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Evaluation of the Overnight Storage Reservoir Utilization
for Sugarcane Cultivation
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ABSTRACT

The research was conducted to compare the effectiveness of the irrigation overnight storage
utilization with anearby irrigation canal system of non-existing overnight storage. Performanceevaluation
was made by using the 3-group indicators, including output, impact, and internal processindicators. It was
shown that there were statistically no difference of indicating values between the two systems. In other
words, the effectivenessof the overnight storage utilization can not be seen clearly under the similar system

management of both systems at present.

K ey wor ds: overnight storage, performanceeval uation, output indicator, impactindicator, internal process

indicator

INTRODUCTION

Uptill now, irrigation and drainage system
in Thailand has been developed mainly for rice
cultivation. Large-scaleirrigation for upland crops
isstill new and needs more experiences for further
development. In accordance with the types of field
layout, there are basically two methods of rice
irrigation control that arebeing practiced at present.
One of which is a semi-controlled irrigation by
which water flows from plot-to-plot. Another
method is a direct-controlled irrigation by which
each farm plot has adirect accessto irrigation and
drainagefacilities. Semi-controlledirrigationisnot
applicable for upland cropswhich requires a close
supervisionduringthetimeof irrigation. Thisimplies
that daytime irrigation is recommended.

Therearetwomaincrops, i.e. sugarcaneand
rice cultivated in the Malaiman project area of the

Greater Mae Klong Irrigation Project. Due to its
difficulty for night applications of water, limiting
irrigation of sugarcane with a 12-hour schedule
during daytime only for the entire system would
seriously effect to the on-going design and
construction of irrigation system. Thiswill require
to find an appropriate method of water delivery for
theareawith mixed cropping of sugarcaneandrice.
Overheadirrigationisan alternativethat night-time
irrigation would be possible with no disadvantage
to the existing system. However, with the present
high costsof energy andlow sugar prices, overhead
irrigation for sugarcane is not considered to be
feasible. It isalso not applicablefor riceirrigation.
Changes in cropping patterns and prices of
agricultural commodities may lead to an increased
interest of overheadirrigationinthefuture(ILACO/
Empire M&T, 1980 ; 1984 ; 1985).

Considering several alternates including
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economic implications and operational aspects, a
24-hour supply schedulein combination with a12-
hour irrigation schedul e, and storageat | ateral canal
level was recommended by ILACO/Empire M& T
(1985) as the most suitable solution under the
present situation

To maximize an effective utilization of the
overnight storage, theresearch was conducted with
the two main objectives:

- To evaluate an effectiveness of the
utilization of anexisting overnight storageirrigation
system.

- Tocomparetheoperational performances
of the existing overnight storage irrigation system
with the non-existing overnight storage irrigation
system.

MATERIALSAND METHODS

Principles

Performance assessment isameasureto see
whether or not the objectivesare being achieved. It
concernstheidentificationof performanceindicators
and variablesfor evaluation (Oadsand M cCornick,
1989). Selected performance measuresareto focus
onasystem’ sown outputs, itsimpact onitsexternal
environment and its internal processes (Small and
Svendsen, 1992 ; Malano and Hofwegen, 1999), of
which performance indicators in each categories
wereselectedandlistedin Table1 (Rao, 1993; Oad
and Podmore, 1989 ; 1M1, 1989).

Ingeneral, threebroad typesof performance
assessments can be identified and described as
follows.

Output measures : Thisis an assessment of
thequantity and quality of thesystem’ sfinal outputs.
They must be specified in consistence with the
boundariesusedindefiningthesystem. Theselected
output indicatorswereoverall irrigation efficiency,
delivery performanceratio, reliability, rel ativewater
supply, and storage ratio.

Impact measures : Thisis an evaluation of
the effects of the system’s outputs on the larger

environments. |mpact measures may befocused on
outcomesand dispersed effects. Thesel ectedimpact
indicators were designed to eval uate the outcomes
of irrigation including yield, and yield ratio.

Process measures: Thisisan assessment of
asystems' internal operationsand proceduresinthe
creationof intermediateandfinal outputs, Therefore,
they areimportant in explaining asystems' outputs
andimpacts. Theselectedinternal processindicators
were manpower number ratio, staff in O&M ratio,
accountability of staff ratio, and user’s stake in
irrigation system.

