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INTRODUCTION

WaterHarvestingis relatively a newtermandhasbeeninterprettedin different ways.Some

considerthat it includeswaterconservationand wateraugmentation.Actually the termharvest-
ing implies getting or capturinguseof water(eithersurfaceor groundwater) which wasnatu-
rally not accruingto thesesystemsand in thatsensecoverssuchdiversepracticeslike Cloud
seeding,constrictionof dams,Bundsetc. For arrestingsurfacerun off, aforestation,diggingof
ponds, constructionof surfacestoragetanks and artificial rechargeof groundwater through
waterspreading,percolationtanks,rechargebasins,injectionwell etc.The termwaterharvesting

shouldthuscover“Augmentation”but not conservation.

Sincetime immemorial,waterharvestingsystemsin the form of surfaceand sub surface
storagehavebeenwidely used.With the advc~tof pipedwatersupply, the traditional water
harvestingsystemshavebeenneglectedandabandoned.Recently,due to consecutivedroughts
all surfacewatersourcesdried up andthe yield from borewells reducedconsi*rably in most
partsof the country.Besides,water table has lowereddown and salinity hasincreasedwhich
haveonceagaindrawnthe attentionto the role of waterharvestingstructuresin drinking water
supply systems.

Sincethewaterharvestingstructuresaresite specific,variousdesignparametersarefollowed
through out the country. Further, due to constantneglect,the traditional systemsdeveloped
problemssuch as reductionin the catchmentareasdue to land encrochmentresulting in lesser
~vailability of water, heavywaterlosses,heavysiltation dueto Biotic interferenceand water
pollution leading to health-hazard.To mitigatetheaboveproblems,standarddesignparameters
andspecificationson thebasisof recentavailabletechnologyare to be developedand followed
so that water harvestingstructurescan becomea vital part of the integrateddrinking water
supplies.

Beforeproceedingwith thedesignsandspecificationsofwaterharvestingstructure,thebasic
parameterrequiredis the waterdemand.As perthepresentguidelinesfrom 001 under‘Mini-
mum NeedsProgramme’and ‘AcceleratedRuralWaterSupplyProgramme’,40 LPCDwaterre-
quirementis to be providedthroughwatersupplysystemsin therural~areasexceptin thewestern

desertpartwherelive stockpopulationis high. In thisdesertpart ofthecountry,thewalersupply
systemsareto provide70 LPCD basedon humanpopulation,butdesignedto caterwaterrequire-
mentof cattlealso.Outof theaboverequirementof water, the waterrequiredfor drinking and
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cookingis estimatedto be 10 LPCD. It is felt that the water harvestingstructures,if providedto
cater for the total demandof water, will becomeprohibitively expensive.Water harvesting

structures may be considered for use in conjunction with normal water supply systems as a
supplementary sourceand not as a replacement. Another important consideration while design-
ing the capacity of water harvestingstrvutureis the evaporationandseepagelossesin the area.
Studieshave beencarriedout about the evaporationlossesin differentpartsof the country and
dueprovision will have to be madewhileestimatingthe capacity of the water harvestingstruc-
ture for the likely evaporationlossesin the area. As regardsseepagelosses,various lining
systemsare available like lining with clay and murrum, tile lining, polytheline film lining etc.
The third most importantconsideration while arrivingat the capacity of the storageis the period

for which water is requiredto be stored.While in some parts of the country,where rain fall

occursaround9 monthsin a year,storagerequiredmay beonly for 60-90daysbut in the areas
whererain fall occursfor 30-60daysonly duringa year,storagemaybe requiredfor 10 months
in anyear.

Different practices areprevalent in different partsof the country for water harvestingand
somepracticesare prevalentin other countrieswhich have not been tried here. The water
harvestingstructuresmaybeclassifiedin the following ~manner:

1. FOR DRINKING WATER SUPPLY

a) Nadi

i) water harvestingfrom naturalsurfacesfor surfacestorage structures,
ii) Augmentationof surface water from treatedcatchments,
iii) Evaporationcontrolmeasures.
iv) Seepagecontrolmeasures.

~b) Tanka

C) RoofWater Harvesting

d) SanitaryDiggi

2. FORCONJUNCTiVE WATER USE

a) Kbadln

b) Perco’atIontank
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c) Anicuts/Check dams

d) Gully Plugging

e) Sub surfacebarriers for artificial recharge

t) Abandoned querries for water harvestingdevelopment

3. OTHER POTENTIAL WATER HARVESTING SYSTEMS

a) Sand fifled reservoir

b) Flat battertank

c) Roadedcatchmentsfor maixmumrunoff

Detailsabout eachof the abovestructuresreferredabove follows.
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Nadisaresmall excavatedor embankedvillage ponds,harnessingthe meagreprecipitation,
to mitigatethe scarcityof drinkingwater in the Indian desert. Water from Nadisis available from

two months to a full year afterrain, dependingon the catchmentcharacteristics,the amountof
rainfall received,intensity andits distribution.This is an ancientpractice and the Nadisare the
most importantresourceof the region. However, the first recordedmasonryNadi was con-
structedin 1520A.D. nearJodhpurduring the regimeof RaoJodhaji.

Prevalence

SinceNadisare the vital waterresourcein the Indian arid zone,eachvillage hasone or more
of these,dependingon the waterdemandand availability of suitablesites.As a casestudy, the
numberof Nadisin Nagaur,BannerandJaisalmerdistricts were surveyedby CAZRI, Jodhpur

andwerefoundto be 1436, 592and 1822respectively(asper 1981 Census).In Nagaurdistrict,
the dependencyonNadiswas foundto be 13.18% throughout the year(Table 1) and32.06asa
grouppercentage.

Table 1

Dependencyof drinking water sourcein % (No. of villages - 1257)

Nadi water (months) No well water Upto 3 Upto 6 Upto 9 IJpto 12 Group (%)
Well water(months)

No Nadi water 7.03 0.14 - - 16.85 24.02

upto 3 3.95 - - 9.08 2.49 15.52

upto 6 6.88 - 4.39 16.40 0.73 28.40

upto 9 1.02 1.46 8.64 - 0.44~ 11.56

upto 12

group(%)

13.18

32.06

2.20

3.80

0.14

13.17

-

25.48

4.98

25.49

~0~0

100.00
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Details of system

Nadis areconsistingof two components viz. catcbment areaand waterstoragearea.The

characteristicsofthesevary asperthe amount of rainfall andenvironment.

The highest Nadi volumes per unit of catchmentareawere observedon dunes and sandy

plain areas(Table 2) with slopesof 1-2%. In youngeralluvial planis rocky/gravelpediments,
Nadi volumes per unit of catchmentareaincreasewith increasingslope. Similarly, the Nadi

volumesperunit of catchment areaunderdifferent rainfall zonesaregiven in Table 3. In dune
complexes,theNadi volumeswere highestin the300-350mm rain fall areasbecauseof stabii-
sationof the sands with grasses.

Table 2

Effect of catchmentslopeon Nadi volume catchmentarea ratio
under different physiographic settings

Physiograp)iic setting

Dune complex

Sandyplain

Younger alluvial

plain

Rocky/gravel
pediment

Nadi volume (in’) perha of catchmentarea slopegroup (%)
<-1 1-2 2-3 3-4 4-5

54.3 108.2 45.7 29.0 - 13.8

110.6 154.2 121.1

466.4 578.5 731.8

51.4 421.5 724.7 945.9 1236.5
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Table 3

Effect of rainfall on Nadi volume/catchmentarearatio under different
physiographicsettings

Physiographicsetting

.

Nadi volume (m3) per

Rainfall zone

ha of catchmen

(mm)

t area

250-300 300-350 350-400 400-450 450-500

Dunecomplex 55.3 110.5 53.0 37.1 -

Sandyplain 120.4 128.0 131.1 137.3 -

Younger alluvial plain - - - 349.9 1066.9

Rocky/gravelpediment 491.7 518.9 785.5 1644.7 2264.7
~-

Drawbacks

The traditknalNadisareaffectedwith heavy sedimentation,high evaporativeand seepage

lossesandwaterpollution. Theselimit the properutilisation of water from the Nadis.

Wider variationswere observedin the annual sedimentdepositionundervariousenviron-

mentalsettings.The older alluvial plain hasthe highestsedimentationrate,while the younger
alluvial plains have the least.

Table4

Rateof sedimentdeposition in Nadis

Physiographicsetting Averagesedimentyield
(m’/hayr)

Average red
v

uction in Nadi
olume(%)

Sandyplain 3.1 1.9

Dune complex 4.8 2.2

Youngeralluvial plain 2.7 ~•r
Older alluvial plaii~ 18.4 S~3

Rocky/gravelly pediment 14.3 7.8
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Sedimentyields from the rocky/gravelly pediment,dune cOmplex and sandyplain lie be-
tweenthesetwo extremes.

Nadisusuallyhave largesurfaceareascomparedwith the volumeof water storedandheavy

lossesoccursinceevaporationis a functionof surfacearea.On the other hand,seepageincreases
with the depthof the storedwater. The highestevaporativelosseswere observedduring the

periodMarch - June Ee. in the driestseason when the demand for water was highest. High
evaporation alsooccurredin Octobej andNovemberaftertherainy season.Seepagelosseswere

greatestduring the rainy season(July-September)when the Nadis were completely filled. Evapo-
rad~lossesvariedfrom 55 to 80% of the total lossesin variousenvironment.The highestlosses
from evaporation(2473mni/yr) and the lowestfrom seepage(66 mm/yr) wereobservedfrom a

rocky/gravelpedimentdue to large surfaceareasand impervious beds.The highest seepage
losseswere recordedin the older alluvium (1577 mni/yr) followed by the sandy environment

(1493mm/yr).

Due to poormaintenanceand improperutilisation, the Nadi wateris highly polluted and is
not free from the healthhazardsin the form of guinea worms,water hyacinth, mosses,algaeetc.
Diseasesof the stomach,infectiousdiseasesand guineaworms infection are associatedmore
with the villages where Nadi water has beenin use.

Adaptability/Limitations

The Nadiscan be constructedvirtually at all places dependingon the water demand and

availability of appropriaterun off areas.However, the following points must be examinedbefore
selectinga Nadi site

1. Availability of commensurablecatchmentareaswhich can yield the neededquantity

andquality of water.

2. Generally, the Nadi catchments should be dominatedwith fine grained, hard and

compact formationssoas to minimisethe sedimentinput.’

3. The water storage area should be underlain with impervioussu~tato minimise the
seepagelosses.The rocky bedsshould be uniform andfreefrom fissures/fracturesetc.
or if present,should be sealedproperly.
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Suggestions/Recommendations

Sediment input to the Nadis canbe reducedappreciably either by promoting vegeta-
tion growth in the basinsor by constructingsilt traps at the inlet of the Nadi. The
sedimentyield was reducedby 65.2, 94.4 and76.6% from the blown sand, younger
alluvium and older alluvium areas respectively,by preserving vegetationin their ba-
sins.However, from the basinswith biotic interference,thesilt trapreducedthe sedi-

ment input by 71.1 and71.4% from the older alluvium and shale formations,respec-

tively underthe similar rainfall andbasin characteristics.

2. At presentno establishedsystemis known that will control the evaporation from the
Nadis.However, useof fatty alcoholslike cetyle Alcohol may be madeto reduce

evaporation losses.Different types of treatmentsand linings are available to reduce
seepagelosseswhich may be adopteddependingupontheir costeffectiveness.How-
ever, theselossescould be minimised by optimizing the depth and surfaceareaof the
Nadis in variousenvironments(Table5).

Table 5
OptImised Nadi characteristics to minimisethe evaporative and seepagelosses

Physfographicsetting Optimiseddepth (m) Optimisedsurfacearea Water availability
(m2 x 10~) (months)

Sandyplain 2.0 27.1 8.3
Dunecomplex 2.5 29.1 4.8

Younger alluvium 5.0 161.0 12.0

Older alluvium 3.0 96.3 12.0

Rocky/gravelpediment 6.0 126.5 12.0

3. To minimise the pollution of water, the entry of animals and human beings into the
Nadi must be restricted.Useof catchmentareasfor the purposeof defecation,etc. by
thevillagers andmovementof livestock must also be checked. Providingwind mills,

handpumpson Nádismay beconsideredto check entry of human beings/cattlein the
Nadis.
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AUGMENTATION OF SURFACE WATER FROM TREATED CATCHMENTS

History

Before the developmentof gasolineenginesand electric motors,water harvesting wasfairly

a common practice in a numberof arid and semi arid regions. It hasbeenreportedthat water

harvesting systemsin the NegevDesert, which are thought to have first beenbuilt about 4000

years ago. These systeminvolved clearing hillsides to smooth the soil and increaserunoff and

then building contour ditchesto collect thewater and canyit to low lying fields where water was

used to irrigate crops.

In terms of recent history, collection and storage of run off from treated catchmentswas

developed by using various materialslike steel sheets,concrete blocks, plastic and artificial

rubbermembrancesetc. In 1961,Unitedstatesof America adopted entirely different approach to

the problem and investigated the methodsof utilizing the soil itself as the catchment structure.

Sprayable aphalticcompounds,plastic andmetal films boundedto the soil, soil compactionand

dispersionandfield fabricated asphakicfibreglass membran~ematerialswere found to be prom-

ising, causingsoil to becomehydrophobic or water repellent.

The conceptof water harvestingis not new to India. Water harvesting has beena traditional

practice from natural catchmentsin arid and semi arid zones,in form of dug out or impounding

type of ponds & under different land use.However, no sizablework on water harvesting from

treated catchment have beeninitiated in ourcountry. Severalexampleson water harvesting from

natural catchmentsarevisible, such as, intercepting anddivertingof road side culvert outflow for

raising crops in the Hirakund catchment areain Orissa,low eartherncheck buttressed of loose

boulder pitching for diverting the flow into pick up channels and then into irrigated fields,

collecting water by constructing the earthen bund across the slope in the form of Khadins and

dug out tanks (Nadis) in Rajaiihanetc. Only after 1970, efforts have beenmade by various

Research Institutes, such as, CAZRI, Jodhpur, CR1DA - Hyderabad, ICRISAT - Hyderabad,
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CSWCRTI - DehraDoon, to carry out some experimenton various treatmentmaterials for

inducement of runoff. However, theirapplication andefficiency on wider scalein fields is to be

tested.The high limitation to the useof treatedcatchmentshas been the costperunit of water

produced.

Scope

The aims and importanceof treating the catchmentsis to renderthe soil surfaceimperme-

able, thereby eliminating infiltration, whether it be deeppercolation to the groundwater reser-

voir, or shallow top soil infiltration followed by evaporation loss.

The importance of the technique is felt in deserticregionof western Rajasthanparticularly in

borderdistricts - Banner, BikanerandJaisalmer where soils are having high rate of infiltration

andacute problem of drinking water exist. Keeping in view the various problems, Central Arid

Zone ResearchInstitute, Jodhpurcarriedout experiment for a period of four yearsinvolving the

techniquesof water harvesting f~romsmall catchments to increasethe water yield for dug out

Nadis andTankasin the desertregion.

The treatmentmaterials were so selectedthat thesematerials are easilyor locally available.

Thesewere: (1) Bentonite (20%) mixed with soil, (2) Soil cement(8%) mixture, (3) Mud plaster

(Tank silt + wheat husk), (5) Lime concrete, (6) Jantha emulsion premix (a type of asphalt), (7)

Mechancalstabilisation, (8) Sodiumcarbonate spray (Dhobi soda) 1 kg/b sqm., (9)Mud plaster

(tank silt + husk 3% + Jant}(a emulsion 2%). The technique consists in the preparation of

artificial catchments and compacting these with different materials mentioned above to the

thicknessof 1.25 cm. The results of treatments studiesare given in the following table:
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S. Years 1972 1973 1974 1975 Costof

treatment
material

per sq.m (Rs.)

No. Rainfall in mm 316.90 502.05 130.60 497.32

No. of rainy days 11 19 5 21
Treatments Run off % Run off % Run off % Run off %

1. Control (No treatment) 57.42 22.15 29.81 6.62 0.00

2. Bentonite 20% mixed with 87.53 62.71 51.30 12.80 1.25

soil, 1.25 cm thick

3. Cement8% mixed with 41.14 28.52 22.74 7.17 0.90

soil 1.25 cm thick

4. Mud plaster (local) 66.62 52.00 38.23 9.18 0.45
1.25 cm thick

5. Lime concrete5 cm 74.48 65.21 47.99 36.07 0.45
thick

6. Jantha emulsion premixed 94.06 82.26 66.20 29.20 3.10
1.25 cm thick, 8% solution

of Jantha emulsion and

K. Oil(~)4.1

7. Mechanicalstabilization 65.22 48.28 28.15 7.78 0.30

8. SodiumCarbonatespray 91.75 75.70 63.4i’ 34.40 0.60

@ 1 kg/10 sq. m over
1.25 cm thick tank silt
compacted

9. Mud plaster(RRL) mixture 78.76 67.62 48.82 20.27 1.20
of mud, bhusa and Jantha
emulsion(95:3:2)
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From the resultsgivenin table, it is inferredthatin first year,the percentageof run off was

the highest i.e. 94.06 percentof rainfall from Janthaemulsion treatment followed the next
highestyield i.e. 91.75percentof rainfall by sodiumcarbonatespray.In subsequentyearsthe run

off generatedfrom Janthaemulsiontreatmentandsodiumcarbonatespraywas82.26%,66.2O~~,
29.20% and75.70%, 63.46%,34.40%respectively.While comparingtheseresultswith respect

to control (no treatment)it canbe seenthat the Janthaemulsionand sodium carbonatespray

generated63.81% and59.78% more run off in the first year.Dueto inherentproblems with other
treatments,the run off generatedby them in first yearwas much less thanthesetwo treatments

exceptBentonite mixed with sand.Bentonitetreatment,initially though it createswaterproofing

in the surface,but subsequendyit fails in long run due to the development of cracks at the

surfaceon drying. In generalthe efficiencyofall the treatmentswasreducedyearby yearbecuse
of deteriorationof materials.But still sodiumcarbonatespraygeneratedthe maximumi.e. nearly
5 times than the control even after four yearsof application of treatment.In generalits effi-

ciency variesfrom 34.4 to 91.75 percentof rainfall occured within the years. University of
Arizona (1974) hadestimatedthe indefmite life of this treatment. Looking to the costof treat-

ment persq.m, percentageof run off generatedand life span of sodium carbonatesprayis much
economicalthanany other tried treatment
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EVAPORATION CONTROL

In Indian desert harnessing and storing rain water in existing storage facilities is still an
important source of water supply for human and livestock consumption. Evaporation of this

water from openwater surfacesis very high. Theannualaverageevaporation in this area ranges

from 3102 mm at Jodhpurto 2809 mm at Ahmedabadand is several times greater than the
annual precipitationof the area. Reducing evaporation lossesis desirable for maintaining de-
pendable goodquality water supplies for a longer period.

The processof evaporation requires both a sourceof energy to vaporize the water and a

transfermechanismsuch as dry air and wind. Reduction in evaporation can be achievedby
reducing energyavailable for evaporation. Solar energy entering the water is usually reducedby
suspendinga shadeabove the surface,reflectingmoreof the incoming solarradiationthandoes

a natural water surface,or by a combination of the above. Wind bafflesplacedaroundon, or
abovethe water surfacehave beenusedto reducethe transportof water vapour.

Evaporation control methods

Evaporation control methodsinvolve the reduction of surfacearea to volume ratio, theuseof
mono molecular layer forming chemicals, shading the water surface, floating covers that either
provide a mechanical barrier preventing vapour transfer and or reduce the sun’s energy from

reaching thewatersurface.Mechanicalwind breakcanalsobe usedon smaller pondsto reduce
evaporation.

Liquid chemicals

Research on reducing evaporation from water surfacehas beenconcerned primarily with
floating mono-molecular films of long chain-alkanols.Although improved methodsof applying
the alkanols have been developed,disruption of film by wind remains~ seriousand unsolved
problem.

National Chemical Laboratory,Punehas been carrying out extensivework on water evapora-
tion by mono-molecular films both from fundamental and applied points of view. NCL has~
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developednew typesof compoundscalled Alkoxy ethanolshaving generalformula C~H,~,÷1
0C2H4 OH where n = 16, 18, 20,22.Thesecompoundsare more effectiveevaporation retardants
than the corresponding alcohol having generalformula CD H2~,+ 1 OH. Recently, it wasobserved
by them from the preliminaryexperimentswith mixed mono layersof Alkoxy Ethanols that they
can withstand high wind velocities in the Laboratories’ wind tunnel experiments using wind

velocities upto 39 kms/hr. It wasobservedthat Alkoxy ethanol mixtures especially C18 0C2 H4

OH + ~ 0C2 H OH (1:9) gavevery high results at 39 kms/hr comparedto C16 OH + C18 OH
(1:1) which is commonly used. However, theseresults are only with initial experiments and
require to be confirmed through repeatedexperimentsand in the field.

However, fatty alcohols such as cetyl Alcohol (C16 OH) and Stearyl Alcohol (C18 OH) are
usedas Monolayers for evaporation control. These chemicalsreducedthe evaporation rate by
about 25% but it is found\ihat monolayer film of this compoundcould not withstand wind speed

greaterthan15 kms/hr and are not stable in field conditions. However,by continuous supply of
thesealcoholson thewater surtace~it is possibleto maintain Monolayer film reducing evapora-
tion lossesby about 25%. Properties such as rate of spreading, equilibrium spreadingpressure,

specificresistanceto evaporation andsurface viscosityare requiredto be measuredfor evaluat-
ing the effectivenessof any monolayer compound.

