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CHAPTER 1%
INTRODUCTION

Salvinia molests is a moxious floating type aguatic weed
of common ooccurance throughout the woerld. The infestatiom is
particularly severe in tropical and sub-tropical nations where
the warm inland waters and the increasing number of man-made
lakes and waterways foster the growth and spread of this weed.
The Salvinia genus ranks one amomg the ten most widely spread
anruatic weeds in India. Yhile its presence has been noticed
in more than sixty districts in the country, interestingly, the
two states most affected by this weed are Kashmir in the north

and Kerala in the south,

The species Salvinia molesta,locally known as "Africem
Payal" has spread in enormous suamtities during the last 25
years in Kerala. The weed has by new occupied the inland water
surfaces of virtuaally all districts of this State. bBeing
capable of prolific growth and rapid multiplication, the weed
spreads like an extensive carpet over large areas of water
bodies in the course of a few months. This in turm obstruets
inland navigation, fresh water fishing smd other hydrological
concerns. In the Kuttanadu region and the kole lands of
Trichur District where the infestatian is the heaviest in the
state, thousands of hectares of cultivable land have been
invaded by this dreadful weed. Even the daily lives of people
in this region, wvho depend on these waters for domestic con;a-p—

tion, have been atfected.



Several technical literature have repeatedly chronicled
the devastation brought by this disastrous aguatic weed. Total
eradication of the weed is probably an utopian idea; and in
most cases unnecessary. But the control, that is, reducing ite
presence to a manageable level and mainteining that state
through periodic means is mot only desirable but also imperative.
Aguatic weeds can be controlled by several means employing
manual, mechanical, chemical, or biological methods. Although,
all of these methods have been attempted in the past with
limi ted success, as of now manual control, that is, puysical
removal remains the only effective means of comtrol far the
Salvinia weed. An important resson for the present negative
economic status of mechanical control methods is the lack of
monetary returns from the harvested plants. Larze scale collect-
ion of the weeds from the waterways by suitable mechanical
equipment and their economic utilisation to defray the cost of
collection is an appealing comcept. This would result in weed-
free waterways while providing am extensive ve etation resource,
especi ally advantageous to developing countries wheie forage and

fertilizer are in short supply.

The Departwent of Agricultural Enginecring of the Kerala
Agricultural University has evolved a novel design concept for
the mechanical collection of Salvinia. Tie present project is
sn attempt, based on this design concept, to develop a prototype
Salvinia Harvesting Machine and evaluate its performance

characteristics under actual field conditions.
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CHAPTER 11
BRVIEVY OF LITERATURE

2.1 Gensral

2.11 Origin anéd distributien.

The weed Salvinia is a8 free fleating nem-flovering
plant coming under the family Sslvinseeas. Llntil recently,
the species occeurring in the fresh water oodies of Keralas amd
those in many Asisn and African countries, was descrived as

Salvinia awriculats Autl., It hat now been ideutified to be a

distimct taxesm named Salvinis melestp Mitetell., Althongh,

locelly known as "African Payal®, this sterile water fern is
actually & unative of Southk Aserieo emd i3 prouably of Lertie

eultursl orizin (Mitonell, 1073 a).

Records show that Specimens of some of the species eof
Salvinia were present in the Dotanic Garden at Rioc de Jameire,
South Amerios, in 1041 (Joy, 197g). 4As & weed Salvinia
molestas was noticed widely whom it inveded the Karibs
Reservoir (Afrieca) in 1989, At ane time, it was estimated
that S8slvinia ecceupied as mweh 1,000 sq.km(21.5 percent) of
water swrface in thke lake (Mitehell, 1874 a). 7This might have
beenr & possible resson to eall this weed as African Yayal
(Varghese, 1974). Sculthorpe (1967) amé Kkobscn (1976) have
chrcagc led the Aistribution of this weed ia the trogicsl and
su'~tropicel regions of the weorld imeluding Africa, Sri Lanka,

India, Indonesia, Mpleysia ami sven Austrslia. Ip s survey



eonducted with the help of a guesti omaire, which received infer-
mation from a total of 30 Stetes/Unien Territories, Varsaoney &

" Singh (1976) observed the presence of Salvinias as a trowblesoms
aguatie weed in some 20 distriets in the country. The survey
also ranked Salvinia as one ameng the ten most widely spread

sguatie weeds(Appendix 1).
2.12 Introduotion end infestatism tin Kersla.

Little {s kmown of the preeise mede of introduction of
Salvinia or of Lae pgents and envirenam tal facters which feci-
litated ity subse uwent spread in this state and Cook and Gut
(1971) reperted that though there was lack of evidence, it
was guite likely that the Salvimia ia Kerals came from Ceyloa
(Sri Laaka, and wes firet noticed in kersls as a pest around
196¢. But according to Geerge (1676, 1677) the plant, unknown
in Kersla bafore 1953, ia believed 10 have been brought to
Trivandraz from isngalore fer botanieal studies. It was jossi~
ble that a few discarded plants, escaped or aceidently intre-
duced into the Chakkai Canal and Veli Lake near Trivandrum,
survived and multiplied beyomd all expectations, ihe wveeds
rapidly spread frum imre to other ereas in the State by aboul
1960, Also, mecording to Thomas (1976, 1877, 1v76), Salvinia
was first noticed as a weod &8s eorly s 1986 1cwelf during the
eourse of an extensive survey of the vasculer flors of vel.
\Trf vandrum) undertakes by the suther. The weed was seen iy
paddy fie lde, small ponds, camals, nl lakes in association

with other fyee floating plants such as Eiehhornia and i'istia.




