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FOREWORD

This report describes the ininial developnent of the Small-
3eale [rrization Management, Project (SSIMP!  experimental
groundvater irrigation systems in  the Province of Nusa Tenggara

Timur (NTT).

The program is being implemented by the Public Works

Groundwater Development Agency hereaftoer ralerred Lo s P2AT.

The report discusses the factors atftecting the choice of
s¥stems considered appropriate for development in the redion. A
description o the sites doveloped to date is given including an
explanation of factors causing delays in implementation of the

project, comparisons of capital costs Ffor the experimental

systeams and other important aspects of the development process.

The wultimate objective of the experumental program is to
provide recommendations of irrigation technologies and management
systems appropriate tor the further expansion of Yrouindwater
irrigation within the project area. flowever, due to the delays in
project implementation such recommendations cannot be provided at

this stadse.
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} DEVELOPMEMNT OF SSIMP EXPERIMENTAL SYSTEMS IN NTT

L. INTRODUCTINON

The potential for groundwarer 1rrigation development in the
Oesao~Pariti plain was first recognised during the 'Timor [sland
¥ater Resource Development Studsx’ (Ref.l) wmplemented by Crippen
International with CIDA funding.

Between 1952 and 1986, P2AT wmpiemented 12 drilling prodram
in the plain which produced i productiva wells with deprhs of
50 to 63 meters and yields of between 9 to 15 liters per second.
2etieen 1985 and 12B7, P2AT constructed irrigation distribution

systems at four ol these productive well sites.
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SSIMP involvement in the development ol d4roundwater
Lirivation  in NTT  began  1n 1985 when a USAID oconsultant
tmplemented a detailed socio-ceconomic survey  to monitor the
development of the lirst P2AT demonstration olot at Pulidate 7.
{Ref.2 to B)

One of the lessons learned Ftrom this study was that the
farmers in the area responded positively to tne opportunity to
increasse Lhelr 1ncomes but that the ocosts of deen tubewells and
distribution systems as ceveloped at this first site were too
high Lo be sell-sustaining or farmer ceplicable.

A major component of the SSIMP groundwater development
program in NTT therefore involves the construction of
experimental systems to investigate alternative, simple, low-cost
technologies more appropriate to local conditions. Apart from the
technical aspects of system design, the experimental sites will
also provide the opportunity to experiment with alternative
management Lechniques for operation and maintainance of
irrigation systems.

The wultimate objeective of this activity is to provide
recommendations ol approprinte technologies lor distribution, and
management,  srstems to support the turther development and
expansion of groundwater irrigation in the project area.



2. CHOICE QF APPROPRIATE I[RRIGATION SYSTEMS

In  this section the factors that  determine the Lype of
irridation systems considered appropriate  tfor development within
Lhe project arvea are discussoed. :

The discussion stacts with the choice ot application systaen,
i.e. how the water is actually aonplied Lo the crop.  The next
section covers the convevance system i.e. how Lhe wvater is
carcied trom the pump to the point of application. The tollowrag
Lwo sections  deal with  the choies  of pumping 2quipment and Lhe
water source ttself and the final section considers QUL LY Lssuns
whieh wmar also affect the Lype of system chosen Eor further

development..

2.1. Application svstenm:

[n March, t987 the SSIMP engineering consultant, Bill
Menninger prepared a report comparing three alternative
irrigation application Lechniques :ncluding sprinkle, trickle and
surface (furrow) systems. (Rel. 7}

The main advantages ol sprinkle irrigation are high
application efficiency, low labour requirement, and the ability
Lo irrigate sloping and undulating tupography. The disadvantages
stated in the report include high capital costs, the need for
good quality water, the need to avoid windy and excessively dry
areas and that field shapes other than rectangular are
inconvenientl,

Trickle irrigation offers similar advantages ‘but,
disadvantages include high capital costs, low distribution
uniformity, clogging, salt accumulation and the sensitivity of
the crop to even short periods of intecrupled irrization.

The advantages ol the furrow system were stated as minimal
capital investment, simplicity of operation and low enerzy costs.
Disadvantages include hizh labour requirement, lower efficiencies
tcompared with sprinkle or trickle), soils may be affected by

walerlogging and salinity and that fields need to be well graded.

When these three systems are considered in the context of
the project area in NTT, although the first twn systems are said
to give high application efficiencies with low labour
requirements, the level of technology i1nveolved in operating and
mauintaining  the systems at  these high levels of efficiency is
likely to be beyond the capnbilities of wmost farmers in the
project area and, in terms of SSIMP objectives and the labour
situation in NTT, the low labour requirement 15 to be consideraed

‘)
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ot far less iaportance rthan the very high capital costs ol these
Systems. As  climatic conditions iln vesao-Pariti during the dry
season could  well ba  jescerned REH windvy and ANCeSsSIve Ly eyt

L]
this condition would Also sugaeg: Lhat the  sprinlile srstem s
inappropriate  rfor  the project  aren., Theretfore, o would seapn
that ol the three altecnatives, the Purrow appiseation system

wwovides the most a ropriate technology,
[ i .

In  faot, furrov  dirrigation Is  Lust one of a number of
surtnee’'  applicat;on techniques: others tncluding basin and
burder—str:p systems.  As most  of fhe land in  the project arean
Likely to be developed for irrigation has been planted to lowlanu
rice in Lhe rainy  season  with the formation of small, level,
bunded plots, the basin  and  boreder sLeip  Lype  systems ace
probably the Must  appropriate for  the initial stages of
development.,

2.2. Convevance svstem:

The significant differences in both capital cost and level
of Lechnology between the surface application technique and those
of sprinkle and trickle tadreate guite clearly  that surface
s¥stems are  the most appropriate for development under SSTMP in
NTT.