ShadingWater Surface

Shading the water surfacewith polyethyleneor anysimilar materialis found very efficient in
reducing~~1arenergyentering the water. Evaporation reduction With 100 percent plastic sheet
shading of water surfacehasbeen about 90 percent.

The shading material must be fastendedto the supporting structureto reduce the potential for
wind damage.Shadingthe water surfacehas the major problem of properholding of shading
material abovethe water surface.On larger tanksor ponds,the supporting structures may cost as
much as, or more than the shadingmaterial itself, thus making the approach economidally
unacceptable.

Floatingcovers

The useof floating materialsis an effective method for reducingevaporationby increasing
the reflectanceof water surfaceandtherebyreducingtheenergyavailablefor evaporation.
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Use of floating butyl sheets,polystyrenesheetsand polystyreneraft are effective meansof
evaporation reduction. Evaporation reduction with floating thesematerials have beenabout the
samepercentageasthe percentageof surfacecovered.Polystyrenerafts are coated with cationic
asphalt andcoarsesand to reducewind problems andweathering protection.

Reflectivepropertiesofcontinuous wax and butyl rubberfoamaremuch lesssignificant than
the ability of film or sheeting to presentvapour transfer, since the surface is almost completely
sealed.When floated on the surface of water they have beenfound to reduce evaporation by 87
percent and 90 percent, respectively.

Perlite ore, polystyrene beads,wax blocks and white spherescovering thesamepercentageof
area, i.e. 78 percent have evaporationreduction efficienciesof 19 percent,39 percent,64 percent
and 78 percent, respectively. Use of floating spheres appears to be a promising method of

evaporation reduction. Spheresaremadeout of plastic, glassor ceramics.Glassbottles, available
as wasteproduct, can be used.The useof ceramic or glasssphereswill provide an evaporation
control method that will last indefinitely. One ceramic expertfrom Brazil claimed that if the
ceramicspherewas properly madeandprorperly fixed, it could lastover 1000 yearsfloating on
the water surfaceunless the spherewas broken.Sufficientnumberof spheresneedto be applied
to the su~faceof any reservoir to reduce wave action against shoreline.The range in sizeof
spherehasbeenfrom7.5 cm to 45 cm in diameter.

Wind Barriers

Plantation of trees or constructing wall aroundthe periphery of tanksor ponds,evaporation
can be reduced by only about 11 percent. The energybalanceanlayis indicated that reduction of
thewind velocity alone usually would not producelargesaving.

Compartrnented Reservoirs

Reducing the surface area to volume ratioof the reservoirfor reducing evaporation can be
achievedby constructing compamnentedreservoir.This methodhas beenin paracticein Sudan,
Maxico, Brazil andThailand.

The reservoirconsistsof a receiving compartment - A, for storing runoff and is usually
shallow,and two other compartmentsB andC, which are smallerin surface areabut of greater
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depth. As runoff occursduring the rainy seasonwater is pumpedfrom the compartment ‘A’ to
compartment B and C. Water is then withdrawn as neededfor consumptiveusefrom B until
water remaining in B is equalto the unusedcapacity in C. At this time, thepump is usedagain to
move the remaining water from B into C.

This eliminate further evaporation and seepagelossesfrom B. At this point ‘A’ and ‘B~are

empty.

Water storage efficienciesof 40 to 50 percent are easily obtainedwith the compartmented
reservoirwhere asa conventional reservoirof the samedepth covering the samearea would not
evenbe able to sustain its own evaporation lossesand would go dry. Higher savingsarepossible

by covering the last (c) compartment.

Researchactivities

Central Arid Zone ResearchInstitute, Jodhpurhasinitiated field study on evaporation supres-
sion using different locally available materials. The eight treatments are (1) Shading water
surface with white polyethylene sheet, (2) Monomolecular film of cetyle alcohol, (3) floating
thermocoolblocks, (4) floating rubber foam sheet,95) floating polyethylene sheet.(6) floating

bamboo sticks, (7) floating, cenchrusMoonja., and (8) control.

Shading the waiir surfacewth polyethylene sheethas beenfound most effective in control-
ling evaporation, followed by floating thermocolblocks, polyethylene sheetand rubberfoam

;heets. Floating material of cenchrus Moonja hasnot beenvery effectiveas its life is only few
monthandneedreplacementat regularintervals.
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SEEPAGE CONTROL SYSTEM

Introduction

The loss of water in canal system or in the mpounding reservorstakesplace through

evaporation and through seepage.While evaporation of water from Canalsystemor from im-
pounding reservoirs results only loss of water without other side effects, lossof water through

seepagehas many side effects. Seepagealso leads to other problems such as breach in the
embankment, water logging and increased salinity in the adjacent areas. In case of reservoirs
used for effluent storage, seepageloss leads to damage to ground water as well as harmfaul

effects on agricultural land. By mentioning these side effects the intention is not to undermine
the impact of lossof water. The seepagelossesin somesoil types is ashigh as 11 cun~fsec.per
million sq.m. area resulting in rapid depletion of reservoir/tank water levels.

With appropriate lining of the reservoirs/ponds, the seepageloss could be mininiised. Par-
ticularly in ari4 andsemi-aridregions, storageof water in seepageproof tanksprovides water for
human beings as well as live stock and in somecases~’OrIrrigation also.

General storageconsiderations

To minimise seepageand evaporation losses,storagestructurevolumeshould be maximised
andcontainmentandexposedsurfaceareasshould be minimised.The ratiosof volume storedto
containmentor water surface areaincreasesas the depth of thestorageincreasein relation to the
breadth. Excavated ponds associatedwith water harvesting systemsgenerally have depth-to-

breadthratiosrangingfrom 1:5 to 1:15. It would be more advantageousif storagesystemswere
constructeddeeper but there are problem& about soil stability andexcavationof the ponds.Also

depth of water storage structureis limited by needto maintaina gravity inflow-outflow set-up.

Someof theselimitations can be overcome by using constructed side wall tanks. Spiliway or
overflow must be partof the excavatedponddesignand it must be stabilisedto reduceto the
erodingeffectof the water.
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Water Barrier characteristicsrequired

Whenconsideringa lining material for a storagereservoir, certain features should be evalu-

atedas follows:

1. Degreeof seepagecontrol that canbeexpected;

2. Resistanceto deterioration by soil micro organisms,atmospheric elements(heat, o~une,
oxygen, sunlight, wind and subgrade movement);

3. Mechanical puncture and vermin attack;
4. Toxicity;

5. Ease of installation.

6. Transportability with respectto the useof site.
7. Maintenancerequirements; and
8. Economy

The seepageloss is directly related to the nature andporosityof the soil, the depth,turbidity

and tempeTa~ureof water, the ageand shapeof the reservoirandposition of ground water level.
Seepagehissesthrough different types of soils in completely unlined canals aregiven in table
below:

SeepageLoss Characteristics of Different Soils

Character of Material SeepageLoss in Cumecs/million m2 of
wetted perimeter

0.90 to 1.20
1.20 to 1.80

1.80 to 2.70

2.70 to 3.60

3.60 to 5.20
5.20 to 6.10
7.00 to 8.80

8.80 to 10.70
10.70 to 21.30

Imperviousclay loam
Medium clay loam underlaid with hard pan at
depth of not over 0.60 to 0.90m below ground level
Ordinaryclay loam silt soil or lavashloam

Gravelly or sandy clay loam cementedgravel,
sand and clay
Sandyloam

Loose sandysoil
Gravelly sandy soil
Porousgravelly soil
Very gravelly soil
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Different types of lining which can be applied to the Reservoirs/ponds at the bottom and

sidesare given below

a) Mud plaster

b) Jantha Emulsion

c) TankSilt or clay soil

d) Cementconcrete lining

e) Asphaltic concrete lining

f) Brick lining (with single or double brick arrangement)

g) Bentonite and clay membrane lining

h) Plastic film and synthetic Rubber lining

While mud plastering and application of Jantha Emulsion or applying Bentonite or cia

membrane red~iceseepagelossesto someextent but their life andeffectivenessare limited. The
cement concrete lining and Asphaltic cement concrete lining areeffective but have high costs.
Double brick lining of the reservoirs may be useful but theseepagelossesincrease with time

The lining using PVC/LDPE film and Butyl coatedfabrics have been tried experimentally.
Out of all the types tested so far, IDPE film appearsto be the best.PVC lining has limitation

about flexibility, thicknessand width of sheetsand are costly. However,LDPE films lining have
beentriedon experimentalbasis for past several years and is now extensivelyused in number of
statesby Inigation Department.

LDPE Turns are availat~lein various thickeness conforming to IS-2508/1984.The film is
available in various widths from6 metres to 12 metres.The LDPE films arenormally applied to
reservoir/ponds lining in 250 micron thickness.LDPEfilms canbe applied with various arrange-
ments as follows

i) In the bed of the reservoir, LDPE film may be laid on prepareduniform surface with soil

coverof 30 cm to 60 cm.

ii) The film can be coveredby a singlebrick dry pitching.



20

iii) LDPE film canbe covered by cement mortarjointed brick lining.

iv) On the sidesof the servicereservoirs, either doublebrick lining or lining with LDPE film

coveredwith single brick may be applied.

v) LDPE film can be jointed either through adhesive tapesor by hot Bituman or through
thermalwelding.

The typical section for applying LDPE film brick lining is given at figure ‘A’.

It is to be taken care of that anti-weedandanti-termitetreatment to sub-gradesoil is given in
placeswhere theseproblems areanticipated while under normalconditions thesetreatments need
not be given.

.



Singletile lining
In cement mortar

HDPE film

sand cushion

trench for holding Agriflim

HDPE film

toe wall
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TANKA

History

‘Tanka’ is a local name given to a covered underground tank, generally constructed of
masonry or concrete for collection and storage of surface run off. The developmentof such

structurecart be one of the answers to the problems of perennial drinking water scarcity in the
villages of western Rajasthan.

The provision of tanka near religious centres, schoolsand in the individual house hold has

beenthepractice sinceold times. During the Mughalperiodtankswereconstructed as partof the
Public congregation places like the Dargarh and as part of the palaces, forts etc. in the 16th
century to serveas sourceof drinkingwater. For householduse,the tankas are usually small and
fed by rain water from house tops. The history of Marwar revealsthat the first known construc-
tion of tanka in this region wasduring the year 1607 AD. by Raja sursinghji in village Vacli Ka
Melan. Further in the Mehrangarh fort at Jodhpura tankawas constructedduring the regime of
MaharajaUdaisinghji in year 1759A.D. However,during thegreat famine of 1895-96construc-
tion of tankas was taken up on the wider scalein this region. In the recent past, the development
of such structures have also beenreported from other developing countries such as Botswana,
Ghana, Kenya, Yemen,Sri Lanka, Thailand and Indonesia naming as tankaor cisterns.

Traditional methods

Practiallyevery dhani now has one or more tanka for rain water harvestingmainly for
drinking purposes.According to theeconomicconditions, peopleof this area have devised their
own methodsfor constructing thesestructures. L.ooking to the present status, it is obvious that
the tankasystemdoesnot ensurean adequatesupply of water throughout the year this is mainly
due to the meagrerainfall and inadequate catchment areas left for harnessing the runoff. More-
over the catchment areas prepared are not proper regarding generating run off. Due to all these
lactors including the type of constructions,tankas fail to meetthe annual requirement ofdrinking
water. In the constructional aspects,tankas on individual dhani basisare circular in shapehaving
almost similar depth/diai~è~,varyig from 3.00 to 4.25 m. Since stones or bricks as building
materials are not available at all places in duny areas ati~ias these are relatively costly, after

excavationin proper circularshape,lime mortaris usedto plaster the barehorizontaland vertical
soilsurfacesto a thickness of about6 mm. A secondlayerof plaster of cementmortaris applied
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to a thicknessof about3 mm. The top is coveredwith Zizyphusnumulariathorns.With simple

lime plastering on the bare soil surfaces,the useful life of a tanka becomeslimited to a
maximumextent of 3 years.

Thecatchmentsof tankaaremadein varietyof ways using locally availablesealingmateri-

als. The generally used materials are pond silt, murrum, wood, coal ash, gravel etc. After
clearingthe soil surfaceof vegetation,land is given a smooth slopeof 3 to 4 percent towards the
tanka,pond silt is spread in a 3-4 cm thick layer. During the rainy season,afterthe first shower,
this layer is compactedand madesemiimperviousby a localcompaction technique consistingof

rolling of crotalariaburhiaandsand.In placeswhere tank silt is not available, layer of 5-7 cm. of
murrumis spread over the catchment. At the onsetof monsoon,sheepand goats aremadeto
move over the murrumagainand again till thesurfaceis compactedand becomesimpermeable.

During this processwater is alsosprinkled,if needed.Normally woodcoal ash is not usedas sole
surfacesealingmaterial,yet it is usedto repairthe catchmentsmadeup of pond silt and murrum
locally. The ashsettles,fill the poresandmakesthe surface water proof.

Drawbacks in traditional system

Tankasconsu-uctedby traditional methods are temporaryone and are subjected to leakage

from bottomaswell as from verticalsurfaces.Moreoverthepreparedcatchment areasarenot in

accordancewith the amount of rainfall receivedand runoff generated. Practically in almost all
the cases,the catchment areas are preparedon the basis of aboveaveragerainfall years, so that
the chanceof filling to the optimum amounof vvater becomesonce in five years,Nevertheless,
the water collected in the traditional system tankais never free from pollution and evaporation
losses.This is mainly, becausethe tankais coveredwith thorns only and their is nopi~visionof
inlets and outlets,due to which the pollutants are having accessto enter alongwith the run off
and even at later stagein the stored water. Moreover the sizeof tankaconstructedis very small
and stored water is not sufficient for drinking through out the year.

Suggestedimproved designof tanka

To overcomethe problems enumerated in the traditional tankasystem,Central Arid Zone

ResearchInstitute,Jodhpur developedthe designof the structurebasedon the due considerations
on various parameters involved.



(a) RainfaH probability

Annual rainfall, distribution and intensity of rainfall plays an important role in designingof
catchment are andstructure. Most of times the structures arebeingdesignulon the basis of an
averagerainfall and have not been serving meaningful purpose. Structures are either overde-
signedor underdesigned.Sincepeculiar rainfall conditions are existing in the arid andsemi arid

area,it may be worth while to predict the probability of rainfall of that particular zonewhere the
structureis beingproposed. Experience indicates that the dependableannual rainfall occuring at
60% probability worked out through the Log PearsonType LII will be the most suitable for
designing the catchment areafor the tanka. By considering such probability of rainfall and
catchment areaneeded,it will be ensured that tankawill meet the drinking water requirement
throghout the dry seasonof the year.

(b) Estimationof consumption

The maximum yield possiblefrom a rain water catchment systemis directly proportionalto
the catchment surfacearea,its run off coefficient i.e. the ratio of harvestable rainfall to total
rainfall and the amount of rainfall. Thus for a full hydrologicalyear, the mean daily yield is
given by the equation

f~ R1
Y=

365

Where

Y = meandaily catchmentyield, litres/rn
2

fi = runoff coefficient
Ri = total probable rainfall, mm

The run off coefficientdependson thecatchment treatment material andageof thecatchment
surface. Theoretically,the consumption canbe setat constantlevel of Y liires/m2/day if adequate
storage capacity is available for dry seasonrequirement. This is basedon the assumptign- that
evaporation andother lossesfrom storage arenegligible.

--
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Per capita consumption from a catchment is calculatedby

Where

Y
C

N

C = per capita consumption, litres/m2/day
N = number of persons servedby thecatchment
Y = meandaily catchment yield litres/rn2

It will be very clear from the illustrated following example taking the case of one of the
districtsof western Rajasthan.

Example

Six personsare to be served by tankastoredwater, having treated catchmencarea of 500

sq.m. (f = 0.2).Annual rainfall is 200 mm.

200 x 0.2
= 0.11 Iitres/m2/day -

365

The above calculation indicates, a family of 6 members require nearly 19.70cum. of mini-
mum storageof water to survive through out the yearsolelyusing tanka water. Howeverin case

of unusual consumption of waterof say 12-14 litres per capita perday during the summerperiod
of 4 months, an additionalprovision of 2.88 cm of water maybe madei.e. a tanka of 21-22cum
capacity for single family will ensure the supply of water through out the year. For schools,

Mean yield - Y=

Y
Per capita consumption C = —

0.11
= x 500 =9litres/day

6
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PanchayatOhar andcommunity water source,a tanka of 200 cum may be sufficient as sourceof
drinking water.

(c) Catchment treatment

To provide reliable run off, a water harvestingcatchment needs,to be impermeable and

smooth. However,perfect sealing the soil surface is expensiveand someinfiltration lossesmust

be accepted. In thesecases,ground forming can incrase the run off yield by improving the
hydraulic efficiency of the catchmentsand thus reduce the time available for infiltration to take

place.

Severalexperimentson useand efficiency of different treatment materials have beencarried

Out in the different countries. Si. ~h treatment materials are sprayable asphakic compounds,
plastic and metal films bounded to the soil, soil comapaction and dispersion field fabricated

asphalt fibreglass memberanes,sodium salts, gravel coveredplastic membranesandmeltedwax,
bentonite and few chemical treatments.

The experiment conducted by CAZRI, Jodhpuron use and efficiency of different sealing
materials indicatedthe spray of sodiumcarbonate at the rate of 1 kg/10 sq~m.to be efficient and

cheap which generateed66.32% of rainfall asrun off i.e. 37.32% of the runoff more than the
untreated soil. Thesefigures are an averageof four years experiment The treatment costduring
1972was Rs. 0.60persq.m.

Suitable designof tanka

A tanka is usually circularor rectangularin shape.The circular tankais the mosteconomical
form of the structureand found to be more stable as the pressure exerted by water is uniform
radialpressurein all directionsin the diametricalplaneat right angle to the curvedsurface.

The successfulconstructionof a tankadependson the selectionof site. In case,if natural

catchment is available at site, the run off dependson catchment characteristicssuch as size,

shape,topography,soil type, vegetationetc. So the catchment selectedor artificially prepared
should produce adequate runoff to meet the storage requirement of the tankaand at the same
time it should causeminimum soil loss.Experienceindicates that two ha. catchmenthaving 2 to
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3 percent slope with compacted gravelly or heavy textured soil free from grassvegetationis

generally sufficient for a tap,kaof 200 m3 capacity.For artificially preparedcatchment, the area
requiredcanbe calculatedasdiscussedearlier. After selectionof site and sizeof catchment it is

essential to carry out someminor treatment such as construction of earthen diversion bunds,
removal of vegetation where practical, spreadingand rammingof a layer of murrum or silt clay
which resultsin reduction in the intake rates of the soil. The constructional details of tanka are
given in fig. (1) and (2).
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ROOF WAT1~RHARVESTING

Introduction

In manypartsof the world, rain water continues to be the only sourceof domesticwater

supply. Rain-water may be harvestedin remote hilly areas,having rainfall of considerableinten-

sity, spreadover the largerpart of the year. This is an ideal solution to water problem where
there is no groundwater andsurfacesourcesarevery far. This is ideally suited from theeconomi-
cal point of view where the housesare scattered over a wide areaand are locatedat different
elevations. Rainwater is bacteriologically pure, free from organicmatterand soft in nature.To
meet out the drinking water demand during the critical dry period of 90-120days in the N.E.
Iz~dia,roof water harvestingis beingpracticed sincelong.

Prevalence

The roof water harvesting is folloowed in Meghalaya, Mizoram andother hilly statesin the
northeastIndia and HimalayanState.

Detailsof the system

1. Estimation of yield : The maximum yield possiblefrom a rain water catchment systemis
directly proportional to the catchmentsurfacearea,is runoff co-efficient and the amountof
rainfall. Field measurementsindicate that a portion of rainfall servesto wet the catchment, a
portion is evaporatedand a portion is wasted as ‘foul flush’ in caseof roof catchment. The
portion of the rainfall actuallyharvestedrangesfrom 30% for perviousflat gorundcatchment,

over 90% for coveredsloping ground catchment. Thus run off co-efficient factor ‘f’ ranges

between0.3 to 0.9 as shown in Table 1 assumingthere is an adequate storage volume to
accumulateany surplusof rainfall overconsumption.
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fxAxR
Y=

1000

Table 1

Harvestablerainfall
Typeof catchment f = ~-

Total rainfall

Uncoveredcatchmentsurface

Flat 0.3

Sloping 0-5% 0.4
SI~pingO-l0% 0.5

Covered catchment

Roof tiles 0.8 - 0.9
‘~

G.L Sheets 0.7 - 0.9
Brick pavement 0.7 - 0.8

Compactedsoil 0.4 - 0.5

The yield ‘Y’ of a catchmentarea‘A’ m2 receivingrainfall ‘R’ mm in a month is given by

m’/month

If ‘p’ number of peopleis to be servedwith drinkingwaterfrom arain watersystemat a rate

of ‘q’ litters per day, the amount of water ‘Q’ to be supplied per month will be

P x 30 x q
Q = inVmonth

1000

2. Storagecapacity The total storagecapacityrequireddependson

Numberof peopleto be served
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- Daily percapitarequirementin litres/day

- Numberof consecutivedayswithout rainfall

- (Usually 90 to 120 daysin N.E.State& HimalayanRegion)

- Amountof rainfall andits duration

- Sizeof catchment area

- Lossesof.waterdueto evaporationandleakage

On the basis of rainfall and critical dry period (90 to 120 daysnormally), the minimum

storagevolume can be comptnedfrom:

PxqxD
V= m3

1000

Where P = numberof persons

q = daily consumptionratein litres perday

D = numberof critical dry days

3. Componentsof the system: Essentialcomponentsof Roof top collection RainWater Har-

vestingScheme.

a) Roof catchment

b) Guttersfor collectionof roof water

c) Down pipeto conveyrain waterfrom gutterto storagetank

d) ‘Foul Flush’ systemto divert the contaminated runoff from roof

e) Filter/mesh

f) Storagetankaboveor underground

g) Water withdrawalarrangement

h) Disinfection arrangement
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Roof: Roofing may be either G.I. aluminium or A.C. Sheetsor even tiles. Al-
though thatchroofis not very suiu~le,the samecanalsobe usedby cover-

ing with Plastic or polythene sheet.

