a single day, which would require three
days, not necessarily consecutive days, to collect the necessary field
measurements, so that the variation in seepage loss rate with water

surface elevation will be known.
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D. ESSENTIAL STRUCTURAL IMPROVEMENTS

The results from the "Maintenance Survey of Flow Control
Structures" described in the previous section provideg all of the field
data required to prepare this particular section of the ESI Plan. In
this section, the results of the field survey will be summarized. The
major categories of maintenance requirements could be Tisted under:
(1) In-Place Maintenance Requirements; (2) Workshop Maintenance
Requirements; and (3) Replacement of Gates, Gate Rods and Gate Frames.
Then, under each of these three major categories, the specific
maintenance activities can be listed and the quantities of maintenance

required.

E. COSTS OF ESSENTIAL STRUCTURAL IMPROVEMENTS

This 18 3 relatively short section that utilizes the Tlists of
required maintenance activities, and the quantities from the previous
section of the ESI Plan. Then, unit costs are applied to these
activities to arrive at estimated total costs for each activity and the
total cost for Essential Structural Improvements. If there are any
particular problems with some of the unit costs being used, this should

be presented in the writing.

F. ESI IMPLEMENTATION PLAN

A proposed time schedule for completing the Essentia] Structural
Improvements should be presented.  The discussion should state any

particular problems that might disrupt the proposed time schedule.
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Also, a statement should be made as to the possibilities of completing
the work in a shorter time period, and under what conditions.
The proposed time schedule will dictate the cost schedule.
Consideration should also be given as to how much of these costs could

be met with present project resources, the remaining being a Budget

Request for additional funds.

G. FIELD NOTES AND SKETCHES

Preferably, a copy of the field written notes and sketches should
be appended to the ESI Plan. To type the written comments and draft
the sketches may be too much of an unnecessary burden on the project,
so rewritten field notes and redrawn freehand sketches are very

accéptab]e.
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Section IX
DIAGNOSTIC "WALK-THRU" MAINTENANCE SURYVEY

There is only one activity in the Maintenance Phase of the 0&M
Learning Process that is more important than conducting the diagnostic
"walk-thry" maintenance survey -- that is completing priority
maintenance needs in the field. The "causes" of maintenance problems
was discussed in Section IV, while the "remedies" were presented in
Sections V and VI. Conducting the diagnostic "walk-thru" maintenance
survey provides the field personne] @ greater understanding and
sensitivity regarding the causes of maintenance problems.
Participating in the actual maintenance by completing the priority
maintenance needs provides field personnel with extremely valuable
experience in the application of remedies to maintenance problems.

The Water Masters should have already received field training
prior to undertaking this activity, or they should be receiving
supervised training while conducting this "walk-thry" survey. If the
Water Master(s) have received training previously, then they can
conduct this survey in conjunction with the Zonemen under their
supervision, thereby extending the training to these Zonemen. However,
it must be strongly emphasized that the Water Master is expected to do
this "walk-thry" Survey over every meter of canal, laterals and sub-
laterals under his jurisdiction. The Zonemen can participate by also
walking along with the Water Master.

Prior to conducting this field survey, the Water Master should
have compiled a complete listing of structures and their location for

his area of Jurisdiction, which may be a medium-scale irrigation
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project or a portion of a large-scale irrigation project. Also,
stations should be marked along each channel, preferably every 100
meters, so that the field notes can fairly accurately describe the
Tocation of any particular maintenance problem.

In conducting a diagnostic "walk-thru" maintenance survey, both
sides of the irrigation channel have to be carefully inspected. This
is where the Zonemen can help. Either one or two Zoneman can assist
the Water Master. Certainly, when conducting the "walk-thru" in the
area of operation for a Zoneman, he should participate with the Water
Master in this survey since it is his area of responsibility.
Initially, when training the Zonemen, the Water Master will have to
walk along both channel embankments to be sure that all of the
maintenance problems are being detected. Then, when the Water Master
has a high degree of confidence in the capability of a Zoneman, he can
allow the Zoneman to walk along one of the embankments, while the Water
Master walks along the opposite bank.

A1l of the field notes should be written by the Water Master. A
very importént part of the field notes should be numerous sketches
illustrating the maintenance problem being described, along with any
proposed remedies. Another important point is to provide sufficient
detail in the field notes so that quantities of materials can be
calculated and cost estimates can be prepared for correcting the
maintenance problems.

Examples of field notes are shown below. Some have been extracted
from the Maintenance Plan for the Lam Nam Oon Irrigation Project.
Other examples have been taken from the Maintenance Plan which was the

output from a 15 calendar day training course wherein the participants



"Maintenance Plan for the Iam Fhra Plerng Irrigatien
Project".
8+813 - The left embankment is too hich. The farmer Prepared the
8+930 crerping area by placing the big boulders along the embankment,

which caused the boulders t+o roll into the canal. There were
two holes (size 0.2 x 6.0 x» 2.0 m) aleng the concrete herm.
The concrete is in good conditien, The right embankment is
mich lower than the tep of the concrets lining.

(Cultivated Area) i

M—0S-03
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13+500 The bricdge is in geod conditicn, but there are six holes in the

concrete panel urderneath the bridge due to the original weeden
bridge colums.

; - (Concrete Bridge)

[ — — — i | 9%

TR o : SRR
a 0

(The wooden post from the old bridge)

KM 20 + 000 - 20 + 475

The concrete panels should be replaced due to 20 holes at the berm
diameter size 0.30 m., which maka the extended concrete panel at the free
broad collapsed. The water table pressure has cracked the concrete panels
and isplaced and formed cavities under reath and at the connecticn of the
old and the new concrete. There are 23 concrete panels that were damaced,
3 corcrete beds were cracked. There are 60 holes at the ccncrete panels
aleng the extended concrete joint which 60 holes at the corncrete panels
along the extended concrete joint which also has vegetaticn in the holes.

(Sedimentation)

free board leve| has
the vegetation)

‘ (Cultivated area)
S S ;
(Hole in Concrete) y b (Crainage Channel)
N - (
i I (Hole at the Berm)
”‘a ‘
{
1}

‘ (The crack at the

M-08-04
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33+000 - At the left side of the canal is a pond which caused damage to
35-200 the concrete panels along the left side of the canal because of
the hydraulic gradient when the canal was empty.

36+146 A concrete panel is cracked at the left side of the canal.

Soil volume = 0.15 x 3.00 x 2.70 = 1.215 m3. Concrete volums =
0.05 x 3.00 x 2.85 = 0.428 m3.

(Holes at the Berm) (Crack and Bend)

M-09-05



37+476

39+663

akove, carrying soil and undermining the lining. This sheuld
be repaired ass SCOn as possible.  Soil volume — 0.50 x 3.00 x
1.50 = 2.25 p>,

(Cavity)

(Flat Crack)

=X (Sediment)

The inlet transition to the farm turnout is cracked and needs
repair. The cutlet transition is covered with weeds, and the
soil arcund the structure has Peen ercded. One of the pire
joints is broken and needs repair.

{Crack)
@
IEI .

)

(Break
74 :
A i



0+018 - Lateral 3R-L. There are cracks aleng both sides of the
0+102 ird j i

3+200 - Lateral 3R-L. This part of the canal is in a cut area ard was
4+630 constructed with concrete blocks. Vegetation is filling the

joints of the concrete blocks, and in some places these blocks
have collapsed. The silt in the canal is abcut 0.30 m deep.

(Silt) (Road)

(Crack collapsed
and Sedimentation)

(Sedimentation
Silt)



69+857

(Silt 0.4m)

M-09-08
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Table M—09-02. Examples of Field Notes and Sketches Extracted from the

~0+280

=5+940

© 64994

Change
Grade

"Maintenance Plan for the Iam Nam Ocn Irrigaticn Project®.
fail in e or two monsoon seascns because of cavities.

Besides replacing these two panels, surface drainage cn
right berm is required for 200 m.

L R

PRIV
////{f 2rtl 7
:hf,_ﬂu/ﬂ/..{dél il Ll

Excavate to Here

Nine m of left panels have failed.

HBole in righ panel.

To solve the problems, from *6+800 to 7+000 will require
subsurface drainage cn both sides.

Bridse. There are cavities at left downstream and right
upstreamabrtmentsﬂ:athaverwltadfrmhridgaded{
drain holes rumning water onto soil above lining and
creating these cavities. Plug drain holes (2) and fill
cavities.

Sub-lateral R—6L—2L~TT~TR (5.400 km)

H000

=(H150

Double G Requlator. The two gates on the downstream G0
are not cperable, so that when the water level is raised
in Iateral R—6L-2L~IL, then water will flow throuch these
qates. The gates cn the upstream CHO canfuncticn, but
they still need repair. OCutlet struchme, good.

Acuatic growth.

Roadway ercsicn con right bank. (Road on right of
lateral.)

M-09-09
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04300 to 14200 Lining locks very good in this area because land an botd
sides is lower than lateral.

R Surface

Drain

14125 Iast manoth, a cancrete pipe outlet was installed that hac
a circular cancrete lid for a gate. Unfoartumately, tix
concrete 1id does not fit the concrete pipe.

Existing Lateral
Pipe QOutlet

\/’Concrete Lining

Pipe should have
beveled :
Extended Pipe Outlet

Asphalt
Road .

Excavate Right Berm
to here

2+000 Many cracked left and right panels, but only a few smal
holes in panels. Cracked floar panels. Therefore
subsurface drainage is needed, which can be accamplishe
by having invert of surface drains as low as possible, bu
at least below F.S.L. of IMC.

M-09-10



2+590

2+600

3-++000

3+010

11-97

Cancrete Bridge is structurally good, but ane railing pipe
has been broken off. No cavities or cracks in undelying
panels.

Two C(HO's Right CHD has first gate missing. Rith oulet
structure is good, but downstream lining has been busted
in many places. Ieft D is good, but has ane concrete
walkway panel lyning in lateral and ancther inside GO
struchre. Ieft autlet structire is gocd.

One—-tenth sediment.

Tail Regulator.  Inlet structre is gocod. outlet
structire is good.

Final G0 oOutlet Structime. @ is very good. Pipe
autlet structhire is good.

This was an excellent design. The lateral invert is above
theadjacaitlarﬁsalcn;nearlythefullle:gth As a
consequence, this 1lining, which was canstructed nine years
ago, is in excellent condition.
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Section X

PREPARATION OF A MAINTENANCE PLAN

As described above in this handbook, a Maintenance Plan should
document a proposed program for catching-up on deferred maintenance, so
that afterwards the irrigation project can function properly on a
routine or preventive maintenance program. The proposed outline for
preparing a Maintenance Plan is:

1. Physical Description of Irrigation Project

2. Essential Structural Improvements (ESI)

., Status and Costs of ESI Plan

4. Inventory of Required Maintenance

5. Maintenance Costs

6 Priority Maintenance Needs (PMN) and Costs

7. Maintenance Equipment Requirements

8. Maintenance Manpower Requirements

9. Maintenance Plan

a. Maintenance Issues
b. Method of Implementation
c. Implementation Schedule

10. Field Notes and Sketches

A. PHYSICAL DESCRIPTION OF IRRIGATION PROJECT

The material contained in the first section of the Essential
Structural Improvements (ESI) Plan should be included here. In
addition, more background about channel sizes might be provided in a

1ist included in a table. Also, the number of outlets along different
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sub-laterals and laterals should be listed, as well as along various

reaches of the main canals.

B. ESSENTIAL STRUCTURAL IMPROVEMENTS

The material for this section of the Maintenance Plan would be
taken directly from the ESI plan. If there have been any modifications
to the original plan resulting from experience gained while
implementing the essential structural improvements for flow control
structures, then this should be presented in this section of the

report.

C. STATUS AND COSTS OF ESI PLAN

First of all, the present status of the ESI plan should be
presented. Has it been approved ? If so, what fraction of the work
has been completed ? Then, the costs of the ESI plan can be presented;
if the program is underway, or completed, then revised cost estimates

can be presented.

D. INVENTORY OF REQUIRED MAINTENANCE

This section of the report is a summary of the field notes written
during the Diagnostic "Walk-Thru" Maintenance Survey. All of the
required maintenance can be summarized in tables similar to the forms
presently used in preparing a Budget Request for maintenance. Also,
the topic 1listing for the sub-sections in Sections V and VI on
Maintenance of Channels and Maintenance of Structures can be used as a

guide.
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E. MAINTENANCE COSTS

Each irrigation project has unit costs for various types of
maintenance activities that they commonly use in preparing a Budget
Request. In preparing the estimated costs for this section of the
Maintenaﬁce Plan, there may be some difficulty if, for example, the
project field staff are not experienced in the filling of cavities. If
this is the case, then the Project Engineer at an irrigation project
that has been doing this maintenance activity should be consulted. The
unit costs are used in conjunction with the tables Tisting Maintenance

Requirements to arrive at the estimated costs for catching-up on

deferred maintenance.

