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FOREWORD 

This report. describes the initrial development o I the Small-

Scale irrigation -Mnageren t. Project ( SS [IP I expe rimental 

groundwater irrigation sstems in the Province of Nusa Tenggara 

Timur (NTT) . 

The program is be Lng implemented by the Public Works 

Ground'at .e r Developnent Age(rncy hereatter r:i 'e rred to as P2,\T. 

The report discusses the factors aff'ecting the choice of 

systems considered appropriate for development in the re%ion. A 

dest 1 pl;ion of sites to isth, love loped date L. iven including an 

explanation of factors caasing 
 delays in implementation of the
 

project, comparisons of cap i tal costs for the experimental 

systens and other important aspects of the development process. 

The ultimate objective of the experimental program is to 

provide recommendations of irrigation technologies and management 

systems appLopriate tfor furtherthe expansion of grouindwater 

irrigation within the project area. However, due to the delays in 

project implementation such recommendations cannot be provided at 

this stage. 
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I DEVELOPMIENT OF SSIMP EXPERIMENTAL SYSTEMS IN NTT
 

1. INTRODi'CTIEON 

The pt. utial for groundwater irrigation ,iev."Jopment in the 
Oesna-PariLi plain was first recognised during the 'Timor Island 
Water Resource Development Study' Re. 1) iiMpLemented by Crippen 
rnternational with CIDA funding. 

Between 1982 and 1986, P2AT implemented I dVrll Lng program
in the plain which produced five productive wells with depths o
 
50 to 65 meters and yields of between 9 to 15 itters per second. 
Between 1985 and 1987, P2AT constructed irrigatLion distr ibition 
systems at fou r of these product'ive well. sites. 

SSumP involvement in the development or groundcater

irrigation 
 in NTT began in L985 when ai IJS,[D consul tant 
i;nplemen Led a det.ai led soc io-cconomic survey to monitor the 
development Kf the first P2AT demonstration plot at Pudale . 
IRef.2 to 6i) 

One or the lessons learned from this study was that the 
farmers in the area responded positively no tne opportunity to
 
increase Lheir incomes 
but that the costs of1" deep, tubeweILs anid 

distr ibution systems as developed at this First site were too 
high to be self-sustaining or farmer repLicable. 

A major component of the SS DIP groundwa ter development 
program in 
 NTT therefore involves the construction of
 
experimental systems to in'estigate 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 techniques 
 for operation and maintainance of
 
irrigation systems.
 

The ultimate objective of this activity is provideto

recuommenations of approprLnL e tuhnoLogies for di:;tribution, mnd 
management systems to support the 
 further deve lopmen t and 
expansion of groundwater irrigation in the project area. 



2. CuO[CE OF .\PPROPR[TE [RRIGAT[ON SYSTF.S 

In th i " tection the f'actors that de termine the t:,'pe o["
FI' i'tl. I. igOa sY er.lonsid a[pprui.) t d(v, [oiiie, Idl. wiLhinl t.umis rea Le. or 


the p)rlnje:t :ire±a are discu:ssed.
 

The discussion starts Wi. th the choice o t applicaLion svs tem,
i.e. how the water is actually applied to the crop. The next. 
section covers the conveyance system i .e. how the water is 
carried from the pump to tihe point of application. The roilowLng 
two se.ction:; deal with the choice of punp ing equi pment . . -Th 
water sourcep itseIf and the Final Rec. jun considers equity issus 
which ma:y also afCfect the I.ypo of system chosen for further 
developmentt. 

2.1. Applicatiun system: 

In March, 1987 the SSIMP engineering consultant, Bill
 
Menninger prepared a report comparing three alternative
 
irrigation application L.echniques including sprinkle, trickle and
 
surface (Currow) systems. (Re. 7)
 

The ma in advat Wes o C sprinkle irrigation are high

application efficiency, low labour requirement, and the ability

to irrigate sloping and undulating topography. The ,disadvantages

stated in the report include high capit.al costs, the need for
 
good quality water, the need to 
avoid windy and excessively dry

areas and that field shapes other than rectangular are
 
inconveniezt.
 

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 interrupted irrigation.
 

The advantages of the furrow system were itated as minimal
caplttal investment, simplicity of operation and Low energy costs.
Disadvantages include high labour requirement, lower efficiencies 
(compared with sprinkle or trickle), soils may be affected by
waterlogging 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 two systems are said 
to give high application efficiencies with low labour
requirements, the level of technology involved operatingin and 
maintaining the systems at. these high Ie veIs of efficien:y is 
likely to be beyond the ,tliabiliti e s of most. f;irmnrs in the 
project area and, in terms of ZS[P objectives and the labour 
situation in NTT, the low labour requirement L: to be considered 
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of tar L-S G inporltanee .hali Ille th r. high Capi. a cost. o[ the..Ystents . As '-Ii-lint i o id i t lu(lls in[1 )esao- Par I Li* e-ar.o l 1011111 durrinu the IrvL ,e ,. et' nod a ; I.: , -.Itll %, aIdIIth - ,condi ;onti, lwoi4Ld Il.so 
"N es,i I. drv

I 'l t.h ta
itflp p t 

he s p ri.n' . ikIuto ' i) . t. [r; r tehe i r )-: t :.A*-e; . .that* ,f tohe, th 
r-f r , te :IouiLd -ie.I.l;IeLt-ritnUt L O:;' thte r"urro - appi cat ion sy,t.emprovides the l s t appr prl., t . cchf olo,.)l. .,-.
 

En F;act, furro." i rri gat ion is .u1S,3 . ) o,1hr 'ac I? appL i art j a numbI r :on techi:1 i qiues o tIIe I's Ilie I.III! I ;1.,border-s tv : p sy:stemis. As .,s in andmost of the Lan€d inLikey to be ,ieveupeud the project- areai 
rice 

for irr ga i-orihas been pLanl.ed to ut"i1;i1in Lhe rainy season wit the format ion ofbrinded plo ts, the has i i 
sinai I, Level,

and bt vdt. v s. r ip ypeproba:bly s1) telIs avIr
the must approprito fol. the i itial stages ofdevelopmen 
t.
 

2 . .2 Con ve vanice tens ts 


The significant differences 
 in both capital costof technology between the and levelsurface application technique andof sprinclie and those.r ck e tnd:cate ,jui t e cIea-:,-systems are that surface:.he most. appropriate 
for dvr-Lopment under SS TP in
NTT.
 