Gutter: Gutter of plain G.I. sheetor local materialssuchaswood, bambooetc. may
be used.All guttersshould have adequateslope for free flow of water.

Down Pipe: The down pipe is usedfor feedingthe water from the gutter to ~thestorage

tank. This pipe should be at least100 mm dia. providedwith a 20 mesh

wire screenat the inlet to prevent dry leav~sandother debris from clogging

it.

Foul Flush: During the period of no rain, dust, bird droppingsetc. accumulate on the
roof. Theseare washedoff with the first rainsandenter the storagetank to
contaminatethe water. This canbepreventedby two methods:

a) Simple diversion of foul water
b) Installationof foul flush system

Under method (a), the down pipe is moved away from the inlet of the
storagetankduring the rains until clean water flows. Under method (b),
itO?ageprovision for initial rain is kept in a pipe or bozo. Thesearecleaned

off aftereach heavyrain.

Filter: A filter is provided betweendown pipe and storage tank afterfoul flush.

This filter may be of brick, R.C.C. or ferrocement. The filter is cleaned

every threemonths.

Storage tank/cistern

This is the most important andcostliest componentof the scheme.The rain water collected
from the roof catchment is stored in this tank. The tank or cistern may be brick, stone,R.C.C. or
ferrocement.The tank is provided with:

- a manhole of 0.50m x 0.50m sizewith cover
- Vent pipe/overflow pipe (with screen)of 100 mm dia.

- drain pipe(100mmdia.) at bottom
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Choice of tank dependson locally availablematerialsand spaceavailable. When the tank is
constructedunder-ground,at least 30 cm of the tank should remainaboveground.

Water withdrawal arrangement:

If the tanksare constructedunderground becauseof the low height of thehousesin the rural
areas,ashallow handpumpis requiredto be providedfor withdrawalof water otherwisea bib-
cockwill suffice.

Disinfecflon arrangement

Before the tank is put to use, it shoud be thoroughly cleanedand disinfected with chlorine

solution.

DesignConsiderations

In the design of the system,the main criteria is the most economicalcombination of the
storage tank volume, systematic anlaysis of rainfall recordsand coustructioncosts. The roof

should bepuccalike brick, RCC, GI Sheets/Asbestossheets,etc soas to generategoodrunoff.

Suggestionfor Improvement

It is only during collection, storage or handling, there is a possiblityof contamination.
Therefore, utmost carehasto be taken during theseoperationsto maintainthe water safe.People
should be educatedthat the quality is importantratherthan thequantity.

A typical drawingof roof water harvesting is placed at Fig 1.

Economics,if any

I. In the westKhasi hills of Meghalaya,the roofwaterharvestingschei~eshave beendesigned

@ 10 litres per personper day for 90 dayscritical dry period. The averagecost for a
householdof 8 personsareasunder:
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1. Cost of storagetank

2. Cost of gutter, downflow pipe, polythene sheetcover,
clamp etc. including carriage and labourfor fitting.

3. Cost of handpumpincluding carriage andfitting

4. Ferro cement filter

2. Percapitacostfor 15000litres capacityG.C.1. tank in Mizoram is:

(i) Rs. 235/- @ 3 litres perdayperperson.

(ii), Rs. 1000/-@ 10 litres per dayperson.

Rs. 7,000.00

Rs. 1,500.00

Rs. 321.00

Rs. 695.00

9516.00

1,189.50

Total Rs.

Costpercapita Rs.
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SANITARY DIGGI

In the commandarea of major canalnet works where gorund water is not potable, the local

peopledependon canalwater for theirdrinking water requirement. The canalsnormally run for
afixed periodcalledBarabandi. In this systemwateris releasedin thecananlsfor aperiodof say

7 daysafter every28 days or 35 days. Thus water is requiredto be stored for the drinking water
requirementof atleast 28 to 35 days.

In the command areaof Indira Gandhi Canal in Rajasthan, which was scarcely populated
with nodrinking water facilities, new human settlementshavebeendeveloped.Thesesettlements
provide residential facilities for a defined geographical area. These settlements have been

designedfor in-habiting 1000peopleon ultimate basis.

To provide drinkingwaterfacilities to thepeopleof thesenew settlements,a systemhas been
developedwhich is now popularly called SanitaryDiggi. Earlierwater from the canalsystem

used to be collected in naturaldepressionsor in dug out Diggies to meet the drinking water

requirementfor the closureperiod of the canal.However thesenatural depresssionsor dug out
ditches suffered with heavyseepagelosses.Theseolder systemhas other disadvantagesof heavy
silting and pollution. To over come these problems, system of Sanitary DIggies has been
adopted.

A typical Diggi comprisesof feedinga group of 1000people.It consistsof 2 storagetanksto
store canal water for the requirement of 28 days including evaporationlosses.These storage
tanks are normally lined. The advantageof having two storage tanks is that in case of the
requirementof desilting or repairs,theother storagetank may be utilised. The storagetankseach
have a capacity of 800 Cums. to meet thedrinking water reqirement for 28 daysof canal closer.
Water in thesestorage tanksis receivedfrom the canal through a water courseand a chamberto
trap silt. Water from thesestoragetanks is taken under gravity to slow sandfilter having dia. of
about4 meters. The filteration rate in the slow sand filter iskept about 150 Litlsq.m/hr. Water
from Slow Sand Filter is takenunder gravity to a closedunderground reservoir, again circular in
shapeand 4 m. in diameter.At the top of the underground C.W.R., 4 shall.iw well hand pumps
are installed to enable people to take Out water. This arrangement avoids physical contact of
humanbeingsand cattle from the filtered water. The wastewater from the hand pmps is diverted
to a Cattle Water Trough where cattle can drink water. About 200 such Diggie systemsare
pr~sent1yworking in Indira GandhiCanalcommandareain Rajasthan.
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The lining of the storage tankshas beendone in the following ways

1. Double brick tile lining

In this systemthe prepared surface of the storage tank which are normallycircular in shape,

a cementmortor layer is laid which is over laid by 2 layers of brickssandwitching arich cement
mortor mix. This rich cementmortormix (1:3) acts asan imperviousmedium.

2. StoneSlab Lining

In this case,on the preparedsurfaceof the storage tanksan impervious layer of rich cement
mortormix (1:3) is laid over a sub~gradeofpoorcementsandmortormix (1:6) over which stone
slabsmeasuringaround30 cms x 60 cmsjointed by cementsand mortor are laid.

3. LDPE Film Lining

This type of lining is widely usedin these storage tanks. In this casethe surfaceis firs

treatedwith antitermiteandanti-weedchemicalsand then a plaster of poorcement sandmortor
mix (1:6) is applied in a thickness of 2 cms. On this surface, LDPE film of 250 microne

thickness is spreadand then coveredwith a brick lining duly jointed with cement sand mortor.
This type of lining has shownvery goodresultsin thestorage tanksconstructed for the sanitary
Diggi system.

The storage tankson the abovepatternwith slow sand filter andClearWater Reservoirsmay

also be adoptedin other areasevenwith rain water catchments.
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KHADIN

Hitory

Water harvesting and runoff farming has beenan ancientpracticein variousparts of arid

zoneof India. ‘Khadin’ is one such systembasically innovated for runoff farming by the Paliwal
Brahmin Community in Jaisalmerarea in formerJaisalmerState,in 15th. Century.It hasquite a

similarity with methodpracticedby peopleof Ur in trag4500B.C. or later by Nabateansin the
middle east. Similar systemis also reported to have beenpracticed4000 yearsago in Negev
desert, as also till 500 years back in USA by ancient people in south western Colorado,
particuarlyat site now known as Mesa Varde National Park.

In arid Rajasthan, though it was startedin 15th. Century,the idea slowly spreadover other

parts too. In Jaisalmer,the ruler used to encouragepeople to develop this system on suitable
sites,grow and develop agriculture and share the ‘part of it with ruler, who would remain the
ownerof it. However, later Paliwal communitywas either driven out or left the region and for
long perio4 no new Khadinscould be made but old Khadins continued to be used. However,
their propermanagementgot neglected.Still, thereareasmanyas 500 big andsmall khadinsin

presentJaisalmer district which arestill productive with evenzero to 40mm rainfall.

PresentStatus

The systems is site specific needing a large natural, high runoff potential catchment in
proximity of plainvalley landwith deepsoils. The ratio of Khadinto catchment area, depending
on type of catchrnent is minimum 1:12 or 15. Thus site needsto be confrnedlyselectedandbund

Khadinareais to be properly markedor takenout.

Recently, since a decade, irrigation department of State has started making many new
Khadins at various locations. Under Desert Development Programmealso new Khadins are
beingmade.However,successfulsystemis not seenevery where. Old Kh~dinsalsoneedproper

management.
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Constructional Details

Khadin is constructed in a valley of rocky hilly areaor low lying area of stony gravelly
wasteland.Firstof all the detailed contour surveyofpropsoedKhadin land is done andcontour
plan prepared.Khadin bund is fixed on the down streamside of the catchment. The sizeof
khadin bund is designedon the basis of rainfall pattern, catchmentcharacteristics,wave length

and soil type. Height of bund usually varied from 1 m. to 3m.- to submerge 3/4th. of the
catchment area. Top width of khadin bund varies with height of bund. For bund height of im,
1.6m, 1.9m, andmore than2.lm, the top width will be im, 1.3m, 1.5mand 1.8m,respectively.
Bund side slope (U/S & DIS) varies from 2:1 for light soil to 1:1 for heavy soil.

Before starting the constructionof Khadin, bund position is aligned and then about 15 cm.
layer of natural ground surfaceis scrappedout. Theearthwork is done in layers of 30 cm depth
and then compacted by ramming with hand hammer, sheep foot roller or road roller. For
providing proper shapeto the bund a profile at every 20 m. length of bund is erected. Over flow
provision is made by providing cement-concretespill-over structure and stonepitching in down
streamto checkerosion.Pipe outlet is alsoprovided in centreof bund to drain out standing water

beforecultivatingkhadinland. After completion of Khadin, levelling of land near bund is done
for uniform spreading of water. Seedingof grass on bund during rainy seasonis done for its
stabilization.

Draw Back

a) Old Khadins : Centuriesold Khadinshave not properly beenmanaged.At places,very
coarse sedimentslike coarse land gravels etc. get involved in plain lands as result of high
intensity rains or cloud bursts. Theseneedto be removed.

No regular levelling inside Khadin seemsto have bene practiced, making Khadins very
uneven.

Most of theKhadin bunds - areearthenbunds.At places,due to lack of their management
they are eroding.

b) New Khadins : It seems,Rainfall-runoffrelationship as also the catchment Kfradin ratio
have not beenproperly taken into accountwhile selectingsites,as also making Khadin bunds at
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manyplaces.As a result, at someplaces,not enoughrunoff water could be generatedeven with
averagerain fall receiptswhile at other places,the bunds could not withstand the water present

and get broken anc~eroded.

At somesites in small sizeKhadins, spillways have not beenprovided.

In big Khadins, making small dug wells outside Khadin bunds is an innovative method
developedby ancientpeopleto have conjunctive useof water as also to encourageseepingOut of
water andsaltssoas to prevent salinity, developmentin Khadin in courseof time. No such small

dug well have been provided in new Khadins.Theseare the wells which should be usedfor
humanand stock drinking as this is somewhat filtered and,better water than open inundated
water.

No planting of trees etc. seemsto have beenplannedor adopted around new Khadins.

no proper treatment is given to catchment areasnor any channelisationof all runoff water
towards only Khadin areais planned or adopted.

Proposed Modifications

N~basic modification needed in this ancient system. But suggestion for making new
Khandinsand their managementare as follow :-

1. Site shtrnld be selectedon physiography of land taking into account proximity of catchment
areaandfarm land or khadinarea.

2. Depending on size of catchment, its runoff potentialshould be worked out on the basis of
land features, like nature of profile, infiltration rate, slope of land etc., of, catchment and

rainfall of the region. The sizeof farm landor Khadin areais to be worked out to be enclosed

by earthen bund while developing new khadins.

3. In rocky gravelly catchments,minimum khadin areasto catchmcnt arearatio is 1:12 to 1:15
(i.e. one haKhadin to 12 to 15 hacatchment),in othercatchmentwith more infiltr~tionand

- less runoff, ratiomay still be larger.



4. Low valley wherehwerefarm is to be developedas khadinareafor water inundation, soil
profile should be very deepwithout rocky strataat least1.5 m dug. This land should be

absolutely level for uniform spread of water, with ditches and gullies. Often flash floods
bring in coarsesand/gravelson surfaceas sedimentswhich should be removed and levelling

done regularly.

5. Soil salinity should regularlybe checkedinside Khadin and if found accumulating, it should
be flushed out during first or secondrain, through useof sluice.

6. Seepingout of inundatedwater also helps to keep salinity in check inside Khadin. During
inundation period small shallow well should be dug out side Khadin bund to encourage it
For human and stockdrinking water from such wells should be usedratherthan inundated
openwater in Khadin.

7. Goodgrassesand other plant cover should be developedand maintained in the catchment
area andcontrolled grazing practice should be adopted in catchment.

8. With the help of small bunds of soil or small stone walls, madeat appropriate slopes,water
runningof in all directionsandgoing wastecould be properlychannelisedto Khadin spotsto
have betterand efficient harvest of water from completecatchment.

9. Big treescould be plantedproperlyinside Khadin,on the bundand out side the Khadin bund

to improveenvironment around it.

Limitations

I. It is only a site specific system,that can not be developedevery where.

2. It is large scale schemewhere a largecommunity is invovied of diverseattitude, to its

developmentand subsequentmanagement. Government may once develop it but diverse
communitywith partof its ownershipof land has to manageit.

In ancienttime all khadins were built up by the Darbar (King). throughthosewho would
cultivate and utilise it giving Darbar a part or sharein the harvest,with total ownershipof

Darbar.
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Researchrequired for further improvements

1. Khadin is bsicallyarunoffagriculturalsystemthough site specificwith goodmanagement,it

canmakearid wastelandproductive.Modernexperienceis however, limited to few isolated
projects. Intensive techno-ecopomicevaluationin severalregions with different climates,
soils, andcropsareneededto identify its potentialfor the future.

2. To make runoff agriculture more effective, there is a need to developcrops better suitedto
it.

3. Though it is primarily runoff agriculture, a lot of water gets inundated on the land, partly

going down deep,side ways and much is lost through evaporation. For conservation and

conjunctive use of such collected water, research work on models for suppression of
evaporativelosses,monitoring the water usefor drinking purposesthroughdug well around

Khadinsetc. is needed.
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PERCOLATION TANK

Technological developmentsin the pumping method and well construction have resulted in
largescaleexploitationof groundwater.In manycountries,which have to face the vagariesof
monsoon,dependabilityof groundwater hasincreasedtremendously.In arid or semiaridregions

availability of surface water is either lacking or is inadequateandstorageof surface water is also
uneconomicalon acocuntof high evaporationlosses.Proper storage and managementof

availablegroundwater,resources,therefore,is very essential.Thereplenishmentof groundwater
reservoirsin the arid and the semi-arid regions is necessarybecausethe intensity of normal

rainfall is grossely inadequateto produce any moisture surplus under normal infiltration

conditions. Although artificial groundwaterrecharge methods have been familiar in the

developednationsover the past severaldecades,their importancewas felt in the developing

nationslike India,only duringpasttwo orthreedecades.Methodslike nalabunding,percolation

tanks,trenchingalong thehill slopesandaroundthehills, etc.,arebeingpracticedin manyparts

of the country but advantageof such projectscould not be obtained for want of scientific
orientation of the programmes.A thorough and detailed knowledge of the geological,
hydrological and morphologicalfeaturesof the areaarenecessaryfor selecting the sites for

rechargestructures.

Perèolationtanksareconstructedfor impoundingSurface runoff to create small storage and
for inducing rechargeto groundwaterthroughpercolation.Constructionof this structuretakes

into accountthecatchmentarea,likely runoff, designedstorageat the siteaswell asthe areaof
benefit from the structure.The constructionof suchstructureis consideredto be very useful as
meansof waterconservationand to strengthen thedrinking water and irrigation water sources.

Studieshavebeencarried-out on artificial rechargethroughpercolationtanksin theSinaand
the Man river basins, Maharashtra.Both these basins comprise mainly basaltic flows with

narrowand shallow alluvial patches.Sevenpercolationtankswerecosntructedto find out their
effectivenessand suggestmethodsfor improving theirutility. The averagerecharge was50%of
the capacity of tank provided, the tanksbottom was renovated by scrapping the surfaceevery
yearbeforemonsoon.Thelocationwasselectedin sucha way that reservoir areais coveredby

vesicular or fracturedbasalts.Nala (Stream)bunding, where the entire storage of surface was
restricted to the courseof nala,was found to be more effective and economicalasthe surface

exposedto evaporation was on an average 10% of that of normalpercolationtank. Therateof
infiltration varied from 50 to 70% of the capacity. Further studies in central Maharashtra
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revealed that the recharge from percolation tanks in basaltic formation having the areaof

influence about 1.5 sq.km boostedin averagerise in SWL of 2.05 m. i.e. nearly 0.15 mcm.

Similar studiesonninepercolationtanksin the Noyil Ponani andVattamalai river basins of
Tamilnadu and Kerala revealed that the rateof percolationwas as high as 163 mm/day at the

beginningof rainy seasonbut reducedto hardly 15 mm/dayafter few months. This reductionin
infiltration rate was mainly due to accumulationof silt at bottom. Periodic desilting was
therefore, found to be essential.

Another set of seventanks having an averagestorage capacity of 0.13 mcm were studied.

The area under influence of tankswas 1.7 sq.km. Due to the storage, rise in SWL was recorded
to 2.5 m which reflects the variablerechargefrom 0.032mcm to 0.112 mcm with mean 0.079
mcm which is about60% of the tank capacity.This additional water could be utilised for the
beneficial useby constructing6 new wells giving a dischargeof 0.012 mcm every year.Water
level was generally found to be lugher in wells nearerto the tank and thesamewas gradually

reducing-away from tanks. -

Economic percolation tank schemes

Initial costof structureper 1000 lit, per yearrechargewasfoUnd to beRs.45.00 in alluvial
areas‘and operationalcost per 1000lit, of rechargedwaterwas Rs. 0.045.
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ANICUTS/CHECK DAMS

Introduction

The anicut is a structurewhich intercepts the water from local catchment and store it for
optimum utilisation. Such structuresnot only reducethe erosivevelocity of runoff but also

prevent the gullies from furtherenlargement.The retainedwater behind the structurecanbeused
for lift irrigation and as drinking water for the human,cattle and wild animals. The anicuts
rechargethe downstreamwells and the submergenceareacan be usedfor cultivation during the
dryseason.In acasestudy, the groundwater rechargewasenhancedupto 35%duringa periodof
threeyearsby the constructiono~fan anicuton an ephemeral streamnearJodhpur,Rajasthan.

In Gujrat, on the Saurashtracoasttie ànicutsnot only rechargethe sweetwater into the
surroundingareabut alsoprevent thC salineingresstowardsthe fertile and the valuable coastal

areas.

Prevalence

The anicuts,checkdams,NalaBundig anti Bundharasare similar structuresand have been

widely adoptedin south-eastRaja~han,Gujrat,Maharashtra,MadhyaPradeshand in hard rock
areasof deccanplateau.Theses1rUcture~have been in vogue since the old days and are very

popular.

Details of system

a) Designrainfall : The anicutsare desingedon the basisof 50 yearsrecurrenceintervals i.e.
the maximumrain~fal1occuringoncein 50 years.

b) Designrunoff: The designrunoff is estimatedby any suitablerunoff formulaapplicablein

a given region.The normally usedrunoff formulaare:
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Dickens formula

Q=CM3’ (1)

where Q is maximum flood discharge(cumec), C is. constant and equal-to 11.40 and M is
catchmentarea(Km2)

Inglish formula

10500A

Q= (2)

where Q is maximumflood discharge(cusec),A is catchmentarea (mile2) and C is constaiu

which can be takenas zeroin arid to semi-aridregions.

Rational formula

C.I.A.
30 (3)

Here Q is maximumflood discharge(cumec),C is coefficient, I is rainfall intensity (cm/hr)and

A is catchment area.

c) Anicut design

An anicut is essentially consisting of two componentsviz, earthenembankmentsand
masonry spiliway. Local guidelines and design parametershave been developed for their

construction by the soil conservation/irrigationDepartments.Theseguidelinesareregion specific
andto be consultedasperthe site conditions.Normally, an anicut is consideredto be feasible
when it is able to store 5 million cubic feetof water.

Adaptability/Limitation

1. The anicuts are suitable in hilly and uneven topographywhere ephemeral streams are

availableand goodcatchmentsare present.
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2. Thesubsurfaceformationsmustbe receptiveto the enhancedgroundwaterrecharge.

3. Good agricultural lands should be available on the banks, so as to makefull useof the
project, by providing irrigation.