F. PRIORITY MAINTENANCE NEEDS AND COSTS

In most all cases, the degree of deferred maintenance will exceed
the capacity of the irrigation project to complete in a single year.
Thus, there is a need to prioritize the proposed maintenance
activities, so that the highest Priority Maintenance Needs (PMN) are
completed during the first year following approval of the Maintenance
Plan, followed by the second highest PMN for the second year, and so on
until all of the deferred maintenance would be alleviated. The same
tabular format usea in presenting the "Inventory of Required

Maintenance" and "Maintenance Costs" would be used in this section.

G. MAINTENANCE EQUIPMENT REQUIREMENTS

‘!;
In general, most irrigation projects will have to undertake these

deferred maintenance activities without receiving additional equipment.
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But, if it is obvious that the proposed maintenance activities cannot
be economically done without some additional items of equipment, then
the required equipment should be presented and a strong justification
provided.

A1l of the presently available equipment should be listed. Then,
the capacity of this equipment for completing the PMN should be stated.
For example, how much concrete can be placed in a year, how much
sediment can be removed, how much sodding can be accomplished, what

percentage of the drains can be cleaned annually, etc.

H. MAINTENANCE MANPOWER REQUIREMENTS

First of all, the capacity of the present irrigation project staff
to undertake the deferred maintenance activities should be presented.
Then, if certain staff vacancies exist that would seriously hamper the
implementation of the Maintenance Plan, then this deficiency should be
clearly stated and good Jjustification provided for filling such
vacancies. Finally, the amount of temporary labor usually employed by
the irrigation project, and the annual capacity of this temporary labor
to undertake the proposed maintenance activities should be presented.
If additional temporary labor will be required, then the number of man-
days and costs should be presented for the first year, second year, and

so on until the deferred maintenance is proposed to be completed.



11-102

I. MAINTENANCE PLAN

Maintenance Issues

The Maintenance Plan should address, as a minimum, the following
three issues:

1. Eliminating sediment sources;

2. Reducing deterioration of channel lining; and,

3. Minimizing seepage losses.

The first issue, eliminating sediment sources, should clearly come
from the field notes while conducting the "walk-thru" maintenance
survey. However, it 1is very important that the Maintenance Plan
clearly address this issue, so that when the deferred maintenance is
completed, the quantities of sediment entering the irrigation channels
afterwards will only be a very small fraction of what is presently
entering the channels.

The second issue, reducing deterioration of channe} lining, should
also clearly address how the completion of the Maintenance Plan will
significantly decrease thg degree of cavity formation behind concrete-
lined channels and irrigation structures. Again, the intent is that
eventually, the level of required maintenance for concrete channels and
structures should be significantiy less than the present situation.

Finally, the problem of minimizing seepage losses will be an issue
of increasing importance with each passing year. This question is
difficult to address unless the Operations Phase of the 0&M Learning
Process has also been implemented. Thus, for irrigation projects that
have earthen channels, this issue should be addressed in a very

quantitative manner, because the Operations Phase would Tikely be
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implemented prior to this Maintenance Phase. However, for irrigation
projects that have predominantly concrete-lined channels, then the
Maintenance Phase would 1likely be implemented prior to the Operations

Phase, so this issue can only be addressed qualitatively.

Method of Implementation

There are three primary methods that can be used in completing the

proposed maintenance activities:

9 Force account maintenance;
2. Private contractor maintenance; and
3. Contract main system maintenance with the Water Users Groups.

The methed of implementation should be stated. Also, if a
combination of methods will be employed, then the amount of maintenance

to be accomplished by each method should be presented.

Implementation Schedule

The number of years proposed for completing the Maintenance Plan
should be stated. Then, summarized versions of the proposed Work Plan
for each year should be presented. The summary for the first-year Work
Plan should be based on the preparation of a detailed Work Plan, which
is a separate Budget Request document that could be forwarded following
review and approval of the Maintenance Plan. The summarized Work Plan
for the succeeding years would not be based on so much detail, but
would be best estimates based on subdividing the total maintenance

requirements and costs into annual workloads that can be accommodated

by the irrigation project staff.
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J. FIELD NOTES AND SKETCHES

Based upon the original field notes and sketches, this work would
be recopied and appended to the Maintenance Plan. This material can be
recopied by hand and appended in order to save time. Or, the field
notes can be typed and the sketches drafted. In the future, it will be
more common to place the field notes on a micro-computer, which will
greatly facilitate the preparation of an Annual Maintenance Work Plan
or the Annual Maintenance Completion Report. Although appending all of
the field notes and sketches to the Maintenance Plan adds a lot of
bulk, it is extremely important documentation for wuse during

implementation of the Maintenance Plan.
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Section XI
ADMINISTRATIVE ACCOUNTABILITY IN
IMPLEMENTING A MAINTENANCE PLAN

A. REVIEW AND APPROVAL OF MAINTENANCE PLAN

The review and approval process for any Budget Request (BR)
pertaining to proposed operation and maintenance activities at either a
large-scale or medium-scale irrigation project is shown in Figure M-11-
1. For a medium-scale irrigation project, the individual serving in
the capacity as Project Engineer is the Provincial Irrigation Engineer.

An 0&M Section does the actual field work for one or more mgdium-
scale irrigation projects, while for a large-scale irrigatien project,
there would be a number of O&M'Sections. "The Head of an 0&M Section is
a Water Master, who supervises a number of Zonemen and each Zoneman has
a crew of Gate Tenders and Laborers.

The Head of the Provincial 0&M Section looks after the project
operations on behalf of the Provincial Irrigation (Project) Engineer.
The Head of the. Provincial Engineering Section, or the Head of the
Project Engineering Section, is usually called the Office Engineer, in
both cases.

The Operation and Maintenance Division 1is Tlocated at RID
headquarters in Bangkok; the Director answers to the Deputy Director
General (0&M). The Director of the Division of Program Coordination
and Budget answers directly to the Director General of RID.

The Bureau of the Budget is a separate agency that receives Budget

Requests from many government agencies.
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To begin the review and approval process, the Project Engineer
should submit copies of the Maintenance Plan to the RID Irrigation
Regional Office. In this case, approval is needed up to the Director

General of RID (see Figure M-11-1).

B. SUBMITTING A BUDGET REQUEST (BR)

In order to provide an understanding of the procedures involved in
obtaining funds for improved maintenance practices, the standard
procedures presently used by RID will be briefly described. Figure M-
11-1 illustrates the steps in obtaining approval (Steps 1-10), as well
as the reverse process for disbursing funds (Steps 11-20).

First of all, the 0&M Section(s) collect the basic field data

which is recorded on standard RID forms, such as:

Al. Manual excavation of sediment from irrigation channels;
A2. Repair of concrete-lined irrigation channels;

A3. Maintenance of irrigation channels;

A4. Repair and maintenance of pumps;

A5. Repair of buildings, houses and other facilities;

A6. Sodding of earthen embankments (dam and channels);

A7. Manual compaction of replaced embankments;

A8. Weed control and removal;

A9. Maintenance of service roads along irrigation channels; and

Al0. Improvement of irrigation structures.

These forms are compiled by the Head of Operations (Head of
Provincial 0&M Section for a medium-scale irrigation project, or Head

of Water Management Section for a large-scale irrigation project) and
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submitted to the Engineering Section. The Office Engineer, who is the
Head of the Engineering Section, is responsible for preparing the
Budget Request (BR) under the direction of the Project Engineer
(Provincial Irrigation Engineer for medium-scale irrigation projects).
Again, there are a series of forms, in which the first form is the
summary and the last forms in this 1list provides the detailed
information:

Bl. Summary of BR by items, quantities, unit costs and total
costs;

B2. Presentation of BR and the approved budget for each item;

B3. Breakdown of Central (Bangkok) costs and Tlocal Provincial
costs for Repair and Improvement for each 4-month period
during the fiscal year;

B4. Breakdown of Central (Bangkok) costs and local Provincial
costs for Administration for each 4-month period during the
fiscal year;

B5. Action Plan for monthly expenditures for each activity item;

B6. Action Plan for monthly expenditures for Construction;

B7. Plan of Improvements by item, cost, drawing number, and
reasons; and

B8. Detailed compilation of work activities to be undertaken.

The BR is submitted by the Project Engineer (or Provincial
Irrigation Engineer) to the appropriate Irrigation Regional Office,
where a review process occurs as indicated in Figure M-11-1. After
approval, the Regional Director submits a condensed version of the BR
to the O&M Division at central headquarters in Bangkok.

After approval by the 0&M Division, the condensed BR is forwarded
to the Division of Program Coordination and Budget, which answers

directly to the Director General of RID. After approval by the
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Director General, the BR is further condensed by the Division of
Program Coordination and Budget. Then, the Director General submits
the very condensed BR to the Office of Bureau of the Budget for final
approval and funding.

The Provincial Irrigation Engineer or the Project Engineer are
notified by the Irrigation Regional Office of the approval and the
amount of funding that they will actually be provided. After being
informed of the funding Tlevels, they have four forms to prepare

regarding the expenditure of these funds:

Cl. List of construction materials to be purchased;
C2. List of office and 0&M materials to be purchased;
€C3. Plan for using materials by month; and

C4. Plan for purchasing and employment.

There are a series of reporting forms that have to be completed by
the Project Engineer or Provincial Irrigation Engineer during, and at

.the end, of the fiscal year:

DI. Monthly report of outputs and expenditures;
D2. Road laterite maintenance output report for 4-month period;
D3. Road asphalt maintenance output report for 4-month period;

D4. A set of 3 forms showing goals and actual accomplishments for
maintenance activities for each 4-month period;

D5. Output report for each activity for 4-month period;

D6. Report of plan and output for each 4-month period during the
fiscal year; and

D7. Listing of activities, units of work, and expenditures of
Central funds and Provincial funds for the fiscal year.
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This reporting using standard forms are submitted to the
Irrigation Regional Office for review, then the 0&M Division, Division

of Program Coordination and Budget, and finally the Director General.

C. SUBMITTING ANNUAL
MAINTENANCE WORK PLAN

Once the Maintenance Plan is approved, it should take a very short
time for the Project Engineer to submit the Annual Maintenance Work
Plan. The reason is that this document should have been prepared while
completing the preparation of the Maintenance Plan.

The format for submitting the Annual Maintenance Work Plan would
be identical with Submitting a Budget Request. There are numerous
standard forms that allow the various types of proposed maintenance
activities to be Tisted, such as sediment removal, repair of concrete-
lined channels, maintenance of irrigation channels, repair and
maintenance of pumps, sodding, earth backfill and compaction,
irrigation structures, weed protection, and maintenance of roads.

D. REVIEW AND APPROVAL OF
ANNUAL MAINTENANCE WORK PLAN

The review and approval process for the Annual Maintenance Work
Plan would be identical to the RID review and approval process for a

Budget Request pertaining to an operation and maintenance activity.

E. BUDGET CONTROL AND ACCOUNTABILITY

In order to document the costs of various maintenance activities,

it is very important for RID to have good records of the actual costs,

including the variability that occurs for each type of activity. This
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provides tpe necessary records for obtaining appropriate levels of
funding for maintenance at idrrigation projects. This type of
documentation is also very useful for future planning to improve the
maintenance at other irrigation projects.

There are many advantages in conducting the diagnostic "walk-thru"
maintenance survey, one of them being the more precise documentation of
actual maintenance requirements. One of the additional benefits is the
accountability provided by Tisting each maintenance need. The items to
be included in the Annual Maintenance Work Plan can be selected; when a
maintenance activity is completed it can be moved to the Maintenance
Completion List and the costs added.

This type of process documentation also facilitates inspection of
ithe work by the Head of Engineering to assure quality control in the
maintenance procedures and for the Project Engineer to quickly review
the progress being made.

The maintenance documentation also facilitates periodic evaluation
by RID personnel in the Irrigation Regional Office or the Operation and
Maintenance Division.

F. SUBMITTAL OF
ANNUAL MATNTENANCE COMPLETION REPORT

The "Annual Maintenance Completion Report" should 1ist each
maintenance need contained in the Field Notes appended to the
Maintenance Plan that has been corrected during the year, along with
the actual cost. Then, these results should be summarized onto the
same forms used in preparing a Budget Request for the Annual

Maintenance Work Plan.
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A discussion should follow on "Comparison of Actual Costs with
Estimated Costs. The reason for these variations should be given,
including if the reasons are "site specific" to the irrigation project,
or more general in nature that would also apply to other projects.

The next section should be on "Lessons Learned" during
implementation of this Maintenance Phase of the O&M Learning Process.
First of all, any improved techniques for accomplishing particular
maintenance activities should be presented in sufficient detail that
the information could be transferred to other irrigation projects that
might benefit from such information. Also, the lessons learned might
be with respect to administrative aspects of 1mplementation.

The final section of this report should be "Recommendations for
Improving the Implementation of the Maintenance Plan" When completed,
copies of the Annual Maintenance Completion Report should be forwarded
to the RID Irrigation Regional Office by the Project Engineer.