¥hatever might be the eorigin, during the lsst two and hels
decandes Salvinia melesta has spread te most of the 50,000

heoteres of paddy fie ids in tbe Kuttanadu region and abeut
10,000 hectares in the kole lmmds of Trichur Distriot

(VYarchese, 1974, Joy,1978), The survey condsoted jointly by
the Kerala Agricultaral University and the Calicut University
during 197T7-78 has also cencluded thet Salvinia ie present
thromphout the low land arcas ¢f the state wmiouniing to about
T1:0 nq.km{18.4 peroent of the total area). The weed is
generally absent or has net adversely affecoted the ponds and
paddy fields ip» the mortherm districts smd in the elevated
regions like FPathanauthitts and Nedumsngadu thaluks of the
state(Caliont University, 1979, Thomas, 1978). 7The State Depart-
ment of Agriculture has estimated shat during the peak period

of infestation betwe-n Decenber te Mgy the area of water surface
covered by this weed in the whole state is around 2 lakh
hectares (Mathew, 1980). Samuel (1980), on the other hand, has
made a moye conservative estimate in avsessing the area requir-
. ing rewoval of the wedd to be of tin erder of ome lakn hectares

i

for the entire state.

2.2 Biologieal Prepertics

2.21.Horpholegy

The plant body of Salvinia molesta consis ts 0f a slender




horisental stem whioch bears a pair of heart-shaped floating
leaves and an apioal growimg peint(Pi:.I). From each node
hangs a third fimely dissected suimerged leaf. Salvinia molesta

differs markedly from other aguatiec vesocular plants in that {4
has no roots. It ie the submerged leoaf which absorbs water md
nutrients performing the funotions of the absemt roots. In
addition, 1t also acts as a stabiliser(Soulthorpe, 1967).
Salvinia molesta is ¢istinguished within the Salvinia

auriculata group by the presence #f lonz straight chains of
sesile to subsesile male sporoccarps, 1 man. or less in diametre,

containinr mostly empiy sporangia(Jdey, 1978).
2.22 Reproductiem

Sulvinia nolests is notoviocaus fer its extremely nigh

rate of vegetutive propegstion. 7The fragile stems are easily
oroken; even & violent alsturbance of water by repid ourreats
or stromg winde shaticrs the plant bedy into nmy fragments.
Any of these dotaahudtrunht. of the stem bearing m or mere
buds is enpahble of grovimg into an indepondent planmt
(Seulthorpe, 1967; Mitehell, 1076).

In fact, in all Salvinia species, fraguentation and re~
generation are more prevalent them development of sexual pre-
pomuliesi{lLoyal & Grewal, 1666). Mitchell (1970) showed thai

tnlvinia moleste (cited as S.eariomlata) is incspable of form~

ing viable spores and as such dees net reproduce sexually.
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2,88 Growith Phoses

Salvinia melesta ek survive for long periods under

oonditions unfavourable to fits growth. The plant is able to
swvive fluctuatims in water level and in the right conditions
will recover rapidly frem a prier peried of adversity.
Hattingh (1961) desoribed three stages of development eof
Salvinia 1n lake Kartba; (1) Primary Stage, (2) Secondary
Stege, and (3, fertiary ttege. The Primery stage is yonerally
to be found nenr the shore line where Q_ufti cient space 13 avall~-
able for horizontal ex-ansion, In this stugze, the plant is
cleracterived sy long internodes smd floating leaves which are
more or less rounded and quite small; about 10 mm in diametre
(F1g.2). ¥ithin a few weeks, tl» plant usually exkibits the
Secondary s&tase in whioh the floating leaves wcome larger im
size {apout 23 :m in lenggth. wd 38 wm in width) ang pertly
folded into a keel-shape, Tao internodos wiill remain leng.
ig the toriiary pusse tie termingl sads Yorm compect in mature
and oalmost vectioal in aﬂmtatien. The leaves are found teo
he acutely folded ones, broader ﬂ:a‘ they are long, measuring
about 23 te 25 mm in length and upte 38 ma ftn widtan. This is
the "mat forn" end normally ihe only stage Lo bear asporocarps.
The transition from Primary to Tertiary stage taies plasce in

. as little as 2 to 3 weoks in a suitable habitat(Sculthorpe,

1967).

Cook snd Gut (1671) Al stinguished four distinoct phases



i Secondary Oture

18t two leaves from tud
are delicate end lie
horiz, on water.

hew loaves fold upwards
heceus: »f crowding.

Hov vrves arce wider and
g0 foldeld,  Also den-

se: o tve o on surface.,

length
10 m

width

10 mm

length

width
o8 mm

Fig.2. Three growth stages of Salvinia molesta
(Hattingh, 1961),
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durine the growth of Salvimia in a leclity (Fiz.3)., During the

first (1nitisl) phase, the Salvinia is in the primay invad-
ing fars which ocossibly imoclwdes all three stages discribed by
Hattingh., 3ut, when ne more g ave is 16f¢ for horiacntal
spread, the leaf alters its position 10 & sore OF less verti-
cal one. The Salvinie them starts o grow verticully and teo
build up on fts own dead waterial. This is tim second yrowih
phese durin . ~hioh ta plaats Heoomd vory larges Thls phese
also cun not go on indefinitely. Due (o tae aa:-sive dépactt

? dead litter, the Salviuia weed is mnot ahle to obiain the
lwaes quantity of water needed for iis grovwth. The bavil tet
is thus caanged and ia nos ready tu De cclonfsed by othr
plant spegsies, The initiel oolonicers are noetly beri:aceous
plents which eryoern over tha nats of Salvinia and vind them
togethaxr . lhis is te third phase. The he. haveols plants
alsc oontrihmea Qtter which is derosited on tiw Lslad ,oro-
viding o sl tehle invilat Cor wandy ekeavbs whileh will, in
turn, e eventually replaced by tresa, This s the fourth
phase.