4. Thesubsurfacewatermust not be highly saline.

Recommendations

Each anicut must be providedwith adequateoverflow arrangemçnt,absenceof which is the
main causeof their failure. The structuremust be safeagain~tsliding and overturning.
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GULLY PLUGGING

Introduction

Gullies are a symptom of a functional disorder of the land, improperland use,and are the

most spectacular type of soil erosion. As per the recent estimates 4 m ha affectedby such
problems in about 12 States.While another4 to 6 m ha of table land, including some of the
commandareas,are threatened.However, with propermanagementtherun off through gullies
can be harvestedfor ground water recharge and human and livestock drinking. In western
countries the gully plugging works started as back as 1900. However, in India such works were
takenup on extensivescalesince 1960 in Gujrat, Maharashtra Madhya Pradesh and Rajasthan.

Prevalence

Gullies and ravines (a systemof gullies) are found along the rivers of Chambal, Jamuna,
Mahi, Sabarmati, etc. and are mainly locatedin Utter Pradesh, Madhya Pradesh, Rajasthan and

Gujrat. Gullies are also seen in the plateau region of Eastern India, along the foot hills of
Himalayasand in Deccanplateau.All theseareasrequiregully control and waterconservation

measuresin the form of gully plugs, checkdamsanddrop structures.Such works have already
beentakenup on a wider scalein theseareas.

Details of system

The specifications and spacing are given in Table 1. Brick masonry gully plugs are

constructedat the confluenceof all gully branchesof a compound gully. For gullies where no

runoff is expectedfrom the top, earthen gully plugs of 1.1 m1 crosssectionwith a grassedramp
of 22.5 cm below the top level and spacedat 45-60m horizontalintervalaresuitable, for gullies
in which excessrunoff from the top is expected,an earthengully plug of 2.2 m2 crosssection
with apipeoutlet is to be provided.The diameterof thepipeshalldependon thecatchmentarea
(15 cm diameter R.C.C. spun pipe upto 0.03 to 0.09 cumecdischarge from an effective
catchmentof 1.6ha is suitable).A compositecheckdamof earthand brick masonryis necessary

for largercatchments(more than 1.6 ha) which is locatedat the confluenceof big compound
gullies with themain drainagesystemor in thebedof themain drainagesystemat 1.2 m vertical
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interval or 120 m horizontalinterval. Theseplugs should be taken into hard foundation and the
flanks of the gully plug should be taken about 1.2 m inside the natural ground to prevent flood

water outfianking the work. The surfacerunoff collectedin th upstreamof theseplugs not only

rechargesthe groundwaterbut also act as sourcefor human and livestock drinking and for other
domestic use.

Table 1

Specificationsfor materials and location of gully plugs in the gullies

Slopeof gully

bed (%)

Width of gully
bed (m)

Location Typeof gully
plug

Vertical

interval
(m)

0 - 5 4.5 Gully bed Brush wood 3.0

4.5 - 10.5 Gully bed andside
branch

Earthen 2.25 - 3.0

7.5 - 15.0 At theconfluenceof
2 gullies

Sandbag -

7.5 - 15.0 At the confluenceof
all branchesof a

compoundgully

Brick masonry -

5 - 10 4.5 Gully bed Brush wood 3.0

4.5 - 6.0 Gully bed and side
branch

Earthen 1.5 - 3.0
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Limitations/adaptability

The gully pluggingis a site andlocationspecific structure.Hence,generalguidelinesare to

bemodified asper the need for eachsuch structure.

Preferenceof firm foundationbelow the gully bed is necessaryto preventstructurefrom

wash out.

Sincethesearesmaller structures,no particularattentionhasbeenpaid to them and hence
theseareneglected.In fact, thegully pluggin~structuresinvolve a goodknowledgeof hydraulic
engineeringas thesearefairly costly works.

Su~estionWRecommendations

1. Researchworkon small gully pluggingstructuresusing locally availablematerialslike lime

mortoretc. needsto be workedoul

2. Field manual for easy adoption need to be developedfor useby the Soil Conservation
Departments.
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SUB SURFACE BARRIERS FOR ARTIFICIAL RECHARGE

In manyof the dry regions in the world, adequatesupplyof waterfor irrigation aswell a~for
drinking during dry seasonsconstitutea problem of paramount importance.Such supplies will

- dependon the storagein the form of surfacereservoiror groundwater.The availability of
groundwaterinvariably sustainon therechargefrom varioussources.Rechargeof ground-water
may takeplacedirectly from rainfall or from aquiferwith intakeoutsidetheareaor from sandy

floors of ephemeraldrainagechannels.The secondcaseis rareunder arid climatic conditions.
Recharge from direct rainfall is relatively less important in arid region becauseof high
evaporationlosses.The most estimatesplace it below 5 percent of rainfall. Moreover in sandy
plains this rechargedwaterseldomreachesthe water table and likely it may be limited to the
yearsof exceptionalhighrainfall.

The creationof surfacestoragereservoirsis often restrictedby lack of suitable storagesites.
Moreover the runoff drainedby streamsin thesereservoirsis heavily loadedwith suspended

sedimentswhich ultimatelyreducethe useful life periodof the reservoir.Also the stored water is
subjected-tohighrateofevaporation.

The rivers flowing ephemrerallyoften have wide bedsand low banks. These wide beds,

consututing the upper boundary of the previous deposits, form an excellent surface for
infiltration during river sürtaceflow. It hasbeenreportedthat the infiltered water will penetrate

the under lying rocksthroughsuitablefissures,the outstandingexamplebeingin limestoneareas.
Rechargeinto alluvial fill is particularlyimportantin pedimentzoneswhere it is favouredby the
greaterfrequencyandvolume of flow andby coarsenessof alluvium.

Rechargein desertareas,whetherdirect from rainfallor throughstreamflow will beirregular
and discontinuous,reflectingthe variablenatureof rainfall and runoff. Wells located along the
banksof streamsshow immediateresponseof rechargeduring the runoff in the streams but
ceasesduring dry period with insufficient replenishmentof the aquifer. The meagrerecharge

during runoff perioddoesnot sustaina sufficient long period due to which scarcityof water is
felt. To someextent the yield of such wells could be improvedby abstractingthe sub-surface
flow of Sandy bed streams,by sub-surfaceSemi-permeablebarriers.
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Description

Dependingon geologicalhistory, many valleys in dry regionsarefilled with largedepositof

coarsesandsandgravels. In crosssectionthesedepositsare often bounded by impervious layers
consiting of clay depositsand/orbed rock. During short duration of river surface flow through
coarse,sands and gravels, excellent infiltration takes place which in many cases replenish
completely the coarsevalley deposits.

The influent water from bank storage into the streamis, in general, negligible due to low
banks. Once the surface flow ceases,the groundwater aquifer below the river bed could be
considered as an entity, independent from river itself. Hence the sub-surface storage in sandy
bedscould be imaginedas a long shaped aquifer under certain slope, yearly replenished and
partly naturally depletedby evaporation andevapotranspiration by vegetation. In dry seasonthe

depletion due to these lossesoften not more than 1.5-2 m below river bed level. Hencefor a
sutained water supply of potable quality of water by improving the recharge conditions, the
construction of sub-surfacebarrier acrossthe streamsectionwith infiltration galleriesmay be the
most suitable andeconomicalproposition.

The sub-surface barrier maybe constructed with angular rock pieces~rrangedin the form of
dry masonrywall having less interspacesand of one metrewidth and 5-7 m high and should be
placed1.5 m below the sandsurfacein theriver bed.Such barriershould be extendedI to 1.5 rn
below thesummerstaticwater level in theriver bed.The height of barrieris site specificon1y~ir

maybe increasedordecreasedas per the siteconditions.The constructionof sub-surfacebarriers

could only be consideredwheretopography,and slope of groundwater table and water bearing
capacityof the aquifer render suitable conditions.

Investigation required -

It is essentialto undertakethe following investigationsbeforeconstructionof the barrier.

I. Drilling of threeexploratory bore l~olesalong the proposedsub-surfacebarrier site.

Properlithological logs andsamplesshould be obtained.

2. Electricalor Seismicprofile surveyalongthe site i.e. acrosstheriver section.
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3. Calculationof existing draft from the area by actualfield survey.Thesewould help in
properdesigningandlocationof barrierand infiltration galleries.

Moreover after construction of barrier and wells the following investigations should be
periodicallyunder-taken.

1. Reducedlevel Surveyof the area

2. Periodicalchangesin thequality of water

3. Changesin thedraft pattern

Advantages

- Reliablesourceof waterasaresultof theyearly rep1enishmei~tof theaquifer.

- In many casesthe sub-surfaceflow Will supply the basic needsfor drinking water for human

and livestock in the form of shallow holes dug in the river bed.
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ABANDONED QUARRIES FOR WATER RESOURCES
DEVELOPMENT

Introduction

Nearly 5000 km2 areain Rajasthan is under mining activity. The quarrying for building
stoneslike sandstone,limestone,phyffite, slates,etc. are generally undertakenon hill slopesand
most of the quarry pits areabandonedafter surfacemining. These pits can be usedto develop
additionalwater resourcesboth as surfacestorageandenhancedgroundwater recharge.

Prevalence

Quarryingof building stonesis prevailingin andaroundthe Aravalli mountainsystemand in
the westernRajasthan.Theseareasalsohave the abandonedpits andmine spoils which can be
developedinto water bodies.

Details of the system

Developmentof water bodiesdependon the quality andquantityof water available in nearby
area,if the mine hasnot reacheda depth of groundwater level. Also on the magnitudeof the
excavation,rainwater could be harvestedto fill up these pits. These water bodiesprovide
additionaldrinking water sourceand augment the ground water resources.It may be necessary
to reducetheseepagelosses,if rechargeto aquiferhasnot beenenvisagedwithin the plan. This
could best be achievedby using low costmaterial like pond silt andclay etc.

Likewisereductionofevaporativelossesfrom thepits converted into ponds s~illbe essential.

Useof monomolecularfilms/wax blocks/concreteblocks/plasticsheets,etc. shouldbe tried, the
quariy pits could also be filled with rock debrisand sandto createan artificial groundwater
resource.Development of water resourcesthroughuse of abandonedquarry pits will not only
rehabilitatethe mining areabut also provide the water for drinking and other domesticuse.

Limitation/adaptability -

This systemof waterharvestinghaspotential to beadoptedin abandonedquarryingpits and
mines throughoutthe country. However, the systemis site specific and needsfew corrective
measuresbeforeput to the use.
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CONTOUR BUNDS

Countour bunding is one of the Soil and Water Conservationmeasures,carried-outfor

watershedmanagementprogramme.The term contourbundingusedin India is sameaslevel

terracesand ‘ridge type terraces’.Mainly contourbundsactasabarrier to the flow of water and

at the sametime impoundingwaterincreasessoil moisture.Selectionof site for bundingshould

be donejudiciously. For an examplecontour.bundingin deepblack soils failed due to wide

spreadbreachesand waterstagnationfor longerperioddue to poorinfiltration etc.In suchsoils,
it wasrecorded,theyield of everycrop in contour bundedareaswere lower than the unbunded

areas.On the otherhandcontourbundingdonein areashavingrainfall lessthan60 cm andsoils

were permeable,contourbunding assistedin intercepting the overland flow and made it to
infilter into the soil. Hence it can be said that contour bunding has its adoptability and

limitations, which should be given adueconsideration.Themaximumdepthof impoundingfor

contourbundsin permeablesoils can be arbitrarily fixed as30 cm wherethedepthis morethan

30 cm. arrangementsshould be providedso that excesswatercandrain off safely.

Two typesof Contourbundscan be constructedi.e. (1) Narrowbasedbunds (2) Broad based
bunds.Narrow basedbundingin agriculturelands is normally not prefereddue to considerable
hmderancein farming and transportationof equipmentfrom one terracedfield to another.

Moreover the narrowbasedbunding wastemore than 6%of areafrom cultivation. Broadbased

contour bundign has advantage of causing no hinderance in farming as well as entire area
remainsundercropproduction.Thereforenarrowbasedbundingshouldbe carried-outin grazing
lands/westelands,soasto control damagingrunoffand to utilize thesamefor usefulpurposes.

Specification of contour bunding

I Spacing : The main criteriafor spacingof bunds, is to interceptthe water beforeit attains the
erosivevelocity. This will dependon many factors,importantof them are slope, soil, rainfall,

cropping programmeand conservationpracticeadopted.Basedon the field observationsand
expenments,C.E. Ramsar,establishedthegeneralequationfor sub-humidareasof unitedstates.

S
Vl= 0.3 ( —

3
+ 2)
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where

VI = Vertical interval in metresin betweentwo consecutivebunds

S = degreeof slope in percent

In the aboveformula no consideration was given to other factors than slope. To take into
accountsomeotherfactors,thefollowing adjustmentswere suggested.

a) Adjustmentfor soil infiltration & permeability

25% extra spacingcan be providedabovethemeanVI’ in soils having high infiltration
and permeabilityandgood follow on consrvationpracticesareadoptedwhich include contour

farming, frequentuseof legumein rotation.

15% decreasein spacingwhere soils are of low ratesof infiltration or permeability.

Practicallywhenusedwith unfavourablecroppingconditions.

b) Adjustmentfor rainfall Rainfall intensityandits erosivepoweris moreimportantthan
theannualrainfall. Basedon USDA-SOSrecommendationfor level terraces,verticalintervalcan
bedeterminedby equation.

VI = 0.3 (0.8S+ Y)

where,

VI = Vertical interval in metres

S = Slopeof groundin percent
Y = A variablewith valuefrom 1.0 - 2.0 dependupon the soil erodibility,

croppingsystemandcrop managementpractices.

Vertical spacing by any methodcan be increasedby 10 cm or by 15 cm to provide better
location,alignmentor to thiss theobstacle.In casesmall strip is left in betweenthelastbundand
field boundary,the verticalfall may be distributedin all thebundsratherthanin only last bund.
Moreover in the field, having undulations, some deviation has to be made. These deviations



causesunevenimpoundingof waterwhich mayresult thepotentialdangerof breach.It is always

desirableto removetheselocal ridgesand depressionsby levelling pnorto alignmentof contour

bunding.If levelling of local ridgesanddepressionis notpossibledue to costfactor,the limit of

deviationcan be adoptedas 10 cm higherelevationsideand 20 cm for crossingthedepressions

In field, having narrow gullies, may also be checkedby providing one or two earthengully

checksfor effectivebunding.

c) Crosssections: Normally crosssectionis designed(i) 30 cm depthimpoundingnearthe
bund (ii) height to store 24 hours rainfall of particular frequency(i) with 30 cm depth of

impunding: thedpethof impoundingis designedas30 cm; 30 cm is providedasdepthof flow

over the~ourletand 20 cm is provided asfree board.This makesoverall height of 80 cm. With

top width of 0.50,sideslope 1:1, andbottom width of 2.10, crosssectionworksout to be nearly
1 sq.m. Contourbundof crosssectionof 1 sq.m. is suitable for lpw rainfall ar~aswith permeable

soils.

The broad basedbund shuld havesettledheightmorethan 30 cm (preferable50 cm). The

easenessin farmingincr~áseswith decreasein sideslopewhicF~maybe takenupto 8:1. Normally
a triangularsection is assumed and undercultivation theshapewill becomeparabolic.

Crosssectionalareain sq. metres of broad based contour bunding with different height
and side slope. -

Height of bund

(m)

Side slope .

8:14:1 5:1 6:1 7:1

0.30 0.36 0.45 0.54 0.61 - 0.72

0.40 0.64 0.80 0.~6 1.12 1.28

0.50 1.00 1.25 1.50 1.75 2.00

d) Designof crosssection of contour bund to store runoff from 24 hours rainstorm of
particular frequency : The design of cross section of contour bund, which can store runoff

excessfrom 24 hrs. rainstormcan be done with the help of the following equation.
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Re xVI
h~

50

Where,

h = depth of impoundingin metres nearthe bund
Re = 24 hoursrainfall excessin cm.
VI = Vertical interval in metres

Using the aboveequation, height of impoundingrequired for 10 years frequency(or any
other frequency) can be obtainedwhich will notcauseany spill over. In depthof impounding‘h’

the free board of 25 to 30% may be added. Once the height is fixed, then using the minimum top
width of 0.50 m and side slopes 1:1, the cross sectionof narrow basecontour bund can be

obtained.



56

SAND-FILLED RESERVOIRS

In many arid and semi-aridlands, harvestingand storing rainwaterin surfacereservoiror

village tanks,beingpracticedover centuriesis still themajor sourceof water supplies in remote

areas for human and livestock consumption. A large share of this precious water gets lost
through evaporation from free water surface of tanks leaving peopleto struggle for water during
lean period.

Sand-filledreservoirsystemof waterharvestingis beingpracticedfor storingwaterin pores
betweenthe particles of material below ground surface level to shield it from the evaporation. In
arid environments such as Indian desert whererainfall is scanty, annual averageevaporation far

exceedsthe annual averagerainfall and most of the rivers are ephemeral with abandonedsand
and gravel,sand filled reservoir may be an additional sourceof watersupply.

Historical background

Sandfilled reservoirsystemof water harvesting is an old practice in many African andSouth

Americancountries.In South West Africa this systemhas beendevelopedon a large scalefor
fresh w~tersupply in sustainedmanner for reasonableperiod.

Water use from rived bedwasfirst initiated in 1849 in South West Africa but first sand-filled

damwas constructed in 1886. In Namibdesert sand filled dams have been used since 1907 for
supplying drinking waterto livestock. Sand filled water storagetanks developedin Sudanare in

use for rain water harvesting from an early time. Recently plastic lined rockfilled tanks were
built in Arizona, U.S.A. for evaporationcontrol. In India, this technology is yet to be tested.

Constructional details

(A) SandlRock-filled thnk

Sand/rock-filled tank ‘i~ constructedin lower valley of rocky hilly area or lower part of
stoney/gravellyor rock, out cropped catchment area. The size of tank depends upon rainfall
pattern, catchmènt characteristicsa~dwater requirement.
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The tank is first excavatedin desired shapeand sizeandsurfaceis madesmooth.The sides
andbottomof tank are lined either with stonemasonryandcementplaster or polyethylene sheet

or any other materials for seepagecontrol. Polyethylene lining if properly covered,offers
positive method of seepage control. A wire mesh reinforced coat of cement mortaror tiles or a

30 to 45 cm layer of soil could be used to protect the polyethylene from getting punctured with

rocks. A pukka silt trap at the inlet of the tank is provided to arrest silt load entering in the tank.

The tank inlet andoutlet are stone pitched to check soil erosion.

The tank is filled with sand and loose rocks. Rain water harnessed from the catchment area is

collected and stored in the tank between the particles. Water level in tank is kept 30 cm below

the surface to shield it from evaporation. The rocks reduce the tank volume by about 55% but

they reduce evaporation by 90 percent. Water supply frtm the tank is maintained by installing

shallow tubewell, or hand pump or by constructing small diameter exploitation well in the tank

with withdrawal arrangements.

Sand-filledtank can provide goodquality water for a logner period thanconventional open

storage.

(B) Sand-filled dam

Sandyriver bedswith no surfaceflow, except in flood seasons,areacommonfeatureof arid
andsemi-arid regions. The creation of water supplies by conservingsurfacerunoff in sand is an

equally importantaid to development.

Sand-filled dam is basically a sub-surface barrier used for storing water in sandbed, for

water supply and for ground water rechargein the nearvicinity. The dam is built across the river

bed during the dry period.The river bed is filled with sand and gravel depsoits carriedby river

flood during monsoon seasons. Flood water is stored in the basin between the sand particles.

Initially the dam height is kept few centimeters above the streambed and as the reservoir get

filled up with sand and gravel the height is raised gradually in stages. The basic principle

involved in raising dam height in stages is to allow velocities of flood through the basin to
transportmost of the fine sediments over the dam crest which otherwise get deposited in the

reservoir, thus, its storage capacity is reduced. In certain cases provision of siphon in damhelps

during large flood period in scotiringand flushing off silt deposit in the basin area. -
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To increaseeffectivenessof storage,water storedin upper reachesof the reservoir is guided

anddrainedto a commondrawoff point. The sandbody from which the pump station draws its
supply is deprivedof the replenishment by natural seepagewhich occurs at a comparatively
steadyrate.

Storageefficiencyof sand-filled reservoir

Storage efficiency of sand-filled reservoir dependslargely upon porosity of material (sand
androck) in tank,rateof useful drawoff, depletion time etc.

Usefuldraw off
Efficiency of storage

Volume of water absorbed

The porosity depends on the size and shape of grains, uniformity of grain size and
compaction. Higher porosity are available in freshly deposited silt. Silt deposits become
consolidated in time through weight of overlying material alternate drying out and inundation,

wave action etc.

The specificyield also dependsupon grain sizeof the material. CentralArid ZoneResearch

Institute, Jodhpurhas studied in laboratory)the specific yield of different combination of
mat’èrials.The following valueswereobtained:

Diameter of grain(mm) Specificyield (%)

1. ~ 1.17 (47%) 39

6.35 - 12.70(53%)

2. ~ ii? (50%) 43
12.70(50%)

3. � 1.17(10%) 48
12.70(20%)
25.40(70%)

Ibgherspecific yield was obtained with biggergrain sizeof material.
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Limitations of sand-filledreservoir

1. Depositionof fine sedimentload in the reservoirtransportedby run off water reduces its
storagecapacity. Evaporation losses from the reservoir are also increasedas a result of
favourable capillary action of the deposited material.

2. Run off water received from salt affected catchment area, deteriorate the quality of stored

wateras well as ground water.

3. Consiruction of sand-filleddam reducesrecharge of aquiferin down streamof river.

Suggestions for improvement

1. The catchment areaof sand-filled reservoir should be rocky hills with erodedchannel or

stoney gravelly waste land with sufficient slope for generatingrun off to be stored in the

reservoir. -

2. Run off from the salt affectedarea should not be allowed to enter in the reservoirso that
goodquality wateris available for water supply.