The choice of technology for conveyinwell the water from the
to the point of application 
is not so straightforward.
 
The technical alternatives for 
conveyance systems 
fall into
 

three main calegories:
 

a) Unlined, open channels 

b) Lined, open channels 

Buried pipes
 

Some of the important 
 factors affecting the choice of svstemare described below.
 

Buriednipe vs. openchannels 

Buried pipe systems are likely co beconstruct more expensive tothan open channels but. offer may be the a number of advantages andonly feasible choice in certain situations: 

- Open channels can only be used wahere the Land slOpesdownwards gentl." 
whereas 

away tromitho well alowi rg for gravit-ionaL flowwith pr'essurised pipe isstems, water can be carriedup sLope-s and over undulating land. 

http:pLanl.ed


- 'h":l" Lan ,L s ori,: :; id"Led hlii,,)h '.C :';lt.-OtL-o ::w " ru"
land taiken up by open ':hannLi may rtsul, in organSistioual
prDI' i, ".heru .N i i)h' ,l pip e .syi.e .. iY" V'equi i's .a .'ry 
ln".1! aron for turnu tUr t.:.:.r' S , 

- Once C..O o Lu iS 1
0 theN oL)? oj.) AtDL Cu..; Wt7t :oLned Liyout "t' 

butr ied p pas can b arrang.ld to supply Whe tLuvuts Liking
thu shourt.est. possible rout es whereas ope+n channetl my need 
to follow fieLl houndav:is to avoid rKiht-of-,way issues. 

-0) Obst u cC. ihl :aisdd r :arirbeti o 'iu ,'ir'd inage di tches 
eaisi ly v',:ome in buriel pipe ys telS ,hergas open ,:iann.,l 
wou ld rei :u S)e La ."sstructures..

- As there are virtually no conve:.ance Losses in piped systems
the des n discharge can he provided equitably a.t LL 
turnout. 

- Properly 'onstruc-ted buried pipe systems can last for up to 
forty years and require very Iittle :nainLenance. 

- Once the basic design work ans een completed construCtLon 
of buried pipe systems is very simple and quick. Properly
constructed open channe 1s are more time consuming and 
require accurate leveling in the field. 

The disadvan tages or piped ys tens, apart from higher

initial cost, include :
 

- A higher pumping head requirement to overcome pipe frction. 

- 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 siltuaitions wheore open channel systems can usedbe thefactors affect ing the decis ion of whether to line the channels 
include:
 

- The magnitude of conveyance losses from an unlined open­
channel will be dependent on soil texture and structure. If
the soil is of a stable, fine-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 adjacent cropped land may become 
waterlogged. 

http:arrang.ld


- D 	 i gis ,ji, s fo'r ,nri rrs, ch:rnn[I no ,d to he sLeep ,,nough 

is 1.e C.:ia s" o )o i'n of lhe channe l. 

- To , p[ernL. , mo'w'i'i,-rnt I ,', 'nL rsned c:hanneLA requir,.o re,ular 
M. Lni nanc.c. to c lear w ''1t rowtl.
 

Thus, i" noi typ, and 
 . , 	 COnditOtins are SULN.b' and

Labour can be o r'ganised to maintain the channels. unlinedl open
channpLs car: bnho u -d t.o const ruct a low'-cost, .'able :nnveyan, 
H:stem. 

The 	choice of conveyance sys5teml obvious Ly requires caref'ul
consideration of marny soc.io-economic a;nd technical is sues and
there fore it is considered :hat sound recommendations can only be
made on tihe basis of detai led evaluation of experimental systems. 

2.3. 	 Punpi n ,e-quipmen:
 

The cho ice 
 or pumping equipment for 	 use on SS rIMP 
experimental sites has so 	 far been restricted to surface-mounted
centri fugal pumps coupled to small 1 5.0-7.5 Hp ) diesel engines.
At this stage, the use of submersible or turbine pumps is not
bein g reconmended lue to the relatively high cost and the 	 Lack or
Local skills ant f'aciLLtins ',r ,ervicing such equipment within 
the project area. 

2.4. 	 Water sources
 

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

Where aquifer conditions allow, priority Ls given to
shallow, hand-dug wells and shallow tubewel Is due to the
relatively 1low cost of construction and maintenance. 
development or springs is also given 

The 
high priority but to date no

suitable springs have been identified within the project area. 

In some situations, the 	 nature of the aquifer will obviously
necessitate the drilling of deeper tubewells. rn these cases, the very high cost of constructing and mainaining such 	 wells will 
require a higher degree of public sector support to maintain the 
wells in erf i.:ent working order. 
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2.5. EyULLY .. sues a 'ct choice ac" s' wi'll 

Al thoungh , he SS I.MP program to ,car':. ont .a ,o ta i Led 
hydrogeoLoginal as:nessm,:it or the p'or ue1 .rn ha.h been deLay.',d 
due to :dmiilt. Liv, problems, .he . d:gIa ira.'xN.IL Qndintv 
complex, irregular aqu i fer system. Thu observed effect of this 
Si tuaLion is that two Wel ls, wi thn ose pro'xim ity to eachothe:. 
may pOSS.0S. :giit. cat :ly di.ffCerent discha rP- charact.ermist;ics and 
potential for iL igal.ion. 

TO iil Iustrate. t.h is StLlati. uon :l emphasi .so1i .s ig ; i i, ance 
for g roundwa ter irrigation development pol icy cons ider the 
following, simplifi ed example: 

GIVEN: 	 A 100 hectare pnrcl of Land evenly divided bet ,en 20( 
farmers. 

CASE r: 	 (See Figure 1. - page :. Firstly, consider a situation 
in which the aquifer can support up to 50 wells with 
equitable discharge rates o 12 Liters per second. 

In this situation there are a number of possible 
alternatives to irrigation development of the whole 100 
hectare area: small, low-cost, kerosene pumps could be 
used to irrigate e.g. 50, two-hectare commands with 
only a four farmers in a group; larger diesel powered 
pumps with unlined channels could suppl:. e.g. 20 five­
hectare commands, including 10 farmers per group; or 
diesel pumps with Lined channels could supply 10 
hectares with 20 in each group. 