Most habitats tn Kermla are efther in the first orxr in the
sscond phase of arowth described by Cook & dut. YThey do mot
get a chance t¢ rrow into tin tiird phase as tle vecds are
periodically washed away by fleod waters. Howeve: 1in isclated
water bodien the ithird phsse «f growih fu coumonily seen. There
have bosn 1little inforuation of the weed heving grown into

fourth phase anywhere in kerala. If the weed infostation is not



_

Ist phase: (horizontal growth)

2nd phase: (vertical rrowth and litter accumulation)

4th phase: (colonisation by woody plant)

Fig.3. Four growth phascs of Salvinia molesta
(Cook & Gut, 1971)
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controlled effectively fn the near fature it is tikelyr that
sven the fowth phese will have to be confronted in the state.,

.24 Growth reter of Palviria

Growth rete in pleats oum be asaessed by different means,
The applicaiien of growth anslysis technicwes(ivans, 1972) end
the comce t of uoublisg rate are scnsidereé to be m0re appro-
priete for mebiin vlantx 1ike Salvinia than the wmethod o net
preductivity {(Fentound end Esrle, 1943), cvossenly utilised in
the o.se ol sttraied virnts (Nitehell, 1674 a). “eve:al
authors have wtiillsod (im donbiing time teenni -u:s in re orge
g tos growtn rete ot & uatio weedsa, masiiag tlae is tle
tizz taken for tue saberiel Lresent to dounie 1teelf, Luring

v rnadvais of crewin nf Helvinip molesta, sftonell{luTs b)

fournd Thet the growia of the wasd was ax onontini. Lrudeat{l97d)

serkiny wiih Saleintn minima and Salviplsn sodosia amior

stendayd ealtise noend:tions in dpserstoery, caloulated doubliag

tlwe In dave for nombers of leeves asing tie formul ag

log 2

Poniling time (T) = _
log Ng~iog A

vheie Mj js8 t.a 1n!tial rual-r of locves sl N2 is ihe tinal
nusder Of leavees and ¢ ¢ the Gbzervatiom tlme. ‘Ihe donbling

tire () of Salviciu moiesls was found to e 4.8 dava. g,

the growth under field (unditionw was uot as ra:id ond uwean
relative growth retus yauzing Setwoen 4.83 wved &,¢1 seroent

per day im terms of leaf nunber wers obtained, The relrtive
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growth rate was incraased with inoreanses in 1izat intensity
and nutrients. The optimum temperature for the growth was
found to he 30°C for doth speotes.

2.3 loohani %al ‘roperties

1t 1s essential to have & knowledge of the bhysical/

meehaniesl properiies of nqRatie weeds, before at tempting
te design hervesting an waill| as processing equipuents.
Substeiti al lmprovacents im the harvesting rates md autili-
#ation aud/or disposal teohm ques osm be wade rossible by
kncavlng thege properties, 1 turm, 1t counld lead to the
&Cceptence of weohmienl harvesting as an effective control

AdABUTe for amatio weeds,

Irportent physical/nechmical Propertics of acuatic weeds
relevanl t¢ Bechonleal narvesting include wolalur @ and mattey
contente, dsng Ity oharacteri stics, pressure-iensi iy relatione-

shine ans sirens th ounrac letidlive,

in regard tv water vantent, a sypical figure of 92% by
w8lyht is believed o be present in all aguatic piants result-
ing ia only 8% as the selid mafter content (Litsle (Ed),1968),

this lov lavad ol soili mattor|has veer the najor deterrent

te thy machavdas) harvegting Oommeroial uwtilisation of
BEMELL e venta.  The v e nve of wir 1n tue erdar of 705 or
move YV volurs in tl. follage 9 ull free ¥loating ,lanis mekes

them sufficicnt ly buovant., 4 o.emical gralysie of Selvinia
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B Yilltans (1086) ytelded the results as reproduced in Tadble I.

Table. 1. Fercemtage matter content in
Sslvizia (Williems, 1086).

Elenmt m:h‘utur bry ;attor
a) Meisture 89.30
b) Dry matter _
1.0rganic matter 3.98 ) 56.73
2.A5h md Samd 4.08 ‘ )
3.Nitrogen 0.03 s ;
4.Potash (X20) l-lﬂl 10.7% % 43.28
S.Phosperic Aeid(F20) 0.088 E
S.idme (Ca0) 0.042 i

4 recent study by Thomas 98 g} (1676) on Salvipia melests
based om samples collected from Trishur, Ernakulam end Kottayas

Dlessriocts of Kerala also gave & value of 10.1 ¢+ 0.21% of dry
matter (oven dried) content in the weed. However, studies

made by the Depertment of life Svienees of the Caliocut Univer-
eity, (Ignetious, 1079) smd the Department of Agricultural
Engineering of the Kerala Agriculiurel University,(Samual o% a),
1980) indicated that Salvinia weed cemsains only less thm 5%
solid matter. This shows that the molsture ocmtent of freeh
'Salvinia would e in the order of 90 t0 83 per cent. They alse
{udie st the vast potential for redueing both the volume ead
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welight of the harvested material by the expression of water
ad air in the course of any mechanical harvesting mdéd sub-
scquent processing. kivermere g3 gl (1971) has reported that
in the case of weter-mil feil, 1t has been pessible to redwe
about 50% of the origimal weight by am appliocation eof pressure
equivalent to 2 kg/em? , lMewever, similar studies om Salvinia

are not seen reported.

Another imrortant physical preperty of aguatic weeds is
their densi ty cinracteristics, Two comnom metheds of express~
ing densgity erployed by the Bioelogists, are (1) Biomass ind
,(2) standing crep estimsate(Somltherpe, 1967). The iomess is
defined se tie totsl mass of the dlants por unit arca expressed
un dry wolght bssis. The stamding orop uqsau. on the other
hand, gives the weight per unit aves of the harvested portioam
ef the plent only. Im regaréd teo btnun of Salvinia, Zutshi
snd Vass(1976) found that 1t varied from 15 - 38 g/ guring
the initial crovwth stege. The higiest renge oif values reached
wis 466 - 324 g/m¥ on dry weight basis, while tae ash content
of the plant varied from 6 ~ 10%. Kaul sad Usha~Bakya(1976)
got aimilar valuas of Lio mass for Salvinia (Table 2) im which

the influenhce of sgroewth stege was found to0 be most proneunced.