3. industrialwasteor sewagewatershouldnot beallowedto enter in the reservoirto savewater
from contamination.

1. Movement of livestock should be restrictedfrom reservoirsite to control water pollution in
the reservoir.

5. In caseof sand-filled dam, the damshouldbebuilt on streamswith deepcoursesandheavy
dischargesfor flushing out fine sedimentwhich otherwiseget depositedin basinandreduces

its storagecapacIty.

6. Water in the upper reachesof basin should be guidedand drainedto a common draw off
point to increasetheeffectivenessof storagereservoir.

7. Provisionof siphon at thedamwall will increasethe transportingpowerofthe floods passing

throughthe basin.
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8. Plantation of trees and grassesin the catchment areaof sand-filled reservoir will check
erosion andalso environment around it will be improved.

9. Openwells in near vicinity of the storagereservoir should be dug out for additional supply of
good quality water as a result or recharge of aquifer. -

Future of sandfilled reservoir

In arid environmentssuch as Indian desertwhere numeroussmall but dependablewater
supplies are required,sandfilled reservoir systemof water harvesting is worth encouraging.
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FLAT BATTER TANKS

History

Flat batter tank systemof water harvesting is relatively new technique, developed in mid

sixties by farmers and contractorsin the Esperance district, Australia. The technique has
similarities with the “dew pond “system” in East Yokshene, England, and have since been

rendered obsoleteby reticulation.

Flat-batter tanksareyet to be testedin this country.

Details of the System

The flat batter tank is the standardwater harvesting technique where the catchment is an
integralpartof the storage. The tank is excavatedin the centre of the field. Top light-textured

soil is removed and placed around the outer extremityof the fiat batter in a wedgeshape.The
clay from the lower in the excavation is then taken out and spread over the whole surfaceand
facedsoas to form a clay smoothblanket5 to 15 cm. thick. The gradeon the batter is about 1
percent with relatively impervious surface which drainsback into thetank.A raisedwall around
the lip of excavationis madeto guide the run-offentry into the tank by meansof pipe or chute.
This reduceserosion developedat the point of entry. Above groundstorage can sometimesbe

gained by fixing a stopcockin thepipe. This canbeachievedby closing the cock and pumping

over the wall.

Flat battertanksareeither square(fourway) or circular type.In squarebattertanks,common
catchment batter sizesare 30 in and 40 m from the edgesof excavation andstoragecapacityof
tank are in the rangeof 2,000 to 3,000 in3.

Circular batter tanks are being constructed with a radius of 100 m from the centre of
excavationto the outer edgeof the catchment - a total areaof approxirn~ely3.2 ha. The areaof
flat batters surface are approximately 3.0 ha and8.0ha for storing5,000in3 and 1,500 in3 water,
respectively.Run-off in the tank, comessolely from the batters.Run-off from nearby natural

catchment or additional improvedcatchment, suchas roadedcatchmentis alsopossibleto divert
or pump into the tank.
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Advantagesof Flat Batter Tanks

The main advantageof flat batter tank is that the catchment, being an integral part of the
tank, comparativelylittle spacein required. They canbedevelopedon sites that lacksufficient

sizeto accomodateconventional tank and catchment. The other advantage is availability of good
quality water as run off is receivedonly from the treated catchment.

Limitations

1. The capacity of storageis large relatively to the sizeof catchment; consequently,water level
rarelyreachesfull supply level.

2. Thereis no provision of arresting silt at tank inlet, thereforesiltation in tank takesplace nd

need regular cleaning.

3. In absenceof protective measuresfor seepageandevaporation control, water lossesfrom the
tanks arehigh.

Suggestions

1. The system should be developedon a fallow waste land with sufficient clay material
available from the excavation for preparing semi-impervious catchment. Catchment
treatment with Janta emulsion or sodium carbonate or any other suitable sealantwill help in
generating more runoff from the samearea.

2. In case runoff available from the flat-batters is not sufficient to flU the tank, runoff from
additonal adjoining areashould be guided or pumpedover in the tank.

3. silt-trap at the inlet-of tank should be constructedto arrestthe silt load which otherwise will

be depositedin the tank.

4. Tank walls and bottom should be lined for controlling seepageandpercolation lossesfrom
the tank.
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5. Movement of animals in the catchment area should be restricted for controlling water
pollution.

ResearchRequired

Flat batter tank systemof water harvesting is a new technique to this countryandtherefore,

there is need for intensive evaluation of the system for establishmentof catchment~ndstorage

ratio in different agro-cimaticzones,storageefficiency,techno-economicsetc.
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ROADED CATCHMENTS FOR MAXIMUM RUN OFF

To providereliablerun off, a waterharvestingcatchmentneedsto be impermeable,smooth

and have little depressionstorage.However, sealing the soil surface is expensiveand some
infiltration lossesmust frequentlybe accepted.In thesecases,ground forming can increasethe

run off yield by improving the hydraulicefficiency of the catchmentsand thus reduce the time
availablefor infiltration to takeplace.

One type of formedcatchmentthat is widely usedin westernaustraliaandto a lesserextent
in other States, is so called roadedcatchment. This consist of a seriesof parallel formed and

comapctedroads with exaggeratedcamberthat adjoin to makeapproximatelyV-shapedchannels

which dischargeinto a collectingdrainat their lower end. Camberedsteepy road surfaceis made

as smoothandimperviousaspossible.Drainsbetweenthe roads areon gradesthat permit water
to reach the storagestructureexpeditiouslywith minimumerosion.

Site selectedshould not be more than400 m far away from the water storage structurearid

also should consist of clay soil or clay subsoil within not more than 1 m of the surface(I~se

sandsandgravels,barnsandfriable selfmulching clays areunsuitablematerialsfor surfacing
catchments). Also the surfaceslope that allows the catchment drains to be aligned on correct

grade.

Individual roadsmay vary from 5 to 12 m wide (crestto crest)and from 50 to 300 m long.
Wheregroundslope is little more than the grade of road drains, roadscandischargedirectly

infront of storage structure.If number of roads areconstructedas per the size of catchment
requirement,they can be providedwith a collectingdrain.

On slopesofmore than3 percent,collectingdrains of the requiredgradewould meet the road

&ii~s-at~an angletoo acute to be convenientlyconstructed.On steeperslopes,roadsareusually

dischargedon a grasswater way leading to the storage structure.

The above specifications will further be influenced by considerations of ground

conformation,depthandavailabilityof clay sub-soil,distanceandheight differencebetweenthe
storage structure and catchmentand thicknessof clay cover desired.
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Frith and Nulsen related depth ~f road drains io depth.of top SOil and thicknessof clay
requiredto covergradedtop soil, as follows:

2C=

Where

D2 .-2~DS+ S2~

D÷S

C = thicknessof clay cover
D = depth of road drain below original groundsurface

S = depth of top soil
P = reciprocalof the side slopeof road surface

Frith and Nulsen suggeste4that an effective cover thicknessof 7.5 cm might be required

wherea powergraderwas usedfor construction.It hassince been found that mixing of top soil
and subsoil clay during constructionis increasedwhen larger depths of top soil are present.
Currentpractice is, therefore, to designfor an effective 15 cm thicknessof cover wheredepth of
top soil exceeds20 cm.

Road side slopeis madeassteepaspossible. It canapproach 25 percent,but limitations of
rollers usedfor compactionoften reduce it to 20 percent or less. If a steel roller is used anda

smoothhardsurfaceresults,side slopeof 10 percent-areprobablyquite satjsfactory.

WIDTH OF ROAD
4DP
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Water harvesting systemwith roaded catchment in India

In Banniareaof Kachchhdistrict whererainfall is meagre,surfaceslopesarenegligible,soils
are saline (silty loam to silty clay loam - calcareous)constructionof conventional water

harvestingstructuresdoes not appearto be feasible. For such areas,providing of roaded

catchment has beenconsideredto be technicallypossible.The structurecould beplannedto have
storagefor 2-3 years, keeping in view the water supply requirementandevaporationlosses.The

proposedwork in Banni areais at conceptualstage.The availablecost estimatesindicatesa
roadedcatchmentof 0.17million sq. m andrequiredwater supply sourceworks couldcostabout

Rs. 9.11 lakhs. The likely storagewater is estimatedto be nearly 9000 in3 which bringsthe cost
of nearlyRs. 1 per cubic me~treof water.
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RAIN WATER HARVESTING

Rain water collection is also practical since ancient time on ‘MicmcatchznentPrinciples’
that is the runoff from:

(a) roofs;

(b) artificial surfacesat groundlevel and

(c) landsurfacewith slopesless than50 to 150 m in length.

The collection of rainwaterfrom Microcatchmentsfor watersupply involves not only the
collectionof rainwater,but also its safe storagein a reservoir.

A rainwaterharvestingsystem(RHS) consistsof the following components:

1. Catchmentareas— It is the collectionsurface

(a) Roof
(b) Rainwater platforms
(b.1) Raisedplatforms
(b.2) Groundcatchmentwith undergroundcisterns(Tankas)
(c) Hill slopes
(d) Watershedmanagement

2. Inflow Structures

(a) Gutter- For collectionof rainwater
(b) Inflow Pipe - For transferringrainwater to reservoir
(c) Filter - For filtration to removepollutants

3. StorageTanks— For storage during periodsof insufficient rainfall

(a) Above ground
(b) Under ground

4. Outflow

(a) Tap for the over groundtanks
(b) Handpump or bucket pulley systemfor underground tanks

Since safedrinking watersupply methodwill be requiredby largenumberof people,its
designs hasto be gearedtowards massproduction which meansthat it should be simple and
economical so that peoplecanafford;
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1. RAIN WATER HARVESTING PLATFORMS

Platforms or high level earthdeposits sloping to one side provide a good surface for
collection of the rain water. The following precautions needto be strictly followed:

(1) Areausedis kept away from the approachof animals.

(2) It is kept completelyfreefrom faecalcontact— the areamay be prohibitedfor easing
of humanbeingswhich is commonpractice in ourvillages.

(3) Platforms are cleanedand maintainedproperly by theowners.

(4) Inlet levelsof tanks installedfor thesesystemsis kept sufficiently above the ground
level sothat surfacerunoff do not enter the tankinlet.

Platformsareprovidedwith somelining or top surfacecoveringfor preventingturbidity in
the water collected.Plastic sheet lining with bamboostrip frame for keeping it in position,soil
cementlining, brick lining, coveringwith a layer of grit or coarsesandor coveringwith bamboo
mats are some of the methods which could be adopted depending upon area. Plastic sheet
coveringwith a bambooor any other local woodstrips or treebranchesis preferreddue to easy
to carryout method. Normal plastic sheetmay serveonly for two to threeyearsif left exposedto
sun speciallyduring summer.Soil cementlining will be suitable as it may work for very long

periodsand will not have anymaintenanceproblemthough its initial cost may be higher.

2. INFLOW STRUCTURES

i) Gutters

This is a type of hangingor supporteddrain in which the rain water enters afterflowing
over the catchment area.Numberof gutterswill dependupon the type of roof. In one
sloperoofsystem,only one gutter will beneeded.The water from roof is collectedinto
a gutter, of size suitable for carrying the full quantity of rainwater coming over the
surfaceof the roof, andconveyedto the pipe connectingthe gutter to the tank.The size
of the gutteris selectedaccording to the flow of waterduringhigherintensityofrain. It
is advisableto provide gutterof 10 to 15 percentadditionalcapacity.

The gutter couldbe madeusing:

(a) Plaingalvamsediron sheetof 18 to 22 gaugethickness. Thin sheetsare not used-
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as the numberof the gutter supports will have jo be increasedin such a case.The
gutter edgesshould be reinforcedby bendingthe edgeand fixing G.I. wire in it.

(b) Half cut PVC rigid pipe, provided theskill for PVC pipe jointing is available.

(c) Half cut bamboo,cleanedfrom inside.

(ii) Inflow Pipe

Inflow pipe is thepipe which connectsthe gutter to the water tank/reservoir, 0.!. sheet
fabricatedpipe, rigid PVC pipe or galvanised iron pipesof class‘A’ may be used as
inflow pipe. The sizeof pipe is to be selectedin such a manner that it cancarry the

water collected.The minimum diameter of pipe is kept as of 100 mm. The distance
betweenthe roof gutterand reservoir is kept minimum by adjusting the position of the
tank/reservoir.M.S. Pipesarenot usedfor this purpose to avoid corrosion.

A bye_passarrangement(Fig. 4, 11 & 12) is necessaryto be provided at the point
where this pipe is connected to the filter. This is needed for removing out water
receivedduring first 15 to 20 minutesrain from the roof. This can be done using two
methods:

1. By providing a removablecanvaspipe connection between two sectionsof the

inflow pipe.

2. By making an inbuilt stopper for stopping water entry in the filter and conveying
the water into a byepasspipe carrying water outside the system.For preventing
entry of first rain for few minutes, the stopper at filter end is closedand [he
stopper at byepassend is opened.After few minutes ofrain, the byepassstopper is
closedand stopper at filter is opened.

- By operating the byepasssystem,the water bringing dust and other undesired matters
from the catchment area is made to flow out of system and its entry in the tank is
prevented.

Fig. 10 provide detailsof fixing for Guttersin variousroofs.

The point, where the gutter is joined to the inflow pipe is kept enlargedfor preventing
overflow as at this point water flowing with speedhas to changeits flow direction and
may splashout (Fig. 11).
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The pipe leadingfrom the gutterto the reservoiris raisedabout 1 cm abovethe bottom
level of the gutterfor enablingsedimentsto settle in gutter itself rather thanentering

into the tank. Raising the pipe by 1 cm is for preventing mosquito breedingin
accumulated water. A galvanisedor plastic jali (net havinga tight fitting over pipe)
with squareopeningsof 1 cm x 1 cm be fixed over the pipe for preventingentryof
large leaves,birds etc.

For avoiding rust mixing with water,MS. sheetis not usedfor makinggutterstructure.

For keeping gutter in position, suitable steelor woodenbracketsmay be usedkeeping
spacingin such a way that the gutter doesnot sag with full water load (Fig. 12).

iii) Filter

Filter is an importantpartof the inflow structureof a RHS and it is used to remove
pollutantsfrom water. Fig. 12 presentsdetail~for a filter developedat SERC (G) for
use in rain water harvestingschemes.The filter can be divided into following three
parts:

Container : Container for filter can be made with 18-20gauge G.I. sheet, or with
ferrocement.It is, generally circular in shapeand is fixed over an openingprovidedin
the roof of the reservoir.A bracketprojectionis castaroundin the openingof the roof
which providessupport to the filter unit. In the containerunit also anotherbracket
projectionis castfor supportingthe perforatedplate which supportsthefilter media.

A cover for the filter is also cast with ferrocement using an earthdepositmould and
G.I. wire skeletalsteelcagewith two layersof Hexa mesh fixed over it and mortaris
applied. A pipe nipple is cast in the coverof the filter for receiving the inflow pipe
conneciion.

Perforated Plate : A ferrocementor a non-corrodingmaterial perforatedplate with 1
cm dia circular perforationsis castand providedin the bottom of the filter. The outer
dia of plate is kept 1.5 cm lessthan the filter dia.

For makingsuch a plate, a reinforcement cagemadeof 4 mm dia G.I. wires, spacedat
80 mm centresin both directionsandconnectedto an outer ring, is used. This cageis
placedon a levelled surfaceover a PVC sheetpiece. After packigng these with cotton
waste (oil mixed) 150 to 200 Nos. of 2 cm long rigid PVC conduit pipe piecesare’
placedin the cagevertically andmortar is applied andcompacted in the gaps.
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The top andbotomsurfacesarefinished with thick cement slurry. The cotton wasteis
removedafter24 hoursfrom the P.V.C. pipesandtheplate is cured.

Ferrocementcontainersarebetterbecausethey require leastmaintenanceandcan be
easilycastusing wastewiremesh and mortarobtainedwhile casting the water reservoir.

For casting the container of the filter with ferrocement, a skeletal cageis made using
GJ. wire rings connectedto vertical wires. The dia. of the cage may be selected
depending upon the inflow rate.

Reinforcementfor brackets for water speedbreakplate and the support for perforated
plate is fixed. A layer of mesh is fixed on the outer surface of the skeletalcageand

extra mesh is fixed for bracket. Cement Sand Mortar of Mix 1:2 is applied over the
surface carefully by placing the cageon a levelled platform andfinished smooth. The
thickness of thecontainer is kept as 15 mm. The bracket thickness is kept as2 cm.

Filtering Media : It is themainpartof the filter which separatesthepollutantsfrom the
collected water. The materials such as sand, gravel, coconut/paim/betalnut fibre,
bouldersetc. usedas filtering mediashould be thoroughly washedfor removing foreign
mattersor contaminations before theseare packed in the filter.

The filtering materialconsistsof thefollowing layers:

First layer : 40 mm thick layer of natural gravel of sand stone. Gravel size should not
be lessthan 12 mm or more than 14 mm. Flaky or kachchastone ballastshould not be
used.

Secondlayer: 30 mm thick layer of natural fibres of coconut/paim/betalnut, preferably
6 to 8 cm in length.

Third layer : 80 mm thick layer of natural coarseriver bed washed sand or pit sand
retained over 1 mm sizesievebut passedthrough 3 mm sieve.(Graded sandbetween
thesetwo sizes is used)., Sand should be free from organic/chemical impurities and
should be washedanddried beforeuse.

Fourth layer: 30 mm thick layer of natural fibres as provided in 2nJ layer.

Fifth and top layer : A layer of 80 mm sizeround boulders is placed at the top. The
main function of this layer is to keep the fibres in position, breaking the intensity of
water andmaking it’s flow smooth without disturbing the filter media.
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The filter must be kept free from contamination and in good condition. During off
season,when filter is not in use, it is advisable to removethe filteration media,washit,
dry it andrepackit in the filter. -

3. STORAGETANK RESERVOIRS

Storedrain water is usedin dry seasons.In areaswith long dry periods,a large storage
capacitytankswill berequiredandcostof thetankswill alsobe high. Thecostof thescheme
can be reducedby using cheaperconstructionmaterials and techniques.This is very
importantfor a developingcountry.The following typesof tankscouldbe usedfor storing

drinking water:

i) Galvanisediron sheettanks

Fabrication facility including skilled brazing/gaswelding etc. are requiredfor the
productionof thesetanks in villagesitself astransportingbulky tanksto rural areasis
very difficult. Creation of these facilities in villages and transporting filled gas
cylindersto the site and backto the town is alsoa difficult job. G.I. sheet tanks made
with standardthicknesssheetarecostlyandwill needregularmaintenance.Thesetanks
will also needreplacementafter5 to 7 yearsdue to corrosion.The rate per litre for
standardG.I. tank comesto aboutRs. 2.50per litre.

ii) Reinforcedconcretetanks

Constructionof Rectangularor Cylindrical R.C.C. tanks need skilled labour and
expensiveand accurateformwork. If the tankstart leaking repairingof RCC tanks is

very expensive,difficult and successof the repair work is always doubtful.
Constructionof the R.C.C.tank is expensiveand the rateper litre of storagecomesto

about Rs. 2.25 to 2.75. Due to difficulties in construction, largerrequitementt~f
materials,costlyanddifficult formwork, requirementof skilled technicians,adoptionof
thesetanks for rainwater collection systemor other rural water supply systemfor
storingdrinking waterbecomesdifficult job.

iii) PIasticJHDPETanks

Thesetanks are available as finished factory productand have to be transported from
factory to the site. Thecostof the tank is very high and at times, thesecan get easily
damagedduring transportationand cannot be locally repaired. The cost of the tank
comesto Rs. 3.50 per litre of storedwater.
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iv) FerrocementTanks

Ferrocementis a thin walled type of reinforced cementconcrete,in which the mortar is
reinforced with many layers of wire mesheswovenor weldedwith small diameter steel
wires. The mechanical-physical properties of ferrocement make this material
particularly suitable for construction of cylindrical reservoirs at much lower cost than

thoseconstructed in R.C.C., plastic or steel.The method of construction is simple,easy
to learn and can be carried out without the help of heavyor sophisticatedequipment
andetectricity.

Someof the significant characteristics which distinguish ferrocement from ordinary
RCC are:

1. It’s thin section and reinforcement, provided in the form of thin wire meshes,
createa high specific surface (cm2/cm3) of the reinforcement. Due to this high
specific surface, ftrrocementacts as a homogeneousmaterial within wider limits
than ordinaryRCC and therefore, resist higher tensionbefore cracking occurs.

2. Ferrocementhasa higher impact resistancethanordinaryRCC becauseof its high
energic absorption capacity. Any damageoccuringin a F.C. surfaceis localisedto
a small area andcan be easily repairedby exposingthe meshesandreplastering
the surface.

3. Ferrocement reinforcement is assembledover a light framework into any desired
shape without need for formwork. After the shape is reproducedin cage, the
plastering is done directlyover the cage.

4. The basic materialssuchas cement,sand, pore sealingcompound,steelbars, 0.1.
wire, wire mesh etc. are mostly locally availabl.~in most of the areas.

5. Construction method is easy to learn by local labour. Structures can be
constructed on self-help basis by the family of user thus saving expenseson
labour.