The potential benefits in terms of increased production 
would be the same for all the farmers in the area 
whichever system is used, so recommendations for the 
most efficient and appropriate systems would be based 
on evaluating which system incurs the lowest 
operational costs (including capital costs) and/or 
provides the ideal size of Carmer groups for 
organisational purposes. 

CASE II: 	 Farmers have dug wells at 50 points throughout the 
area . 

Of these 50 wells, '10 prove to be unproductive for 
irrigation purposes and the other 10 exhibit discharge 
ntes of 12 Liters/second. 

Ii
 



Er the prndu t v, ,;: IwIs :ar',e pimp''d u.inq small, Low­
cost, ku,:vro en pumpii i hOctave commltands, amj)s i LLItg 
I.ot.al i only 201 he.: tar'es could be iri'ga.ed it~h M0 
bene f ic i.a res 

i"I . a Iriee .l pumps a.re LSeO I.n conjunct ion with 
unLinod channe s qupply ng 5 hec, are commands, a total 
O. 50 hectl.ares coui be irrigated wi .h 100 
bene fi c iari es. 

it diesel pumps are used in con.juncton with lined 
channels supplying 101 hentar ,erclmmanus the whole IO0 
hecta res coulo d be .ri. rga.ec to the bene'I. t Af all 200 
farmers. 

In this case, if the potential benefit of a productive
well is to be equitably distributed to maxinise the 
area or Land and/or number of benefi c jaries, the 
,dis t r i but ion s ys tem shou ld b, des i gned Lo n 1 mi.s, 
conveyance losses. This suggests the conrstruct.ion of 
lined channels or piped systems. 

If the capital cost of Cons t ructinig th, conviyance 
system is to be borne by the beneficiaries, the 
economic bene fits; pr onit area or per petson may well 
be lower than a system of simple unlined canals se-ving 
a sml11er area but the overall benetfit to the communui ty 
will be higher. 

The situation in 'Case E' is obviously far more conducive to 
equitable private sector development because whichever t.pe of 
system is chosen, all farmers in the area will have the same 
opportunity to utiLise the groundwnter for the purposes of 
irrigation. However, in a 'Case fi' situation, if far:ners with 
land close to the productive wells choose to utilise the least 
capital intensive system, only a small fract ion of the potential
total command could be serviced. Theretore, if equity is 
considered of major importance, a higher degree of public sector 
intervention would probably be required. 

As stated above, the hydro geologica1 situation in the Oesao-
PaitL area appears to be closer to a 'Case 11' situation 
alt.hough this can only be '.'erilfied by implementat:ion or the 
exploration program. 
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Figure 1. CASE I 50 wells CASE II 10 wells 
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L3 "r. NP'ITAIE\;S I'r'LI,\''E I [A E,.)1, E. 1' ) 

To date, onlY o
tWo " the rpoSd nine, .:p,!rimenrta iit.eshave be,-fn ,,ns t:ru1 t,!d and s t4r pnt)v pa -01, l'or ., third,4:o St:ucton 11t.;liIn [roc,.s:nn oLI.111111Iit .. 	 a, t PfL. 

3. 1 .	 Lukman Barat: (Plates toI -4)
 

inspired by the exanpit 
 or' the nearby P.AT PulcdafIe I site, agroup o' farmers ar. Luklman B3arar dug awell 	 shaiLot (7 metor deep)and th..n ksed P.AT to eva luate t pot.ent forLS nal
development. A*\f te r 	 me s t.abI i sh Lnse 	 tha t th~' te con forineli toCect in 'r .,tr ald Iae i especial ,-y ide'v i ,ng. part ict a rcon:n 
attraction for the purposes ot" de:noristlrat ior, being Located bythe s ide of the ma in t runu Voad Ln lnor Lukman Barat was chosen
for development of' an SSTINP experi mental system.
 

The pumping Lest, at thiss i te 
 nd icat.ed a sustainabtedscwharge of I.1 	 Lit ,rs per second and th: des i g command avera was 	istablished at hec ta10 es.
 

'rhill design :ons ists oC 
 a dies! 	i -powr,red -ontrifugal pump7.5 Hp engine coup Lod to a 	3" pump) which dscha rges through afLowmeter dict
l. Linto a nettwork of buried PVC 
 pipes( 150 meters
of 	 5" and 600 meters of - " pipe). There are ten turnout
st ructures at. approximately 75 
m,'te-' spacings, and consisting ofiron pipe rsr i3 W ith T-jo in ts pov id ing outLets indi rections. Eatch 
outlet can be closed ofC with 	
two
 

a threaded ,cap.
When irrigating, an," one outlet i:3opened and a 3 meter length of
reinforced 
rubber hose is connected, discharging into unlined
farm 	channels. Each outlet supplies an 
area 	of 0.60
4 hectares. 

The water users association 
 established 
at 	 this site
includes 30 farmers.
 

3.2. 	Pariti 11: (Plates 5 to 10)
 

The water source 
at 	 this site is a P2,\T artesian tubewell
which 
 was 	 constructed 
 in 	 1986 anu is free-fLowing for several
months during and after 
the 	 rainy season. After the 
 well 	was
constructed the 
d ischrirLg duri.ng 
the rainy .;enon was 
used 	by the
farmers to pr'ovide suppt~menmta ry 
 i r v i ga. 1on fo r, approximately 7hectares of ricefields but was not usedi for dry season cropping . 

A pumping te st carried out at th1 end o theC dry seasonindicated a sustainab).e dischn rgr, of over 16 Liters per second. 

ci 



To avoid orgnni.sjiona L prohlms, UPh. l'osi n command was Limited 
to 10 hec t't-s but. W th h: oUS-SIh I Lty or H.xpansion at a la; r 
date. 

The System Was designed to aIlow for ,ri r rhution oI rhe 
artesian 'l;ow whenever possible, and sWUchLng over to pumpin4 at. 
t i ies when the atr tes [i pri+ve.u nt \ 1"COW fri c - .
 
centrifugal pi.:np was installed. coupled to a 7.5 
 "Hpdiesel 
engine. 

\s the w,:I is sited at a Low pont. of the command 'on, 2I) 
metrs orI' 6" [VC pipe is used to convey the water from the we-.i 
to thU highest Poi nt., it An N e'vation :,ppro'~i nate.y I m,.ot'or-, 
above the e b:vation at the wel. Three, screw-capped risers at. 
125 meter spacings discharge into distribution boxes and rhean 
into Lined channels for conveyance to turnou-ts further away from 
the pipe. The tot:al tLength of Lined channel 1s 665 meters. 