Tablo 2. Bionass values of Salvimta(Xaul and Usha Rakva,1976)

Perlos Light cemdition Aver :: biomasse
Hay 1973 Partial sha’e 33.0
Exposed 30,6
Saptd o738 Partial shade 336.1

Kxposed 336.3
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Samuel (1972) introdueed & new term 'Spread Density'
which was defined as ‘tln woijht of the immediately harvested
material per unit area. This term is perhaps more self-
explanatory and rel;vnt in mechanical harvesting. Prelimi-
nary e‘xperluﬁtl made im the Cellege of Agriculture,
Vellayani, Trivandrum by Sammel :amd Jacob (1977) showed
that for emp Salvinia weed which had completed horizontal
expansion Just to cover the water surface, the spread
densi ty was of the order of 3 ht/l?. Whem there was no more
room for horizental expmmsion and secondary growth was about
to start, the value went upto 7.5 kg/m2, With secomdary
‘ growth of creepers ever the Salvinia conepy, the spread
density was found to be upte 12.5 kg/m2,

Brulm ¢t-8l-{1971) and Abeaba (1972) have studied the

mechanic al properties of thé aquatie weed, water milfoil
(Myri ephyllum spicatum) im detail. The relatiomship among

the applied pressure, moisture cemtent, dwell time (holding
time) and density of the resulting material was investigated.
The bulk density (1lbs per ou: in) of the plant was derived as

s = - v (‘1. w lﬂo—f(p"g)
Tom v 'ﬁ" STk T

where Ts is the bulk density ef iﬁl‘?ﬁl (1b-per cus in), V the
tetal volume of the sample (cutin), W the total weight of the
sample (1b), Ww weight of water im the sample (1b), Ws the

weight of solids in the sample (1b), M the perceniasge meisture

on wet basis = g_'_ x 100 (%), p the pressure, (psi) and T the
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dwell time (sec). Consolidation tesis were performed (o
determine the ceampressiom preperties of the aguatic vegetat-
fon., The weight and volume of the harvested mat-fial were
reduced by applying external presswe utilising a scorew pro;-.
These tests provided a means of sp roximating the preseabvility
values from the rate of flew of liguid fer a given pressure
gredient. The tests provided Swe other fimportamt puysiecal
properties slse. They were (1) com.ression index, Ce which
indicated the compressibilisy of the specimen and (2) the
coefficlent of consolidsties, Ov wiiieh indicated the rate of
compression under a given lead increment. A value of 0.8

for Co was obtained for the aguatic weed, Myriophyllum

spicatun. This value was high sompared to that ef clay where
the Co value varied betweem 0.1 to 0.3. It ap.ears that

similar studics em Salvinia have not been conducted.,

2.4 Eeononio effects of infestation

Floating mats of vegetation may de composed of either
pure ecolonies of a single fres~fleatimg species or mixed sudé
eommunities of free floating and emergent plants. They im tura
produce far-reaching bdioclegical and eeonenic conse .uences
(Sculthorpe, 1967)., Holm ot gl (19689) have discussed examples
of difficulties camsed by aguatie weeds ia verious parts eof
the wo:ld, while Little (1066, 1960) amd Mitchell (1973) have
1isted the problems caused by the weeds in san-made lakes.

Though, actusl estimates of losses dwe te aguatic weeds
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are not available, weed preblems in India were officially
recognised as early as im 1621 (Mukhepadhyay smd Tharaphdar,
1976). Ths preblems caused by commen aquatic weeds in the
country as a whole en the bdasis of an all India Survey com-
ducted duriag 1673-74 were listed in order “ importence by
Yarshmey and Singh, (1976) as fellows:

1.Covering of impounded waters
2.Hindrance to fisheries

3.Cheking of flowinz waters

4 .Choking growth of oulnvnd plamtse
S.Making water unpalatable
6.Increased loss of water

T.Creating disease prodlems
8.lmpediment teo navigation

S.Mindrance to aguatie sports

In moat areas im Xerala, Salvinia has becowe so well
established that other floating plant pepulations have dwindled
out considerably. The first and feremost of the mamnifold
effects, is the direct mechanical hindremce teo inland navi-
gation (Thomas, 1979)., Plate I shows ene such situation com-
nonly cenfremted imn the water wvays of Kerala, Any traveller
by motor beat from Alleppey to Kottayam, which is a popular
route, will be baffled by the sight of one of the orew frequent~
ly diving into the water and clearing weeds struck in the
propeller (Jayskumar, 1960). Another serious problem caused



PLATE, I:

INFESTATION OF SALVINIA RESULTING IN
HINDRANCE TO INLAND NAVIGATION,
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by the infestation of Salvinia is the severe orop failure in
paddy fields of which several instances have been reported fram
Kuttanadu, the rice bowl of Kerala (Geerge, 1977). If the
fields arc left fallew for some momths, the uncheoked spread of
the veed wsy result in axhorbditant costs for its clearamos or
necersitate oomplete abandennent of the land. Reports also
shov that agquatico weeds may maintain a seservoir of pathogens
that are harmful to rice plemts(dey, 1978)., Fresh uater {nlamd
tisheries have alvays been an impertaat soeurce of animal
protein in less developed countries. The blanket of weed
offers a direct threst tc the estadblishaent of commereisl
inlmd fisheries, because of the ervation of s shallow-water
envirenmeat which is doth unsuitable for fish te breed-in and
for tishing boats and nets L0 be moved about. Other importamt
effects of excessive growth of Salviaia im Kerals have heem
thoss of making water unpalatable, prometing the mensce of
epidemic auonpn. hindering hydroelestrie and irrigstiom

schemes end reducing recrestion facilities,

2.6 Comtrol sessures for sguatic weeds

Manual, mechonical, chenical and bielegical methods are
the ususl techniques wsed for somtrelling aguatic weed growth
in wate: bodies. Integrated oemtrel invelves tie employment of
a combination of these methods. liowever, owing to the specifie
situation and the type of we-d, even these alternatives are
often found unacceptable thereby limiting the tecumnolegy that

is feasible. Simce past attempts to eradicate Salvinia molests
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have failed, the present eaphasis is to comtrol, that is, te
simply check future growth and spread (Gaudet 1976). Chan;-s
in the recommended practiess of aguatic weed ocontrol have veen
ocommon and will undoubtedly comtimue (Velden st gl 1973). It
is rarely pessibdle te tackle a partiocular aquatic weed prouvlem
in a routine manner. Each problem has te be treated as uniqgue
and all the lecal faetors threughly investigated vefore a

control teohnione ias chosen.