G. COMPUTERIZED MAINTENANCE
PLANNING AND REPORTING (COMPARE)

Obviously, the documentation required while implementing the
Maintenance Phase is quite substantial. Yet, if the Maintenance Plan
was prepared on the microcomputer, then all of the later reporting--
the Annual Maintenance Work Plan and the Annual Maintenance Completion
Report--could be readily done. In the near future, microcomputer soft-
ware will be available that will greatly reduce the administrative

workload during the implementation of this Maintenance Phase.
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Section XII

PREVENTIVE MAINTENANCE PLAN

By the time that the Priority Maintenance Needs have been nearly
completed, the irrigation project staff will have a very good knowledge
about the causes of maintenance problems, as we11 as the most effective
measures for minimizing or eliminating these causes. Because of the
experience gained at this point in time, preparing a Preventive
Maintenance Plan will be a relatively easy task.

This is a revised or updated maintenance plan that recognizes that
the deferred maintenance 1is nearly corrected. Therefore, the
irrigation project 1is ready to enter a new phase of maintenance
activity that will require much fewer resources. Another term commonly
used is Routine Maintenance. If there is a distinction between
Preventive Maintenance and Routine Maintenance, it would be that
Preventive Maintenance represents a minimized form of Routine
Maintenance because the deferred maintenance has already been
corrected, and many of the causes of maintenance problems have been
eliminated.

The greatest danger when implementing a Preventive Maintenance
Plan is the field staff becoming lax in their maintenance procedures.
If this occurs, then the maintenance requirements will begin to

increase again. Thus, a Preventive Maintenance Plan should anticipate

the procedures required to continue good maintenance practices, and the
Jevel of required resources is expected to be minimized, but certainly

kept adequate to maintain the irrigation project in good condition.
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A. PHYSICAL CAUSES OF MAINTENANCE PROBLEMS

Again, at this point in time, all of the irrigation project field
staff should know very will what the causes are for the maintenance
problems that they see. The presentation in section IV can be used as
a guide; however, the presentation in the Preventive Maintenance Plan

should be very specific to the irrigation project.

B. EXTENT OF MAINTENANCE PROBLEMS

This section of the Preventive Maintenance Plan should describe
what the anticipated, or expected, maintenance requirements will be for
the project after completion of the Priority Maintenance Needs. The
type of maintenance activities that will be required and the annual
magnitude of these activities should be presented. The magnitude of
each activity should be a quantitative listing for reaches of the main

canals, and for each lateral and sub-lateral.

C. MAINTENANCE EQUIPMENT REQUIREMENTS

The maintenance equipment available for correcting Priority
Maintenance Needs is expected to be sufficient for implementing the
Preventive Maintenance Plan. However, perhaps some equipment needs
special repair or replacement. Also, there may be some pieces of
equipment that can be identified which would make the Preventive
Maintenance Program more cost-effective; if so, then the justification

for purchasing such equipment should be presented.
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D. MAINTENANCE MANPOWER REQUIREMENTS

The expectations are that the Preventive Maintenance Program will
require less manpower. Certainly, all of the permanent RID field staff
will continue to function with the maintenance activities as before,
but the amount of time that they spend will be slightly less, and the
amount of time required for temporary employees will be less, and for
part-time laborers much less. The manpower requirements and annual
costs for the Preventive Maintenance Program should be presented, and
then compared with the manpower requirements while completing the

Priority Maintenance Needs.

E. MAINTENANCE REQUIREMENTS FOR WATER USERS GROUPS

Hopefully, at the time of preparing this Preventive Maintenance
Plan, the irrigation project field staff will have spent sometime
collecting field data in the tertiary systems as part of the Operations
Phase of the 0&M Learning Process. If not, then it is suggested that a
Diagnostic "Walk-Thru" Maintenance Survey be conducted on a sample of
tertiary system channels in order to make a preliminary evaluation of
the extent of maintenance problems and requirements for alleviating
these problems by the Water Users Groups. The Preventive Maintenance

Plan should discuss how the irrigation project field staff might

provide technical assistance to the Water Users Groups so they can do a
better job, if required, in maintaining their tertiary channels. Since
the tertiary channels are most 1ikely unlined, field data from the

Operations Phase will be very hg1pfu1 in assessing seepage and leakage
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losses, which would be indicative of the need for improved maintenance

practices.

F. ANNUAL MAINTENANCE COSTS

An estimate of the annual maintenance costs under a Preventive
Maintenance Program should be presented. The format required in

preparing a Budget Request should be used.

G. PREVENTIVE MAINTENANCE PLAN

Maintenance Issues

The maintenance issues addressed in preparing the Maintenance Plan
should also be addressed in the Preventive Maintenance Plan, which are:

& E]iminaiing sediment sources;

2. Reducing deterioration of channel Tining; and

-3, Minimizing seepage losses.

This section should state to what degree these issues have been
accomplished as a result of completing the Priority Maintenance Needs.
Then, the role of the Preventive Maintenance Program in addressing

these issues should be presented.

Preventive Maintenance Activities

A summary of Sections A, B and E should be presented. This would
state in summary form the causes of maintenance problems in the
irrigation project, the anticipated extent of preventive maintenance
activities, and the proposed program for project staff to provide
technical assistance to Water Users Groups to improve their maintenance

practices on the tertiary channels.
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(Maintenance o] lhe Huai Aetfg Reservoir System)

12,1 GENERAL E

Maintaining an irvigation systam means in general the repair
or replacement of deficient facilities, the Prevention or removal of
detrimental materials, and the control -of harmful processes, Proper
maintenance is one of the basic requirements for the successful
functioning of Ady drvigation system sines it not only results in
better service to the farmer but will also prolong the useful life of
the system. If maintenance is neglected, all efforts during the

design, the construction, and the operation will be wasted.

12:7.71 Pactors Affecting Maintenance Requirement

The requirement for irrigation systen maintenance depends
very ‘much on its design and method of construction. A careful design
will prevent or minimize failures of the various system components.
The construction work which lacks good quality control with respect to
soil compaction and concrete works will result in very difficult
maintenance work and the system may, inmn fact, require a complete

+

rehabilitation within a short time.

As soon as the operation begins, the system maintenance 1is
needed to counteract the negative effects arising from both the
physical phenomena and the users, System maintenance can therefore be
viewed as a restoring effort against external disturbances as
displayed conceptually in Figure 12.1

The disturbing factors which dictate maintenance requirements

can be divided intn two categories as folloys,
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PHYSTCAL. FACTORS SO0CIO-CULTURAL :ACTORS

= Structural Detarioracion - Water dispute and stealing
—~ Detrimental materials ~ Destruccion of system com—

— Harmful processes ponencs
- Low participatiocn in Q&M
- Weak farmers' iasctitucion

Oor none

IRRICGATTION SYSTZM MATINTENANCE

5y
RE
2 RT
RESOURCE AVAILABILITY MANAGEMENT
- Money ~ Planning & Programming
— Equipment = Oresapnizing
- Manpower — Coordimnating

FARMERS ' PARTICIPATION

— Labour/Funds

FICURE 1Z2.1 FACTORS AFFECTIMC ERRICATION SYSTEM MAINTEMANCE
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(1) Physical Factors: These include undesirable detrimental

materials brought 'into the system by some mnatural phenomena and
deterioration of facilities due to wvarious causes ranging from
physical to biological processes. A list of damage or defect due to
the physical factors is given for various irrigation system components

im Fable *=LZ.1E

TABEES} 2.1

DAMAGE OR DEFECT COMMONLY FOUND IN IRRIGATION SYSTEM

Description of damage Convey- BiEEie = Service On-farm
or defect ance and tures Road facilFies
Drainage
Canals

Deteriora- Crack, cavity R X X
tion Broken concrete X X X

Broken lining X

Loss of paint X

Loss of protective

surface X

Rot x

Corrosion X

Mechanical failure X

Loss of lubrication X

Loss of rip rap X X
Detrimental Silt X X X
materials Debris X X X
Harmful Settlement X X X X
physical/ Seepage X X X
biological Erosion X X X X
processes Local scour X X . X

Undermining X

Dislocation X

Weed X X X

Vegetation X 7
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These are normally well recognized by an experienced O&H

L 51
Fy

sta Most of the factors are related to the movement of water.

(2) Socio-cultural Factors: These are different from

project to project since they depend on the characteristics of wusers
which are usually not clearly understood. However, information from
other projects indicate the following to be commonly expected.

{(a) Water disgute and stealing.

(b) Vandalism or wilful destruction of ivrigation
system compoments due to lack of favorable attitude towards cthese
components.

(e Liow or no participation in gperation and
maintenance. For example, canal obstruction oF modification of
existing structure for fishing, damaging lined camal by letting cattle
.walk ACTOSS.

(d) Weak farmers' institution or none. The behaviours
described above are dependent wupon one another and * are closely
related to the farming practice of the farmers. Tf a traditional
farming practice is adopted, these unfavorable negative behaviours
will be " strenw. The change toward modern irrigated Farmiag 15 -
fundamental tequirement for the behévioural change favorable to: the

irrigation system maintenance.

12.1.2 Maintenance Components

Three maintenance components displayed in Figure 2.1 3ek

rs mentioned

e}

required to counteract the adverse effect of the two fact

above.
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(1) RID Resburces: These include annual funds, manpower,

and equipment available from the Roi-et REID . Office. Although the
policy of RID now gives increasing emphasis on O&M work, it is Sl
difficult‘to secure these resources from the government in sufficient
quantities. The constraint on this maintenance component should

therefore be recognized and considered conservatively in the overall

maintenance program.

(2) Farmers' Participation: Farmers who benefit from the

project are no doubt the most important maintenance component.  Their
participation can be- in terms of both labour and funds which will
supplement the RID limited resources: The fact that the maintenance
activity 1like silt removal can be done -manuallly %akes it most
suitable to utilize the locally available farm "labourt. After the
éﬁcome of each farmer has significantly increased as a résult gf “Eheir

i
l
yse of water for cropping, farmers' contribution in terms of

| .

i
maintenance funds is quite feasible.

Maintenance work will also be teduced through farmers'
cooperation in taking various preventive measures and in safeguardilng
the system. This tTequires that farmers have a good understanding

|
Sbout and favorable attitude towards the irrigation system.



=6

(3) Manmagement: If the two components above are regarded as
the ‘"hardware" elements of the maintenance program then management
is the "software'" element. It includes normal management activities
which enable other inputs to become effective, mnamely, maintenance
planning and programming, work organizing, and work coordination. A
major management effort 1is needed to integrate the farmers'
participation with the RID resources so that an effective and smooth
maintenance program can be realized. Evaluation of the present status
reveals that there is still much Toom for the exploitatiom of the
management potential. In particular, the management:skill of RID 0&HM
staff can be developed and increased through an appropriate training
program. Manpower development is thus the manipulatable variable that

will have the greatest impact to the overall program.

In summary, the maintenauce components which Tepresent
the restoring effort are identified to consist of good management,

maximum farmers' participatiom, and efficient use of the limited RID

resources.,
1.2 TYPE OF MATNTENANCE
For both the Main system and the On-farm system, two Lypes of

maintenance should be identified, namely regular maintenance and

emergency repair.

'2.2.1 Regular Maintenance
Regular maintenance consists of planned or scheduled
setivities which are periodica ly performed throughout the year. e

may be subdivided into two categories as follows.



(1) Preventive or Routine Maintenance: finis N eonsasEs oF

routine inspection for damage or defects which should be attended to
as soon as they appear. By applying preventive maintenance relevant

to each system component, potential problems can be dete:ted early

and solved at a relatively low cost since the tequired maintenance

effort will be generally small. Preventive maintenance also includes
various measures to reduce or eliminate possible major repairs, such
as:

- elimination of sources of sediment

- provision of surface and subsurface drainage where
necessary

- regrading road cross slope to let water run away from
canals

- sodding on berms to prevent erosion

- preventing wilful damage

- adding earth cover om culverts

- ripraping around bends and structures in ditches

- strengthening ditch embankments

(2) Annual Malntenance: This is to be regularly performed

during the close down periods between the irrigation seasons.
The main system maintenance may be done only once between the dry
season and the wet season due to the budgetary constraint. However,
some part of the works like silt removal in the upper reaches of main
canals should be planned with special arrangement fot farmers'
participation before the dry season. The result of an inspection
survey 1is used for planning and programming the required actiyikres,
materials, equipment, manpower, and budget. Examples of annual

maintenance are!
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- removal of sediment

- removal of weeds and vegetation

- repair and replacement of concerte lining panels
-~ filline of cawities

- embankment backfilling

12.2.2 Emergency or Unmscheduled Repairs

Sometimes damage to a system component occurs or is
discovered after the regular maintenance program is set. The causes
might be due to various kinds of unforseen events such as heavy rain,
floods, or certain accidents. The unforeseeable mature of such
natural phenomena makes it very difficult to take specific preventive

action. If the damage is serious such that the damaged componet

somses to oerform its normal functiem or personal security, safety of
property, O s?stem operation is threatened, then the appropriate
repair work or replacement should be implemented without delay. Since
some parts of Huail Aeng irrigation area, such as the lower reach of
LMC and BRMC, are flood prone areas, & special reserve fund or budget

allocation should be established for possible emergency repair work.