The choice of technoludy tor conveyiny the water from the
well to the point of application is not 3o struightforward.

The technieal alternatives for conveyrance systems fall into
Lhree main calegories:

a) Unlined, open channels
b} Lined, open channels
¢) Buried pipes

Some of the important factors Affecting the choice of s¥stem
are described below.

Buried pipe vs. upen channely

Buried pipe systems are  likely co be more expensive to
construct than open channels but offer a number of advantagaes and
may be the only (casible choice in certain situations:

- Open channels *an only bLe used where the land slopes gently
downwards away (rom the vel{ allowing lor gravitional flow
whereas with  pressurised pipe systems, water can be carried
up slopes and over undulating land.

J
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- Where land s oconutdepred U bigh o value, stLht-otl-wayr or
land taiken  up by open ochannels may rosuls in organtsational
problems whepeas 1 burioed pipe syatem  oniv sedquires ooy
amsll area Tor turnou! struchures,

- Onee the location ol Lurnouti s detarmined the Lavout ot
burited pripes can be arranged to supply the turnouts taking
the shoctest  possible routeos whersas open channels may need
ta follow Cield boundar:ies to avoird rivht-of-vay tssues.

- Obstructions such  as coads and drainage  ditehes  can pe
2asily overcome in buried pipe svystems whereas open channels
vould require special structures.

As there are virtually no conveyance losses in piped systems
the design discharge oan he provided aquitably ar all
turnouts.

1

= Properly constructed buried nipe systems ocan last for up to
[ 3 D1y
forety years and require very little maintLenance.

Once the Dbasic desivyn work nas been completed construction
of buried pipe systems is very sumple and quick. Properly
constructed open channels are more tinme consuming and
require accurate leveling in the field.

The disadvantages aof piped systems, apart from higher
initial cost, include

- A higher pumping head requirement to overcome pipe triction.
- For simplicity of design and to avoid the need for expensive
regulating devices, systems should be designed for discharge

at only one turnout at a time.

Lined vs. unlined open channels

in situntions whare apen channel systems cuan  bhe used the
factors alfecting the decision of whether to line the channels
tnclude:

- The magnitude of conveyance losses from an  unlined open
channel will be dependent on soil texture and structure. I[f
the soil is of a stable, (ine-textured nature, seepage
losses may not be exceptionally high although intermittent
usage during long dry periods may lead to deep-cracking.

- Another problem associated with the seepage from unlined
channels is that ad jacent cropped land may become
waterlogged.
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- Desidn slopes for uniloned channels need  to he steep enough
Lo overcome  friction and achieve even Plow bat not so steep
as Lo cause eroston of Lhe channel.

- To operate  officient v unlined  channels  require recular

marntenance Lo cleoar veod growth,

Thus, 8 soil type and site conditions are suttable and
labour can be organised  to maintain  the channels. unlined apen
chitnnels can be used Lo constpruct a Low-cost, wiable conveyanoe
system.

The choice of conveyance svstem obvivusly requires caretful
consideration of many socio-economic and technical issues and
therefore it is considered that sound recommendations can only be
made on the basis ol detailed evaluation of experimental systems.

2.3, Pumping equipment

The chuoice ot pumping 2quipment.  l'or use on SSIMP
axperimental sites has so tar been restricted to surface-mounted
centrifugal pumps coupled to small ( 5.0-7.35 Hp ) diesel engines.
AL this stage, the use of submersible or turbine pumps 13 not
being recommended due to Lhe celatively high cost and the lack of
local skills and facilitios  for servicing  such equipment within
the project area.

2.4. Water sources

The alternative water sources considered appropriate for
development under SSIMP include shallow, hand-dug wells, shallow
and intermediate depth tubewells and springs.

Where aquifer conditions allow, priority 1s given to
shallow, hand-dug wells and shallow tubewells due to the
relatively low cost  of construction and maintenance. The

development ol springs is also given high priocity but to date no
suitable springs have been identified within the project area,

[n some si1tuations, the nature ot the aquifer will obviously
necessitate the drilling of deeper tubewells. [n these cases, the
very high cost of constructing and maintalning such wells will
require a higher dedgree of public sector support Lo maintain the
wells in efficient working orcdaer.



2.5, Egquity 1ssues alfectainsg choice of swstem

Although, Lhe SSIM prodgram  to  oarey  our  a detaited
hydrogeolodianl assessment of the project aren has been delaved
due  to  administrative  problems, the existing data indicate a
complex, irredgular aguifer srstem. 7The observed afifect of this
situation 1s  that two wells, within olose proximity Lo eachother

nay possess signilicantly dufferent discharge characteristics and
putential tor ilrrigation.

To tllustrate  this sttuation and emphasise 153 algniticance
for groundwater 1rrigation development policy consider  the
following, simplified example:

GIVEN: A 100 hectare parcel of land evenly divided between 200
farmers.

CASE I {See Figure |. - page 3.) Firstly, consider a situation
in which the aquifer «can support up to 30 wells with
1

equitable discharge rates of 12 liters per second.

[n this situation there are a number of possible
alternatives to lrrigation development of the whole 100
hectare area:. small, low-cost, kerosene pumps couuld be
used to irrigate e.g. 3, two-hectare commands with
only a four farmers in a Zroup; larger diesel powered
pumps with unlined channels could supply e.g. 20 five-
hectare commands, including 10 farmers per group: orv
diesel pumps with lined channels wcould supply 10
hectares with 20 in each group.