2.81. Manual methods

In India, until the tuﬁ of the eontary, coutrol of aqustie
weods occurring im inland ponde, tanks, reserveoirs, lukes, osasls,
and waterways was mainly ocarried out physically, manual labeur
being almest exclusively used fer the purpose, (Philipose, 1973).
In general, rsking, oruwshing, chaining smd netting sre the main
appmoaches em;:loyed im dealing with aguatic weeds. These methods,
hewsver, have mot been successful in the case of Salvinia
becamse of its free floating and dispersed nature of ocourrance.
Hand piecking, vhicﬁ is the simplest, is etill the most widely
used method in Keralas for the remeval of Salvinia from paddy
fields, ponds and isolated waterw:bodies(Samuel & Jacob, 1977 &
Joy, 1978). Plate 2 shows that {n a drained paddy field the
weed is first collected inte small beaps, which are then joined
together to form larger heaps. The small heaps may alse be
dragged aleng the mud su;:ported on cocenut leaf-tips to the
boarder bunds where the material is finally disposed to be drbed

and destroyed in the sun,
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The present costs for asmual selleciien and disposal of the
Salvinia weed from different haditats ia Kerala, ascertained frem

various sources are givea im Table 3.

Table 3. Costs of nanunl coellestion and éispesal of
Salvinia frem different haditats in Kerals

8l. Metheods employed Rate Cest Seurce of ia-
No. : foermati en
(o/u®)  (W/nect)

1 Eneiroling the wesds and _ Fersonal
pushing the mates teo the enquiry at
adjoining mavigation 8/hour 8§00 Mancomua
canal during lew tides.

2 Ceolleetinr into small Personal
heaps snd dragging it o 10/eey 900 en-uiry at
to paddy fieldhs dunds Luparskas
engaging wvemen ladbeourer.

3 Mapual celleotion from Dept. of
water-ways and disposal :‘zz te ;:ge“ Agrl. btngg.
from paddy fields. * (1980)

4 Msmual oollection from Mathrubhoomi
water-ways mmd dispesal 8.08 3000 t¢ (1981)
at reaseashble lesd 1500
distaneoe. ‘

8 Mamual cellection frum
lale & clearing the Danks 8.00 » 3700 Ceok,(1976)
and keeping and Durning 3,00
the material.

*Aly dried material

It may be noted that while the lewest cost of is.500 per
heotare is fer pushing the material teo the adjoining canal whieh
provides only partial control, the ramge or eosts for colleetion

and disposal of the weed at reasonable lead distance varies frem
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o900/ t0 4.2700/=, The Bigh cost is thus a serious deterrant
to reclemation of the weed imnfested areas through manusl contrel
wétheds. The Kerala State Electricity Bosrd succeeded in get-
ting rid of Salvinia by mamual removal fn 1077 frem the Kakki
Reservoir dut at a very ceasidcrable cost (Themas, 1!19); Float~
fng booms made of hamboo poles tied with repes and even nets are
used feor encircling a portiom of the weed infested area and bring~
ing the trapied weeds ashore. In the Kuttanadu region, the en-
oircled Salvinia is dragged er pushed teo the adjoining ecanal
during low tides where they further multiply and block inlmmd
navigation and fresh water fishing for several months during the
year. The final édisposal is schieved only with tiw onset of the
monsoon floeods. During the floeds the weed blankets move dowa

the water course and reac:: the sea whers they get destroyed easily
in the saline water (Samuel, 1080). Mamual methods have the

adven tage that they do mnot regquire technieal expertise or costly
esquipment, FBut these metheds remain te be time consuming, lesbour~

intensive and ;rehibitive im ocost.

2,52 Chemical methods

Chemical herbicides have been utilised againest aguatic weeds
in many sreas of the world with mederate success(Sculthorpe ,1967).
Molean (19022), Bose (1623) smd Parija (1034 were the piomeers
in the field of aguatic weed control by chemical means in India
(Puilipone, 1976). Seme of the chemicals used gor the comtrel

of aquatiic weeds, especially against water hyacinth are 2, 4-D
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(8hell weed killer) mé MCPA (Methoxane). Patmaik (1972) used
gramaxens (Paraquat) agsimst Sglvinia successfully. Control
of Salvinia have been tried by several scientists during the
lat ter half of the 1960's of which seme work are still centimu-
fng, 4 notafbh result mmeng tiwoe efforts was that of George
(1976) whoe foumd that the wse of memn-toxie herbicides such as
nixtures of minersl ells, uria end detergeant were bhelpful in
checking the inorease of Sslvinia. Nowever, the wide-spread
use of chemicals esnnet be sefely reconmended as they create
problemns of pollutien and are detrimental to the fish populat-
fon as well as dom-stic wse of thy water, Thus, chewmical con-
trol messwes em de proctised emly in 2 linited way in small

isolated water hHodles.