The abovepropertiesmakethe application of ferrocement particularly suitable for use
in rural areas. Becauseof its high resistanceto cracking and easein repairsuseof
ferrocementis highly advantageous.
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Ferrocementstructuresare in use since last more than 50 yearsandtheirperformance

has been found to be satisfactory. Water storage structuresdevelopedat SERC(G), as
thin as 10 to 12 mm, are in use sincelast 12 years in many parts of the country. Some

of the units are under test since 1974 at SERC, Roorkee and their behaviourduring
theseyears have proved that ferrocement is a trust worthy construction material for
water storage tanks in rural areas. Very large number of F.C. tankshave already been
used in India, Thailand, Malaysia, Indonesia for storing drinking water and the
experienceabout their behaviour is good. These tanks could be erected as above
ground, under groundor as overhead tanks without any problem. Severaltypes of
construction techniques have beendeveloped for ferrocement at SERC and Asian
Institute of Technology, Bangkok. Annexure provide detailed information of F.C.
tanks.

4. OUTFLOW

The water from the reservoiris to be takenout for consumption and for this, taps preferably
with locking arrangementsareprovided in the abOve ground tanks. The tanksare installed at
a slightly higherlevel sothat thetap is fitted in such a manner that a bucket could be placed

below it.

For underground tanks, drawing of water is done by using a simple hand pump for larger
tanks. For smaller tankswith a plastic bellow pump or a pump usedfor drawingoil from

drums can be used. if use of such pumps is difficult, the water canbe pulled out through
manhole using a clean bucket. Care should be taken in such a cases,that dirty buckets or
mud stuck to the bucket do not reachinside the tank and water.

5. TREATMENT

If the water is stored in tank for long period as a precautionary measurethe water drawnin a

plastic bucket is addedwith chlorine tablets and is coveredandkept for about 1 hour before

consumption. -
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LIMiTATIONS OR RAINWATER COLLECTION SYSTEM

Collection of rainwaterhaslimitations also. Reliability of a system dependent on erratic

rainfall can be questioned.As regardsreliability storedrainwatercannotbe consideredas the
sole sourceof supply. At various times and for various purposessuch as for cloth washing,
irrigation in gardensand other sourcesof water will have to be used. But for (1) individual
householdwhich wantsconvenienceof its own water supply under its own control,and (2) often
for the whole communitieswhere the area lacks rivers or ground water, the possibility of
developingrainwatercollection systemscan be very attractive.
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DESIGN CHARACTERISTICS OF FERROCEMENT WATER TANK
USING SKELETAL CAGE HAND PLASTERING SYSTEM

Ferrocementwater storage tank of 12 M3 capacity using traditional casting systemwith

skeletalsteelcageis presentedin this note. The design,basedon the acceptabilityby vil~iagersor
both constructiontechniquesand cost, has been included. The samedesigncanbe adoptedfor
constructionof 15 M3 capacitytank by increasingthe height of the tank with the samediameter,

reinforcement,andthicknessof wall, base androof.

MATERIALS NEEDED FOR FERROCEMENT TANK CONSTRUCTION

The specificationsfor cement, sand, wiremeshand admixtureshave beencoveredin Part-I

but thesearebeingexplainedhereonceagainfor revision:

Cement

Three types of cement are available in Indian market and all the three canbe usedfor
ferrocementtankconstruction:

4

1. Ordinary portlandcement(O.P.C.) may be usedin normalconditions.

2. PortlandPozolonaCement(P.P.C.)may beusedin normalconditionsbut with careand
aftercheckingthe mortarsetting.

3. High-early-strengthcement (Quick settingcement) - may be used in cold climatic zones
andalsoin placeswhere early settingand strengthgaining is desired.

USE OF ORDINARY PORTLANDCEMENT IS BETfER AND PREFERREDBECAUSE
OF SURETY IN OBTAINING THE DESIRED STRENGThOF MORTAR.

Sand

Sand from all local sourcesmay be checked/testedand depending upon their properties,
selecta sandwhich meetsmost of requirementsin terms of silt contents,freedomfrom-chemical
pollution andtrading.Mediumcoarsesandwith gradingmay be usedfor ferrocemeinjobs.
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In order to find the strengthof mortarfor designing the tank mortar specimensmay be made
from these local sands.The ratio of cement: sandis 1:2 to 1:3 by volume andwater: cement
ratio is 0.45 by weight (recommendedW:C is 0.4 but 0.45 may be testedto allow for the
variation in the degreeof control in the field). The strengthsof the mortardesiredare:

Tensile strengthat 28 days
(direct tensiontestASTM, C190)

Compressivestrength at 28 days
(2” cube)

Wire Mesh

17 — 30 Kg/cm2

200 Kg/cm2

The most common wire meshesused for ferrocement are hexagonal wire mesh, square
welded mesh and woven squaremesh. Useof woven squaremesh is preferredfor F.C. Water
Tanks.

Chemical Admixtures’

Selectedgradeof poresealing compound and plasticizer may be added to the mortar to be
usedfor construction of F.C. Tanks.

Table 1
Description, Propertiesof Hexagonal & SquareWoven Wire Meshes

— Ultimate strength 8740Kg/cm2
— Yield strength 2100Kg./cm2
— Modulusof elasticity 93.75 x l0~Kg/cm2

Mesh Size
mm (inch)

Wirediameter
commonly available (mm)

Roll size
generally available (feet)

19 (3/4) 0.5 to 1.2 0.91 to 1.2 mx 45.7 m
(3 to 4 x 150) for hexagonal

12.5 (1/2) 0.5 to 1.2

10 (3/8”)
,

0.5 to 1.2 0.75 to 1.5 M x 15 to 30M
(2.5 x 100) for square
woven mesh
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For water tanksconstruction without the aid of a formwork, the tankreinforcementmustbe
strongenoughto hold the weight of mortarappliedon it andmust also be stiff enoughto prevent
slumping of mortarduring plastering. Hencethe squarewovenmeshof grid size 12.5 mm (.91 x
30.5 m roll size)has beenchosenbecauseof its stiffnesswhen compared to hexagonalmeshand
costadvantagewhen compared to welded wire meshes.

Tank dimensions l2M3 unit l5M3 unit

Diameter = 2.5 m 2.5 m

Area (in plain) of tank = 4.90 Sq.M. 4.90 Sq.M.

Height = 2.50m 3.11 m

Wall thickness = 30 mm 30 mm

Actual volumeof
container = 12.27M3 15.19 M3

Capacityfor water
storage = 12 M3 - 12000lts. 15000 litres

The maximum hoop stressesobtainedfrom an analysisfixed and hinged type connections
betweenthe wall and the baseare 6.64 kg/cm2 and 7.18 kg/cm2 respectively. The maximum
bending moment at the baseof the wall is 34.20 kg-cm/cm width, which createsa maximum
fibre stressof 12.83 kg/cm2, if the wall is not reinforced.

DESIGN

The stressesoccurringin the tank are small and do not exceedeven the tensile strengthof
unreinforcedmortar(17kg/cm2)hence, in this case,the designof the tank is controlledpartly by
construction techniquesand the sizes of materials available. For ease in construction, the tank
reinforcement chosenconsistsof 6 mm skeletal steelrods sandwichedbetween two layers of
12.5 mm squares,woven20 g (0.9mm) wire 0.1. mesh.The distancebetweenthemeshlayers is
approximately 13 to 15 mm.

Details of tank dimensionsaregiven in Fig. 1.1. A list of constructionmaterials is presented
in Table 1.3. Cutting steel barsaregiven in Table 1.4. Wire meshesand steel bars should be
efficiently used. Unplanned cutting may result in extra requirement of materials due to wastage.
A wire meshlay out has been shown in Figure 1.2 which hasbeenfound’ to be economical.
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Table 13

Materials andCost

1. Barbender
2. Mason
3. Helpers

2 days
4 days
16 days

@40.00
@40.00
@ 18.00

Total (b)

80.00
160.00

288.00

528.00

(c) 300.00

3820.00

No. Materials Quantity Price (Rs.)

1. Cement@ Rs. 651- per bagof 50 Kg. 16 bags 1040.00

2. Sand@ Rs. 105/- M3 2 M3 ‘ 210.00

3. Stoneaggregate12 mm and down 0.76 M3 150.00 •

4. 6 mm steelbars@ Rs. 6/- per kg. 47 kg. 282.00

5. Squarewovenmesh 12.5 mm grid 20 g wire 2 rolls 700.00
(0.91x 30.5m roll size)@ Rs. 350/- perroll,

6. Tying wires@ Rs.12.50perkg. 2 kg. 25.00

7. Pipeand fittings etc. 75.00

8. PVC Sheet 100.00

9. ChemicalS,poresealent,plasticizer
& drinking water’~paint

400.00

~tO. 4mm wire

Total (a)

10.00

2992.00

LABOUR

Category Mandays Rate Amount Rs.

Add for T & P and unforeseenexpenses

Total (a) (b) & (c) =2992.00+528.00+300.00 =



~CONSTRUCTIONTECHNIQUES

The constructionstageof ferrocementwatertanksareasfollows:

Preparationof skeletaland MeshReinforcement

A skeletal steelcageis first built up anda layer of meshis fixed at theinnerfaceand another
over the external face of the cage. The stiffness of the cageis very necessaryin this type of
construction.

Fig. 1.2, 1.3 and 1.4 show the arrangementof skeletalsteeland the mesh.The verticality and
the constant diameterof the tank are achievedby keepingthe rods in their positionby tying
properly. Each joint of steel barsis tied. All vertical barbasedreinforcementis first placed in
positionandtied. Wall rings are insertedandtiedandRoof reinforcementis then put into place.
The steelcageis graduallybuild up until it is completed. The distancebetweenthe inner and
outer meshesis kept at approximately16 mm. This distancemight increase/changedue to
pressure applied and weight of mortai during the mortarapplicationprocess.To prevent this
increase,the meshesaretied together at intervalsof approximately 150 to 200 mm for preventing
any separation. All endsof tying wires shouldbe bentandpushedinside the meshesfor safety,
ease andcomfort in mortarplastering. It is also advisableto staggerthe meshposition, in such a
manner that the effectiveopening is reduced. Arrange the location ofmeshover-lapsboth inside
and outsidesothat an accesscanbe achievedthrough the wall for mortarapplication.Wherever
laps of meshesare fixed, providea minimumoverlap of 10 to 15 cm, dependingupon sizeof
tank.

Table 1.4
Details of Bar curring & configuration

Bar Dia No. of Bars Lengthof Each Shape
Designation required bar

1 2 3 4 5

A 6mm 2nos.in 7.62M
Base& wall Total for 2 = 15.24M

B 6mm 4nos. 3.64M
Partlyin Baseandin wall Total for 4= 14.56M

D 6mm 8nos. 3.79M
Partly in &se Roof and Total for 8 = 30.32 M
in wall
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1 2 3 4 5

8.07 M
Total for 14 = 113.06M

1.96 M
Total for 2 = 3.93 M

5.62 M
Total for 1 = 5.62 M

4.29 M
Total for 1 = 4.29 M

3.10 M
Total for 2 = 6.20 M

1.47 M
Total for 4 = 5.88 M

2.45 M
Total for 2 = 4.90M

9 cm
Total for 4 = 0.36 M

0.80 M
4 Nos.= 3.20 M

76cm
2 Nos. = 2.69 M
Total 7.41 M

= 46.19kg
= 0.92kg

47.11 kg

= 0.85 kg

C 6mm 14
Ringsin wall

G 6 mm Rings 2 nos.
Onein base&
Onein Roof

I 6 mm 1 no. in BaseRing

F 6mm lno.inRoofRing

B 6mm 2nos.inRoof

A 6mm 4nos.inRoof

H 6 mm Ring Square2 nos. for
manholeopeningframe

6 mm Pin for keepingframe
rings in position

W 4 mm
wire

Cover for the manhole
at top
At top U shape
bars Wi

W2

Total quantity -

6mmdiabars = 209.96M
Wastage

4mmwire

Galv. AnnealedWire Mesh 20 g x 12.5 x 12.5 mm
G.I. Wije Mesh 0.91 x 30 M = 2Rolls
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BaseConcreting

Concretehavinga mixture ofcement: sand:stoneof 1:2:4 by volume is used for the base.
The basethicknessof 80mmis castin two layers.The first 40 minis laid and the steelcageis put
into place then the other 40 mm of concrerteis pouredon top. The compaction of concrete is
doneby a Jhurmut or concreteRammeror by steppingon it. The basesurfaceis finished with a
thin layer of cementpastefor water tightness. Add water proofmg compound of approvedmake
in baseconcrete.

Plasteringof Mortar

Mortar havinga cement: sandratioof 1:2by volume, and the water: cementratio of 0.4 by
weight, added with poresealingcompoundandplasflcizer~-isrecommended.Mortar is applied by
handandplastic glovesor bags are usedfor hand protection. Trowel andwoodenFloat canalso
be used for mortar application. One personstandsoutsidethe tank and pushesa handful of
mortarthroughthe reinforcementin a sweepmotion to anothermanstandingon the insideof the
tank, who also moveshis hand in the samemanner.The mortarcoreof about 12 mm thickness,
coverii2ig the central Reinforcementlayer is left undisturbedfor 24 hrs. to harden and 5-10 mm
thick layer of mortar are trowelled onboth outsideand insideof the tank. A thin layer of cement
paste is then trowelled on the inside surface for a smooth finish and an increasein water
tightness.Plasteringof the roof is done i~the similar manner.Since water tightnessis not
requiredin the roof, plastering is carried out quickly. A piece of thin board such as 4 mm
plywood board or a G.I. Sheet piece is used on the inside to receivethe mortar andwork as
support.Thick cement slurry is applied to all constructionjoints such as the joints betwee~ithe
baseand the wail, connectionbetweenthe baseconcreteand the pipes.This will ensurea good
watertightbond.

Curing of the Tank

Curing the tank can be carriedout using severalmethods, suchas water sprinkling, covering
with wet sacksor by filling the tankbut it is observedthat any method which needa lot of water
does not suit in rural situations as getting enough water is difficult. Hencecuring the tank by
covering it with thin PVC sheetsis found to be most appropriate since no further attention is
requiredduring the curing period (14days).The PVC sheetcanbe reused.This will needonly
oncea day sprayingof water in the morning and covering it again.



OUTLET

)N OF FILTER IN CASE OF
RAINWaTER COLLECTION TANK

:Or4PACTEO SOIL LAID WrTH
30MM LAYER OF 19 rIM STONES

1 0 100

W1~ OF TANK = 1500kq APP

FIg. 1.1 : DETAILS AND DIMENSIONS OF FERROCEMENT TANK





FIg. 1.2 : CROSS SECTiON OF STEEL REINFORCEPI’ENT





2510

Fig. 1.3 DETAILS OF SKELETAL STEEL FOR ROOF

2510 I

NOTE: CIRCLED LETTERS ARE BAR DESIGNAUONS

FIg. 1.4 : DETAILS OF SKELETAL STEEL FOR BASE

DIA. 600

OIA.1750

014. 2~54

1

1 1





FIg. 1.5.1 : MIX PROPORTIONS BY WEIGHT FORMORTAR
MIXES THAT A ARE REQUIREDTO BE PREPARED

FIg. 1.5.2 : SCRAPING OUT EXCESSIVE MORTAR
BUILD-UP THIS ALSO IMPROVES ADHESION

OF FINISHING COAT

FIg. 1.5.2 : PLASTERING TECHNIQUE ANDSIMPLE
EQUIPMENTS THATMAKE PLASTERING AN EASY TASK.

MASON IMPREGNATES MORTAR FROM THE INSIDE
OF THE TANKWHiLE THE HELPERHOLDSA BACK-UP

SHEET ONThE OUTSIDE

WATER CEMENT SAND
0.4 P0

DRY- MIXED

WET-MIXED

MORTAR

.- —

BACK-UP SHEET
WOOD/PLY WOOD/METAL

WOODEN HAMMER





83

Behaviour of the Tank

Large numberof ferrocementtankshavebeenconstructed,in the laboratoriesand in field
and thesetanksare in constantusefor the past15 yearsandno problem have beenreported,in
caseany tank leaksat a particulararealpoint,the mortarcan be chippedinside andoutsideand
the mortar is applied-againafterapplyingcementslurry. This will make the tanks leakproof.

For eachtank, the constructiondurationis fourdays.Tankconstructioncanbe carriedout
solely by unskilled labour if goodfinishing, plasteringis not required.Water tightness of the
tank is excellent.Thereis no seepageand,no waterline, which is normally visible in a concrete
tankwhenit is first filled with water. Villagersmayat first be scepticalbecauseof thethickness
of the walls of the tank but this reaction, however, will changewhen the tank shows its
remarkablestrength.
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SERC SEMI-MECHANISED PROCESSFOR PRODUCING
CYLINDRICAL FERROCEMENT TANKS

Keeping in view that ferrocementunits may be producedin rural or semi-urbanareas,
where power or advancedfabrication skills are not available, the Centre hasdevelopeda simple,
easyto fabricateand transportprocessfor producing ferrocement cylindrical units in 1970-74
period. Severallaboratoryand field trials were conductedfor checkingusefulnessof processand

tests were conducted of products produced with it. A patent was filed in January 1975.
Ferrocementcylindrical units of thicknessassmall as 10 mm andasthick as50 mm canbecast

using this process. It does not require electricity or fuel oils for operation being manually
operatedsystem. The techniqueof castingunits with this processcan be acquiredby rural
artisansin a shortperiod of about 5 days. Cylindrical units having diameter upto 2.0 m and
height upto 1.2 m havebeencastsuccessfullywith this process.

DESCRIPTION OF PROCESSEQUIPMENT

The processequipmenthasbeensodesignedthat it can be fabricatedin rural workshops
having facilities for drilling, cutting and welding. Materials required for fabrication of the
processequipmentwhichresembleswith charkhaaremild steelangle,flat pipe, woodenplanks
and M.S. or plain 0.1. sheet.Most of theseare available even in smaller towns. Process
equipmentis shownin Fig. la, lb and ic. The processfacilitatescontinuouswinding of wire
meshin a stretchedcondition from a wire meshroll, onto a cylindrical mould and plastering of
cement,sandmortaronto the meshasandwhenit is woundon themould(i.e. layerafterlayer).
Stretchingof wire meshduringwinding and applicationof mortarwith trowel overafirm mould
backing,enablesachievingof high 4egreeof mortarcampactionandgoodcontrol for thickness.
In casestrongedgesarerequiredfor any cylindrical unit for specialreasons,steeledgingwith
M.S. angle,flat or small channelscan be providedduringcastingof thewall. Welded~iire fabric

cold drawnwirescouldalso bewoundon themouldalongwith themeshduringcastingin case
extrasteelis desiredto be provided(Fig. ib), In Fig. 1, the dimensionsof theequipmenthave
not beengiven, as overall dimensionsof the processequipmentshall dependupon the largest
diameterof theF.C.unit thatarelikely to be cast.Thelimitation of thesizeofcastingis in terms
of the handlingcapacityof weightmanually.If mechanicalhandlingequipmentsuchasgantry
andlifting derrik areusedfor removirLg theunits from processstandthenthereis no limit to the

sizeof unit whcih can be produced with this process.The componentsof the processequipment
(ref. Fig. 2.1)can be listed as

(a) BaseFrame : Two long (or 4 jointed) mild steelchannelsareconnectedwith two or four
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crossmild steelchannelor anglepiecesfor making a rectangularbaseframe.If desiredwheels
canalso be fitted at the framebottom to facilitate movementof standwithin thecastingplace.

(b) A-Frames FourA-framesarefabricated using M.S. angles andvertically fitted over the
baseframe.The setof two A framesprovidedatfront sidesupportapipe shaftwhich carriesthe
cylindrical rotatingmould(stand2 Fig. 1). This shaftis connectedto therotatingmould by a bolt
connectedto a 75 mm long halfroundpiecesof pipewhich is weldedto sideplateconnectedto
thecrossarmson bothsidesof themould. Thebolt passingthroughahole in theshaftandin half
roundtubularsegmentconnectsthetubularshaftandthemould.Theotherpairof A-framefixed
vertically over baseframe support three pipe shafts. Wire mesh roll for the wall portion
reinforcementis woundon thetop shaft. Thesecondpipeshaft is providedon therearside of A-
frame to hold the wire mesh requiredfor reinforcing the collar portion of the cylindrical unit.
Secondshaftis usedonly whenwall units with collar are requiredto be cast.A-framepairsare
connectedwith mild steelangleson both sidesfor providing stability.Thepipe shaftsare fitted
in bearingblocks at theA-framesfor ensuringsmoothmovement.40 mm diameterB classpipe
is usedfor arrestingthemouldmovementduringstretchingof meshandplastering.Two 16 mm
dia holes aredrilled eachof the shaftshaving reinforcing mesh rolls for wall and collar for
stretchingthemeshby putting a 14 mmdia rod androtating themeshshaftsin reversedirection.
For holding the meshin stretchedposition the rod usedfor stretchingis held in position by
struckingit againsttheothershaft.

(c) Cylindrical Mould The mould is a drum madein four or six segments.The frameof the
mould segment is made of 2.5 cm thick wood covered with galvanised iron plain sheet.

segmentalframes are assembledtogetherwith a joint filler batten inserted betweenevery two
segments.Oneof the battens is providedwith 6 mm diameter holes of 5 cm centresthrough the
depth for tying the wiremesh to the mould. In the caseof collared unit, a separatesolid wood
collar mouldpieceis fabricatedusing hardwoodandboltedor screwedto the main mould. Side
framesmadeof M.S. flats of 65 to 80 mm x 6 to 8 mm are boltedon both sidesof themouldfor
rotating it over the stand.Sideplatesarealso fitted on each segmentjoint for making thejoint

rigid.