12.3 MAINTENAHCE ACTIVITIES

Some of the key regular maintenance activities required for
specifie system compeoments ats listed in Table 12.2
In addition, routine imspection for damage or defects shown

a5 a cheek list in Table 12 .1should be conducted regularly.



Te=s

TABLE 1Z2.2 SUMMARY OF KEY REGULAR MAINTENANCE ACTIVITIES

DAM AND RESERVOIR

Aquatic weed
control

Debris removal

Water quality
monitoring

Sedimentation
survey (S5-year
cycle)

Head gates
lubrication and
anti-corosion
treatment

Water hyacinth (most common)
= 15 ideal
lacrvae
- has an evaporation much greater than an

open water surface (approx. 2-13 times)

environment for mosquito

Floating debris may damage
works or block the flow.

hydraulic

To detect possible
mond tor salt comtent.

pollution and to

To determine the reduction of reservoir
storage capacity due to solid deposition.

To prolong service lives.

MAIN CANALS, LATERAL, AND MAIN DITCHES

b)

Bk

et

e

Replacement of
joints, damaged

L 3 « =1 amkba

Crack and cavity
rilling

Weed control in
joints and om the
concrete surface

Silt and weed
removal

Debris removal
Maintaining

cover on berms of
canal banks

gt’JSS

Embankment
backfilling

To restore proper function and to prevent
further damage.

To prevent further damage and eventual

failure o©ofF slabs.
Weed growth will
concrete slabs.

damage joints and

Canal discharge is reduced by silt and

weed in the bottom of canal.

Same as ‘for a.i. Debris may cause flow
to overtop canal liming.
which <causes

berm erosion

caral siltation.

To prevent

To prevent further major damage.



b.8 Cleanlng of filter
(weep holes)

c) DRAINAGE CANAL

c.l 8Silt remowval
c.2 Debris removal

c.3 Maintaining grass
cover on banks

¢.4 Embankment
backfilling

¢.5 Aquatic and earth
weeds Temoval

d) 0&M ROADS

d.1 Spot repairs and
compaction

d.2 Maintainimg proper
road cross slope

d.3 Grass cutting and
ditehing

d.4 Removal of debris
and obstructions

¢) BSTRUCTURES

e.l Removal of debris

=)

Repairing and
refacing broken
concrete

e,3 Recompacting earth
around structures

e.t Replacing broken
pipe

To ensure their proper function in
reducing sub-surface pressure which is
harmful to concrete slabs.

Same as for b.4.
Same as for b.5.

Same as for b.6

Same as for bL.7,

Weeds under water level will obstruct
flow. Weeds on embankments obstruct O&H
activities.

To prevent further damage

Road should always be graded so that
surface runoff flows away from the canal
to prevent inflow of sediment into canal.

To facilitate surface drainage.

To Facilitate D&M activities.

Debris in front of structures ikl

obstrict flow.

To prevent further damage.

To maintain structural stability.

To restore proper function



TABLE 12.2 (Continued)

e.5 Painting

e.6 Lubricating gate
lifting devices

f) FARM DITCHES

f.4. Silt and weed

removal
£.2 Debris removal
£.3 Maintaining

glrass cover on

banks

f.4 Embankment
backfilling and

strengthening

£.5 Aquatic and earth
weeds removal

Hy
o

Repair of gaps and
holes in the bank

f.7 Ditch reshaping

Lo 8
oo

Ripraping and/or
concrete lining
repair at bends
and structures

a=11

To prevent corosion of metal parts.

To prolong service lives.

Same as for b.4&

Same as for b.5

Same as for b.6

Same as Ffor bai. Embankment may need

widening or height increase

Same as for e.5

To reduce leakage and to prevent further
damage .

Restore ditech shape by maintaining
correct cross-section and bottom
elevation.

To prevent erosion.
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12.4 DIVISION OF RESPONSIBILITY
In principle, as much respomnsibility as possible should be
delegated by RID from its own staff to the farmers. This will not

only ease "the RID resource limitatiom problem but will also enhance
active farmers' participation in the mansgement of theix own
development process. There are, howwever, limits to the amount of
responsibility that can be fruitfully delegated to the farmers. The

most important factors are the farmers' level of education and their

I
economic status. |For Huai Aeng, the division of responsibility for
I

Ehe . 59

5}

tem maintenance which is similar to that for the system

operation is to be as follows.

(1) The Main System: The maintenance of main canals and the

main drainage canal, O0&M rtoads, and all related structures arce
the responsiblity of RID. The activities requiring omly labour, small
amount of materials or funds should be the responsibility of the Huai
heng field staff whilé those requiring special equipment, machine,
sizable amount of materials or funds should be the responsibility of
the 0&M staff of the Provimeial RID Qfifiece. The reservoir
sedimentation survey which is relatively costly is normally conducted

by the Hydrology Divisiom of RID in Bangkok.

~, (2) The On-farm System: All main ditches, Ffarm ditches,
farm drains, cross draims, culverts, and road crossing ate .the
responsibility of WUGs. RID is to provide support im terms of

technical advice, materials, and equipment.
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12.4.1 Respomsibility Transfer

The delegation of maintemance responsibility to the farmers
should be dome in stages and in harmony with their socio-ecomomic
stat's and technical know-how. By taking this approach maximum

farmers participation will be realized in a smooth and long-lasting

manner, For successful implementation of the propoced approach a
definite plan showing the schedule of responsibility transfer is
essential in the early stage of water users groups establishment. The
plan should broadly define key maintenance activities together with
their targeted amount of responsibitity to be transfered to farmers in
each year.

A responsibility transfer schedule showing annual targets for

some major maintenance activities is shown in Figure 12.Z

For simple- activities related to farm-ditch, like sediment
removal, the transfer of rtesponsibility can  be  Fully effected
immediately upon.the completion of rehabilitation. However, farm-

ditch repair/modification may be needed in the first year due to some
minor construction defects or unexpected floods and it will bDe
discouraging to farmers_ if Chey have fto deo the repalr work priarc  to
getting any beaefit out of the systenm. Some support from RID should
therefore pe targeted Eor this activity in the Eirst yedr. A similar
schedule applies for the main ditch maintemance gince the repait
works involve concrete technology and sometimes earth compaction which
are nortmally beyond the skill and economic capability of the Farmers.
For main canals, farmers' participation should begin with simple tasks
with emphasis on preventive measures, such as maintaining grass cover
for embankments, removing debris, and some portion of the silt removal

work.
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FIGURE 12.2 SCHEDULE AND TARGET FOR MAINTENANCE RESPONSIBILITY SHARING

YEARS AFTER REHABILITATION
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This = 18 r;commended for adoption as an initial plan only.
An evaluation program must be conducted annually to determine the
suitability of the plan in terms of farmers' acceptance, problems and

difficulties, and target achievement. The plan should then be

updated and modified accordingly.

12.5 MAINTENANCE OF THE MAIN SYSTEM

12.5.1 Planning Maintenance Activities

In order to formulate an annual maintenance programme for the

main system, the following steps should be taken by the 0&M staff:

1. dinspection survey for maintenmance work
2. estimation of quantities and volumes of work
3. costing and establishing maintenance priorities

Since the prepared maintenance programme needs to be approved

for = budeget aliccafion by Trrisation Regieonal OfFicel SNTRENS § = A
Ubol, a sufficient lead ECime must be allowed for a timely
implementation. The schedule shown in Figure 12,3 is recommended as a

guideline for maintenance programme at the end of the dry season.

12.5.1.1 Annual inspection survey

The annual inspection survey of the condition of wvariocus
components should be conducted. first by a team consisting of Huai Aeng
zonemen and assitants in October. .Upon the recedpt Gf the Tepert from
the Huai Aeng team, a special team consisting of the Roi-Et U&M staff

should be assigned by the Provincial O&M Chief to conduct a second

survey to inspect and verify major problems or damage.
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The survey by the Huai Aeng field staff should contain the
following details of damage or problems:
- the location
- ‘the extent or sSeveriky

- the nature and the possible causes

In order to perform this task effectively the team needs to
have the following:

-~ -maps,; lList of structures, design data

- survey tape and measuring tape

- small sign-boards to show damage locations

- RID,.standard inspection form

- field book

=  camera

- motor cycle

The manpower requirement is estimated as 10 km. length of
canal per .working pair (a zoneman plus an gmsdstant), o. % kd. per
person. This means 3 pairs of staff are needed as follows:

Pair 1 : LMC + Headworks

Pair 2 3 RMEC 4 Servicde Canter

Pair 3 : 2L-R lateral

The survey team should be able to complete their work within
one week. After the survey, the team should perpare a report im LWO

parts to describe:
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I. Silt-and weed problems in canals
2. Condition of headworks, lining of the main canals and the

lateral canal, structures, earth embankments, O&M roads,

the Service Center and other buildings incluaing

facilities in the buildings.

12.5.1.2 Work Quantity

The amount of work to be undertaken 1s in most cases
determined by visual inspection, followed by detailed measurement of
the volume, area, or unit lengths of each task. It has been found
that the field staff regard the estimate of the silt and weed volume

in the canal as their most complex and time consuming task.

D oo L wmal justificatian ta determine accurately the

volume of silt and weed in the canals. The survey should be regarded

a¢ an sopual  momiterlng wess@re to watch #6r any abnormality in

various reaches of the canals. Therefore, the survey method should be
very simple and fast with regard to both the field work and the
calculation work in the office. This will alse allow thersurvey team
to have more time to devote to the other bart of the survey which 1is
related to damage of concrete and earth components. The accephance
of low accuracy survey of silt volume is also related to the method of

its control and removal through farmers' participation described in
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The recommended method of survey and volume estimate is as
follows.

1. Mark on top of the canal lining with permanent paint at
an interval of 100 meters along the camal lemoth. = The “stacien
distance should also be clearly indicated. These marks are to become
references for the survey as well as for any other purposes,. The g
step needs to be performed only once in the first year; later, if the
paint fades, new paint can be easily applied with little effort since

there is no need to take a measurement.

2, Measure and record the thicknmess.of silt at the marked

stations. The volume of silt for each reach of length L will be:

1L
Yo = nl 24 = e Izt
2 1 2
where
Vs = volume of silt to be removed, m
L = length of the canal reach, m
= 2
A A= cross~sectional end area of the silt, m
1 “
For the canal reach having counstant section, we have:
L
R T O SR R G P o Tex 100 a2 )
2 1 n 2 n=1
where
A, = silt cross-sectiomal area at the marked location i
i
2
along the canal, m
Al, A = beginning and ending cross-sectional areas of sile, e
n
100 = length of 100 m between sections
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(m3)
DEPTH,D CANAL BED WIDTH,B (m)

(m) * 0L50 04, 55 0.60 0.65 0.70 695 0.80
0.01 0.005 0.006 0.006 0.007 0.007 0.008 0.008
002 Q.04 0. 012 0,012 0.014 00ty 0.016 0017
0,05 0.016 0.018 DS 0, D022 0.024 0.025
0.04 807 0.024 0.026 0.028 0.030 BEO32 0.034
308 0.029 0831 0.034 0.036 9,039 0.041 0.044
0.06 0.0335 0.038 0.041 0.044 0.047 0.050 0,053
0107 0.042 0.046 0.049 0.053 0.056 0.060 0.063
(.08 0.050 0.054 0.058 0.062 0.066 0.070 0.074
009 0057 0.062 0.066 0. 071 0.075 0.080 0.084
3 ) 0.065 0.070 0075 0.080 0.085 0,090 0 .095
Disded 0.073 B.079 0.084 0.090 0,093 §.101 0.106
Oigl2 0.082 0.088 0.094 0.100 0.106 0.112 0.118
0. 13 0.090 0..097 0.163 0. 2118 .1186 Qe 23 B i2s

v 1 §.099 0.106 G.113 0.120 BlL.l12? 0,134 QL 143
Qut5 0109 9 R D.124 .13 0.139 0.146 0.154
0.16 i s 0.134 0.142 0.150 G158 0.166
il 0.128 0.137 . 145 @154 1 5 g.171 0. 179
(et 0,139 0.148 0,157 0.166 B.175 0.184 0.193
0.19 &, 149 0.159 0.168 0.178 0.187 3. 197 0.206
6.20 0, 160 0,170 0.180 B.190 0.200 0.210 0. 229
0.21 U e Q.,182 0.192 0,203 QL3 Q224 0,234

| e 22 B l83 0,194 0.205 0. 2456 U 0.2 0. 249

? 0,23 0.194 0.206 IR Q.22 0.240 (232 0,265

1 170,26 0.206 0.218 0230 0267 0.254% 0.266 0.278
025 0.219 0.231 0. 244 0.25b 0,269 0.281 0.294
0.26 D.231 0.244 0.257 0270 0. 283 0296 G205
T a7 S a4 a_nsa o 271 0.9%28% n_208 i a0 0,315
0.28 0.258 Q.272 0.286 0.300 0.314 L2328 e
028 G271 0.286 0.300 e By 329 0.344 0.358
030 0.285 0.300 Bu 31 0.330 0.3495 0.360 a7y
(A 0299 g.231>5 . 3350 G346 0.361 G.377 0, 352
By 8.3l 0.330 0.346 0.362 0 38 0.394 0.410

| ¥ 9.33 0.328 0.345 0.361 0.378 0.394 0.411 0.427

| .34 0. 343 0.360 Q.37 0.394 D.411 0.4:28 0.445
0. 45 0.359 0.376 0384 (B 0429 0.446 0.464

| 0.36 0.374 G392 0.410 0.428 0.446 0.464 g.482
B.37 0.390 0.409 @, L2y 0.445 0.464 0.483 0. 501
0,38 0.407 0.426 0,445 0.464 0.483 (5018 0. 521
@ 0.423 0.443 0.462 0.482 0.561 g.52 0.540
0.40 0.440 0.460 0.480 0.500 i, 920 0l S0 0.560
(5% il 0.457 0.478 0.498 0 .519 0.539 0.560 0.580
0.42 0.475 0.496 OF 597 0,538 0.559 0.580 0.601

. 0.43 0.492 0. 514 0. 535 LI KT 0.578 0.600 0.621

i 0.44 0.510 6L 537 0. 554 0.576 0.598 0.620 0.642
0.45 Da 529 0551 0.574 0,596 0.619 0.641 0.664

NOTE A = D(B+ZxD)

Lot i'® 1.9
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T a5 Implementation EE the Maintenance Programme

Af ter the maintenance programme and budget has been approved
B R the O0&M staff need to take immediate actiom for the
procuremen; of necessary equipment and ..aterial. Every effort should
be made to secure labour from the local farmers in the project area to
reduce social problem and to sustain good relationship between staff
and farmers.