2.83 Bfiologioal cemtrol

Biologicoal centrol mormally implies the use of competi~ -
tive ergmisns to sup;ress & pest species, This nethod of mek-
ing use of hest specifio pests in osatrelling the aguatic weeds
has been used with some suoccess sines the latter half of this
century. Several biotic agents have deesh evaluated and are
avel leble for agquatioc weed comtrol., HNerbiverous animals like
Grass Carp and Manatees, fishes 1ike ‘ﬂhpta and certain
specics of duoks are generally used far the biolegical contrel
of aguatic weeds. Surveys in Trinided, Guyana snd Brazil were
under taken during the 1961 -~ 1688 period to study ané identify
the ingects associnted with Salvinia gp_p.(nonnct. 1066). Some
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of these pests md inseots were triod in kKerals alse. It

foy (1978) reperted that im preliminary trials in the fiele,
the multiplication of the grass tappor) Paulinia, the most
effective pest found fer contrel of Salvinia in ether areas

¢! the world, has besn drastically retarded by the attiaocll ef
psdators like spiders. Althomgh diological methods are quite
attractive on account of its ecclegienl and econcmical aspects,
s complete control is often very difficult to aschieve through
such agents. Yhat is at best attained is & natural valame
between the diclogical asents amd the weed. Moreover, tim
biological methed is always a slew process (Jey, 1976). Thus,
in the absence of am effective BMielegieal camtrol agent or
sefe as well as economic methods of slemical control, investi-
gations to reduce the cost of contrel thwough mechanical methods

assume greater ifmportance fer the State of kerala.

2.64 JMechanical centrel

Mechanical eontrol ef aquatie weeds is generally regarded
as the cutting or dislodging of the plamts often with subseguent
removal of the resulting eut erganiec matter from the water body.
Meochmical oemtrel may also imelnde physical restraint eof the
fleating aquatic material (Allsm Deutsoh (Ed) 1974). Eocelogi~
oally spesking, the mechanical methed whioh does net leave any
plant residue in the water is considered te be tiw Lest means
for centrolling the growth of aguatic weds. Various machines

and equipment which are at (ressent in use for ths control, have



in most cases been developed to meot local needs(kobsaon, 1974).

Soulthorpe (1967) has reviewed the various means esmployed
in sschmical centrol of aguaties weeds, which fnclude such
techniques as mechani cal eutting, dragging, wowing and reoliing
the woed matorials. Rebdsen (1974) has also reviewed some of
the fleating type harvesters used far the sonirel ef aquatic
weeds. Several harvesters, however, have their basic eperat-
inz charscteristies similar., They censist of & barge vith a
outting megchonisn md a conveyer systes for lifting the plants
from the water. The machimes ale® carry the materials ashore
for Aisposal. Some harvesters, which suek up the weed, mash,
partially dry and bale it en the barge fteelf, have been
tried in the United States of Amerisa. Other harvasters like
"sav boat” md "Kenny” alse developed ia tie United States of
Americs (Gangstad, 1978) crush snd shred the harvested meter-
1als md deposit them back inte the water. Hewever, these
machines would net be acceptable fer the econtrol of aquatic
weeds which ean reproduwe vegetatively. Thus, seversl mechbani~
oal e unipment have 'sen tried to eemtrel acuatic weeds in the
Western countries bdbut they are mostly suited for rooted, sub-
merged md ewsrgent plants enly. Appeundix 2 provides the list
of » liwited vuwber eof firus werld vide .who construct mmd
market speoialised ennipment for cutting, harvesting or other-
wise controlling . anuetic weeds. It i¢ hovever, mot known
whetinr auy of these machines have beoen eolfectively utilised

against the floating type weed of the Salvinia species.
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A notewerthy indigenous attemyt for the mechanicul
control of aguatioc weeds is the imnireduction of the "VARDUAMAN®
Aquatic Harvester recently develeped by ttarCatrnl institute
of Fisheries Tectmolegy (CIFY), Coonin (Veim, 1676). The cesign
kiow-how for commercislisation has veen released 10 N/5 Shree
Vardhsmen Industriasl Emgincering (Pvi) Ltd., Kolhapur,
Maharashtrs under 1icence throeugh tLhe Natimal Rescarch Develep=
uent Corporation of india (N.K.DeC)e. ibe eéuipamut (Flg.s) i
reported to be capable of hamdling LOLh subunerged und floating
type weeds effectively. The maehine is claiwed capsble of
clearing weed infested areas at tue rate of 1.5 to 2.0 hectares
per day of eight hours at a eost of 150 to 200 rupees per
heotare with a orew of four persens. The estimated vost of the
machine incindins the engine was reperted to be &.84000/-
(Kaimal, 1976). But the equipment has Rot yet beenm brought inte
puhlic use for wamt of farther nedificaticns to handle speei-~
fically the falvinia weed. The ctat of the 20 H.P equipwent
including nedification was subse.uently guoted at approximately
#5.1,80,000/~ (Samuel and Jaseb, 1977),

The State Coemittes for eradication of Sslvinia in Keralas
has taken the initistive im encouragimg lecul innovators in tw
deve!oprent of mechanical equipmont far harvesting the weed,
One such project sponsored Ly the Committes was that prosesed
by a local innovator from Xottayam censisting of a cuomveyor
systew meunted em two country boats snd ope¢: sted by a § H.P

diesel engine. The Coamittee had aleo sponsored a project fer
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developinz a harvesting machime through the P.¥.D of the State.
But neither of these projecis has pregressed snough to demen-
strate its potential usefuiness over manual methods of colleot-

iom.

As pointed out by Soulthorpe (1967), even mechanicel
oontrol of agquatic weeds has its own limitations viz: (1) there
is & risk of incompleie coverage of the infested area, (2) there
i1s a chance for reinfestation of seeds or vegetative rrsgments
thet eseape collection, (3) there is & need for frecuent
repetition of the treatment and (4) there is involvement or
high costs feor the labowr and equipment utilised ot resent.