The potential benefits in terms of 1ncreased production
would be the same for all the farmers in the area
whichever system is used, so recommendations tor %the
most efficient and appropriate systems would be based

on evaluating which systen incurs the lowvest
operationnl costs (including capital costs) and/or
provides the ideal sine of farmer groups tor

organisational purposes,

CASE II: Farmers have dug wells at 30 points throughout the
area.,

Ot these 30 wells, 40 prove to be unproductive for
irrigation purpoeses and the other 10 exhibit discharge
rates of |2 Lliters/second.

6



[ the productive vells  are pumped  using small, lLow-
cost, Kerosone  pumps arrvigating 2 hectare commands, a
total ot anly 20 hectares could be irecigated with {0

beneficiartes

[ larger diesel pumps are used in conjunction with
unlined channels supplying 3 hectare commands, a total
of 50 hectares could De trrigated vith 100
beneticiaries.

[ diesel pumps are used in conjunction with lined
channels supplying 10 hectare commancs the whole 100

hectares could be 1rrigated to the beneflit of all 200
farmers.

[n this case, if the potential benetit of a productive
well is to be equitably distributed to maximise the
area ot  land and/or number of beneficiaries, the
distribution system should be designed to ainimise
conveyance lousses. 'his suzggests the construction of
lined channels or piped systoms.

[ff the capital wcost ot constructing the convevance
system 1s to be borne by the beneficiaries, the
economic henefits por unit area or par person  amay well
be lower than a system of simple unlined canals serving
a smaller area but the overall benetit ro the community
will be higher.

The situation in 'Case [' is obviocusly rar more conducive to
equitable private sector develupment because whichever twype of
system is chosen, all tarmers in the area will have the same
opportunity to utilise the groundwater for the purposes of
irrigation. However, in a 'Case II' situation, if farmers with
land close to the productive wells choose to wutilise the least
capital intensive system, only a small fraction of the potential
total command could be serviced. Thecetore, Lf equity is
considered of major importance, a higher degree of public sector
intervention would probably be required.

As stated above, the hydrogeological situation in the Qesno-
ParitL area appears ta be closer to a  'Case I[' situation
although this ean only be verifind by implementation of the
exploration program,

-3


http:iri'ga.ed

Figure 1.

Small keronsene pump
Unlined channels

Command = 2 ha/well

TOTAL AREA IRRIGATED

Diesel pump
Unlined chennels

Command = & ha/well

TOTAL AREA IRRIGATED

Diesel pumnp
Liued channels/pipes

Command = 10 ha/well

TOTAL AREA IRRIGATED

CASE I = 50 wells

CASE II

= 10 wells
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SCEXPERIMENTAL STVE DEVELOPMENT T0 DATE

To date, only two of the nraposed nine exparinental sites

have  been  constructed  and desitdns proparoeg for o third,
construction awvaliting the processing ot o commit PIL.

J.1. Lukman Barat: (Plates | to 4)

Inspired by the axample of the nearby P2AT Pulidale [ site, a
group of farmers ar  Lulkiman Baras dug a  shallow {7 metor deep)

well and Lhan  asked PLAT  to evaluate (r's3 portential Ffor
development. After establishing  thar the s:te contformed to
selection eoriteria,  and 2spectally considaering 0! particular

5
attraction for the purposes of demonstration, being located by
the side of the main trunk road tn Tiwmor, Lukman Barat was chosen
for development of an $SIMP experimental system,

The pumping test, at  this site indicated a sustainable
discharge of S.6 liters per second and the design command aren

was aestablished at 10 hectiares.

The desizn consists of a diesci-povered centrifusal pump
(7.5 Hp engine coupled  to a 3" pump) which discharges through a
Plovmeter directly (nto a network of buried PVC  pipes{150 meters

of 3" and 600 meters of 4 pLpe). There are ten turnout
structures, at approximately 73 meter 3pacings, and consisting of
iron pipe risers with T-joints providing outlets in twwo

directions. Each outlet can be closea ofl with a threaded cap.
When ircigating, any one outlet is opened and a 3 meter length of
reinforced rubber hose is connected, discharzing into unlined
farm channels. Each outlet supplies an area of + 0.60 hectares.

sers’ association 2stablished at this site
s,

The water

u
includes 30 farmer

J.2. Pariti II: (Plates 5 to 10)

The water source at this site is a P2AT artesian tubewell
which was constructed in 1986 ana is free-flowing for several
months during and after the rainy season. After the well was
constructed the discharge during the rainy senson was used by the
farmers to provide supplementary  irrigaltion for aApproximately 7
hectares of ricefields but was not used for dry season cropping .

A pumping test carried out at the end of the dry season
indicated o  sustainable discharge of over |6 titers per second.



To avaid organisationnl problems, the dosign  command was limited
Lo 10  hectares but with the possibility ol eaxpansion at a later

datea,.

The system was designed to allow  tor distribution of rhe
artesian {low whenever possible, and switching over to pumpLng at
Limes  when the artesian Flow  proves tnsutiicrent. v 17
centrifugal punp was  installed, coupled to a 7.5 Hp diesal

angine.

\s the well (s sited at o lovw point of tha command area, 230
meters of 67 PVC pipe s used to convaey the water from the wel!
to the highest pount, Whoan ejevation  approvimataly 2 ometeres
above the elovation at  the well. Three, scrow-capped risers at
125 meter spacings discharge wnto distribution boxes and rhen
into lined channels for comveyance %o turnouns Surther away trom
the pipe. The total leagth of tined channel 13 665 meters.