Good planning is particularly important in maintenance work
since the time and resources available for its execution are limited.
Certain work must be started very early and completed before the
beginning of the irrigation season while others may be carried out
later without too much disturbance to the water delivey operation.

The use of planning techniques such as bar charts is recommended for

the O0&M staff.

Acicerding o the cUnrent practice; repair work costing
400,000 Baht or more is carried out by a contractor. In Ehics Scases

close supervision should be maintained by the O&M staff.

During the implementation of maintenance and repair work, a
monitoring team should be set up from the Huai Aeng staff to control

and keep a tecord of work progress and various data useful for
feedback to the plannimg process. The items to be kept as records for
each task should include the following:

- the number of man-days

- the number of machine-days

- actusl quanbities of materisls

-~ gprfual Goit priess

4 =tart and fFinish dates
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= output productivity

- problems or difficulties

After the completion of the maintenance work, details of the
work undertaken for each System component should be recorded in the
maintenance record cards for respective 1items. These cards are

already standardized by RID and kept on file at the Provincial RID

Of Fica.

12.5.3 Farmers' Participation in Ebe Main System

As already explained in sections L12.1.2 ang 12.3.1 farmers'
praticipation in maintenance work of the main system should be
strongly encouraged and enforced at Huai Aeng. At present, it appears
impossible for the 0&M staff to carry out maintenance work at the end
of the wet season because of the need to get budget allocation through
RER O Since the months of November and December are at the start of
the RTG financial year, it is inconvenieut to get the budget through
the normal approval process. Yet, the need to carry out maintenance
work is sometimes critical, such as unexpected damage due to flood and
heavy rain. The amount of silt deposition in the canals is also
maximum at thi% time and, if not removed, may drastically reduce the
canal delivery capacity such that the dry season operation is nearly

impossible.

Certain Smergency repair may justify the usse of the

Provineial RID OFfice reserve funds but the silt removal is quite
o v o ke

costly and 1is normally not regarded as an urgent category of work.

Therefore, it 1is often deferred until the end of the dry season when

the budget is available.
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Because of the Problems discussed above, it is recommended

that farmers' Participation should be obtained for the Temoval of silt

from the .main canals and the lateral before the start of the dry
season. Two alternative approaches are recommended.

1. Maintenance work participation on gz voluntary basis

4. Maintenance work participation on a fixed fund basis

The first approach is recommended for implementation . Ehe
initial phase of the project. The second approach is Tecommended

later after RID can make an annual fund commitment on a regular basis.

12.5.3 % Participation on a Voluntary Basis

For this approach, the farmers provide free labour on a
volhntary basis to perform the silt removal while RID provides
contribution iﬂ.kiﬂi’ such as food, transportation, hand tools and
other necessary Buppsti.  Hemmmlly, 1t je quite difficult ta shrain
the desired level of participation and the volume of work completed is
relatively small, However, a test programme which has proved
reasonably successful at Huai Aeng in 1984 may be further developed

and expanded. The recommended Strategy is as follows.

“ TR
1. Select an important eccasion such as around the King's

Birthday as the period for maintenance action.

2 Conduct a campaign for participation through the WUGs and
1 ¥ 19 + by . o A

the Tambon Councils in the project area. Fhis showld stare

ip Ossobes to give adequate time for planning and

preparation.
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3, Organize g meeting of farmer leaders to select the target

canal reach. The reach should have a relatively severe. silt

problem. The upper canal reach should be promoted as having
. high priority. However, the decision should be made by
farmers. It is likely that a reach close to certain village

will be selected.

4. Establish the target output with the farmers concurrence. The
target shoud always be above that of the previous year.

5. <Goordinate elosely with the farmer leaders and village
headmen about the programme of the event. It should ba clear
to the farmers what contribution RID will provide, Farmers
who cannot contribute labour may contribute food or drink.

©. Arrange for publicity through various kinds of media such as
local radie, television, and newspaper.,

7. Prepare and secure all necessary support for the event,

i
=
(@]
o

as transportation, hand tools, and other facilities.

A special condition at Huai Aeng is that an Army Camp is
located near the project area. The opportunity is therefore open to
the RID staff to obtain soldiers' participation in this kind of labour
Intensive agtivity. The fact that the soldiers desire to establish
and maintain a warm relationship with farmers will help bo suppore

this concept.
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14323 Participation on a Fixed Fund Basis

The objective of this approach is to provide anp incentive for
farmers' participation not only in the canal cleaning but also in the
year-round éreventive maintenance. The concept is to get farmers to
provide labour on a reduced Pay rate while RID provides contribution

in cash on a regular basis. The strategy iz as follows.

1. Divide the main canals and the lateral into reaches by the
location of main ditches and allocate to each Main Diteh WUG
the maintenance responsibility of the reach upstream of their

main ditch.

o

Allocate a fixed fund to each reach for payment of latbour.
The amount of fund should be proportional to the volume of
S1it 10 the reach. The survey from previous years should
prowide saffictest infocmation For the delfetmingtion o fund
allocation, The total fixed fund for this purpose should be
determined by a policy set up by IRG 5 and Provincial RID
Office. The policy may, for eéxample, set a target at 50
percent farmers' participation and the budget 1is then

calculated as 50 percent of the cost that would inmcur if all

w

the' silt removal work was done on a normal pay rate basi
It is important that once the total fund is agreed upon the

same amount must be available SVEry year.
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OrganiZe a meeting of Main Ditch leaders to explain the plan
and to get a general agreement. Work arramgement is to be
the responsibility of the Main Ditch leaders who will have to
‘coordinate with their members through the chak leaders. After
the completion of work payment should be made to the Main
Ditch leaders who then distribute to their respective members
according to their appropriate share.

Since it is unlikely that funds will be available im November-
December, the farmers should be persuaded to perform the work
on credit. A justification is that camal cleaning before the
dry season will help recover the system efficiency which is
required for the dry season cropping. If they defer the work
uatil the end of the-dry season, the potential benefit from
the system will be lost for one season.

Explain to the farmers the various preventive maintenance
measures which. they should adopt throughout the year as an
attempk g rveduce ghe 8ilc inflew into the cansl; such as
keeping good grass cover along the embankment. It should be
clear tg them that the preventive maintenance will reduce
their silt removal work while they still get the same

payment.
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3 Str;ngchening management capability of WUCs. All the
chak leaders and the main ditch leaders should be trained to develop
skill in planning and organizing for the farm ditch and the main diteh
maintenance, respectively, In* the early stage, RID staff should
assist them by participating in all steps of works to build up
confidencg among the leaders.

At present, WUGs perform maintenance work 2-3 times per year,

Attempts should be made to ensure this level of maintenance frequency

18 the future.

SL 2.2 EQUIPMENT
Several methods can be used for the maintenance Wworks, but
the first decision is whether it should be manual or mechanical. The

availability of local labour and the RID funds are the determining
factors, For the project condition, low cost technology based on the
manual method should be adopted. However, it is recommended that the
Provincial RID Office should secure the equipment and hand tools shown
in Table 1£.4 as support for an efficient maintenance service. These
equipment and hand tools can also be used in other projects in the

province.
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TABLE 12.4 PROPOSED EQUIPMENT AND HAND TOOLS FOR

OPERATION AND MAINTENANCE OF HUAI AENG

__...._-—___..._.__.-.___-.-.._—.-_____...-.—__..-..-.----.-._-..___...-_.__..____-..___._-..__.___.__

Description Capacity No Unit
Ly
Required Cost
(Baht)
1. Flat-bed truck 4-wheel i 410,000
90 HP
2. Dump truck 6-wheel 1 470,000
120 HP
3. Farm tractor i 600,000
Front-end blade
4. Air compressor 30 cfm 1 180,000
with 1" Jack hammer
5. Pick-up truck 1 tom 1 150,000
6. Plate vibrator 5-8 HP | 30,000
3
/. Goncrete mixer 0.1 m 1 35,000
8. Motorcycles 106G e . = 22,000
9. Walkie-Talkie 2 20,000
3
~10. Wheel barrow 0.5 m 10 1y 300
11. Biel 10 200
12. Hand shovel 6 120
13, Hae 20 40
14. Long blade knife 20 30

15. Hand bucket 100 635
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Irrigation Purposes as Nested Means and Ends
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Intfermediate 2: Sustained ( Increased
Increase in ! Incomes in
Agricultural Rural Sector
Productivity | ook
Intermediate 3: Increased | Rural
Incomes in Economic
Rural Sector Development

Ultimate : Rural ((1) mproved |
Economic Livelihoods of
Development Rural People

(2) Sustained

Socio —economic
Development for
\Entire Economy |
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(Performance Indicators in

Irrigation Management)
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tion of Indicators)

ATTTUULAMINANITYINIUDIAULLA
aanilu 3 Ussinnada (Bos, M.G., and et
al., 1993)
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(Hydraulic Performance Indicators) a4
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winaufiazdaddetarralsenusig g
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wdaaunearnsinatvNisaN

23195 ?m“nm:ru

1.2 ATTTULAAINANIINITINBAS
(Agricultural Performance Indicators)
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46 IAINTTHANT WD,

2. A59uTLANNHANINMULAAIEAS
(Hydraulic Performance Indi-

cators)

Tuntsdssiiunaeaanisaaunlu

sTUUVAN (Main System) nauiazdaly

\NHATNIVTBNGHINEAINT wfimaifuan
navingadians (Hydraulic Performance
Parameters) @7 soutiaznlen du 4 nfiu
'“'r*'an AudnnUszasAraanisns .‘mm.,mﬂ

snndudanty

Delivery Performance Ratio =

o LR AT ANFN AT LN
Linsquininfigesaunssna uashddliiu
“?“;E-‘i’N"] Tl ATINISATIFNULEUNTBIUANAN
qanunuinnaldiandanyidla (ML 1989)

Delivery Performance Ratio =

2.1.2 uUsz@nsnn (Efficiency)

Overall Project Efficiency -

p omd 5 -y
aun 21 dgesny 2537

2.1 mesTiinisdaun (Conveyance
Indicators)
m’.‘ﬁﬁué’nmqmﬁn*?&ﬁwﬂﬁﬁmW
sruuTRLTEmUA Mgl AN LaY D4
uld aefi vzl ainns i annuanisdata
Fhudsrandu asrriifnanmansdailus
sarmaniTenAoylaun
211 ASTETUWARINANITAIUN
(Water Delivery Performance Indicator)

Wusssetinuanlsuufaussuiniennig

v

AndmTaL intlUiHA\Lfﬂ"” 4 Bawandlug

Wl

210 3GIN” |? friﬁl 11.

Actual Discharge

Target Discharge

Nl assrinanuanisasinlugaiaand

(ﬂ" -lnqlalr:ﬂl .