CASTING PROCEDURE

The processof casting consistsof the following steps (refer to Fig. 1):

(a) Thewiremeshroll for reinforcing wall unit is mountedonspindle‘A’ andthewire meshfor
reinforcingcollarportionof wall is mountedon spindle‘B’. Themeshis tighdywrappedoverthe



86

tubularshafts(spindles) for connectingmesh to the spindle few holesareprovidedin theshaft
memeshend is tightened with tying wire to theseholes.

(b) Mould for cylindrical unit is mounted on the rotating tubular shaft on stand 2.

(c) Wire mesh~onspindle ‘B’ is passedunder roller B 1 and attachedto the formwork in collar
portion (only when collar is required). The wire meshwrappedon spindle ‘A’ (for wall portion)
is passedunder roller ‘A’ and is attachedto the formwork through the insert piece(with holes at
5 cm centres)provided betweenmould joint.

(d) In case welded wire fabric or mild steel wires, upto 5 mm dia, are to be provided as
additional reinforcement in F.C. wall, thesecould be placed as shown in Fig. 1(b). M.S. flat or
angle iron rings can also be provided for strengthening of edgesof wall unit or for increasing
stiffness of the edgesfor preventing edgebreaking. In caseof water tanks, pipe/socketsfor inlet.
outlet, overflow and scouringare also fixed in position during castingof wall.

(e) Mild steelflat (20 x 3mm)piecescut to a length - height of the wall portionof the mould
are inserted betweenthe mould surfaceand the mesh layer for maintaining 3 mm thick mortar
cover to the innermost layer ofreinforcement mesh.

(1) Mould is then rotated in forward direction (as markedby an arrow in Fig. 1) so that the’
mesh comes on to the front, where high strengthcementsand mortar is manually applieci and

rubbedonto the wire mesh with a trowel and wooden float. Mason has to ensurethat the
penetrationof themortal in mesh is full beforerotating the drumfor furthermortarapplication.

(g) For preventingthe rotation of the mould drum during mortarapplication a steel pipe (B
class - 40 mm dia and length 3.0 m) is insertedthroughthe wall mouldàndsupportedover the
connecting angles provided between both sets of ‘A’ frames. The pipe shaft carrying the
reinforcing mesh is rotated in reverse direction for bringing themild steel flat crossarmsfitted
on the mould sidesto a position when it butts against the inserted stopper pipe which servesas a
brake against the rotation of the mould.

(h) Careshouldbe takento seethat the wire meshrolls wound on the spindle ‘A’ and ‘B’ do not
get loosened during this operation and also the wire mesh is wound tightly over the rotating
mould. To achievethe above aims two 16 mm dia holes areprovided in eachof the pipeshafts
(spindle)A andB. 14 mm dia steelbar handlesareinsertedthrough theseholes.The spindlesfor
carrying mesh for wall and collar portionarerotatedmanually with the help of thesehandlesin
such a way that the meshrolls are tightened. This in turn ensurestight winding of mesh over the
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drum. These handles, aftertighteningthe meshrolls, areleft butting other spindle itself so that
they serveasbrakesaginsttherotation of wire meshrolls.

(i) Thestartingpointof meshis markedover themould sidessothat thenumberof wire mesh
layersplasteredcanbe counted.

(j) The mould is rotatedandmortaris appliedover the wire mesh in steps.

(k) In wall units, wherecollar is required, the diameterof the collar portion of wall unit is
largerthan that of themain portion of thewall. Hencethelength of themeshprovidedover the
collar portion is longerthan the length of themeshprovidedovermain portionof wall unit. As
a result,whenthecollar portionmeshis lappedwith wall portion mesh,thecollar meshcanget
distorted.This is rectifiedby providing a small cut in thecollar meshat everyquarterpoint of
the circumferenceovera width equal to little less than the overlapportion. The collar meshis
thenstraightenedandtied to thewall portionmesh.

(1) Theprocessof plastering,layerby layer,by rotating thecylindrical mould is continuedtill
desirednumbersof layers of wire mesh are wound on the drum and desired thicknessis
achieved.

(m) An extrameshoverlapof about 15 to 20 cms is providedat theendafterwinding thelast
layer.and meshis cut at this point afterit is tied to meshlayerbelow thejoint.

(n) The mortar layer over the last wire mesh layer is finished ensuring that no wire exposed
and the minimumcoverof mortarover last wire meshlayer is not lessthan 3 mm.

To repeat in brief semi-mechanisedprocesshigh strength cementsand mortar mix (having
1 partof cement : 2 partof silt freemediumcoarsesand)mixed with poresealingandplasticizing
compounds,is applied on the wire mesh wound over a mould placed over a stand. Winding of
mesh and application of mortargoeson continuously in stages.When the desired thickness of
ferrocementunit is obtained,the end of the wire meshis anchoredto the next below layer by
stitching it with 0.1. tying wire and the joint is coveredby mortar layer.

The minimum numberof mesh layers to be provided (as reinforcement for wall for tanks
upto 120 cm dia) shall not be less than two layersof 20g x 1/2” x 1/2” in mortar thicknessof
10mm. Wall units cast are demould~ed after 24 hours of casting by (a) removing the rotating
segmental mould androtating shaft (b) placing it vertical on ground (c) openingof side frame
and lap plates (d) pulling out of the sandwitch woodenbattens fixed betweenevery two segments
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of the mould after cutting of tying wire usedfor holding the mesh end over mould. Number of
wire mesh layers and thicknessof wall will depend upon the diameter and height of the wall
unit.

The baseunit (RCC) is castover a levelieciplate form. Reinforcementand thicknessof the
basewill alsodependupon the sizeof the tank and also on the supporting conditions.

The roofing unit for cylindrical structures such as tanks, coverfor the manholeprovided in
roof are castusing ferrocement over masonary or soil depositmortar lined moulds.

Semi-mechanisedprocessis suitable for production of tanks upto 2,500 litre capacity at
centralisedproductionunits as the fully precast units of diameter upto 1.2 meter,can be easily
handledandtransportedeven on rural or hill roads manually. In caseof tanks upto 5,000 litre
capacity,it is desiredthat the casting processstand and the mould is shifted to site in plac~eof
transportingand shifting the cast units. Shifting of equipment will not pose any diffi~ulty
becauseit can be dismentalledinto small and light weight pieces.

Finished precast tanksupto 600 litre capacity can be easily transported,lifted and erected
manually upto 4 storey buildings.Tanksupto2,500litre capacitycan be easilyshifted but will
need chain pully block and derrik arrangementfor lifting over buildings but their components
can be transported, erected and assembledmanuallyor the wall units can be castover roof by
shifting thecastingequipmentto site.

Cylindrical ferrocementtanksupto 10,000 litre capacityhavebeenproduced(using semi-
mechanisedprocess)and tested at SERC. 3 wall units of 2.0 m dia have beenjointed by placing
theseone over other. An underground tank of 2,500litre capacityhas beenunder test since 1974

with water filled around this tank (upto 1984) for exerting external pressure and for testing
leakagethrough the walls which are 10 mm thick. The inside of the tank has been kept empty.
Since 1984 the outside cavity has been filled with coarse sand saturated with water. No
deterioration or leakagehas beenobserved.A 2,500 litre capacityOH. tank installed in a factory
at NOIDA (near Delhi) is being usedfor storing drinking water since last 11 years. Very large
numberof ferrocementtanks have been produced and marketed by SERC processlicencesall
over India and these tanks have been received well by the public and the Government
Departments.

Cylindrical ferrocementunits, producedusing SERCprocess,can also be usedaswalls for
vertical cylindrical septic tanks, digesters,well lining rings, bins and circular shutieringl

formwork etc.
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SERC SEGMENTAL SHELL UNITS:
CASTING AND JOINTING METHOD FOR CYLINDRICAL TANKS

Duringmassproduction,trials andtransportationtestsconductedon ferrocementtanksand
bins, product:1 using SERC semi-mechanisedprocess, it was observedthat cylindrical units
having larger diameterabove 1.5 m need special care and effort during transportationand
handling on rural roads and in hill areas. For solving this problem the technique of using vertical
ferrocement segmental units for assembling of cylindrical walls for tanks and bins was
developedat SERC, Ghaz.iabad,U.P. Vertical segmentscan be easily cast, transported, erected
and joined to form cylindrical wall units. A completesystemhas been developedcovering

casting, handling andjointing of ferrocement segmentalshellunits. Precastferrocementunits are
castin the form of a segmentof a cyinder. The circumferential surfaceof the cylinder is divided
into 4, 6, 8, or even more numberof parts. These segmentsof the cylinder are precastas
individual units with meshesandcrossreinforcementwires or bars projecting on both sidesof
unit. Theprojectedreinforcementis usedfor jointing of segmentwith the adjacentsegmentson
both sides.Thoeseindividual units have been termedassegmentalshell units.

On special requirement for underground structures such as digesters (where extra

excavationwill have to be done in casejoint filling has to be done from both sides), a methodfor
providing a lip with projected reinforcement in it wasdevelopedfor ferrocementsegmentalshell
units. Unit in such a caseis castwith the lip on one side and the reinforcement projection on the
other side. Half of the reinforcement provided in segmentis left unplastered which projects
within the lip area.For joint such units thereinforcementprojectedat theotherendis insertedin
the lip area.The lap of this reinforcement is tied with the reinforcement projecting in lip area.
Such a systemsavesextra earthwork in caseof underground tanks andcostof extrascafolding
in caseof abovegroundtanksas the joint finishing can be donefrom inside itself.

Theultimatecrushingstrengthof the thortar usedfor castingand jointing of theseprecast
segmentsshould not be less than200 kg/cm2.

In caseelectricity is available at the casting site a surface vibrator may be used for
improving the strengthand performanceof the precastunits. A surface compaction device
developedat SERC by fixing a steeldisc with a slow speedportabledrilling machinecan alsobe
usedfor surface compaction

In casevertical ribs or horizontal bandsare to be provided in the tank, thesecould also be
castduring the casting of wall segments.
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For assemblingtanks,digesters,bins etc.with segmentalshellelementsthefollowing steps

arefollowed:

(a) The base unit, with specified reinforcementand thickness(dependingupon the
supportingconditions),is castwith 1:2:4 cementconcrete.Basereinforcementends
areprojectedout of the basein form of hooks for connectingthe baseconcreteand
the concreteto beplacedat baseto wall joint.

(b, Positionsof all thejoints aremarkedon thebaseconcreteimmediatelyaftertheinitial
settingof the concreteis over.

(c) The precastwall, segmentsare thenshiftedand placedat markedpositionsone by
one.

(d) Temporarysupportsarefixed for holdingthe segmentsin position.

(e) Laps of projectedreinforcementon both sides are fixed and tied with the projected
reinforcementof the adjoiningpanelsafteradjustingthepanelpositions.

(f) Extra reinforcement,in form of vertical M.S. bars/wiresand wire mesh layers on
internalandexternalfacesis fixed at all joints.

(g) Tying of laps of meshesis carried out carefully at intervals of 8 cms. in both
directionsusing G.I. 24 gaugebindingwire.

(h) The socketsor nipples fcr fixing inlet, outlet, scouring and overflow pipes at
respectivepositionsarefixed in the joints.

(i) The old mortarsurfacenearjoints is wettedwith water and thick cementslurry is
appliedon all thejoint areas.

(j) Mortar is then applied on all joints ensuring full impregnationof mortar into the
reinforcementlayers.

(k) Theroofing unit is erectedand joint of roof and wall is filled.

(1) Internal andexternalfmishing is doneoverjoints carried(1) curingfor joints is done
for 7 days.

(m) Tanksurfaceis permittedto dry up andis paintedwith 2 coats/ofdrinking ‘vjitert~nk

paintoninsideandwith bituminousaluminiumpaint on outside.
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TEMPFORMER SYSTEM FOR CASTING OF
F.C. CYLINDRICAL TANKS

Tempf~rmersystem,developedat SERCis a developedform of traditional castingmethod.

In the systemdevelopedatemporaryformwork is usedfor supportingthecastingof themidcore
of the ferroce~nentlayerfrom inside.After the castingof mid coreof the unit the tempfornieris
removedand the inner and outer surfaceare finished. The processcan be divided into the
following steps

(a) The baseunit for thetank/bin/septictank/digesteris castin position.

(b) The tempformeris erectedand reinforcementis fabricatedand assembledaroundthe

tempformer.

(c) The socketsfor inlets and outlet pipesare fixed in the wire meshreinforcement.

(d) The mortaris appliedover thecageupto thedepthof theoutermostmeshlayer. The
outermeshis left unpiastered.

(e) After 6 to 8 hoursdependingupon thesettingperiodneededfor cementsandmortar,
the tempformer(which is madewith segmentsandjoint filler platesbolted togetherto
form a cylindrical drum) is dismentalledand removed.

(f) The innerand outersurfacesare finishedafter24 hours.

Roof is erectedand tank is painted.Fig. 3 showsvarious stages of this rIi~ThiOd.



as they can brick up about 400 mm wall height per hour. Field experienceshows that
construction of baseandbrick wall can be completedin two days.Severalmethodscan be used
for keeping the brick wall in circular and vertical shape. Using the vertical line which is
connectedto wire fixed at basecentreasa guide,and peridoicallycheckingthedistancebetween
wall and line. A tapeor threadcan be usedfor checking.

3. Fixing of hoop wire & plastering of external surface of wall of the tank

Cement,sandmortarmixed in a ratio of 1:3 by volume is recommendedfor plasteringof
the wall. The baseportion around the outside surfaceof the tank wall should be thoroughly
cleanedandall uncompactedhardenedmortarshould be removedbeforestarting the plastering
of the wall. Thick cementslurry may then be applied at basewall junction for achievinggood
and watertight bond betweenmortarof the plasterand the baseconcrete.In the first stepquick
rough plasteringis doneover the external surfaceof the wall and then galvanisedwires are
woundaroundthetankwall. Threeroundsof wire arefixedat thebottom for anchoringthewire.
Spacingbetweenwiresin thebeginningis keptat 40 mm andis increasedto 60 mm and 100 mm
whenrespectiveheightsof 1.2 m and2.0 m arereachedat theend.Two roundsarefixed up for

anchoringthewire at thetop. Wiresmustbe pulled verytightly overmortarsurfacesothat these
areembeddedfully in themortar.For achievingthis goal plastering and winding of wire maybe
doneeither at the sametime or alternately.Whicheverprocedureis adoptedmortarplastering
should not be donetoo far aheadof wire winding, otherwisethecementmortarwill get stiffen

and wireswill not be ableto penetrateinto themortarlayer. If theplasteringof wall for a height
of 500 mm is doneat atime and thenwire winding is carriedout it will makethe work easy.

Unwinding of wires from coil of wire should be donegradually and smoothlyso that the
wire is freefrom twists and knots. Wire coils heavierthan 10 kg. in weight should not be taken

for winding. This is neededfor easy working. Jointingof wires by tying knots with the end of
other coil can be used for using short length wires. Diameterof thewire usedfor winding on
outsidewall has been takenas2.7 mm dia (12 gauge).The wire selectedshould not be hardand
should be of hotdip galvanisedtype. After thewire winding operationis completed,theexternal
surfacefinish of the tank is carriedout by plastering a layerof 8 mm thick cementmortarover
the woundwires.This mortar layeractsasa protectivecover to the wire winding done.

4. Mortar Ap~1cationon Inner Surface

The inside baseof the tankis cleanedand all unsoundmortarand other undesiredmaterials
are removed.The 3 mm dia wires projecting from the base~re nailed and held over the bnck
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wall. On theinner surfaceof the tankwall, a layer of hexagonal wire mesh (24 g. x 112” size)is
fixed using nails driven in joints. 3 rings of 3 mm dia arealso fixed at top, centreand near
bottom of the wall. Meshescan be placed in vertical or horizontal direction or in horizontal
direction with 80 mm overlappingprovidedat all joints. Flatheadnails areusedfor fixing wire
meshesat intervalsof about300 to 400 mm. Bottom slab may also be lined with samemesh.
After fixing of meshesentiresurfaceis plasteredafterapplying athin layerof cementwatermix
(slurry) over brickwork. It is recommendedthat themortarplasteringof wall should becarried
out by fini~hingthe wall and basein one go. Soon after the plasteringthe inside surfaceis
coveredwith neatcementcoatfor making it smooth.

5. Roof Construction

Roof of the tank is constructusing skeletalcageconstructiontechnique.6 mm dia mild
steelbarsareprovidedwith two layersof hexagonalwire mesh asreinforcement.Both meshes
arefixed andtied togetherto thesteelbarsat a spacingof about200 mm. The roofreinforcement
cageis preparedat groundandplacedon thetop of the tank. Necessaryadjustmentsaremadein
case the shapedoesnot fit over the tank.

1 partof thecement: 3 part of sand(by volume)arid 0.45 partsof water (by weight) are
mixed and usedfor castingthe roof. Plasteringof mortar is performedby handand trowel. A
flexibleplywood sheet or a G.I. sheet piece is held below the cage andthemortaris appliedfrom
top. The mortarapplicationis donein theseoperations.The mid layer or core is cast using the
ply/G.I. sheetbe~cking.The thicknessof this layer may be kept as 8 mm. The top layer and
bottom layer can be appliednext day after the mid layers becomehard. A manholeis to be
providedin theroof so that workingbecomeeasy.For rain watercollection systemmanholeis a

must as thefilter can be installedin the sameopening.

CURING OF THE TANK

For curingtheentire tanksurfaceis first saturatedwith water and then it is coveredwith a
thin PVC sheetfully. The PVC sheetpreventsevaporationof waterfrom thetank surface.This
method is suitable for rural areaswhere water is a scarcecommodity.This method is very
effectiveand no further attention is neededduring the next 24 hbursafterwetting of the surface
oncea day. The PVC sheetis removedfor curingandis wrappedback over the tank. The PVC
sheetsarereusablehencedo not cost much.
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TABLE 5.1
DETAILS OF BAR CUT11NG AND CONFIGURATiON

Bar
esignat ion

Pio. of bar.
required

.. :r m~
bars used

Details of bar cuttinE and Confj~urat ion
(diaension in ma)

A

B

2

2

‘f~~.’M

5~O M

-~-
II ~.

500 ~ .—~ 2 of

I II
-4-- 150
1500 ---.. 2 of 1150 -1

iooj ~

-e-
I

5600 —+iof

-1-
?850 —.lof

~155O ~ SlO —+ 5 of

~‘° I 2C2750 —.—~
5500
—

500 4 C 1120 —. 4 of
—

-~ I
‘ I 4 C 470 —. 4 of

1900

-~-

~oo 8 S 1010 —+ 6 of ‘-

-e-
9500t

C

D

E

1

1

~

5~~M

‘2’.95.i
IccM

F

C

2

4

11°P4

~ M

E

H

4

6

—

112 H

~ ,~

i

E

i

1

q.4o~

. ~O $

,----\T ~295O~‘400 I —. i of

I
600 —b 1 of

540

.1

~

—

1

1

~.G M

~.4 ~

I lotI600 I
5400 —~ 1 of

L

B

i

2

I —‘- 1504- 4— 79CC —4-Cd’ ~61o0 2 S 3050 2 of —~ \fICO
150

— 1150- 4( ~ 3900 2 S 1950 —#2 of—4

H— .

TOTAL 6 HM - 85.48M ADD 2% FOR WASTAGE 1.70 Kg - 85.18M x 0.22 - 19 Kg.
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Table 5.2

Requirementof Construction Materials for FerrocementLined Brick Tanks

No. Materials 12000Lt.
Quantity

Capacity 14500Lt. Capacity
CostRs. Quantity Cost Rs.

1. Portlandcement(P.P.C.)
@ Rs.65/- perbag

2. Bricks well burnt freefrom
cracks@ Rs.450/-per 1000Nos.

3. Stones12 mm anddown
graded@ Rs. 175/- M3

4. Sand @ Rs. 140/-M3

5. Steelbars6 mm
@Rs.6/.-perKg.

6. Hexagonalwire mesh24gxl12”x3”
@ Rs.300/- per 150 rft

7. Galvanisedwires 12 g (2.7 mm
dia) @Rs.10/-Kg. 11g.
(3.3mm dia) /

8. Nails @ Rs. 9/- perKg.

9. Binding wire @ Rs.\l0/- Kg.

10. Pipes& fittings etc.

11. Drinking watertankpaint
@ Rs. 35/-perlitre

12. PVC sheetfor curing
(sheetco~tdivided on 4 tanks)

Material Total:

22 bags 1430.00 24 bags 1500.00

1125.00 3000

175.00 1 m3

350.00

114.00

1350.00

175.00

420.00

114.00

300.00

3m3

19 Kfg.

2500

1m3

2.5 m3

19 Kg.

I roll

17 Kg.

0.5 Kg.

0. 5 Kg.

2 litre

300.00 1 roll

170.00 25 Kg. 250.00

4.50

5.00

150.00

70.00

0.5 Kg.

0.5 Kg.

2.5 litre

4.50

5.00

150.00

87.50

100.00 100.00

Labour

1. Masons@ Rs. 40/- perday
2. Barbender@ Rs. 40/- perday
3. Helpers@ Rs. 15/-

Add forT&P andunforeseenitems

Rs. 3993.50 Rs. 4456.00

10 m.d.
2m.d.
24 m.d.

Total

12 m.d.
3 m.d.
30m.d.

400.00
80.00

360.00

Rs. 840.00

100.00

Rs. 4933.50Total Cost:
Calculationsbasedon1987rates in areasaround Delhi.

Rs.