The channel lininygs were rabricated on site and consist of
one-metar lengths  of pre-cast conerete, half-round sections. The
farmers tor  these sections were desiyned by  P2AT statf and
fabricated in the USAID Provincial Development Program's
Sukabitetek workshop. The sections have an intecrnal radius of 10
cm and  are inteclocking to maintain loagitudinal stabiliny. The
chananel sections are assembliec¢ on top of & oconsolidated earth
embankment. In the original des:¢n, joints between sections were
to be made using an  asphalt-sand wmix  out due to difficulty
obratning the asphalt, cemant qnortar was used.

There are 28 farmers in the Pariti II water users
association.

3.3. Lulkman Timur:

This site is situated between the P2AT Pulkdale I site and
Lukman Barat. As wns the case with Lulunan Barat, insptred by the
example of Pulkdale [, farmers in the Lukman Timur area had dug a
number of shallow wells intended for irrigated cropping in the
dry season. One ol these wells has been axploited for irrivating
secondary foud «crops and vegetables using a pump donated to the
group by the Rupati of Kabupaten Kupang.

At the suggestion of the Jgroup involved, a pumping test was
carried out on another, recently dug well which the group
considerad ot ygreater potential. The test indicated a 'safe!
discharge of 10 liters per second up to the end of the dry
season.



The farmars ar this site werpe aetively  invelyved in
establishing the dosiun layour. for a4 10 Jeotare cammand,

The conveyance Svstem Por this site will ba an upen channel,
lined with pre-case, Leapezoid ochannoei sections. he size, shape
and jointing ol Lhege sections are ail difforent to those used
for the Pariti site. Thoe channel  sec~ions will  be teapezoid in
section, have  flar pather than interlocking ends and Joints will
be supported by small conerete prllars  set into firm sojl. The
total length of channel ror this site will be 8235 meters.

The pumping equipment For s srte will o pe a onn cenrritagal
pump coupled to a 5.5 Hpy envine. Tho puap will  drischasge tnro a
small  reservorecs/st 1lling ank  and  rhen Larnuzh  a  V-notch,
metering device i1nto the cannl

Construction of thoe eNperimental  systems has  been by force
account. P2AT srtaff are responsihle  for the procurement of
equipment. and materials and the actual construction vorl is
implemented by  the farmers ar each site under the gzuidance ot
P2AT irrigation staff. The larmers are not piatd for therr labour,
but mid-day meals have been providea o snable them to work a
full day. At the Pariti site, atfter discussions with the farmers,
the fabrication of the majgority of channel linings was
implemented by paid labourers so that the construction could bhe
completed beluvre the beginning of the rice-planting season.

11!



Job. Reasons for the

delavs

itn_implementation of coanstruction

The chronolowsieonl
first two siteyg

devalopment ot the

survey and

Oftf'icial request
tor PIL commit

[ssue PIL commit

Request for pre-
financing
Authorise release

of funds and
transter to project,
account
[nform project of
transter

Implement
construction

From this table
the initial site

of these two sites

investigation to
toole

sequence  of

AGENCY RESPONSIULE

events
is summarised bhelow:

PIAT - NTT

[RRIG. I

USAID

PIAT - NTT

DTUA, BI

Project banl

P2AT - NTT

it can be seen that

involved in the

TIME TAKEN

T months

{(May-Nov, 487

2 months

(Dec.87-Jan.33)

I month

{February, 1988)

J montks

{Mar-May,1938)

I month

{June, 1988)

2 months

(Jun-Jul, 1988)
5 months

{Aug-Dec, 1988)

whole process from

Lhe completion of construction
a total of twenty monthg.



The field survey work was delayed mainly because  there was
no appropriate  pumping equipment available at PLAT to ecarry out
Yhe pumping tests necessacy for establishing desian command nron,
Thus, Lhe  total time  taken Ceom inttial survey work at Luliman
Barat Lo nomplotion of  desions wis seven monbhs (May-Novembor,
1987 .

The administrative process to obtain the fundine tor
construction trom the submitting of designs and specifications by
the project to Irrigation IF until  receipt  of  funds at the
project Ltook a total of nine months.

Delars  tn  the ilmplementation of construction were caused
mainly oy the project star®'s lacik of aNperience 1o orsganising
vonstruction works under oree  account. A comalttee was Sormed
before work commenced buty di1d  not really function as hoped,
leading to delavs 1n Liquidarion ol funds tor procurement of
materials, transport and per diems. The lack of coordination of
of appropriate teansport also  caused delays as did problems of
communication between project staff in the field and the main
ofl'ice in Kupangyg.



.05, Farmer Participation.

Farmer  participation in  irrigation 3vsten develbpment has
bern rncognised as ol major importance in areating sustainable
systems which can ultimately  be manasged by farmer groups with
minimal publie sector support.

Farmers at all three SSIMNP sites have bean actively (nvolwveo
in all field survey activities including pumping  tests,
topographic surveys and plotting of land ovwnership boundarvies,
Working eclosely with the farmers in th sarly stages of site
development provides P2AT staif with the apportuns Ly to adentife
any previously unforescen technical or social problems assoctated
with the site which may  inlluence  the aubsequent  desian work

and/or managonbility ol the systom.