The riek of incomplets coverage is mostly asseciated wi th the

use of rakes and conveyor systems where there is a tendensy for
the floating weeds to flow arousd tham bde oamght om the obetruet-
ion. Similarly, there is dmmger of regeaeration and reinfesta-
tion omly when the materials ars b¥okem up into fragmenis, due to
the action of muchanical componenis, whieh subsequently escape
collection, If the objective of any comtrol progrsume is ome

of manasgement of the weed and overceming its i1) effects rathey
than total eradicatiom, then, ae suggested by Velu (1676), twe
or three operations at sui tahle intervale would of ten keep the
worde undor control. Any sunbse uent utilisstion of the harvested
material would also provide additional jJjustification for such
repetition of treatwent. DNevelopment of more efficient machines,
incr ased entual vsages snd multiple use of the selected eyuipment

are srain roans of redu-ing the high eest of labeur and eulpment
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now invelved im mechanicel camtrol methods., Samuel md

vYacob (1877) have proposed s novel fluidimatien techmnicue teo
mininise tis esdverse effects of mechanicel contrel wmeasures
wherein a siotion type system is utilised far harvesting the
Salvinia weed. The technim iavolves the use of a conventien-
al irrigation puspset im combimetion with a hizh capacity water
Jet pump te draw-in md ;ump out the weed-water mixture without
allowing the weed materisls eltber te elaog the nriwary rumpset
or to be breolen up into frxagueats dwe to sny nechmical obstruot-
ions within tiv syste. The concept is further explained im
the subse. uent gectioms and forgy tihw basis for the develeopmert
méd evaluation of a 3alvinia hurvestimg machine attempted in

this 9!'0*9‘0

It iz true thot ne single eine ear Wpe of mschine can
possibly be effeotive under all ciroumstances because of the
different enviroumental snd ecelagissal conditions. iut mecha-
nical measures of weed camtrel have the greatest attractiom
that Lhe centrel cbtained is very quick md timt the weeds
thas harvested and wllecied can be put to use for several

qriailtnrd or indus:rial purpeses(Jdey, 1978).

2.6 Utilisati®

The icdea of offsetting the oost of harvesting the aquatie
weeds by finding some way of utilisimg the plant material has
been the main impetus for the develepaent of several weed pre-
cessing systems (Livermore & ¥Winderfimeh, 1969). Seulthorpe
(1967) nas mentimed varioas sethods of utilisation of the
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plants for horticultural, medieinsl emd other commereial
purposes. Beyd (1972) & Natiemal Acadeny of Beiences (1978)
have fwther reviewsd these wiilisatiom techniques for aquatie
weeds. They include sweh specific uses as mulches in gardem
lamds, for cempost making snd as live stook feed materials in
sgriculture and for purificestien of imdustrial waste, as paock-
ing santerial and as pulp for paper making in indusiry as well
as in generating biogas for energy produstion. As in the case
of other agquatic weeds, it has been found that Salvinia can be
effectively utilised as an organic fertiliser. The trials at
the College of Agriculture, Yellsrami, imdicate that compost
mad eof Salvinia is rieh in plaant nutrients (Joy, 1978).
Salvinia oan also bHe used as & mulch in ceconut or cocoa garden
as i» beingz practised im Ceylom (Menmen, 1971). The use of this
weed is alveacy contempleted by some industries in Kerals as
rav material rﬁr hardbonrds end as 8 poaking material for deli-
cate srticles like :less wares (Themas, 1979). It is stated
that poustic weeds mnight aiso ene dey provide 8 nevw source of
energy for Kerala. Laberestoery snd pilet plant level studies
bave alpo brought ont the trememdous petential for biogas gener-
stion from the harvested Salvimia wee: mass (Samuel ot 21, 1980).
In any case, the recovery of fuel frem squatic veeds evem if

on & small seale has tnteresting impliomtions, especially for

rural areas in the Jeveloping eeuntries.
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CBAPTEL IXX
MATIRIALS AND METHODS

3.1 Objectives

The overall objective of this project was to carryfout
studies toward the mechanical centrel of the floating type
aquatic weed "Salvinig molesta” (Africam ;syal) in Kerala.

The specific objectives were i~

1. to study the biological and mechanical properties of
the weed Salvinia with a view o eveolve design parameters

for use in mechanical comtrol and utilization technigues.

2. to assess the performanve of an experimental harvest-
ing machine designed to utilize the fluidization teclnigue
developed in the Kerala Agricultural University for

mechanical collection of this weed.

3. to develep a prototype Salvinia Harvesiing Machine along
with es:ential accessory units amd evaluatie its performanocs
tovards ecomomic viability smd flexibility of applications,

and

4. to imvestigate additional appreosches to improve mechanical

control as well as utilization of the weed.

Owing to time limitatioms, the study of biolbgical and
sechanical preperties of the weed were largely limited to the
review of literature. However, certain visual observations
md a'cditimal measurements were made on these properties to
the extent necessary. Effarts were concentrated om the secomd

and third objectives becanse of their topical importance.
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Consequently, investizations on the fourth objective had also

to be restricted.
3.2 Concepts utili sed

A simple and novel design condept is utilised in this
project for the mechanical cellection of Salvinia. This concept
makes use of a high velecli ty water jet to fluidize and pump
out the weed. The equipment compizts of a low-camt high-
capacity ejector device whieh, vhen used in ocombination with
a medium or high head (presswre) cemtrifugal pump utilises
the dﬁctarge of the said pump to suck an additional quantity
of water through the device (Fig.5). The pas:age of pump
discharge in the form of a high velocity jet of water csuses
the energy to be tramsferred to the stationary columm of water
present in the device. The movement of this otherwise statiom-
ary water with the jet, further results in drawing additional
auantities of water through the suction side of the e joctor.
The cuantity of wate: thus sucked into the ejector system may
be several times the discharge capacity depénding on the
discharge pressure developed by the eentrifugal pump. If now
the suotion mouth of ejector device is brought near to free
fleating weeds such as Salvinia, the induced flow of water
would exert mfficient suction foree to draw the weed mater-
ials also into the system. The weed, thus drawn-in is pumped

out as & fluidized mass.