480.00
120.00
450.00

1050.00

100.00

Rs.5606.00
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SMALL CAPACITY FERROCEMENT WATER TANKS
WITH SACKMOULD METHOD

In India and many Asian Countriesthe drinking water is bought from far-off distances
within the village or from outsidethe village and is storedin waterjars made with burnt clay.
The productionof largesizeburnt clay waterjarsof 50 to 150 litre capacitiesrequirehigh skill
and largeamountof fuel for theirproduction.Suchjars getdamagedevenwith small accidental
loads. The internalsurfaceof theseburnt clay jars remainsemi-roughand aftersometimeit is
difficult to cleantheinnersurfaceof thejar due to algaegrowth. Somedesignsof burnt clay jars
havesmall mouthas in caseof surahi typejarsand their cleaningis very difficult. The village

potters have startedmigrating to cities in searchof betterjobs or arenot interestedin producing
water jars as theseneed large amount of firewood or cowdungcakes for firing (baking).

A cheapand easy method for making water jars using ferrocement(reinforced cement,

sandand mortar) for large sizesor unreinforcedmortar for capacitiesupto 300 litres has been
developed. The shape is kept similar to burnt clay water jars. The method was originally
developed in Thailand and further modifications have been made by various groups of
researchers in the original method. In India the SERC(G) group has further simplified the
technique for making it suitable for use in indian villages. Large number of jars using this
techniquehave been produced in Asian-African countries for storing rain water. Jars with
ferrocementcan be constructedupto 5.0 m3 size.The water jar describedin this noterequire very
low level technology. SERC’s experienceduring Drinking Water Mission Training Courses in
North East States has proved that it can be adopted by unskilled persons without previous
experienceor knowledge of masonary work. They only needsometraining anddemonstration of
actualconstruction.

The construction technique does not require any equipment.The following items are

neededfor constructing a ferrocement reinforced/unreinforced jars

1. Two piecesof Hesian cloth (tat)

2. Onelargeneedlearid jute cord (sutli)

3. Measuringscaleor tapeand colouredchalkstick

4. A pieceof wastecraftpaper, pencil and scissors.

5. Tools for mortarmixing - spade, tasla (tray), water bucket, jug etc.

6. Onetrowel, woodengurmalaand a paint brush.
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7. Cement,sand,waterandporesealingcompounds.

8. Wire mesh (chicken or wovensquaremesh dependinguponsize).

9. Cold drawnJG.I. wire

The wholeconstructionprocesscan be divided into the following stages:

(a) Fixing of Dimensions- preparationof profile, selectionof sizeand
dimensions- preparationof a sketch for the profile.

(b) Preparation of the sack-mould jacket.

(c) Filling of sack-mould with light weight filling material.

(d) Preparationof base.

(e) Placing of mould over base.

(f) Application of mortar.

(g) Demoulding of jar by emptying the sackmould and puffing out of hesiancloth jacket.

(h) Finishing - coveringand painting.

The construction of water jars,with unreinforcedmortaror with ferrocement is carriedout
in the following steps

Selection of Size for the Jar

For calculation of the volume, the water jar ~anbeconsideredto be a combination of two
coneskept one over the other. The volumes of both the cones when added will give the
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Circumference at the top (inlet) = it x d~~ Cl

Circumference at the junction of top cone and = it x d~~ C2

bottomcone (at 2/3rd height from bottom)
Circumference at the bottom/base = it x d3 ~

A sketchof the outlines of jar is drawn dyer pieceof craft paper as $hown in Fig. 2. The
sketch is cut andplaced over two piecesof he~iancloth placed one over ether.

BOTH HESIAN

PIECE

STITCHED
TOGATHER AT
THE STITCH Fig 6 2.

approximate volume of the water jar. For a decidedvolume of water desired to be stored in a
cementlferrocementjar the dimensions at base(the dia of the base),total heightof the jar, inlet

(diameters of top opening) andheight of top portionand height of bottom portion aredecided.

The ratio of the height of top cone and height of the bottom coneis generally kept as 1/3
and2/3rd respectively.This ratio givesa better look to the jar.

After deciding these dimensions for the jar a rough sketch is made giving all the
dimensional details on a pieceof waste craft paper. The circumference at top junction point and
baseare calculatedas:

.~ I~ M4RG~
2 FO~S~]TCHING

CIRCULAR H~SIAN PIECE
CUT AND STICHED

The two hesiancloth piecesarestitchedtogetherusing theneedleandsutli at thestitch line
shownin Figure3. A bottom piecehaving a diameter = d3 + 1” + 1” for stitching margin is cut
and stitchedat- thebottom.
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F102 Fig. 6 3.

The hesian sack stitched in the manner, is inverted by turning the stitched surface inside.
The sackmould for the tank is ready for use.This mould is filled with rich husk or saw dust or
evenwith wasteanimal fodder or cut grasspieces,to a compactedform leaving no loosesurface
(Fig. 4). The top of the sack mould is also temporarily closedwith a hesian piece so that the
filled materialdoesnot splashout duringcasting.

The baseof the jar is castseparately using 2.0 to 2.5 cm thick cementconcreteor cement

sandmortar,six number wire piecesare provided as reinforcement as shown in Fig. 5. In caseof
ferrç,cementjars two number hexagonalmeshlayer of 26 gaugex 1/2” openingare alsoprovided
as reinforcement in the base.The sack-mould is then placed over the castbaseand the projected
r~.inforcementis adjusted over the mould surface. The sack surface is made slightly moist by
spraying water over it. A layer of mortar (cementsand mix of 1:2.5 to 1:3.0) is then applied over
the sacksurfacein two layersmakingthe thicknessof mortar from 10 to 15 mm dependingupon
the sizeof the jar. After applying the first layer of mortar(thickness about 8 mm) the surface is
maderough and the secondlayer of mortar is applied after 24 hours when the mortarof the 1st
layer becomehard. A coat of cementslurry is applied over the first layer before applying the
secondlayer. Fig. 6 showsthe mortar application for a water jar. A woodenring or a steel flat
ring is usedfor plasteringthe inlet openingor the mouth of the jar. This ring may be removed

immediately after the casting. After 24 hoursof the secondlayer mortar application after the
mortar gets hardened the top of the sackmould is opened and the rice husk or saw dust is
emptied. Once the entire infihled material is scoopedout the sackmould is pulled out gently. The
inner surface is cleanedwith a plastic or steel wire brush with gentlestrokes. The wastematerial
is collectedanddisposedoff. Two coatsof thick cementslurry are applied on inside surface with
a distamperbrush. In caseany wire meshor wire ends is projecting, mortar is applied in that area
beforecementcoatingis applied.Similarly, theexternalsurfacemay alsobe coated with cement

8cm



102

slurryafterwetting. In caseany socketsor pipe fitting is to beprovidedin thejar, thesamemay
be doneduring mortarapplication itself. Thesejarscan be paintedwith cementpaint of various
shades.

Fig. 6.4 to 6.8 presentvariousstagesfor casting of a F.C. Tankusingsackmouldmethodin
Maran Khullen (Manipur) during aDemonstration for TechnologyMissionconductedby SERC

Ghaziabad.
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FOR LOCKING
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JAR TOP ALSO

FIg. 6.4 : FERROCEMENTWATER JAR 200 TO 2000 LITRE CAPACITY





FIg. 6.9 : CURING-CURE ThE CAST UNIT
BY SPRAYING WATER FOR 3 DAYS

ANDTHEN BY FILLING IT WITH

AFTER 3 DAYS

DRINkING WATER ThtIK PAINT
CONFORMNG TO I5 158

FIg. 6.10: REMOVE WATER AFTER
14 DAYS.PERMIT THE TANK TO

DRYANDTHEN PAINT INSIDE WITH

DRINKING WATERTANKPAINT

APPLY CEMENTWASH OR
CEMENTPAINT OUTSIDE.

AND
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SECTION

REINFORCEMENT CAGE FOR
60, 65, 75 & 90 CM DIAMETER
F.C. TANKS

SMOOTh FINISHED SURFACE
CC.LINING 2CM

9-1oci.~ ~ ~. SOl~~ BRICKEDC,ING
_._~ AR~OIJHD

EC)U. TO INTERNAL DIAMETER

OF TANK

MOULD FOR F.C. TANK ROOF

RISE OF ROOF DOME

DIA. OF TANK CMS 65 75/80 90 120 160 200 300

RISE IN ROOF DOME 10 10 10 12 18 20 25
CMS

~
L 4_____ ~ 4i~w

_______ ‘ \ ~
_______ ~¼ ~ww

CIRCLED NUMBER
REPRESENTDIA
OF BAR IN MM

- REINF. CAGE FOR ROOF OF P.C. TANKS OF
120, 130, 140 & 160 CMS DIAMETERS

— WIRE MESH REINFORCEMENT
1 LAYER OF 22Gx~”x~”G.1
WOVEN MESH ON INSIDE & ON
OUTSIDE SURFACES

- REINF. CAGE FOR ROOF OF
F.C. TANKS OF DIAMETERS
UPTO 2.25 N.

— WIRE MESH 2-22Gx~”x~’ G.1
WOVEN MESH - ONE ON EACH SIDE

CASTING MATRIX — CEMENT — 1 PART
MEDIUM COARSE GRADED SAND — 2 PARTS
WATER 0.4 PARTS
PORESEALING COMPOUND 0.5 PERCENTOF CEMENT
PLASTICIZER 0.5 PERCENT OF CEMENT

6M1’1

PLAN

PLAN

6MI~’

4 ~II4

PLAN

FIG. 7.1 MOULD AND REINF. CAGE FOR ROOF OF F.C. WATER TANKS
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CASTING OF FERROCEMENT ROOF FOR TANKS

Ferrocementroofs for thesetanksarealsoprecastovermasonarymoulds in onepieceor in

4 to 6 piecesdependingupon size and height of the tank. Jointingmethod for roof segments
remainsameasfor wall segment.If the roof is casein pieces, the pieces areerected,placedin
positionat the top and supportedtemporarily.Thelaps of reinforcementfor joints arefixed up
and thejoints are filled with mortar.Two typeof joints betweenwall androofcanbeadopted:

1. Theedgebeamcastaroundtheroof is placedin thecollar providedat the top of thewall (assembledwith segments)and themortaris filled in thewall roof paint.

2. Theroof/roof segmentedgebeamcoverthe wall top edgelike a cover.

Variousstagesof constructionof Roofing Units for F.C. tankshavebeenshownin Fig. 7.1
to 7.6.
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PIT LINING METHOD AND BAMBOO FERROCEMENT TANKS

PIT LINING METHOD

For underground storageof water in areaswheresoil stratais hardor rocky areas,tankscan
be constructedusingferrocementlining appliedover thesoil directly. Themain purposeof such
lining is to prevent leakage/see page of storedwaterinto thesoil strata.Ferrocementbeinga high
impermeably material, performsthis duty very well. The experienceof storinggrainsin Ethiopia
in underground ferrocementlined pits has beenvery encouragingand the developmentof ~pit
lined tanks’ hasbeen a resultof this experience.A set of sketchesprovided in a small booklet

(tilted pit lining method) included in the coursematerial provides full details of the lining
processin different stages.

Pit lining methodof tank constructioncanbedivided into thefollowing steps:

(a) Determinationof thesoil characteristicsand check if the soil canwithstand of its own
straightat it sidesor on a small slopeprovidedin both the vertical sides.

(b) Decide the dimensionsof the tank to be constructedi.e. diameter,height, slopesin
sides(if provided).

(c) Excavatethepit keepingthe geometryand dimensionsin view.

(d) Make the surfaceof theexcavatedpit moistby sprayingwalerwith very light spray~

(e) Lay a layer of concretein thebase.Make thejoint of theverticalwall and thebasein
slope(at 45~anglebut in smoothcurve).

(f) Apply a 6 mm thick plasterover theside walls using 1 partof cementand 3 partsof
mediumcoarsesilt free sandadoptedwith a pore sealingcompound.

(g) Fix wire nails in this plasterlayerat an distanceof 20 cms apart.The wire nail may

be fixed immediatelyafterapplicationof mortar.The side of the nailsarepressed so

that thesebecometight in mortar.



CONSTRUCTION OF UNDERGROUND FERROCEMENT RAIN WATER
COLLECTION TANK BY PIT LINING

CONSTRUCTION STAGES

6.1. MESH 05cm
2 20cm

SIZE AT THE TOP~l ‘~ I~L
WATERINTAKE PIT

— ____

WATER INTAKE PITJ
60 ~4Ox2Ocm

WATERINTAKE
PIPE 4Omm+

COMPLETED TANK

EARTH WORK IN

~
Ft RROCEMEN

LINING

1~210 2~5M

PASt CONCRETE

SECTION

FIg. 8.1.





I10~vnTH.14C:S—~
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A—
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OF PLASTERING

4

—~

•1

4

PLASTER

25 TO ~0mm

E~r

mm PLASTER

1A MIX.

G. I. NAIL

DETAIL AT A-~

1. DECIDE THE SIZE, SHAPE AND.
DIMENSIONS OF THE TANIc.DRAW A
SKETCH. MARK ON GROUND,
EXCAVATE THE PIT. COMPACT THE
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COMPACT IT AS SHOWN IN SKETCH.
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THE Top SOIL DEPOSIT.
PROVIDE SUITABLE SLOPE IN SIDES
IN CASE THE SOIL CAN NOT BE
CUT IN VERTICAL OR NEAR
VERTICAL ANGLE
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)~2~t~MIX IN THE BASE AND
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MOIST THE VERTICAL SIDES SLGHTIy
AND APPLY 6 TO BmmTHICK I:Ii
MORTAROVER THE VERTICAL SIOES
MAKE THE SURFACE ROUGH WITH A
BROOM OR COIR BRUSH.

FIX HOT DIP GALVANISED NAILS IN
MORTARLAYER PARTLY IN MORTAR
AND PARTLY IN THE SOiLs~o.~c~-
ION OF NAILS MAY BE KEPT 1010
12mm

MAKE THE MORTARSURFACEROUGH
WITH A BROOM OR COIR BRUSH SO
SO THAT IT HAS GOODBONDWITH
NEXT LAYER.

NEXT WORKINGDAY FIX ONE MORE
LAYER OF MESH. APPLY A COATOR
CEMENT SLURRY AND APPLY 8mm
THICK MORTARLAYER FOR
COVERING THE MESH.

LEVEL THE SURFACE OF MORTAR.
RUB HARD AND FINISH WITH

WOODENFLOAT.

1:A p4ORTAp,~,~TIT1~,.~ImmTHICK
SOIL :: t:3(CEMENT:GRADEO SAND

~1~I1I$f F~Eor su.n
ONE LAYER OF HEXA ~IJ_~_F1P05H WITH HARD WOODEN
G.I.WOYEN 22 TO

74T’’~j~FLOAT.0O NOT USE STEELGURMALA
GAGE l/2OPENINGOR ~v/vIII
22G~1/2’WOVEN 6.1. •~~LLt~•I~WIRE
SQUARE MESH

MESH

.1,

‘
‘I

Fig. 8.2.





6 TO S.~mPLAIN
MORTAR LAYER

WIRE MESH
LAYER

FIX ONE LAYER OF WIRE MESH WITH
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Gl/COLt~ DRAWNWIRE RINGS AT PLACES
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OF WIRE MESH LAYERS-FIX WATER
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CEMENT SAND MORTAR ENSURE THAT
MORTAR 114 PREGNATESIN MESH LAYER

AND IS COMPACTEDWELL

TAKE THE MESHES PPOVIDEO IN THE
TANK LINING OVER THE SOIL
DEPOSIT ON EDGE OF THE PIT
AND FORM A SLOT FOR ROOF AS
SHOWN
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OESJREO LOCATION
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FOR

rn m
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BLOCK 40mm 114.
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FERROCEMENTCOVER

MIN. 01*60 cm
.FERROCEMCNT ROOF

MENI CONC.

FERROCEMENT LINING
ON EXCAVATEDSURFACE

PROVIDE
SLOPE IN SIDES

INLET OPENING

FIg. 8.4: FERROCEMENT UNDERGROUND TANKS/CISTERNS FOR
STORING RAIN WATER FROM GROUND CATCHMENT





PROCESSOF FERROCEMENT ROOF CASTiNG FOR U.G. TANKS

ONE LAYER
22G ______

MESH FIXED
ON INNER AND
OUTER SURFACES

MOULD AND CASTING

1. MAKE A MOULD BY OEPOS1TI’IG
SOIL IN INSIDE SHAPE OF ROOF.

2 PROVIDE I cm SLOPE IN THE VERTICAL
SIDES OF MOULD.

3. COVER THE MOULD WITH OILED PAPER

1,. PLACE REINFORCEMENT OVER MOULD-
CAGE O~~10 5mm WIRE 42 LAYERS
OF MESH.

5. MIX CEMENT I PART + MEDIUM COARSE
GRADED SAND 2 TO 3 PARTS + PORE
SEALING COMPOUND + PLASTICIZER +

WATER O.te TO 0t.5 PARTS OF CEMENT.
APPLY IN TO REINF. CAGE.

6. CURE FOR 3 TO 5 DAYS.
DEPENDING ON CLIMATE.

7. LIFT OFF THE MOULD PLACE AT

LAVEL PLACE.

B. FINISH FROM INSIDE

9. CURE FOR 10 DAYS. DRY
TRANSPORT AND INSTALL.

6
~ To 5mm

CROSS~~~~[_WIRE
PIECES 12 NOS.

/ - 6

L 6 Ii

REINFORCEMENT CAGE _RINGS
£TO 6mm DIA.

L
3L 31_

1:2 CEMENT

LOCK ING
HOOKS

25 cm L DIA.OF PIT,15,1546cm t t2.5cm

Fig. 8.6.
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(h) Fix a layerof G.J. mesh(24 gaugeto 22 gaugewith 3/0 to 112” meshopening)over
the baseand wall surfaceand apply a layerof 6 to 8 mm mortar. The meshmay be
held at wall with nails fixed in mortar.The surfaceof the mortaris maderoughby a

broomor a plastic brus1~i.

The secondlayerof meshis then fixed and cementmortaris plasteredand finished. The
thicknessof eachmortarlayercanbe about8 mm. For fixing the roofand for anchonngof lining
the ferrocementlining is carried over the horizontal surface of the tank top and a groove is
formed around it for fixing the roof. In caseof rain water collection units the water entry
chamber(drop chamber)is alsoconstructedby lining of thedropchamberpit with ferrocement.
The roof is precastover soil deposit/masonarymould and is placed in the grooveprovided
aroundthe tank. The grooveis thenpackedwith rich cementand sandmortar for sealingthe

joint.
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DOS AND DONOT’S FOR FERROCEMENT TANKS

DO’S

1. Usethe bestquality materialsfor constructingthe tank.

2. Takeall caresto seethat thereareno loosepocketsor honey-combedareasin thesurface
of wall or baseof ferrocementtank. if such a defectis detectedthenrepairit by chipping
mortar on inside and outside surfaces (exposing the wire mesh in that area) and

replastering.

3. CureF.C. tanksfor a minimum of 10 days.

4. Cleanthetank from insidea~leasttwice a yearwheneverit is empty.

5. Keep the top of thetank cleanfor avoidingentryof wastematerialin thetank.

6. qonstructthe tank at a higherpoint so that drainageof water is properor constructa
soakingpit andconnect it to the tankareaby a drain.

7. Takeall caresduringmortarapplicationandensurethatthemortarentersbehindthesteel

rods and wires provided as skeletal~steeland into the wire mesh layer reinforcement.
Ensurethat thecoveroverouterand inner mesh layer is not less than 3 mm.

DO NOT’S

1. Do not allow animalsto comenear the tank.

2. Do not allow children to climb over the tank. They openthe lid and throw unwanted

things inside or might jump in without knowing the consequences.

3. Do not use corrodedsteel or mesh for constructionof the tank.

4. Do not useold stocks ot cementfor tank construction.
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5. Do not usesandtoo fine or too coarse.Sandto be usedshould be gradedand cleansand
havingsilt contentswithin 3 percentof thevolume.

6. Do not allow waterfittings fixed in thetankto leak, it will not only wastewaterbut may
alsoprove a basefor algaegrowthon fitting jointsor surfaceof thetankanddevelopment

of bacteriacoloniesin these.

7. Do not usechemicallypollutedwaterfor mixing of mortarandcuring of ferrocementtank.

8. Do not usedrinking water tank paint without specifyingthat it is conformingto Indian
StandardSpecification158 (l.S. - 158).
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FIg. 1.7 : PREPARATION OF BASE CAGE

FIg. 1.8 TYING OF WALL RE1NFORCEMEI’4T CAGE
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FIg. 1.12 : COMPLETED F.C. TANK, 5000 LITRE IN MARAN HILLS

IN MANIPUR - FILTER BEING1NSTALLED
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FIg. 3.3: CAGE MAKING FOR A SEGMENT

1~?4: ASTING;OF A SE~GMENTFOR 10000 LIT. TANK IN MAN~PUR





Fig. 3.5 : ASSEMBLING OF SEGMENTS FOR A 10000 LIT. TANK

Fig. 3.6 : TYING OF MESH LAPS AT JOINTS
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Fig. 3.7 : SEGMENTAL F.C. ROOF FOR A 12000 LITRE F.C. TANK
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Fig. 6.4.1 CUTTING OF TWO HESIAN CLOTH PIECES
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Fig. 6.7 : CASTING OF TANK BEING CARRIED OUT BY NAGA BOYS

FIg. 6.6 : SACK MOULD IS FILLED WITH RICE HUSK - TOP CLOSED
REINF. FIXED OVER THE MOULD
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- - - !t1~:?~ff~ TANK ROOF -

FIg. 7.3 MAKING OF A MASONARY MOULD FOR ROOF OF A TANK
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Fig. 7.5 : MORTAR APPLICATION FOR THE F.C. TANK ROOF
/

FIg. 7.6 : ASSEMBLING OF THE F.C. TANK ROOF OVER WALL
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