$1IUIUNNTU "ﬁu

\,\

&

‘/ILEﬂ““’lﬂ’\TWQL’]CﬂQL

Actual Volume

bR (2)
Target Volume
wdanju
Crop Water Requirement (3)
Total Inflow into Canal System
Total Outflow from Canal ()

Conveyance Efficiency -

Total Inflow into Canal
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Distribution Efficiency = Ficld Level Delivery

Total Inflow into Canal System

. - 8 i
Field Application Efficiency rop Watcr Requirement

Water Delivery to Ficld

2.2 p9771lin15U1995N8Y (Mainte-

TWaiansang g ayluanmwildauls ua
nance Indicators)

A o
tWas F’:ﬂﬂq’l'Isl‘i"‘ﬁﬂ'»&”iﬂ"]‘r‘i“kf"‘.?ﬂﬂ m_nh?

n’n‘rm?q*r‘mmmfmwn ”NFW] YUz DeY m"mvmmw f9n ArTaRuAng

P~

@At 3 UszmisdAe Rernulaeady e nmmsgainsiidanglaun

5 No. of Functioning Structurcs
Efficiency of Infrastructure = i

Total No. of Structures

lumrdssifuaarlddnisdngay arsrifartsuliiudinin uy
mw"hﬁm'ﬂmmm*‘ Wy aeslunAaey wlaagus F1INUUG AUANUALlunIslua
mmmm m ALY UTE )@'Lf’lttﬁ”ﬁlm’}:ﬁ L'j BIANNNITANALNBUNAENITAAT S A D
Tuusazreay

Actual Scepage Rate
Scepage Loss Ratio = )

.......... 8
Target Scepage Rate (8)

e , Actual Water Surface Elevation at FSD*
Water Surface Elevation Ratio =

Target Water Surface Elevation at FSD

frrzsnigalundwumng (FSD Jfunaniidaannidelid nramadalzz-
Elevation) uamalanizanasnay damndn ?: BHATBINTTA: -fﬁ:?.afiwﬁmwxﬁwﬁmﬁiﬂm?
wamatiannTiam drsdiunagnilumrufiRnu arselifuan
2.3 arsrHuaAnIUsEANENINNa T Usednsudeainas mxfnﬁehf?rm:m'woﬁq-'@
FI"I‘.:‘?’i'd‘lf"l (Utility of Water Supplicd) 1URa
arsviinsdaimuiingnaudalyl 2.3.1 H'nmﬁﬂdwa(f\dequwv)
Taasiaulifiudalseanduaronisdatig o Levine (1982) tausaunisiuany
inmrns AT R NUATUABINITUAS tARumwalunisdainia

*FSD #a Full Supply Discharge
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i Irrieation + Rainfall
Relative Water Supply o rigation ainfa

Evaporation + Seepage + Percolation

svaviaanTimnnzadlunirsudiv frunmasnsliamnsoasaniuduilalsagls
AN EINETRINNTIAUTEYM A 1 FEU *,ffxﬂ:".;i'nms"nfmq'.'.,mnfmmmun'lwvimv
yaansgain Jaenadlu 7 Fu vide 10 A alsl

2.3.2 ﬂ'}’lng‘aaa‘lﬁ (Reliabil- Palmer (1990) war Permer et al.
ity) (1991) LAUA ANNITLUNITATUITUNIANH

A afieldaaandaintudng Hedolduaamsrarszmusi

ATNAT A BN N AN EATNTUA L ABHANGR

s Volume Delivered x Actual Duration Suppl
Overall Reliability - & n Supply

Target Volume x Target Duration Supply

2.4 pesgilnanadana (Equity and \NEATNIYNINUEENINATUATYABTITHAZABA
the Achievement of Water Allocation finAnadAiINAR AN AT TE AN

Plans) a:aN® D9 Abernethy (1986) aualimail
aNTAIU "“T.ﬂnﬂ:::'iaﬂﬂﬁmmh

e ; _ Average DPR of Best 25% of the System”
Modilied Interquartile Ratio =

Average DPR of Worst 25% of the System

ywramsiiouivioua ﬂ'"Lmnmq”m’nmwmﬁmﬂ‘:‘ﬂfaumuﬂmu syneinlaiy (Vander
Velde, 1991)

Average DPR of Upper 25% of the System

Head : Tail Equity Ratio =

.......... (13)
Average DPR of Tail 25% of the System
» s A L )
3. A55URLAATHANINLNEAS wiamudnaiZusgiusiaNouaznimani

: wnstaniduaiany
(Agricultural Performance In- 3 ¥

- ch ok %
3.1 AST1UNUN (Area Indicators)
(g unnTATaAd AR Wit LGN
mrUssiukarainisntalssniu

o ANMUNLLUIaINTTINNElgan  (Cropping
RANITINIZUEN ANSARWYINLUTIENANIR

dicators)

Intensity) LAYAINUUILLUYDINIT DA -

*~ DPR = Delivery Performance Ration
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Uszvnu (Irrigation Intensity)

Mao Zhi (1989) \@UanTssh 2 A9
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An

: Actual Arca
Irrigated Arca Performance mfosse i o (14)
Target Arca
was
] . Actual Cropping Intensity
Cropping Intensity Performance = L </ (15
Target Cropping Intansity
3.2 ATTTUNANAR (Production Indicators)
' - - 1 i - ' A ' v
Aunuandnin nananfals warkananfanilamiiuin
. Total Production ;
Production Performance H ] e e (16)
Target Production
) Actual Yield ]
Yield Performance = S ()
Target Yield
o Actual Water Productivity )
Water Producitivity Performance = @ —uow—uw (18)

4. ASSALUAGAUANIIATULATHS
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MONITORING PLAN FOR OPERATION OF THE MAE NGAT AND MAE FAK IRRIGATION SYSTEM

22 May 1992

INTRODUCTION

The Mae Ngat reservoir was completed in 1982, In addition to increasing
the area irrigated by the former Mae Ngat weir, the reservoir allowed excess
water in the rainy season to be stored for use in the dry season. Water has
been sufficient to irrigate dry season Crops in Mae Ngat and also release
water through the hydro-electric generators for dry season irrigation in the
Mae Fak, Mae Ping Koa, and peoples irrigation systems along the Mae Ping River
near Chiang Mai city.

Because of the severe drought in 1992, a new policy was put into effect
that reallocates some of the water gtored in the Mae Ngat reservoir to the
Central Plains of Thailand. The new policy stipulates that compared to 1989
when the reservoir was full at the end of the rainy season, 50% less water
will be released to the Mae Ngat and Mae Fak irrigation systems. The policy
also states that priority will be given to hydro power generation.

GOALS FOR OPERATION OF THE MAE NGAT AND MAR FAK IRRIGATION SYSTEMS

The new water allocation policy initiated by the govermment shifts the
water availability status from "water abundant” to "water scarce" in the Mae
Ngat and Mae Fak systenms. This calls for modification of the operation and
maintenance plan for the systems. The goals of the systems have been revised
so that procedures for operation can be clearly specified. The new goals are:

Optimum water use through:

1 Improved irrigation efficienc&,
2 pPromotion of crop diversification,
3. Introduction of deficit irrigation, and

4, Equitable distribution of water.
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REPORT ON

DESIGN COF MONITORING SYSTEM

FOR

MAE FAK - MAE NGAT 1RRIGATION PROJECT

ADMINISTRATION / ORGANIZATION , FINANCE
AND WATER USER GROUP ISSUES

BY
GROUP I.

Dr. Varawoot  Vrdhivanich Thailand.
Mr. Vitoon Thit itanapak Thailand.
Mr. Carlos M.Pascual Phillipines.
Mr. Margasito Cabadan Phillipines.
Mr. I Gde Pitana Indeonesia.
Ms. Ermaveni Djchan Indonesia.
Dr. David Groenfeldt USA.
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1. DESCRIPTION OF PRESENT MONITORING SYSTEM

1.1 ADMINISTRATIVE / ORGANIZATION

There are 8 government officals and 179 employee working on the

Gect right now. 50 employee are working in the office while the rest,
12, working in the field. Most of the 129 field employee are assigned
fo the maintenance works 1including repair and rehabilitation of the
canal lining and control structures.

There is quite a well-defined project organization for Mae Fak -
Mue Ngat irrigation project as shown in Figure 1. The job description of
each function or staff of the organization is defined in general as shown
in Table 1. However the job description of the project staff is not

specific enough to give a good quideline for effective management.

Project encizeer only cvaluates his staff annually based on the

personnel record of each individual provided by Administration Section and
task performance according to his judgement.. This task perfcrmance
evaluat.ion is done twice a year. The amual staff performance evaluation
aims to identify the top ten hest performance for special double annual
promct.icn, not really for improving project performance.

Meeting among the project staff (only government, officials) 1is

held before starting of the irrigation season to plan for water

)

z1location and delivery. During the season, the meeting may be held as

ed arise, but these is no regular meeting.

‘[‘.

1.2 Project Finance

The project 1is whely f inaned by the gocvernment budgei. The

LiJ

jaudget, fiscal year is from October to September. Engineering section
prepueres the required dﬁnual budget. including the following items:

- Estimated Repdlr and Rehalilitation costs

- Management Costs

- Salary of the government officials and Employees.

The estimated annual budget of the project is proposed to
e <ional office No.1 during September. Where the budget can be modified

lefore it is sent to RID (Bangkok) and finally to Ministry of Agriculture

J*¢

arnd  Agricultural Cooperatis Cabinet and Parliament.. It takes one year

Lfore the requested bedget is authari:wi.

[P S o
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General Job Descriptions of Project Staff and WUG

Staff

Job Descriptions

. Project Engineer.

Manage the project.

Administration Section
Chief.

Assist the project engineer on the

administration of project perscnnel.

Engineering Section

Chief.

Assist the project engineer on budget planning

and control.

O & M Section Chief.

Assist the project engineer on planning for

operation and maintenance of the project.

Water Master

Plan and supervise zonemen in the field of
0 & M works in his command area.

Zoneman

Plan and supervise Gate Keeper and Cannal
tender, collecting and reporting the crop and
water delivery data.

Gate Keeper

Open, Close and adjust the gate opening.

Canal Tender

Clean the main canal at 2.5 Km. per each person

WUG Head

Supervise and coordinate the farmer members on
use of irrigation water and maintain the lateral

coordination between officials and farmers.

Assistant of WUG Head

Assist the WUG Head in the water of delivery and
maintaining the lateral coordination.
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it the beginning of the fiscal year (Octobery, the project by
enginecring section will design an annual plan to use the budget. The
amount  and period of budget to be used must be identified and submited to
the PBudeet. Bureau. The Budget Bureau releases the budget 2 times a year.
Each covers 4 months period; October - January, February - May, and June -
Septenber.

Eucineering section uses Gant Chart to present. the annual plan
for using the budget and the actual disbursement is superimposed on the
planned to see the deviation between the planned and the actual. Usually
the budget. release is a few month late from the planned besides the

release request is given a few month in advance.

1.3 Farmer User Group Issues

-

at, the present time, there are water user groups exist. in both
Mae Fak and Mae Ngat Irrigation Project. The degree of farmer
participation and organization of water user group is different between
those in Mae Fak and those in Mae Ngat area. The main cause of the
differences is the way the projects were initiated and developed. Mae Fak
was transformed from an old trgditinal project constructed by frarmers
more than 60 years ago. While Mae Ngat is a newly developed project by
Royal Irrigation Department. Farmers are more actively participate in
canal  water distribution and maintenance in Mae Fak Irrigation Project
than in Mae XNgat. .

There are rules and regulations established indepandently for
each water user group. However the main rules are quite similar. There
are rules Lo fipe ¢penalize! Lhe farmers who do not obey the rule for
exanple not. participating on seasonal canal cleaning ; stealing water,
etc. The leader of WUG is elected by farmers and usually the term of the
leader is very long. Many of the WUG leaders are the village headman or
local administration people who are very respective people in the
ares. The WG leaders select their assistants as needed. The responsililily
on lateral canal water delivery is dicided in terms of area.

There are seasonal meetings Jjust before starting of the growing
season. The main issues discussed in the meeling are schedule for canal
cleaning, crop types and area to be grown and rotational schedule.

vnrmers pay service fee to the leader and assistants seascnally
‘wet, and dry seasons' based on the growing area.

Nething is  being monitored systematically on the farmer user

sroup iss  oid from farmers’ .4 project side.
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2. ASSUMPTIONS

Analysing the present situation of the irrigation system along
the Mae Ping river brin, speciaely Mae Fak & Mae Ngat irrigation systen.
A new of monitoring system is hereby introduced. The newly-developed
monitoring system is established base on the following assumption:

1. The goals of the irrigation system are changed or reoriented,
namely the above mentioned goalss;

2. social - economic setting of the Mae Fak system do not
change drastically;

3. Agricultural sector shall dominate the economy of the
villages where the system 1is located (most of the villages depend on
agricultural production).

4. Rice sufficiency is no longer the highest priority of the
irrigation development ;

5. The policy of operating the system is not delivery driven by
the central government; and

6. FExisting indicators are not permanent. Addition and adjustment

may be necessary for future applications.

3. NEW MONITORING PLAN

3.1 ADMINISTRATION INDICATORS

The set of administrative indicators presented here do not claim
+

completeness. iddition and adjustments may be necessary for future

applications in Mae Ngat./Mae Fak Irrigation Systems.