Mhe channel I knings were tabricated on site and consist ot' 
one-meter lengths of pre-cast concrete, hal-f-round sections. The 
formers t+r these secti ons were aes i ned by P2A'T staff" and 
fab r ica ted in the USAID Provinc ia I Developme nt Program' 
Sulkabi. tatek workshop. The sections have an internal radius of 10 
cm and are interLocking to maintain longitudinal stability. The 
channel set ions are assembLee on top of a consolidated earth 
embankment:. En the original design, joints between sections were 
to be made using in asphalt-sand nix but due to difficulty 
obtaining the asphalt, cement mortar was used. 

There are 28 farmers in the Pari ti II water users' 
association.
 

3.3. Lukman Timur: 

This site is situated between the P2AT Pukdale I site and 
Lukman Barat. As was the case with Lukman Barat, inspired by the 
example or Pukdain , farmers in the Lukman Timur area had dug a 
number of shallow wells intended for irrigated cropping in the 
dry season. One or these we lIs has been exploited for irrigating
secondary food crops and vegetables using a pump donated to the 
group by the Pupati of Kabupaten Kupang. 

At the suggestion of the group involved, a pumping test was 
carri ed out on another, recently ,dug well which the group
considered of greater potential. The test indicated a 'safe, 
discharge of 10 liters per second up to the end of the dry 
season.
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The farmers at r.hi s to worn U:rtive Ly invo.'d itst"ab Lish j'g the .:-i g )oa u l'o p :l ?. O0 .i*C14 "ouininetird, 

The (tnveyance system tor th is si te a hli .ned hi an upen cihane l,} pr'-, as ', I.rap,)zoid ,.h:anno ' . ieons. 'hoand .i n;iing W1Lhs, .;e, shape
e t on I. t - I, . ,fferiofo' t.he Par: U. si te. t to those use.drTh, channelI '-2io.ino ssec.tion, hav, I.I. be trapezoid inflat, rather than 
i.n Uerlurk rng ends and ,jointtsbe supported by a.I .l.L
 concrete pIl arS Set i to firm soi i..Thetotal lengLh of channl 'or this site 
.ill bp n2;betpr.
 

'i1h pumpin oq o l orn, :Li rs w- l be a V a wrpump coupletd t."igalto a 5.5 H;tp n'gun. "rh PUMP :L.1 ,ischar:ge
snal l reservo r/s i :nto 1 
oanw -ank :ion tihrough a V-no tch,meteritog device 
into the canal system. 

Construction of th;ie expertimenalI systems hasaccount. been by forceP2AT staff are responsibe 
 for the procurement
equipment and materials and the ac 
of 

tual const
implemented by 
rue tion wortk isthe 'arners 

P2AT irri 
at each site undevr the guidance ofgai en staf. The armo ls ar, not paid forbut mid-day meals have 

the r Labur,
been provider, to Anab. e them to workfull day. At the Par ti asite, after' discuss ionsthe fabr tat Ith the farmers,ion of the 
 majo r i ty of channelimplemented by paid linings wasLabourers 
so that the construction could hecompleted before 
the beginning of 
the rice-pltnting season.
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3.4. "Rmsons Wr thtrm) (]Lav:" t- in '; ..Li.n of COnSI.UctOI 

The :h ron,) [,Lui::L I w of:e ev, rlt-. nvn Ived in t:hdexi Lo pmen , rfho rirst t. wo si. t s is summa r i ed he Low 

TCSE AGENCY REi1ONS.LC 
 TI E TAKEEN 

FiteLd survey ;ind P2AT - NTT 7 months 

(I (!v-u q 987r 

OfFicial request [IRRG. I[ 
 2 months
for PriL commit­

(Dec. 87-Jan. 88)
 

Issue PEL commit USALD 
 I month 

(February, 1988)
 

Request for pre-
 P2AT - NTT 
 3 month's 
finaric ing 

(.1ar-,!ay, 1938) 

Authorise 
 release 
 DTUA, 81 
 1 month 
of funds and
transfer to project 

(June, 1988)

account 

Inform pro jei-t of Project bank 
 2 months
 
transfer
 

(.Jun-Jul ,1988)
 

ImpI ement P2AT - NTT 
 5 months 
construction 

(Aug-Dec,1988)
 

From this table it can be 

the 

seen that the whole process frominitial site investigation to 
the compLetion of construction
of these two sites took 
a total of twenty months.
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The Col d survey work was delayed mainly because there was no appropriate pumping equipment ;.vaiLabLe at P2.\T to carry outth- pumping test:- ne 
u'.sary \Car est.;bl is:3hing desi.gn c,+ mmand ntro..
Thus-, 
he tol a time taken ,'rM t muriv,,y +'. Lulkmanni s work iaH rI'nI. L o ml I im "r. ,itr% tio. s wev
;. :was montL s I a(y-Nov, t"h
,
 

The a-din i strati e proc:ess to obtain the funding forConstruction from 
the submitting,of 
designs and specifications bythe project to rriation 1T untiL 
 receipt or funds at the

pro.jc: t took a total 
of nine months.
 

Delays~ in the i oplaenzta.ion M C ons 
 ruef jai were causedmainly by the 
pro je'ct sta&Cf Lacik of , ,rpence in O rqnIm 3 ::ons t.ruc to. n '40 rks undor fce + 
a t . A omi tee was f vime'before work ctjummenc:ed but, didt not real Ly function as hoped,leading to delay- inLii d.at ion of funds for procuremenrmaterials, transport and 
of
 

per diems. The Lack of 
 coordination of
of ,appropriate transport also 
 caused delays as did problems of"
communication between project staff 
in t.he field and the main 
office in Kupang. 
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3. 5 . F;rmo r Pat' 1 1 t! n.il 

F.axm,' r pAr I- i ci pat ion in ir i .gat ion 3iys t. ine ,-v Lopmelt hasbeen r as 0oCcotn I.-ed major import.Lance in creatn r s'istainabli
 
sys t.ei: I-h I (h c:nII I :I- manage!d .
L,V.i iII: iI.. bo b% armeri o, .
 
minimal public se'ttor support.
 