Apact  from ofhten, being the only way Lo satistactorily
establish  land  ownership boundaries (see  section 3.on site
selection), the oplotting of individual farmer's tields on the
topographic map was also found Lo be vary useful tor
determination ot system tayout,, positioning ol turnout
structures, and tor checiting farmers' agreement  to right-of-way
for main system canals.

Once preliminary designs had bSeen prepared,, the farmers were
consulted to veriry their Agreement vwith the command area
boundaries, system la,out and positioning ot turnouts.

At all three slteyg, social factors affected the
establishment of command area boundaries and :those evantually
agreed upon were quite different those that would have been
determined on the basis of technical site characteristics alone.

Right-of-wvay issues have not siynificantly affected the
design layouts for these three sites as the farmers constider the
benefits of a yenr-round irrigation supply to far outweigh the
associnted loss of land to the main system canals.

All econstruction worl, apart lrom the fabricat:ion of channel
sections at the Pariti TII site has been  implementad ¥y the
farmers under supervision of P2AT field stalf. At both sites
constructed so far, the initial excavation of trenches for the
PVC pipe was divided between the farmers on the basis of area of
land owned within the command area.

Al Lultman Barnt, the subsequent construction work wAas
carried out on a single group ‘sotong royong' basis. At Pariti
I[, the farmers decided to divide their group into three sub-
groups of nine to ten members with only one sub-droup worling
each day so that the other two groups could continue with other
activities such as tending cattle, fencing and preparing upland
fields for planting corn in the rainy season. The division of

L4
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Lhese sub-groups was based on the division or land served by each
of the threee main cannls so that the  samoe aub-vroups  could be
mnintained  lor  tho purposes  of dirrigation manadement when Che
sysbom bocomey operationnl .,

During  tha process  of construction, the  faermers sained
practical  oexperience  of assembiing PVC pipes: leveling canal
ambankments at the correct slope] pump  installation: and casting
of concrete turnout structures and distribution boves. 8% the
time construction work was Finished most farmers wvere capable of
performing  these tasks with little or no sunervision. These
skills should enable the farmers o maintaln their svstems in
good warking ordor with minimnl technical assistance.

It should be noted that  the i1nitial enthustasm and
motivation of farmers dyrlng the early stages of survey and
design work was put under considerable strain 1s a result of the
long administratjve delays wmentioned in section 3.1.. Indeed,
some {armers did not belinve the project stal'f when intormed :hat
the construction work could bedgin and only started to work on the
excavation of trenches aflter the materinls had peen transported
to the site.

J.6. Construction costs

In Table | (page 26) a breakdown of  the actual costs of
construction for the Lukman Barat and Pariti II experimental
sites and estimated cost of costruction for the Lukman Timur site
are compared to the costs of constructing the four P2AT ‘demplot’
sites (Pukdale [, Naibonat, Pariti [ and Pukdale 1[I} under
contract.

Notes on Table 1.

l. Conveyance system: includes the cost of channels and/or

Pipes, turnout structures,distribution
boxes and metering devices.
Naibonat, Pukdale I and Parit: I sites
have wmasonury canal systems. Pukdale [I
has a gravity-led galvanised pipe
systaem.



2. Pumping equipment Costs of pumping equipment at the SSTMpP
sites includegy the cosrt of installation
{pipes and fittings).
Installation costs tor the Pukdale [ and
I'T si1tes ware not avalabple,
Pumps for the Naibonar and Paritj [
sites were Purchased in 484,

3. Pump Houses: The pump houses at the Naibonat, Pukdalwe
[I and Parit; T sites have ek valla
and two separate compatrtnents.  The pump

house at  pPukdale [ has pala frong wvally
and i3 divided into  thrae compactments.

SSIMP pump  houses are ot much simpler

eonstruction with JUst enouuh space for

pumpiLng equipment and fuel starage.

4. Admin, Lransport ete: For SSIMP s1tes thisg tneludes the cost
ol P2AT  stat supervision, meals for
farmers, labour for fabrication or
channel sections and transportation. The
higher costsg incurred a: both the SSIMP

and PIAT sites In Pariti are Jdya Lo the

greater distance from Kupany and
difliculy access during the rainy
season. The high cost AL the Parjti IT
Site compared to Lhe  Lulkman Barar Site
also reflects the greater leagth of time
and labour required to construct the
open  channel systen Compured to the
simpler and quicker tonstruction of the
buried pipe systen.

Discussion orf points 5 to 7 fronm Table 1.

Firstly, it should be noted that the cost figures for the
PZ2AT sites are talten directly from the original contracts., The
Pukdale [ Site was constructed in FY 85/86 and vother three Sites
in FY 86/87. No ad justments have been mnde to account for
inflation.

Total costs per hectare for all three SsImp experimental
sites are lower than all the P2AT contractor-bujlt s5ites,

The per hectare costs for the construction of the Luliman
Barat and Pariti [I Sites are relatively high compared to the
estimated cost of the Lukman Timur site because both of these
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s¥stems include the Use ol hieh-urade PV'C pipes, After gaining
experienca of installing  these syvstems, the p2ar stafd roel
confildent that a lowar  wradoe ol PVC could be used with acost
SAving of up to 30 per cent,