M ethodology

Goalsattainment iseval uated by comparing
actual system performance with target system
performance in the form of a ratio in which the
performance variables are expressed by the
magnitude of the resource used (Oads and
McCornick, 1989; Small and Svendsen, 1992).
Proceduresto measureits magnitude are described
in each step of measurements hereafter.

- Site selection

- Measuringactual andtarget water delivery

- Determining actual and target storage
volume

- Scheduling target and actual period of
water delivery

- Interviewing farmers and irrigation
personnels

- Surveying crop production

Site selection

Twaoirrigation canalsof the Song-Phi-Nong
irrigation operation & maintenance project were
choosenfor the study, of which 6L-2L lateral cana
comprising with 3 overnight storagereservoirswas
used for an evaluation of its utilization under the
first objective ; and 7L-2L lateral cana of non-
existing overnight storage was used to comparethe
operational performance of both cana systems
under the second objective.

Both systems have a similar physical
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Tablel Selected irrigation performance indicators.

25

Indicators

1. Overdl irrigation efficiency, E; E
2. Delivery performanceratio, DPR DPR
3. Rdlabl'lty, R= Pz-Pl Pl

P2
4. Relative water supply, RWS RWS
5. Storageratio, S S
6. Yieldratio, Y Y
7. Manpower number ratio, MNR MNR
8. Staff in O&M ratio, SOM SOM
9. Accountability of staff ratio, AS AS
10. User'sstakeinirrigation system, US ~ US

Equations
Theoretica | crop’ s need
- x 100
Actual water delivery
Qn
x 100
Qa

Actua discharge _ Qq
Target discharge ~ Q,

% of observed flow not exceeding
target flow-10%

% of observed flow not exceeding
target flow + 10%

Irrigation + Effective Rainfall
Evapotrans piration + Seepage + Percolatio n

| + Re
ET +S+P
Actual storage volume _ V,
Target storage volume Vg
Actud yied _ Ya
Target yield Yi
Total manpower number  MN
Water delivery area Ad
Actua staff S,
Required staff St
Actual accountabi lity Ay
Required accountabi lity  Ar
Active water user organizati ons _ Ua
Total water user organizati ons I

characteristics, i.e. locating nearby each other, no
sub-lateral with almost the same length of canal,
having the same soil group, and growing sugarcane
mostly in both commanded areas.

Measuring actual water delivery

The 6L-2L canal is equipped with the
overnight storage reservoirs and is designed for a
12-hour irrigation schedule during daytime only.

Therefore, the actual water delivery to the field
cannot be determined from the averagerate of flow
through outlet structures downstream of the
reservoirs, sincewater will bestored at night andis
suppliedindaytimeonly. Then, water balancing of
overnight storage is applied for the determination
of actual water delivery as shown in Figurel.

Water balance of overnight storage is
expressed as:
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Qn 4 / Qu/ / o
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Figurel Water balance of overnight storage.

Qu = Qin—Qout £ Qv 1
where:

Qu = therateof water delivery tofield,
m3./sec.

Qin = therateof inflow, m3./sec.

Qout = therate of oulflow, m3./sec.

Qv = the rate of change of water

storage, mS3./sec.

For 7L-2L canal, there is non-existence of
the overnight storage and is operated for 24 hours/
day. Thus, therate of water delivery tothefield can
be determined from the average daily rate of flow
through control structures for each canal section.
The expression can be written as follow.

Qu = Qin- Qout 2

Determining tar get water delivery

Target water delivery is determined by
theoretical crop water need divided by irrigation
efficiency, from which theoretical crop water need
refers to amount of crop evapotranspiration under
theexisting cropping patternminuseffectiverainfall.
The related expressions can be written as follow.

Ir = (ETc+P+Lp-Re 3

ETc = k&t ETq 4
where:

IR = the amount of net irrigation

reguirement, mm./day
ET. = the amount of
evapotranspiration, mm./day

crop

P = the amount of deep percolation,
mm./day
L, = theamount of water requirement

for land preparation, mm./day

> Qout

Re = theamount of effective rainfall,
mm./day (with the use of simulation model by
Suiadee (1994), and Acres Inter. Ltd. (1979)).