Farm.ers at a I :,hree SSINP si I.Pe have bi-en ar; i vel,, tuvol.reein aLl feId Survey act.iv i ties inc Luding 1)i 1i tn teStS,topographic surveys and plotting otf land o;nership boundavies.Wo r i ng, c loseI y with the farmers in the early s tafes of 'irsedevelopmen t pov des P2.\T s taIf i .h the oppor, un. L ."-.o I de ti ;any previously ilt'ores, en technl cal or sot:cial pro).l.ns *l5SO LU.LI
1111* 'eI I t n ceoWi t~h h.he si,.o w,hi oh may. l, h e eq .III;t011-ri IIt w0 rk

rind /o r 111fll' gll1ibi I i ty .he! .of .-''s V.r0lm 

:\Art from of'len, being !'ho onLy way to sat is t'ac tr i Lyes tabi Ish land ownersh t p boundaries (see sect. ion 5. on i to se Lect ion) the plot ting of ndiv idual farmer's fie Lds on thetopo-graph ic map was a Lso lound to be very usefu Co rde t-ririnat ion otC syts 1;em ayout, posit ion ing tuo C nouI:"structures, and for checicing farmers' agreement to rv.ght-of-way
tor main system canals. 

Once preliminary designs had been prepared,, the farmers wereconsul ted to ver y their ae ement - WLth the command a reaboundaries, sys tem Laout and positioning orf turnouts.
 

At aill 
 three sites, soc at factors affected theestab] ishinent of areacommand boundaries and those evenruallyagreed upon were quite different those that ,would have beendetermined on the basis of technical site characteristir:s 
alone.
 

Right-of-way issues 
 have not significantly affected the
design layouts for these three sites as the farmers cons iderbenefits of a year-round irrigation supply 
the 

to far outweigh theassociated Loss of Land to the main system canals.
 

All construction work, apart the
from fabrication of channelsections at: Lhe Pariti 11 site has been iipleme n ted by thefarmers under supervision of P2AT field staff. .\t both sites cons tructed so far-, the initial excavation of trenches for thePVC pipe was divided between the farmers on the basis of area of

land owned within the command area.
 

At. Lukman Sra t , the subsequent cons truc t ion work wascarried out on a single group 'gotong royong' basis. At ParitiIf, the farmers decided to divide their group into three groups of nine to ten members wi th only 
sub­

one sub-group workingeach day so that the other two groups could continue with otheractivities such as tendin, cattle, fencing and prepartng upland
fields for planting orn in the rainy season. The division of 

I *I
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thoqs sub-groups 
was bins od on the division of land servpd by eachor the Ihree ma in o'arial;- s so) that the "amue S311-4rwp /s coiu hiomnintnin .d ,.ror the pu r porses ofrirrigaL :ion uuim u 'u',,L iiih.w thn thv' 
S .SLVih"oioiius~ U JO [:.:L Unit I 

Dir Li, the p)rocess or .'t); S mit; I. on, rho r"armnu, s j i nedprnactiae. experie-nce or 
 ssm inrg PV( pipeg;,ombankments level ing canal.at the coect s[op) pump . andirsta [ata tlon; castirugof" concrete turnout structures and distribution boxes. By thetime o:onsL tuct:ion work was finished most farmers w;ere
perl'orming these :apable of'tasks with Little or no supe:vision. The.sski l .should enables rho areri to malntalnt'h the ir SY reims. ingood working or'or wtth unninimnl t.eohn ical :ssistance. 

It should be noted that the inLtiai enthusiasmmotivation of farmers during and
the early stages of survey anddesign work was put under considerable strain as resultlong administrative delays mienti oned 

a of the 
some in section J.4.. indeed,frarmer's did beno inve the, prn tect staLf when informedthe cortnstructi on thatwork couild begin and only started to work onexcavation theof trenches after the materials had been transported 
to the site. 

3.6. Construction costs
 

rn Table I (page 26) a breakdown 
 of' the actual costs of
construction 
 for the Lukman Rarat 
 and Pariti If experimental
sites and estimated cost at costruction f'or the Iukman TUmur site
are compared to 
the costs of constructtng thesites (Pukdale four PAT 'demplot'
I, Naibonat, Pariti 
 I and Pukdale [1) under
 
contract.
 

Notes on Table 
I.
 

1. Conveyance system: include's the cost of channeis and/or
pipes, turnout structures ,dis tribution
boxes and metering devices. 
Naibonat, Pukdale I and Pariti I sites
have masonary canal systems. Puikdale IIhas a gravity-fed galvanised pipe 
sys tern. 
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2. Pumping equipIment: 
 ,costs of pumping equipment 
 at the Sm[N' ,sites includes the cost of installat.ion
 
(pipes and 
fittings).
[ns tallaton costs for the Pukdale 
r and
rI sites were 
not ava [able.Pumps 
for the Naihonat and Pariti E
sites 
were purchased 
in 198.,
 

3. Pump Houses: 
 The pump houses at 
the Na bonat, PMIkda,
[. and Par, t [ s ites have hr' ek
"nd two separate comnpau 
:wa ls 

r ?ments . The pumtphouse at Pukda le r has pi :1and No'"nd wallIis divided 
into three compartmnts.
sum[Np houses 
are
pump of a much simpLer
construction wi th just enough space forpum ping equipment and 
fuel storage.
4. Admin. transport etc: 
For SSINP sites this incJ.udes the cost
of P2AT 
 staff supervision, 
 mealsfarmers, ror
labour 
 for fabrication
channel of
sections and 
transportation. The
higher costs 
 incurred aZ both
and the SSEMP
P2AT sites in Partti 
are due to
grezatoe r the
distance 
 from 
 [upang
di 'ficuIt and
access 
 during
season. Ohe rainy-
The high cost 
 an the Pariti
site compared 1I
 
to the Lukman Barat site
also reflects 
the greater length of
and labour time
required 
 to construct
open the
channel 
 system 
 compared 
 to the
simpler and quicker construction 
of the
buried pipe system.
 

Discussion of 
points 5 to 
7 from Table I. 
Firstly, 
it should be 
 noted
P2AT sites the cost
are taken directly from 

that figures for the
Pukdale the original
I site contracts.was constructed The
in FY 86/87. in FY 85/86 and other
No adjus tmen ts three siteshave 
 been made to accountinflat ion. for
 

Total 
 costs 
 per hectare 
 for all
sites 
are lower than all 
three SSIP experiment.al
the 
P2AT contractor-built 
sites.
 