Discussion or Points 8 ko 10 rrom Table 1,

The  convevanen S¥stems at  all three SSIMP  sires are
considerably longer than those at the PIAT sites. The SSIMP sitoes
vere designed w)th longar conveyvance  systems  to provide more
equitable deltivorpy streams fo fields within the ocommang area as
experience with operation of the p2aAT s¥stems has shown that somne
fields are oo farp awax  from  the nqarn canals  and  tale
consideraily lonzer to Lerigate than Yilelds c¢loser £o the main
s¥stem turnouts. Sueh lnequity of deliver: streans are bound to
cause difficulties in organisation orf irrigation managemant. [n a
System where farmerg pay  tfor pump operation on an hourls basis,
the relative expense ol irrigating fields Ffurther Away  from the
main  channel are  likely to lead o disputes Wwithin the water
users’' association, This point Y¥as ralsed in the monitoring
report. of  the Pukdale T site (Ref.3 ). Even Lf a more equitable
payment scheme could he tntroduced, thig Inequity of supply will
still lead to organisational problemsg in Managing rotational
irrigat;on schedul ing,

The Ss1MP distribution svstems hnve therefore heaen fesigned
s0 that the paoint or dolivery into any tfarmers field should be no
further Lhan LOO metory From a nain system turnout sftructure.
This should allow for easine management and a greater likelihood
that the water users' association wiil be able to Lndependently
manage sustajned operation and maintenance of the systen.

Having recognised this requiremenﬁ for longer conveyance
systems, the (inal line item in Table 1., the cost per meter of
the conveyance system |g probably the most significant cost
factor upon which tg compare the systems.

Comparing conveyance system coatsg on a per meto, basis, the
SSIMP systems are al] stgnificantly cheaper <than the PpP2aT
‘demplot’ systems. There are however, obviously two main factors
influencing the difference in costsg between the P2ZAT and SstMp
systems i.e. firstly, the difference betweaen contract costs and
construction by forece account and secondly, the actual design of
the systems.



JIn arder to make a more realistic comparison of costs for
alternative Jdesigns, the bill of quantities from the original
cantracts tfor the four P2AT sites have bheen recaleculated Lo
exclude all labour costz  and using prices contemporary to the
construction ol’ S5IMP svatoms. These recalceulated costs for the
conveyance systems  are $iven in Table 2. {page 27) and Tablae 3,
(page 28)

Table 2. compares the costs of the three  P2AT open channel
systems with the estimated costs for the Luliman Timur open
channel system. As nan bhe sean, the un:it  cost for  the Luakman
Timur system is still stgnilicant!y lower ot Ap.s.00d/mater as
compared ta Rp.l18.2Y93/meter for the cheapest  P2AT channel system
at the Naitbonat site.

In Table 3., the adjusted cost ot the Pukdale ITI galvanised
pLpe system is compared Lo the PVC pipe sytem at Lukman Barat and
the combination pve prpe/open channel system at Pariti LI. Agawln
the difference in cost iy significant with the Lukman Barat
System costing Rp.19.471/moter as coapared Lo Rp.48.73l1/meter for
Pulidale ITI.
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J.7. Monitoring of ecxperimental sites

So [ar comparisons between sites has only been possible on
the basis of desiuns and  initial capital costs. In order to
achieve the objective of providing recomnendations  for
approprinte  systems for replication in further cxpansion
programs, Lhe operation and maintenance of the experimental sites
need Lo be closely monittored.

Organised operation and monitoring of
due to commence at the beginninz of the !929 dr

The monttoring of experimental! sites will include both
technical and socio-econonmic aspects of system operation
including:

a) Operational costis: cost of fuel, oil and
maintenance of pumping
equipment.

bl Maintence requirements: tncluding time spent on
maintaining the distribution
systems as well as costs

incurroed.

c) Distribution efficiencics: convevance system water
losses.
d) Agricultural production: data te be collected at the

end of each planting secason.

e) Manageability: organisational requirements
for irrigation management
assoclated with system design.



4. INSTITUTIONAL SUPPORT: FOR WATER _USERS' ASSOCIATIONS

Experience gained during the development of PIAT 'demplots’
has indicated that the {armers in the project area are not
generally used to coordinating production activitles in organised
groups and therefore require  particularly intensive guidance in
Lhe organisational aspectls of system operation during the early
stages of development.

s [armers 1in the project area have deneraily poor
f itmproved agricultural practices and, apart [rom
vatering small household gardens will have had little or no
experience of  1rripating secondary crops i1n the dry season, the
provision of agricultural extension and Lraining 1n irrigation
upplication tlechniques sare also particularly important te the

success ol Lhe project.

Also, a
iinowledge o

Department of ngricultiure extension agents have
occalisionally provided advice on crop production when invited to
atltend water users' association meetings bul  have not been able

to provide the sustained support required at groundwvater
irrigation  sites, especially during the early stages of

development.

129

Effectyively, only two members of the P2AT 1rrigation section
have beern  nvaolved in: the formation of water users'
tsEoCcIations; proviading ndvice and dquldance on airrigation

nanagementl and crop production tecansiques; and helping farmers to
ablain  adriculiural tnputs.  The regularity of site vizits has

also been restir:cted by 1nsuflicient budgetary support.

Obviously, as the nuaber of operational sites increases 1t

will become increasingly difficuls to provide the intensity of
suidance eguired for eflficient management of svstems and

Gi
strongthcnxn; of unter users' associations 1n orcer to eventually
assume Tull responsibility Tor operation and maintenance.

In order Lo Lmprove inter-sectoral coordination, a training
proSam has  bheon planned  ancluding Treld  stafl from  P2AT,
agricul bural v lension agents, hoads of wator usiers'
associallons,  governpment  commun, Ly development Cieldvorkers and
intluential village floures., Traitning will tnclude

Lional, socral and basie tecanical zaspects of groundwvater
d seminar for
s also planned
ir

ardin s
irrication. A S LUy Lour Lo eniysLing sitles an
officiais Trom Lthe relevant sectlorial departmentls o
the possibilities of tmproving iter-sectoral
for Lhe future desciopment of groundwatler trrigation

to  discuss
coovrdination
in the projgect area.