Kc = crop coefficient

ET, = the amount of
evapotranspiration, mm./day

potential

Determining actual and target storage volume

Actual storage volume can be determined
from the change of storage reservoir volume with
the use of rating curve, and is related to the cand
dischargeasexpressedinequation 1). Water storage
level isrecorded twice daily at 06:00 hr. and 18:00
hr.

Target storage volume is determined from
the multiplication of target water delivery and the
period of daily supply schedule (12 hrg/day). The
expression can be written as follow.

Vi = Qx12hr. 5
where:

Vi = Target storage volume, m3

Q: = Target water delivery, m3/sec.

Scheduling target and actual period of water
delivery

Target period of water delivery isdetermined
from cropping schedule for which sugarcane
irrigation isrequired from planting in February till
August. Thus, target periodisscheduled at 7 months
(28weeks). However, water delivery beyond August
till continueswithin alimited areafor other crops
suchasrice. Continuationfor actual period of water
delivery will be underway till the weeks of 321 -
34th,
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Interviewing farmersand irrigation personnels

Specific variables in some performance
indicators are obtainable from interviewing. Some
guestions need the answersto verify the evaluated
valuesfor thecomparisionof thosewith and without
Cases.

With the use of questionnaire, farmerswere
randomly selected from those who planted virgin
andratoon sugarcane(2"d. and 3. year) withmore
or less equal number of farmers for each canal
section. The location of plots selected for each
canal section weredivided into 3 groups, i.e. along
or nearby irrigation canal, in between irrigation
canal and drain, and along or nearby the drain.
Farmers (sugarcane growers) were interviewed by
the zonemen.

Irrigation personnelswere also interviewed
by using questionnaire. They were including 4

Table2 Performance evaluation results.

zonemen and one Head of operation and
maintenance section. Those are working or had
been experiencing with the two canal systems of
with and without overnight storages.

Theresultsof interview (see Table 3 and 4)
were satisfactory in verifying the evaluated values
shownin Table2. They werea so described briefly
below.

Farmers responsesto questionnaire

In brief, the farmers responses regarding
the supply of irrigation water were found to be
adequate (100%), timely (85-81%), satisfactory
(73-69%) for the 6L-2L and 7L-2L canals
respectively. The practice of irrigation was mainly
during the daytime (71-65%) and the remainder
was both in day and at night-time (29-35%) for the
two systems. The preference of farmers in water

Indicators Equations Results
6L-2L 7L-2L
1. Output indicators
1.1 Overdl irrigation Ei = (Qn/Qa) 100 42.08 40.76
efficiency, (%)
1.2 Delivery performance DPR = Qa/Qt 0.95 0.75
ratio
1.3 Reliability (%) R=P2-P1 10.71 357
1.4 Relative water supply RWS = (I+Re)/[ET+S+P 3.01 297
1.5 Storage ratio (%) S=(VA/VT) 100 47.4 -
2. Impact indicators
2.1 Yield ton/rai 13.48 12.15
2.2 Yieldratio Y =YalYt 0.89 0.86
3. Processindicators
3.1 Manpower number MNR =MNt/Ad 1:18,000 1:10,000
ratio
3.2 Staff in O&M ratio SOM =Sa/ Sr 1:06 1:.02
3.3 Accountability of staff ratio AS=Aa/lAr 0.85 0.80
3.4 User'sstakein US=Ua/ Ut 0.56 0.71

irrigation system
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receivability between the 6L-2L and 7L-2L canals
wasalmost nodifference(56-47%), whereasfarmers
who had no preference were also almost the same
percentages (25-32%) These will imply to the
evaluated values of output indicators shown in

Table3 Farmers responsesto questionnair.

Table 2.

For both systems, farmers irrigated their
plant only 5-6 nos./crop for virgin sugarcane, and
only 3-4 nos./crop for ratoon sugarcane with an
irrigation interval of 15 days for both cases. They

Question Percent of farmers
6L-2L 7L-2L
1. How often do you receive the advice from irrigation
personnel regarding water use?
0 Much 9 18
0 Moderate 38 46
O Less 53 36
2. When do you irrigate your field ?
0 Daytime 71 65
0 Night-time - -
O Both 29 35
3. How do you apply irrigation water to your farm
0 By gravity from irrigation ditch 55 31
0 By pumping from irrigation ditch 45 69
4. Doyou receiveirrigation water at the time you need?
O Yes 85 81
1 No 15 19
5. Doyou receive irrigation water adequately?
O Yes 100 100
0 No - -
6. How do you compare water receivability of the field
between the 6L-2L and 7L-2L canals?
O Better at 6L-2L 56 21
O Better at 7L-2L 19 47
0 Same 25 32
7. Do you satisfy with canal discharge?
O Yes 85 81
O No 15 19
8. How do you irrigate your sugarcane?
0 No. of irrigation 5-6 nos./yr. 5-6 nos./yr.
- virgin sugarcane 3-4 nos./yr. 3-4 nos./yr
- ratoon sugarcane 15 days 15 days
O lrrigation interval 4-6 mos. 4-6 mos.