The per hectare costs
Barat and for the construction
Pariti 
11 sites of the Lukman

estimated cost 

are relatively high 
 compared to
of the Lukman Timur the
site because 
 both of 
these
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systems 
inciude 
 the use or high-Iradeexpei' i,.nce PVC Pipes. .\fteror iznstaiLn ainingthus,'confident sytems ,that a lowoer grad! or 
the P2UT staf feelPVC could h" used -ithsaving a 'osor up tn 30 per conn
 

or poi"Ll.s. 
 to I0 from Table 1. 
The convevyance Systemsconsiderably at all threeLonger SSIIP sitesthan those are were des igned with 

at the PAT 9 es. TheLnge-r convey'ance 
Ss'2IP Wites 

equ itable dieivery sys tems "C PO"V ide morescreams to tieidsexperience within thewith ,nmmanaoperat ion of area as
H.de [s the P2AT systemsa'e too has shon thatfar someaw.a fromconsiderably f the maLnonger cana 13to £rr igate and takethan fieldssystem turnouts. closerSuch inequity to the mainof deliver:.ycause difficulties streamsin oranisation are bound tosystem of irrigationwhere farmers managemant,pay for pump En athe relative expense ope ration on an hourlyof i rri£ating basis,

main channel fields further awayare likely from theto lead tousers' association. disputes withinThis point was the water 
report raised inof the Pukdale the :nonitoring
payment I site (Refr.5 ). Evenscheme could if a morebe introduced, equitable
still this inequityLead to organisationa[ of supply willproblems in mmanagng rotationalirrigation scheiuling. 

The SS . Ip dist ribution systems
so that have therefnretime point or" de ivery nl. tn 
heen designed

further y 'armershir [JO field shouldmeters f'roI be no
This should a main systemallow f'or turnout structure.
easier management andthat the water a greater
users' association wiil 
Likelihood
 

be able 
 to independentl.
manage sustained operation and maintenance of 
the system.

Havtng recognised this requirementsystems, the final line item for Longer conveyancein Tablethe conveyance I., the costsystem per meter ofis probably

factor upon which 
the most significant costto compare the systems. 

Comparing conveyance sys temSSIMP costs asystems on perare all metm. basis, the'demplot' signi f icantly cheapersystems. There are than the P2AT
influencing however, obviouslythe difference two main factors 
systems in costs between thei.e. firstly, P2AT and SSEMP
construction by 

the difference between contractforce account and costs andsecondly 
 the actual design ofthe systems. 

17 



•In order 
to make a lotr-' r;al is t. c comparison of' costs foraLternattv j,esigns, 
 r.h 0 b1 l ' quantitis from the original
contracts for the l'ou r P2AT 
 s ites have 
 been recalculat.ed to
('.'C I lido Al I labou." Co.st :Arid LIS ing ([s
)r-Icei pontemmmp.l0 .., , - h.const.rmct loll "
ol" SSE[IP s7v. 'mn s . T'e so e ca"I cu ];i ted Costs cotr thfrOnivevancc sysit-ms 
are 
 v?,fn i Table 
 . (pag, 2 7 and Table . 
(page 28
 

Table 2. ,:omparos the costs of 
 the three P2.vr open channel
systems %,, the 
 es t im a tedIth costs for the Luhmnar Timur openchannel system. As can be seen 
 the in t cost o v LinlmanTimur ystenm is sI. Il .;1gni 'icant. y 5 
2 

,ow e- It RIp. 6 . r;r; /:me1er ascomipared 
to Rp . 18. J3/met.et* for the cheapst chaneL s"ystomum
 
L Nai,\jhonmi t; I! .
 

[n TabLe 3., the ad justed cost 
of' the Pukdalo [I galvanisedpi po system is comparou 
to the PVC pipo t m at Lukman 11a ratthe combirlt,jon and
PVC pi p0/open ,?hannel sy!tonit at Par'tti Ll . AgaLnthe difference in 
cost is:nifj[anr 
with the Lukran Barat
system costing .P.19.4l/moter 48
as compared to Rp. . 751/meter for"
 
PukdaIe II.
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3.7.. Nonitoring of experimental 	 sites 

So far comparisons betweon suLes has only been possible on
the 5asis of designs and initial capital costs. In order to 
achieve the ohiecL i 've or pro'." d i ng :ecommendati ors for 
approprinLe syst ems [or replicaLion in further expins ion 
programs, Lhv, oper:ation and maintenaince of the experimental Sites 
need to be closely monitored. 

Organised operation and monitoring of the first two sites is
due to commence at the beginning of the 192D dry season. 

The mon.oring of expernimental sites will include both
technical and socio-economic aspects of system operation 
including: 

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

b) Maintence requirements: 	 including time 
 spent on 
maintaining the distribution 
systems as well as costs 
incurred. 

c! Distribution efficiencies: 	 conveyance system water 
losses. 

d) Agricultural production: 
 data to be collected at the
 
end of each planting season.
 

e) Malageability': 	 organisational requirements
 
for irrigation management
 
associated with system design.
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,t. INSTITUTIONAL SUPPORT- FOR WATER USERS' ASOC[ALTIONS 

E::perience gained during the development of P2AT 'demplots' 
has indicanLd that the farmers in the project area are not 
generally used .o coordalnn, iug produc, ion activi, Les in organised 
groups anid hercfoe' require parLicularly inLtensive guidance in 
Lhe organisaLionaI aspects of system operation during the early 
stages of development. 

Alsa, as farmers ini the project area have generally poor 
knowledge of improved agricultural practices and, apart from 
watring small household gardens wil have had little or no 
experieice of irrigating secondary crops in the dry season, the 
provision of agri'cultura] ext'rsion and training in irrigation 
application techniques 'arc also particularly important to the 
success of the project. 

Dcpartmienit or agricul Lur-, extens ion agents have 
occaisionally provided advice an crop production when invited to 
attend water users' association meetings but have not been able 
to provide the sustained support required at groundwater 
irrigation sites, especially during the early stages of 
development. 