L0



The possibility of involving a local non-government
organisation in the program to provide a network of field agents
to assist in the development and operation of new siles 1s also
being explored.

5. SITE SELECTION PROCEDURE

From experience gained during the process of development of
the first three experimental sites, a logical approach Lo site
selection has evolved which s considered to cover all the
important issues as woell as making most efficient use of limited

time and funding.

The process is represented in the form of a flowchart in
Figure 2.

1. The Tfirst step 1n the process 1s  a review of existing data
which may be 1n the form of maps  (Lopograph:ic, land use,

administration ete), other survev reports (socio~economic,
hydrogeological etc.), information {rom local government

officials or observations in the field.

2. Afrer revieving existing information, 'a number of possible
sites can be sdent;lied for further Investigation. ‘Sites! in
this case nmay refor to a specific well or spring location, or an
largar area ol land  which s considered of  good potential for
developmenrt even  thaush there nre no adentifiable wnter sources.
The  latler situalion could make the area a priority for
exploration worl.

3. The next step  involves a field visit by P2AT staff Lo make a
rapid assessment of  the site characteristics and delerminc
whether a  wore dotailed and costly  survey 1s required. This
process should take only one Lo  two days per site and i1nvolve
tnformal intervievs with farmers and Jocal officials to establish
land ovuersiop palieras,  present  land  usoe, socinl groupings,
alternative walor sources, other :ncome dencerating act.iviLyes as
well as otper general observations., A smal!l kerosene  punp would
be Lahen Lo tne 1eld so that any oxisting, apparentlls productive
wells could be pumped for Up Lo two  to  Lhree hours and the
dravdown  goted Lo give anearly andication of well capac:ty
before organizing a complete and costly punphing test  at a later
stude,

Il any  Pundamental problems  are identai!lied at this stagoe
such as very larse aroas ol  land beiny  owned by a4 {ew woealthy

-rd i
landlords or  a high percentade of of land ownersnip by absentee
landlords, the  srte  may be dewignatoed s unsuirtable  for

development! undor Lhe progect and Lherelore tandicate no need for
subsequent survey activities.

.
“



Due to the hidh ookt of sor) analysis, o generenl nssessment
of soill conditions could also be nnde at this eurly stage, \ full
soil analysis would only  be proposed oI there is evidence of an
apparent soil problem t.e.  rog observation  or information From
cespondonts

e I an apparentis v .N)h-tulhor source already exists and the

area s constdered suitabi Jor development, the NUeXt stage would
involve a  morne liP‘JllLed Lecanieal  surver.  This sSurvey would

include 2 20 hour pumping - test,  s0il sampling  or textucnl
classtitication (percentage or elay, sand any silt), watonp quality

test Ln". and measurement of soq nlilhr ation rates,

3. Analysis ol rhe survaer  worl carcried  out .n shap Lo oweill
indicate whether tho sihe 1S suiil viable for development, [
suitable, the data collected also enables the potential command
area Lo be established.

6. Once the potential  command  aroa has besn established, the
detaled Lopgraphic survey of  the stte  can be melemented. The
area covered by the topo survey should be between 30-100% larger
than  the ostimatoed commane  arei Lo provide flexibility for
command location.

T+ Experience in NTT has  shown  that ¢ s very ditficuls to
clearly establish land ovnersihipn through informal interview and,
as onlv oovery  small percontase  of land ownership has been
officially mapped, the MOSL accurate  method 15 4o take the
u“uaxked Lopodraphic wmap Lo Lhe fLield and then i1nvite village
officials and as many  local farmers as possible  to walk around
the fields with a tape measure and plot land ownership boundaries
onto the topo"rnphlc map. Plotting of land boundaries is also

sential in  design work  to determine position of turnouts and
conveyance chAnncl

8. At this stage,work can begin on designs.

(£
[+
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G. CONCLUSIONS

The  SSINP experimental program  in NTT is designed (o
identjfy lov-cost,, farmer-managenb]e irrigation technologies
appropriate to the specillic conditions of the Oesao-Pariti
plains.

Strategies developed to ensure the sustailnability of svatens
have  1ncludec  the development  of 4 site selection procedurces
which take account of socral, as well as technical factors
and the participation of  farmers in  the surveyr, desi¢gn and
construction stages of site development,.

1Y

The technologies used 1n the desica of initia] sites include
pressurised PVC Plpe systems and open channels constructed sith
pre-cast  concrete sections. The anitial  cost of constructing
Lthese systems hus been shown Lo be significantly lower than those

reviously developed by P2AT.

Delavs tn progect implementation nave meant that only two of
the nine cxporimental svstems pilanned for development have heen
vonsiructad and  these wil only become fully operational at the
begirning of the 1986 dry scason.

LU as thorefarn impossible al this slage Lo malke meaningful
Ffecommendations on the syvstems  most appropriaste for sustainable
cxpansion of groundwater Irrlgation in the project ares 2s such
reconmmendations will dependent orn monitor:ng the performance of
the various svsiens in operation.

<



RECOMMENDATIONS

besigns  for the following six Xperimental sites should
include systoms us mg, lowor -gradce P\’C pLpe than used at the
first two sites modifications Lo the design of pre-cast

concretle Chdnncl L.cct.lon\.; and at least one smaller site
using properly constructed unlined canals for comparison
with lined channel systenms.