9. At what plant age that you stop irrigation?
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Table4 Irrigation personnels’ responses to questionnaire.

Question Percent of personnels
6L-2L 7L-2L
1. What kind of structures that were (not applicable)
equipped with overnight storage
caused difficulty or problemin
operation?
O Structure/Problem Automatic gate :
- Gate setting steal by
water users.
- Children jumping in the
stilling basins
Baffle distributor :
- Gate opening steal by
water users.
- Cumbersome manual
control of structure.
2. Were the offtakes along the canal (not applicable)
that was equipped with overnight
storage suitable for use?
O Yes 100
0 No
3. Wasthe size of each overnight (not applicable)
storage capable with the command
area of each canal section?
[0 Yes
O No 75
- Large
- Small 25
4. How do you compare the
simplicity of operation between
the canals equipped with and
without overnight-storage?
0 With overnight storage - 100
0 Without overnight storage
5. What are the problemsin 5.1) Gate setting steal of (not applicable)
operation of the canal that was automatic gate for fishing
equipped with overnight and jumping purposes.
storage? 5.2) Improper functioning of

automatic gate due the
the lack of maintenance.
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Table4 (Continued).
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Question Percent of personnels
6L-2L 7L-2L
5.3) Water scarcity at the
tail end when the cana
dischargeislow.
6. What are the problems (not applicable) 6.1) Head gate
in operation of the canal that was opening steal.
not equipped with overnight 6.2) Too much or too
storage? less water at the tall
end.
7. How often do you receive (not applicable)
training in the operation of
overnight storage cana ?
0 Much 25
0 Moderate 50
O Not at al 25

8. How do you think to increase
irrigation efficiency in the
overnight storage canal?

9. Wasthe overnight storage
functioning properly asto the
design?

U Proper
0 Not proper

10. In which cana that has more
request from farmersto assist
them in irrigation water
O 6L-2L
0 7L-2L

11. How do you consider the
farmers cooperation.

0 Much
0 Moderate
[] Less

12. How do you think to allow
farmersto participate in
irrigation water delivery?

[l Yes
U No

8.1) Increasing manpower.

8.2) Farmerstraining for
daytime irrigation.

8.3) Tightening of gate
opening steal.

50
50

100

100

(not applicable)

(not applicable)

100

100

100
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stopped irrigation when the plant age was about 4-
6 months. Irrigation was undertaken by the two
means of gravity (55-31%) and pumping (45-69%)
from the self-help irrigation ditch since land
consolidation work was not yet undertaken.

The responses on a visit and advice of
irrigation personnel to farmers were found to be
varying from much (9-18%), moderate (38-46%),
and less (53-36%) for the 6L-2L and 7L-2L canals
respectively.

Irrigation personnels’ responsestoquestionaire

In short, the responses of irrigation
personnel sto the questionnaire can begroupedinto
3partsregardingthesystemsandstructures, farmers,
and irrigation personnels themselves.

The responses regarding the systems and
structureswereincluding theproblemsencountered,
the systems’ simplicity and services, the designed
suitability of the overnight storage reservair.

For the existing overnight storage system of
the6L-2L candl, thestructuresthat caused difficulty
or problems in operation were automatic gate and
baffle distributors equipped with the overnight
storage. The problems were gate setting steal by
water users, children jumping in the stilling basin,
cumbersome manual control of the baffle
distributors, improper functioning of automatic gate
duetothelack of maintenance, water scarcity at the
tail end when the canal discharge was low.

For the non-existing overnight storage of
the7L-2L canal, thestructurethat caused problems
in operation wasthe head gate. The problemswere
gate opening steal by water users, too much or too
less water at the tail end.