Effecti'ely, only iwo m,:m er:s of t .. P2A T irrigation section 
have been involv'ed in: the formation of water users' 
aSsoCiaitiirie providing advice arid guidance on irrigation 
managment and crop production tewnrqoes; and helping farmers to 
obtain agricultural inputs. The rgalarity of site visits has 
also been restricted by insufficient budgetary support. 

Obviously , as the number of operaLional sites increases it 
w ill become increasingly difficult to provide the intensity of 
go idanice required for efficient management of systems and 
strengthening of water users' associations in order to eventually 
assume frul responsibility for operation and maintenance. 

in ordr to improve inLter'-sectoral coordination, a training 
pranm has hr',:n p aintii.d inc I n ggi f ild SLaff froii PAT, 

cgiiu lt mi '. L I agg onill.', hiads of Wa .. r users' 
assvi'Li ols, .give nmentl c'omunor * ,y devev l opme nt f'ieldioriers and 
mni ijental vi l lage figures. 1 rn ining iWill include 
inrgai isn i niaL , ec' i. and hasi " -cnan ical aspects of grouidwater 
rriarLntmon. A stud' Lour to C\ItSLn ;i tes and seminar for 

officials From Amn, r levan :sevtorial oeparL.milnLts is also planned 
to di scuss the pogs i I Ii. 1 s of imprn\ing initer-sectoral 
Wo na ,.); u n' Ai' UP ,r'rr\ I )jiiPi i t or groundwaLter irr; 'atJ,oninot oni 

in the pro.orr ar,'n. 
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The possibility of 
 involving a local non-government
organisation in 
the program Lo provide a network of field agents
to assist in the development and operation of new 
sites is also 
being explored. 

5. SITE SELECTION P!ROCEDURI 

From experience gained during 
the process of development of
the first three experimental sites, 
a logical approach to site
selection has 
 evolved which is considered cover all the
importan:. issues 
to 


as well as making most. efficien, use of limited
 
time and funding.
 

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

1. The 
 first step in the process is a 
review of exzisting data
which may in form
be the 
 of maps (topographi.c, land use,
adminisLraLion etc), other 
 survey reports (socio-economic,
hydrogeological 
 etc.), InformaLion from local government

officials or observations 
in the field.
 

2. Afrter reviewing 
 existing information, 
a number of possible
sites can be identified 
 for further investigation. 'Sites' inthis case may refer to a specific well or spring location, or an
la;rger area "r land which Ls connidered of 
 good potential for
dpve1opmeMt 
even: t.hough ther, nir. no idenLi.i fj walenter sources.The latt er sittlai.t 
 n could make the area a priority ror 
explurntion work. 

3. The next step involves a field 
visit by PAT staff to make a
rapid assessment 
 of the site characteristics and determine
whether a more detailed and costly 
 survey is required. This
process should take on1y one to two days pe r site 
 and involve
informal :nt ervi ew h farmerswiti 
 and local off'icials to establish
land o.:,,rskhip paLtterns, preset:, land 

atte 

use, soc'in groupings,r'i vo ,' .Q:" sources, other incoire Lone rut in, ct. Lit 7S;i ] eswe l as li,?r gnieral ,ubsorv Liuns. A smlnII krosen., pulp wouldhe t l,en t tn, F ld so tha. any i:sLinig, a ppirent , productivewel couid op pump,-d for up 
 to two to three hours and thedrawdown noted Lo glve an early: indicatLon of well capaci tvbefore o:ganising a vomplete and costly pumpirng Lost aat later
 
stage. 

I ;.a ny fuinda;n,-n ta] problIe:::s ident. ifi edar-e at Wli ,,,age
such ;as. \:ry ;ir nr'eas of lard beinig ownd by n few weal thylandlo:ds 
or a high p':t'aegn:.:g, of' of land olwnerhil :p by abente,:.d , Lo
Ja rd Lii :Ittie may h ii':t gn t ,:l ;is un isii ta :I torIII Olt)ilpmnt unider th, 'pr.J:,and;,Lh,:',:lor ,,I indicatL. o e ed for
nubsequen : Survty a ,tjiLies. 
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or son U'P[con~dJ~.oz|s.t'o the ,hiLgh,:,uld cost alsoo So:bo l Inat :tly t is,hismad: e a aK.YgenerajStage,.\;ass Assmen.tfull

soil. anlrays is woul d on ly b" Propose:d
apparent sot I 

lr" thq., is evidnc. or anprob lem Le . rom observat. on or in formati on fri
respondents.5 

4. tr an apparn l tiablo W Ler sour e :roI.'rrarea :s con:l'-,1 ,. ex',':is ts and thed sit tabl e for developmnen., theinvolve next stage woulda more dotaiLld tni'ca! sur'.ve.-. Thisinclude Survey woulda'21 hour puimping L,:st, 'oiL sampling for texturalclassi i at.ion (percentage of: clay, s;nd anti sit;, water quali t.,t.es ting, and :easurem[en . of oa a:'I trar ion rates.
 

nalysis
n. of the survey wor ,riedr Jout in Stepindicate whethrp 1. Willthe Site 

suitable, 

1S still M'.MbIe for development. iftrehdLLa Collecuted also enables the potential command are.a to be establ ished. 

6. Once the potential om'20;;mand aria has been established,detatled topgr'ph;c survey of thethe Site can be implemented. Thearea covered by the topo su:'vey should be be tween 50-100% Largerthan the ,e-stimated comnmranc a rea to provide flexibilit;y forcoilmmand Location. 

7. Experi ence in NTT has shown that Itclearly establish is ve-y difficult toland ownership through informal interviewas only a: 'very snmall per'centage and,
of land ownetsnLpofficiaLLy mappied, has beenthe most accurate method Isdetal Led toporuraphic nap to 

to take the 
officials .he fi [ d and then mnvmLe villageand as many local farmers as possible to walkthe fields with arounda tape measure and plotonto the topographic map. Plotting 

land ownership boundaries
 
of land boundaries
essential is alsoin design worK to determine position of turnouts andconveyance channels. 

8. At this st;age,work 
can begin on designs.
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Figure 2. 

1. - UREVIEWEXISTING DATA 
:Pen'guiran, P2A'F, :\grnrQa 

Pe rtanian, Bapplda, Desa, 
uecamatan, K;bupa ten. 

i"-

, 

-

2. POSSIBLE SITE 

3. FIELD VISIT 

Water source, land Owner­
ship, land suitability, 
land use, social grouping7 
farmer interest. 