2.1.1 Tarset: Monthly meeting with well-kept minutes.

The conduct of regular and well-attented meetings provide a
venue to discuss relevant/substantiate issues regarding the over-all
operation plan to achiove the goal(s) of the project. The regular
meet,ing will somehow be a problem-solving session, review of past, revise
the present and plan future activities.

High attendance of staff in the monthly meeting is considered
necessary to ensure the apootlh functioning of the administration during

the season.
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Data Needed / Measurement. / Processing and Communication :

Minutes of each meeting will be recorded by the assigned secretariate
t.o keep track on various activities such as attendance, number of meetings,
resolutions in solving problems. Corrected and certified copies of
minutes will be furnished to all concerned staff for reference and

information.

2.1.2 ‘Target @ The administration perceived division of
responsibility. This pertains to the specific job description, hireling of
qualified staff to do specific tasks assigned to him/her. The division
might be based on the area, linear length, number of structures and
equipments used in the project.

Indicator : The indicator gap and overlap measures personnel

capacity on the specific tasks given to him/her.

Data Needed / Measurement / Processing and Communication : Thus written

accomplishment reports should be well accomplished by each assigned staff

to be submitted to the immediate supervisor for record keeping.

%2.1.2 Target : The Administration should look into the promotion of
the staff based on their performance. This provides an incentive to staff
with excellent or very satisfactory performance. This might. as well
encourage low performing staff to improve themselves. If individual

evaluation provoke some problems, team work evaluation should be followed.
Indicator : Task/accomplishment should correctly stated the
various activities done by the individual or group. Honest and integrity

of work done may reflect good values of concerned staff.

Dat.a Needed/ Measurement/ Processing and Communication : Annual assessment

of performance among personnel/group should be accomplished by each
supervisor to their subordinate(s) and endorsed well-performing staff to

the head of agency for due consideration on their promotion.
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3.2 FINANCE INDICATOR

An issue encountered in this aspect in the implementation of

he irrigation system’s programs and projects were the delayed release of

fund, and the reduction of the amount approved by the Budget Department

as compared to the original budget proposal. Encountering this situation

may affect the agricultural cropping pattern and product.ion, and also, may
not attain the overall system’s Goal.

2.2.1 TARGET/STANDARD Under the new moritoring scheme of this
aspects in the system emphasis will be focused on the amount and timing in

the release of fund to the project office. The purpose of this target
is to level on the approved budget with that of the proposal submitted by
the project office.

Releasing the fund on time and meeting the fund requirement as
proposed will provide more benefits to the eud users, and the attainment of

the systems goal.

INDICATOR : Deviation and time of release of fund was considered
to be an indicator in this aspect. This is useful as a basis in moritoring
the actual fund releases versus the amount programmed for the project
activities including the timing. On this matter management may as this for

the svstems realistic operation base on the financial resources available.

MEASTREMENT OBSERVATION/PROCESSING : The information related

+o the aforementioned indicator can be gathered by gathering it every
four months in a year. This can be collected from the disbursement record
of the Accounting Section and through the actual finanial performaince in
the field.

The information is then being compared by the Engineering Division
with that of the programmed amount and post it in the bulletin board

for public consumption.

INFORMATION COMMUNICATION @ Actual fund disbursement chould be

processed in the accounting section then submit it to the Encvincvering
Division for analysis and comparison to the programmed amount. This
imformation will be feedbacked to the Project Manager through staff

consullaliocn mesting.
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3.3 FARMERS’ ORGANIZATION

3.3.1 Target @ Effective Water users’ Association

To support. the goal of irrigation system mentioned above,
partnership relation between RID staff and farmers group benefited from
the irrigation system must be effective. The effective WUA will enable
the WUA to manage the irrigat.ion system.

Indicator : Several indicators can be seen in monitoring the
effectiveness of the WUA namely :
. Regularity of meet,ing

_ percentage of members attending WUA meeting

a
b
c. The success of discussing substantive issues
d. The ability of WUA in minutes keeping

e

. The regular election of WUA leaders.

Data needs, measurements and frequency : Data needed in relation

to these indicators include the regularity and frequency of meeting
conducted Dby the WUA in a season 5 number of members participating the
meet.ing out of the total number of members; whether the meetings are able
to discuss the substant.ial issues sucessfully and acceptable for the
majority of the members; the ability of WUA official to write down the
meeting minutes and have them well kept s and the regularity of WUA in
conducting chairmanship election. ]

_ These data can not be neasured directly. Method of fered/suggested
to collect these data is observation, interviews with farmers leaders, and

document./record examination. This can be done seasonally.

Processing : These kind of data do not need indepth analysis
as long as monitoring 1is concerned. They only need comparison to the

standard set for each indicator.

Comunication : Results of monitoring process must be comunicated

to the manager before to the planting season comes.
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3.3.2 Target: Effective conflict resolution

Inevitably, conflicts always occure 1in every organization. So too,
for WUAs. Conflicts, at some extent, might bring the organization dynamics.
However WUA has to have mechanism in overcoming conflict occured among

the members.

Indicators : Indicators recommended in monitoring the conflict
resolution are :

a.) The ability of WUA to record its activities, labour used in
any activities, qumber of present and absent members, and
financial involved.

b.) The ability of WUA leader to record water allocation,
cropping pattern, and cropping intensity of its individual
members.

c.) The ability of WUA leader to monitor the field condition of

he farm.
d.) XNumber of conplaints and number of problems solved.

Data needs, neasurements, and frequency : In line with the

indicators proposed, data needed include records made and kept by WUAS
leaders 1in every activities done, i.e. record of labor used, record of

income and expenditure, record/minutes of agreement, records of rules
violat.ion and 1ts finess; record of individual cropping pattern and
:+v: records of water condition both at farm level and
canal level; and record of conflict and their resolution.

These data obtained through interview with the leaders of WUAs
and examination of record kept by WUAs leaders. This should be done seasonaly.

Processing @ Data processing is done qualitatively.

Communication communication of the monitoring results have Lo

be done at once, to give chance to the agency concerned to plan the guidance

needed for WUAs.
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3.3.3 Targel: Farmers art.icipation in O and M.

High farmers participation ensure the better distribution of
irrigation water, to be more equitably and smoothly distributed. It
will increase the planted areas and the production. Frequency of gontlich

can be reduced because the more equitable water distribut.ion.

Indicators :
- farmers involvement in decigsion making process and in the
implementaion of the decision;
— farmers involvement 1in canal cleaning;

- regular discussion of irrigation by the farmers.

Measurement./Observat.ion @ Interview and record examination.

Processing Descriptively analyzed.

Communication : Monthly report.

o)
(%]

.1 Tawcet : High women participation.

women come to know the general picture of the WUA activities and
the role of irrigation service. This 1is important because plant grown in
the irrigation area 1is usually decided by housewife. At least, the wife
is consulted in this sense.
Indicators :
_ Increased women participation in irrigation activities;

— Women attend the WUA meeting and discussion about irrigation.

Heasurementfobservatiun : Observation and record studies.

Processing Descriptively analyzed

Communication = quarﬁwrly report.
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Tarcet : "FARMER RESQURCE MOBILIZATION" such as farmers

experience in 0% management, farners used to give cooperation in cleaning

. .

canzl, weed cutbing Ubat couvey vater Lo the field on olie ang &s
they required.

In doing so they might raised problems and introduce many methods.
local community have their owm customs and traditions sonlve their own
local problem which may not. the same with others. In order to improved the
irrigation efficiency we much look at the appropriate method that will
achieve and fulfill the gap if they have

Indicator = In Mae Fak and lMae Ngat Irrigation Project
mosi, WUAs  have no fund to be used in the O&M work. They always utilized
farmer labcur which may seen the waste time. If WUA hav e their ovn fund,
machine may be lead to support the oM work. And farmers will have time
to take more income In any way. wUA should scnerate fund through
conlribution from the member to set their own fund.

Data Needed /Measurement /Processine /Communication Irrigation

Project Manager and staff should be involved in convincing wUA to set theilr
own fund. If WUA can achieve 0wM activity in their respond area,
it will decrease RID  resources in OwM work at on-farm Jevel. And
utilize it in anothetr useful way irrigation project. The Manager can
monitor this target by looking at, the Wuas’® activity record, their
account  books and ohservation in the field. 1t’s better to monitor this

issue twice a year hefore cropping.

2.3.6 Target = "EFFECTIVE AGRICULTURAL PLANNING" The main goal
of RID is to provide enough water for sufficiant agriculture use and
increase the income. presently as we know the wvater in the dam seems to
have less volume. So, RID try to increase irrigation efficiency and
encourage farmer to efficiency use of water could be attain in asriculture.

1{ farmer can do that the higher production.

Indicator © Farmer can find their agriculture situation by
looking at the -=iio of previous record of cropping P pattern and other
input used.
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Data Needed /Measurement /Processing and Communication: Irrigation

project. staff should give farmer the Imowleage how to use of cropping
data. And should monitor at least once a year in the field. Also on the

cropping’s record to mouitor if the farmer is achieving an acceptable leves.

4. TFRecomendalion

For safe record/data keeping, eary retrival and accuracy of
datahase in the whole system, & Management. Information System (MIS) unit
in the administration should be created or formed. he MIS unit will be
the central data bank/library of all collected data, records, operational
seasonal maps, operatlons manuals, minutes of meetings, annual reports and
other.

A1l other pertinent data collected such as irrigation deliveries
will be stored, control of quality and process of data, if necessary;
agricultural data vhich pertains or needed in the project will be filed.

he MIS unit will be backup by trained personnel in database
panagement using conputers for easy handling of large volume of data, fast
operat.ion and ready reference of informat.ion.

To make the inforation by the decision maker ¢i.e. the project
engineer) or snterested staff, there must be continuous information flow

to the P.E. This can be done throuch regular meetings.
= &
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1. PRESENT MONITORING SYSTEM

1. Planning on System water Delivery

The system’s irrigation vater delivery planning process start in

the irrigoation systen’s  office, which among other considered the
ovnilable water supply to the irrigation system. The project. of fice staff
pade  Lhe  initial plan based on the water duty of 0.00017€ cu.m/sec/rai or
eqquivalent to 1.1 1i/sec/ha.

LetLer is then sent to the leader of water user'group (WLGr, after

vhich econsultation within the WUG is made by the leader. In turn, the

leader . subril the WUG consensus to the project office resarding the
vater allocztion plan for each of the 16 leterals. After consolidztion of
[}

Lhe responges wade by the WUG leaders, a meeting between the project office

cbaff, lewler of WUG and the district office staff is held to finalize the
plan.
o, Main Svstem

The gate in each of the 16 laterals is heing managsed by the

it, upon the instruction of his water
master WM. The GK also records the discharses twice a day and report it

satekeeper Cho who panipulates

Lo the project office. The project of fice staff consolidate the reported

discharges ond compare it with the targets, then submit @ report to the
regional office.

To prevent over topping of the main cznal™MC), 5 straleg
along the MNC were selected and monitored 1its elevation 2 times a day

during dry season oOr every hour during the peak rainy season. These are

l»2ing monitored and  recorded by project office staff and spbmitted
cocnest, at. the project office.

Rotation wulong the MC is also being followed. Wwater is being
ullocated for 3 days in laterals 1-9, and 4 days allocation

10-1C.

in laterals

2. On-Furm Level

Tk e AL ot g Bk Aan it hin tho la orale ie_tha roeTrre s bl T b e Lho
a3 63 AT AL S Y kA LIRS LEuTs mas 18 T ha Moel ndlesary B MeE

wUG, - through their leaders. Farmers condition of their field water status
vill be reported to their leader and the leader will report. it the zoneman.

The zonewman checks equity of water allocation among farmers within
the laterals as well as consolidate reports and submit it to his WM.
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1. Maintenance Aspect

Maintenance of 1rr1ﬂatxon facilities ulthln the“ lateral is the

sspensebility  of the  WLG. However, Zoneman also monitors the

ruachicnality of these facilities and stiruclures wilhin Lhe lateial aad
along  the MC and report it to the project Enginewr. The Project Enzineer,

throush  the  Englneer section check reported problens and provide
appropriate ack lon.

[I. ASSUMPTIONS FOR NEW _PLANS

L owater supply  adequate to serve the total command area for padldy

durin:s rainy seis0n
2. purinz the dry season, =04 of the 1089 water supply is available
4. No puddy rice during the dry seasou.

1. For field crops, CwR andd related doata are available

ITI. NEW MONITORING PLAN

'T‘\

& most important tarset. for water management aspect is amount of

water supply o be allocated into all the lateral canals in the

irrigution  ossbeu. The amounts of discharge from the main canal to flow
into any loteral enn b planned by esaleulating from the irrisuted area
and  wabter dity chich depends on Ccrop type. The actual water delivery
should coincide with the planned. Therefore, the indicator for this is
bhe rabio  bebwesa the actual discharge and the allocated discharge from
Lhui'mnin cignl  into eush lJateral. 0 peet, with this target, however,
gosureaent  of  dischurge must, be eorrect.  The frequency of monitoring of
actual  discleaege ol the vatio should be done daily by the operat.ion
stalf  in the office. This monitoring message will report. to Lhe projech
epaineer iooa critben fovw.