In order Lo hehieve the objective of providing
recommendations  for Lechnologies appropr:iate for further
expansion ol groundwater irrigation within the project area,

! be closely monitored and comparec

e:.‘pm‘unp.u..zz siies should
with existing PCZAT s:ilus on Lhe bas:s of  both technica: anc

ool

soc:o-cconomlc aspects.,

Efforts should be mude u( both the Provinc:ial and Central
l¢ to reduce  the time  taken for the approval ana

disbursement of project funds.

Institutional support for wiater users' associatlions needs Lo
be strengthensa by improving 1inter-sectornl coordination at
Lhe  provieial  Jeve! and/or establishing a support program
implemoncoed through a non-Zovernment organisation.

Expansion of groundenter trriantion vithin the  projeet area
should Lot COmme e hn!'ur'v the completion  o!f tho

Zeohyarolocion! water  balance  study Lo assess the true
potential ol the aquifer and rishs of causing environmental

ciumaye,
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Taoles 1.

TORFSRISON OF J55TS FOR PIAT DERPLCTS CSNSTAUCTED UNCER CONTRACT ANO SSInP EXPERINENTRL SITES CONSTRUCTED THROUGH FORCE ACCOUNT.

B PSAT JERPLOTS H CSIKP ENPERIRENTAL SITES - FORCE A COUNT H

: CONSTPUCTION COSTS IR Rp. Walues from oriqinal conutracts) : HCTURL COST (Pp.o : ESTInaATEd CBSV ¢

PLUKGALE [ ¢55,86) : NALBCHAT (S6&/37) : PRRITI 1 (86,32> : PUKDALE II (35-87) : LUKRAN BAR. (843,593 : PARITI I (38,51 3 LLERRH TInUR :

L. Conveyance systen : 13.313.500 @ 13.116.500 = 13.170.?00 18.112.9?50  : 14.603.200 10.080.32%3 = 3,493,400

2. Pump Zets ang installacion ¢ .?00.000 : 2.000.000 = 1.350.8N0 : 1.700.000 = 2.579.750 3.013.000 2.224.5¢Cn

3. Punp nNaouse : 3.263.7S0  : 4.695.000 S5.016.350 : 1.965.000 8S0.000 = 3sn.3nNag $20.350

4. Admia., ransdort 2tc. H SQ.aN0 2.131.000 : 2.274.000 : IF3.000 ¢ SHS 000 3.374.300 ¢ 2.fo0 20

5. TGrAL C0ST (Ro.)d H 23.7vr.S50 = 26.942.500 21.313.530 : 25.7%8.950 ¢ 13.377.3953 = 17.317.3220 s 11.553.350

3. JOnkRan0 ARER (He.2 H voos 3 10 5 = 1 0 b I

7. COST PER RECTRRE tRo.- har 3 3.2956.793 @ 2.793.611 2.181.355 3.21‘3.5‘3:! : 1.83?2.79% 1.781.?225 1.165.335

3. LGTH.OF LOnvE?HSNUE SYSTER 5850 ¢ Sng 400 = 430 [a=19 B 915 = 335 :

¢ neters J H B : H H H H H

H : H B H H PYC pipes H H

S. TYFE OF CONVEYRNCE SYSTER @ Jpen channal : Open channel s Open channel T Salvanised pirpe : PVUC pipe : Open channel : dpen channel :
0. FONYEYRRCE SYSTEN : 30.823 = 36.233 : 32.927 42.125 19,471 : 11.017 &.5656S

PEP nETER : : H H : 3
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Table: 2.

COMPRRISON OfF COSTS OF MATERIALS REQUIRED TO CONSTRUCT OPEN CHANNEL <

F'¢r 88/8B9 PRICES

P2AT OEMPLATS

Cost of construction Mmarzri1al F¢ 88,839 prices

ITEM

: SSIMP - Estinstag
I cozt of materials

Poat FY O 38/89 prices

1. Canveyance sy=tem (Rp.)

12.223,.7s8

2. COMMAND RREA (Ha.

=

3. LGTH.OF CONVEVANCE SYSTEN

T neters 3

4. TYPE OF CONVEYANCE

Upen channel 8pen channel

S. CONVEYNRNCE SYSTEM
COST PER METER

:—--— LUKMAR TIMR
; S. -98. <200
; 10
—_—~—_—-_~——_§_-- a 325 a
Cpen cnarnel ; Open channsl _
6.685
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Table: 3.
COMPARISOM OF COSTS OF MATERIALS REAUIRED TO CONSTRUCT PIFED CONYVEYANCE SYSTEMS AT
FY 83,89 PRICES

H P2AT QEnPLOT SSINP ENPERIMENTAL SITES
: Consrcruction natar-— :
P 1als only at : Actual cost of naterials
FY 38/89 pricasx st FY 83./89 praices
ITEM H PUKDARLE 11 : LUKMAMN BRRAT : PARITI 11
1. Conveyancs =y=ztem (Rp.) : 20.3962.930 : 14.603. 200 : 10.040. 25
2. COMMAND AREA (Ha.) H 8 H 10 : 10
3. LGTH.OF COMNYEYARNCE SYSTEM H <130 H 2?50 : 31S
( mocer=s ) H : H
H : : PVUC pipers
4. TYPE GF CONVEYANCE SYSTEM : Galvanised pipwe : PYC pipe : Opon chanmnal
S. CONVEYANCE SYSTEM : 43.75S1 : - 13.471 H 11.017
CAO3T PER METER (Rp./m) : H :
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