In comparision between the two systems,
the systems’ simplicity for operation was given to
the 7L-2L canal (100%). However, the services
were required more in the 7L-2L cana (100%) as
the system had more requests from farmers to
render the assistance in water issues.

The responses regarding the designed
suitability of the overnight storagewerefoundtobe

proper functioning (50 : 50), sizable (75 : 25). The
offtakesalongthe6L-2L canal wereal soresponded
as suitable for use (100%)

Forfarmers’ cooperation, theresponseswere
found to be moderate (100%) in both systems.
Similary, farmers’ participation should berequired
inirrigationwater delivery (100%) inboth systems.

For irrigation personnels themselves, the
responsesregarding in-servicetraining werefound
to be much (25%), moderate (50%), not at all
(25%). The responses on ways to increase
effectiveness of the existing overnight storage
system of 6L-2L canal included increasing
manpower, farmerstraining for daytimeirrigation,
tightening gate opening steal.

Surveying crop production

Surveying sugarcane production was
undertaken through the questionnaire for
interviewing farmers who owned their farm plots.
Surveying was conducted separately for virginand
ratoon sugarcane with more or less equal planted
areas for each canal section. The location of plots
randomly selected for each canal section were
dividedinto3groups, i.e. alongor nearby irrigation
canal, in between irrigation cana and drain, and
along or nearby the drain.

Therusultsof surveying showed an average
yield of 13.48 and 12.15tong/rai for 6L-2L and 7L -
2L respectively. With the estimated target yield of
15.2tong/rai for 6L-2L and 14.08 ton/rai for 7L-2L
(ILACO/Empire M&T, 1980), yield performance
wasthen calculated at 0.89 and 0.86 for 6L-2L and
7L-2L respectively.

RESULTSAND DISCUSSION

Results

With the comparison of actual and target
system performance from those selected
performance indicators and variables of 3 groups,
the achievement of operational objectives of
irrigation system was then evaluated from the
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measurement and determination of variables used.
Theresultswere summarized as shown in Table 2.

Discussion
1. Effectiveness of system management (Output
indicators)

Considering all output indicators (see Table
2), there was no difference for the effectiveness of
system management between the 6L-2L and 7L-
2L, by whichthey wereand werenot equipped with
overnight storages respectively. With those
indicators, there were statistically no difference of
the evaluated values between the two systems,
exceptthereliability. However, they werequitelow
for both cases. The storage ratio was also low at
47.40%, showing the use of water at night. These
canbeconcludedthat theeffectivenessof theexisting
overnight storagewasstill unclear under thesimilar
system management of both system at present.

2. Impact of system management (Impact
indicators)

Briefly, indicating values of impact
indicators, including yield and yield ratio were not
distinguished between the two systems of 6L-2L
and 7L-2L, by which there existed and was non-
existed with the overnight storages respectively.
The average yield and yield performance of both
systemswereclosed to each other. Thesewill agree
withtheresultsof output eval uationandwill confirm
the questionable effectiveness of the existing
overnight storages under the similar system
management of both systems at present.

3. Effectiveness of internal process (Process
indicators)

Themodern system of 6L-2L canal that was
equipped with the automatic overnight storages
still lacks of man-power (see Table2). Similarly,
the 7L-2L canal which is delivering water 24 hr./
day, also has insufficient man-power with a better
degreetothe 6L-2L canal. The evaluated values of
processindicatorsreflected theeffect of theinternal

operation of a system to outputs (Maano and
Hofwegen, 1999), i.e. contributing
unpreeminentable performance between the two
distinguished systems.

CONCLUSIONS

Performance evaluation of two irrigation
systems, existing with and without the overnight
storagesfor sugarcanecultivation by thecomparison
of 3-groupindicators showed that the effectiveness
of the existing overnight storages was still unclear
under the similar system management of both
systems at present.

To be the guidelines for improving the
effectiveness of the overnight storages utilization,
measures should be undertaken as follows.

1. Provision of farmers need.

2. Provisionof readinesspriortobringina
new technology, e.g. related technical knowledge,
well-trained operating staff, and maintenancecosts.

3. Provision of definite irrigation
scheduling, and monitoring & evaluation plan.

4. Provisionof sufficientin-servicetraining
for therelated personnels and of adviseto farmers.

5. Provision of restudy for the effect of
overnight storage utilization after theimprovement
of system management and internal operation
process of the system organization.
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