Not O.K. 

:o... 
Possible 
soil 
problem 

. SOIL ANALYSIS 

PH, micro nutrients 
salinity etc. 

Not O.K. 
. 

4. FIELD SURVEY' 

5. 

7 Pumping test, water-
quality, soil texture 
infiltration test. 

'O. K. 

ESTABLISH COMIANID AREA
S.. ......... . . .. . . .. ... . . . .... 

, 

Not O.K. 

TOPOGR.Hi C SURVEY 

7. PLOT LAND O'.-NERSHIP 
BOUNDARI ES 

Not O.K. 

8:. . DESrOgN 
F0. K. 
PROCESS , 
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G. CONCLUSIONS 

The SSIP experimental programident i fy I ow-cost in NTT is designed, farmcr-managabl to 
aPpropriate to e irri ation technologi e.the specific conditions of the Oesao-Paritiplains.
 

Strategies developed 
 to ensure the sunLainabhav 1 Inclu,c iit, of systemsthe development or a it.e selectionWhich proceduresLahke a ouaiI of social, as we ll as Lechnica-and the pa:'ticipattion f'actorsof farimers in the su-ve, designconstruction andstages of site development.
 

The technologies 
 used in the desigA. ofpressurised PVC pipe initial sites includesystems and open channels constructedpr.-cast withconcre .o sections.these systems has 
The in ital cos:t of constructingbeen showng; Lo be signi ficantlv lower than thoseprcv iously developed by P2AT.
 

Delays in pro.Ject implemenLation 
 nave meantthe nine, expei-mental systems that only two ofplanned-unsLruc ted and 
fore development have beentnese w I onl" become fully operationalneginning at theof the 19". dry season.
 

AisL.ortr 
 impossi e:com;mendations n Son L. ysLeiis 1. o mah9 mea aningfu]m:s;t app:'opriate for sustainableof _ansiongroundw.ater iri. gat on in:'ecommendations the Project areawill dependent as suchon moni toring the performancethe various systems of
in operation 
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* RECO iENDATINS 

- Designs for the Following six experimental sites shouldinclude systems using lower-grade PVC pipe than used at thefirst two sites; modifications to the design oF pre-castconcrete channel sections; and at least one smaller siteusing properly constructed un!inted canals for compar sor.with Lined channel systems. 

- In order tu hchi eve the ob.jective of providingrecommencda ions 'or techno logics appropriate for furthere:parision: or 'roundwa:.or irrigatiun within the project area,npvrimen:l sites shuuld b',closely moni tored and compjarecwith e:istng P'AT s Lt.-s on L.e basis 
' 

of both technica- and 
soc O-i O:pe iCm ;ispe2Ls 

- Efforts should be made at both the Provincial and Centrallev'els to reduce the tme taken for the approval anc
disbturs.emen t or" projecw funds. 

- InLst, t.t ionn1 support for l.'aictr users' association:s needs tob,.' sLrungthenoil by imlprOving inter-secLorul coordinationLhv provicial level 
at 

and/or establishing a support programif mn,.:Lvd through a 1oun-governieljt organ ial iton. 

- E.pnsion of g round tr-e r" ignt. on v,'i L hh: pro j,c:t y,.,aro;sh ui I i) OIlIIlOt ' Oi'ol ,I Ie i" (": (-O P 1 1. 1)1 1;h1 :oha'ning
ica l wa ter ba Ianec,. study to assess the truepo t.e nL. i or Li' aqu: r and risks2 of causing environmenta.li 
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€tEn 600
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PYC pipQ/ 

Open ch.innql Ivnedp.pe PVC pipe Open cha4nel 00n-nane 
9. YFE OF COMLE??ih1CE sVstEO Open chanl OpeAn Cni.nnel 

1 .71 11.01?42.125 :
30.523 36.233 32.927 
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T-fblc.: 2.COMPP.RISO4 OF COSTS OF MHTERIALS REQUIRED TO CONSTRUCT OPEN CHlNNEL SYSTEIS AT F'Y 88/89 PRICES 

P2AT DEMiPLOTS 
SSIMP - Estx,nat 1 

: Co5t oF conrr-uction 
only FFY t8/89 pr-c : t PY as/89 pric.5~~~~~~~~~~~-

ITEM 

PU.DALE --- -

I 
 NAICONRT Pf.ITI I LUKtIF1 14 TICIUR 

1. CoQYbncQ 
 syt (Rp.) 12.229.?56 - ----------------- -------­9.1-16.500 
 9.720.800 
 S -498. 00 

~~~~~~~~~~~ 
- - - - - -

2. COMrAUD APRE (k -
9 10 1 

-
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
3. - --- --- ---LGTH.0F - - -C0t':VEYANCE - - - - -SYSTEI 
600 

000025 

-


-4- TYPE OF COtNVEYANCE S',YSTEM 
-

-­

: Open Chznni.l : Open channl : Op.n cn., nQ I Opn chrn. l 

S. CONVEYRNCE -----------------------------SYSTEM -----
. 20.383 

18.293 
24.327 

COST PER METER 
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T-ilQ: 3.
 

COMPARISON OF COSTS OF .MATERIRLS PEOUIREO TO CONSTPUCT PIPED CONVEYANCE SYSTEMS HT 
FY 88/89 PRICES
 

: P2AT ODIIPLOT SSIMP EXPERIMETAL SITES 

:Con~r-uctIon nat,- . 

lals only at Rctu -l o t o r t.rij l1 

FY 88/89 pricz 
 -t FY 87&/89 prxc 

ITEM PUKDRLE I I LLIurmRIi APRT PAPITI II 

2 0I. Convyanc, 5yztp.rn CRp. : . 962.930 1-" 603.00 :O.O 4.250 

2 COMMADM RREA (Ha.) 10 10 

3. LG'TH.OF COtIVEYANCE SYSTEM; 1430 -750 315 

M-Z~rz ) 

: : : P V C i p Q
 
4. T'YPE GF CONVEYAtNCE SYSTEM Gnlvanisd pip . PVC pipQ. Opern ch.Nnnl 

5. CONVEYANCE SYSTEM -1O.'51 - 19.471 11.01? 

COST PER METER CPp.fm) 

http:LG'TH.OF
http:5yztp.rn
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- CIDA / Crippen [nt.erniatonl Ltd. June 1980 
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