The  allooateal  amount of  water supply o the systeam is targethed Lo
pal proport lonabely  awcng the laterals in the main canal, while
b plaw proes Lonsely prepatixd veflect the flow in ench laterzl. Daily
soper Will
sabher  the b tvios daily>asd w111 be subnitbed Lo water muster for

HCRA E RN B R L eAl)l sz undertaken Lo ge 4, the ac tuinl flow. he gate X

analysis aps 1 e ubabitn. A Lol foers index indicabting aetual Ql/plmhned R,
w11l Yo prepuaral coad L1l seerve e wp Lpdicabor [r wach lateral.
ik =9 ¥

Progess datn ¥ v  wnbeibbal X

bbad bo oa prescrilesl fom tes Lhe project
e inesr Tor pproprinte T

Ll
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1. Maintenznce Aspect

Maintenznce of irrigation facilities within the lateral is the

responsebility of the  WLG. However, Zoneman also monitors the
raactionality of bthese facilities and stouclures wilhin thie Lauvetal il
along  the MO awl report it to the Project Engineer. The Project Enzincer,
threussh  the  Englneer sechion check reported probleas and provide

appropriate action.

[[. ASSUMPTICNS FOR NEW FLANS

.

. water supply adequate to

serve the total command area for pacldy
during rainy seasan
2. Durin: the dry season, =04 of the 1089 water supply is available

2. No puddy rice during

the dry seasali-

1. For Fizld crops, CsR apel relabed daba are available

III. NEW MONITORING PLAN

o Yemr syt b oy b - -
L e e npporuLant. Lt

barsct. for wabter management aspect is amount of

water supply to ke allocuted into all the lateral canals in the

Leplaghlsn  w.shem.

The wmounts of discharge from the pain canzl to flow

wte any loweral oca ke planned b caleulating from the irrigzated area
s¢ by which depends on crep type. The actual water delivery

tnetde with the planned. Therefore, the indicator for Lthizs is
s bBhe  actual discharde and the allocated discharge from
Ehee widn  easal debo euch latara ). To meet with this target, however,
:muuQuwmuqﬂ, o discharse mest be correct. The frequency of monitoring of

aebnal  diselarae @l Lhe eab io should Be done dally by the operat.ion

staf b b wEY Len. D moniforing message will report to the projech
S LA T @ Rl it hen Porm

thar bl obeal  mmomnd, b Witeer supply o the systen is taraethid Lo
Fse - i LSl 13'\-;-;:'?.il,.t:::.'-!.n-lj.' ameary  hhe lateral . in bhe main canal, whil L
e plwy p waely preparied reflect  the  [low in each lateral. Daily
e eaapemnt w111 T sndnrbakon B 2ol the actual flow. The gate Xeoper i1l
R TS I e L et e v oandd %111 Be sibsttted bo vater mistor for
s lpesdes Tk ARE G s el Doery fades Godieabing soshaia} Q}/p‘;';.:m—d Q,
wETT B dipeptaal g b iy L. i indienbor Cor sach latara!.
T it gupbp bl B T PEY joriterl form Lo bl vyt

betged Tiaeeets Toar Gppl o Proties gtk
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water distrilutien within lateral in the system, is relied on
the farmers themselves and coordinated by the head of wWUa. Therefore,
equitability  of wabter distribution will depend upon the conclousness,
governments  wod  coorperalion among the farmers themselves. Measurement
und olmervation of  water distribution will be done daily by the farmers
and’ checked wnd  recovered by the head of WUG and under supervision of
ZOoheldn. Equitability of water distri bution is indicated by farmers’
sutisfuction in  internal umeeting of WUG.

1t has to be wonitored in the
field by liead of WLG.

A1 in-depth  process in monitoring the equity of water
distribution &t farm level is by sugpesting to the WUG to select
shratesically o specified farm area (sample) within each lateral. It will
txe moniterwsl daily by an appointed member of the Wl

wUG  and reported
aecordinely  to their  lecder. This will serve as a basis of knowing the
farm  livel waler  conditien «nd will serve as an indicator in making
decision in the equitable allocation of water among farmers within the

prograw -} wrea of each lateral.

spolher targel  which  must be given emphasis in the light

of scurce’ water supply is to attain hish irrigation system efficiency.
'} ot

The prububle indicators are conveyance efficiency and distrikbution

efficiency. Measurement or reading from calibrated staff gauges along the

1 dn ithe mnelyeis computation of the gather data and entered

results into @ prescribed form for submission to the project engineer

wain canal and laterals will be undertaken by the gate keeper. The water
3

mupater  ui

The: lust but not least targel on water delivery system and
waintenunee  is  Lhat all structures must be functional. The indicator for
funcLionul structures is good condition. By occasionally checking and
calibrating  every structure involved in the system. The frequency of
culibration should be done just before each irrigation season.

4 zonema: has his responsibility to

Normally
oversee the irrigation structures
within his zone area, therefore he should investigate and listen to
armers  concerning  the  structure conditions.” Then, he should report to
cober moster and  the project engineer, respectively. The zcrenan should
do the structure calibration.
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water distrilutien within lateral in the systern, is relied on

Lhe furters themselves and coordinated by the head of WUA. Therefore,

i CLEET e

equitability of water distribation will depend upon the conciousness,

goverugents  w.d coorperation among tl

fis

furmiers themselves. NMeasurement
and  colservation of weler distribution will be done daily by the farmers

and” ehiecked w@nd recovered by the head of

1 wUG and under supervision of
Zoheil, Equitability of water distribution is indicated by farmers’
satisfaction in  internal weeting of WLG.

1+ has to be mwonitored in the
field by lead of WUG

i in-depth  process in monitoring the equity of water

distribution at farw level 1is by suggesting to the WUG to s=elect
shratesiczlly a specified farm area (sample) within each lateral. It will
e eiivteeneel  diddliy By oan appointed member of the WLG and reported
secordingly to their lewder. This will serve as a basis of ¥nowing the

Parw  level nobor  cepdilion and will serve as an indicator

in making
decision in the equitable allocation

of water among farmers within the
prograww -1 wrea of each lateral.

sobther  targel  which must  be given emphasis in the light
of scurce’ water supply is to attain high irrigation system efficiency.
The probable indicators are conveyance efficiency and distrikution
officiency. Measurement or reading from calibrated staff guuges along the
main  cwial  and laterals will be undertaken by the gate keeper. The water
muster 3111 we the anulysis computation of the gather dala and entered
results into a prescribed form for submission to the project engineer.

Tiee lust hub not least target. on water delivery system and
wainbenance  is  that 1411 structures must be functional. The indicator for

Punclional structures 1s good condition. By occasionally checking and
calibrating  every structure involved in the system. The frequency of
eulibration should be done just before each irrigation season. Normally
4 zonemin has  his responsibility to oversee the irrigation structures
within his =zone area, (herefore he should investigate and listen to
furmers concerning  the otructure conditions.” Then, he should report to
und

PP 3 Y PP
Wbl i ThES 5 8 of

the project engineer, respectively. The zoneman should
do the structure calibration.
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IV. RECOMMIADATION =

15

The proJject management of fice pust initiate to the Sormalization of the
WG to strengbhen their participation in irrigation-related activities.
provision  of calebruted staff qauge after the lateral gate tov
accurate measurement of lateral flows.

Undertake a study of purping Units water requiremaf along the nmain
canal which affect the systems plan during data scarcity

Establish flow measuling device along drainage channel of irrigaticn

system flow Lo nonitor excess water.
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1. Description of the Present Monitoring System

syonitoring of Agricultural activities in the project area
is done by the Edension worker of the Department of Agricultural
Extension. The average area serviced by each extension worker 1s
shout 1,000 ha.

nata gathered includes:

1. Types of crop plunted.

o, Arca plinted al the beginning of the month.

New area planted during the month.

1. Total area planted at the end of the month.
=. Area for replanting.

C. Totally damuged area.

- . Harvested area.

6. Remaining cropped area after harvesting.

6. Vield per unit area.
These dsta is collected by farmer leader and submitted to

1he exbension worker. gometimes the extensicn worker directly collect
the data Trom the farmers through interview and ocular survey. The
informsl lun sollected Ly Lhe extension worker is tabulated in
standurd  monitoring forms .nd Torwarded to the agricultural extension
QibtriuL office.

The interaction  Lelween the prodject engineer’s office and
the Distriet  Agricullural cbension Officu happen only once a yoeur.
tennlle ul the besinning of tlie summer planting season when the area
Lo Do planbed s being plunned , baced on Lhe quantity of vater in
Lhe reservolrs

0on  the other hand, the project engineers office male ils
ovn  iuformal monitoring Ly doing sowme field survey to determine the
aredu irriesuted during the  season. This is aside {from the
infu{matiuﬁ provided Ly Llle WUG and Extension office during the
anhual meeting.

The flow of agriculture information is shown 1in the
following schematic diagrom.
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Farmer J———~——1 Project. Engineer
Furmer |—--3|BExtension|--->|District |--->|Provincial |---> Regional
leader worker office office office

1T. Developuent of New Monitoring System.

The existing methoed of monitoring system is bzsed on Lhe
assumpt.ion  tlat  weler supply condition is not limiting or critical.
However, dewand for waler or supply conditions may drastically
chanpge in the fulure. An cperation to cope-up with tne changing
situution hus Lo be evolved and hence, an efficient monitoring plan
has Lo be developed.

The development of the new monitoring plan is based on the
following assumplions:

1. woler supply in the reservoir is limiting.

o Lund suitability is considered in selecting the crops to
}»: grown.

3. People concerned has the "political will" to implement
the plan.

4. wWillingness and full cooperation of the farmers to
adopt. with the situation/"reality".

5. Agricultural support services is readily available.

G. Furmer’s preference for crops to be grown will be

coneidered in planning the cropping pattern.

111. New Monitoring Plan

The new  wonitoring plan i aimed at providing the
irrigation systoem’s wanager o feed back mechanism on how the project
performs in meeling the goal of oplimizing the use of water under a
limited supply condition.
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Tergel/Standard

1o wmake corop production per unit area at p

A Wit or

qverase regional production lewval,

Tndiculors.

Duta necded, meosurement and frequency

Tyet S i e A
Data processling

b

vield ferops produced)

Fulmels gulail their erop yicld to the Lead of wWUG

during seusonul meeling with the extension worker.

Head of WUG report the to

and

tlie extension worker. These

AT

sunmarized for submission to the District Asricultural

iUl L\,J\.L'JAU l/.\..‘

1= oy s

ebension Officer and a written reports will be s ndered

to Lhe Provincie

o

1 Ttension Office and the Project £

Sheot.icn of RID.

oo
&
o
c-#'
i
—-

ra

The head of WUG should maintain @ written record

of ucricultural activities in his area. He then should

slbmit @ fortlmightly repori, written in stundard

mﬁnitoring forms , to  Lhe ertension  worker. The
exbension worker eonsolidate the data in his district
and submit o report, also in standard wmonitoring

forms, Lo Lhe District Asricultural Extension Officer

every end of Lhe month. The data is summarized and &

a
seasonal progress report should be accomplished. A
copy of this report should e immediately submitted
Lo the Project 0O & M section of RID. The flow of
information under the new monitoring scheme is showm

in Figure 1.
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B. Target / Stundard.
- Maximup possible area to be irrigated based cn
available water supid..

1, Indicator

Percentage of aclual irrigated area ,
actual area X 100
targetted area

9, Data needed, measurement & frequency

I

Same as in A.2

(]

. Data Processing
from A

4. Communication / reporting

- Same as in A.4

IV. Recoumendulions :

Inforiotion campaicn aimed at making the farmers aware and
understand the new monitoring scheme.

Farmers training on improved water and crops management prot.ices.

I

Truining of extension vorkers about on-farm water management .
&

- Price subsidics on their products and farm inputs.

Recular mecbing between the District Apricultural Extension Office

and I'rojoect Engincers Office (at least once every 2 months) .
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V. ANNEX ON INDICATORS :

e e

SOSIT 1 WDICATOR | MEASUREMENT] | FREGUENC
STANDARD | OBSERVATION |
£ |
TS S Eel . _ S | -
b Regional :Yield Farmers repent : Every seacoral
. average crop | their yield : meeting
| preducticn data 10 WUG !

pErunn arez

. Padd ¥
. Tomaio

Potaie

o —

. Soybean
. Vegetabie

RN A

. Orehard

! B. Maximum | Percentage of
possible area
1c be irrigated

Meacure area End of land

cropped through preparation pericd

field cbservation
, and interview of

water supply i farmers
i

actual irrigated area

based on available |

Vvel Season
Paddy :
Tomalc
Soybean

Dry Season
Tomato |
Potato i ‘
Soybean

Vegelable
Otchard i