A significant feature of this simple technigue is the
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fact thet it does not allow the weed materials to be drawn imte
the centrigugsal pump and cleg 18s casing. The technique alse
allows the uses of iny locally avatlable portavle engine, power
tiller or a tractor driven pumpsst ss the prime mover, whioh
permits a reduction of the fixed costs of operation to be

aprortioned to the maohine as a harvesting unit.

3.3 Preliminary studies

3,31, Experimental Salvinia Harvesting Machine.

In order to exsmine the applicability of the fluidizatiom
techninue outlined in the previous sectien an experimental
Salvinia Harvesting Nachine was designed and constructed (Plate
No.3). This machine censisted of three major o ompokents:

1. A light weight 8 H.P, 3600 r.p.m 'Greaves Lombardini'
Plesel engine coupled te a 30-110 f£t, head, 3600 r.p.m "TEXMO"

punp which was wused as the prime mever pump set.

8, A high capacity ejector device designed to suit the head
capaoity characteristies of the above prime mover (Appendix 3)
which wan used as the e jeotor system.

3. A specially designed small sized fleating platform
(Appendix 4) om which the [rime mover pumpset and the ejectoer

system were mounted.
The prime mover could be either mounted om shore or on

tie floating platform. In hoth cases, the ejector aystem was
plmed belew the water level. The delivery side of the prime
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PLATE, ;i  BXPERIMENTAL SALVINIA HARVESTING MACHINE
ON DISPLAY.
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mover wes connected te the inlet of the ejector system noz:zle,
using standard pipe pieces md fittings. There was flexibility
fa opereating the rrime mover pumpset either imdependently or in
oonbination with the ejecter aystem.

In operatiom, ﬁn the esntrifugal pump is started after
priming, water is drawva threugh its (primary) suetion pipe md
delivered forcefully te the nexsle ¢f the ejeotor system. The
nozzle converts the high pressure water to a high velecity jet
of water. This Jjet of water ndsca the statiomary water in the
ejector system t0 move with 18, 4An induced flow of water is
sisultenecusly created at the sjester (sesomdexry) suction and a
large volume of weed~water m. ie drawm in. The combined
flow 18 then foreed ocut Shrangh the delivery pipe of the ejector

systea,
3.32. Preliminary experimentst

The initial tests were comducted in 2 local pend (Reserveir)
sttached to the Panchayath Office at Memmuthy. In the first series
of experiments, the prime mover pumpset tegether with the sjectar
system was operated as a shore mounted unit, The vertioal
e jeotar sy stem which had a nozzle size of 33 mm diameter was
plased in such a way that the suctiom chamber remained belew the
water level., A flexible pipe was used for inser-cennectiom
between the prime wover and tiw ejector system. The ejector
sysier was operated at a 1lift of over one metre to reach above

the height of the drum into whioh the water was heing collected
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for measurement,

A 200 litre capacity oil drum was used for measuring the
discharged vwater. A stop watoh (Racer) was utilised to note the
time for filling the drum. A total of three sets of tests were
conducted in this series of which two sets of tests, each
repliocated thrice, were comducted to determine the primary flow
slone and the combined (primary and secondary) flow from the
pumping system., In a third set of tests, the secondary suction
was allowved te draw the weed also into the system. Readings
were takem on the time taken for the weed-water mixture to f1ll
the 200 litre drum. After each test tle weed material from the
drum was taken out by hand and weighted immediately im a drip-

dry condition.

In the second series of experiments, the prime mover and
the e jector system were mounted om the specially designed float~-
ing platform. The prime mover was fixed te wooden planks om the
platform. The e jector system was, as before, mounted, in a
vertical orientation, using & hinge unhanip- 80 that the suctiom
chamber would be below the water surface. 4An importint modi-~
fication introduced in the float meunted experimental Salvimia
Harvesting Machine, was that a 78 mm non-return valve replaced
the 50 mm flap type foot valve used im the shore mounted unit.
Acoordingly, the entire suction line wus alse changed to 75 mm in
size, In this maciine, the length of the inter comnection
between the prime mover and the e jeotor system was considerably

reduced which gave the additional advantage of reduced friotional
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losses between the contrifugal pump amd the ejector mos:le.
Observations on the performance of the fleating platfora were
made, Two sets of tcsis were also conducted to separately iuu-
the improvements in the primary flow and the secondary flow
obtained from the unit, Hewever, due to the absence of the weed
in the pond during the second series of experiments, the extent
of Salvinia colleotion possidle from the machime could net be

ascertained.

3.4 Main experimental programme.

3.41. Protetype Salvinis Harvesting Machins!

The preliminary studies mafe on the experimcmtal Salvinia
liarvesting Machime had given enesouraging results. An assessment
of the data showed that appraximately 13% by weight of weed
materisl can be pumped, by the adopted fluidization principle,
for 2 given rate of pumping. This im turn indicated that proto-
type sysiems bawed on this technigue counld beoome economically
viable. Aeceordingly, i1t was decided to develop a prototype

Salvinia Harvesting Machime for final perfarmance eveluation.

3.42. Depign oriteriat

The following design ceriteria were drawn up based on the

inferences drewn from the preliminary experiments.

1, The machine may have a 10 H.P power source, similar te
that of power tillers; generally accepted as a sul table size of
power to provide sufficient output capacities in small scale

operations.



2. The primary pump sheuld develop higher pressures than
that ebteined in the preliminary experiments so that the ¢ jeetor
system oan de designed fer higher fiev ratiocs.

3. The ajector aystes shemld avoid priming prebless mmd at

the sawe tiwme provide verious incremental heights of pumping.

4. The unit should fully Stilize the self .repulsion character-
istieas alrcady observed,

8. The unit should nezotiate narrow casnsle and st the same
time sheuld hwe sufficient stability.

8. The unit should de of lew-weight and easily dismantlable

to facilitate transportation améd testing at various sites.

T. The machine sheuld de made of leoally available materials

amd oapable of heimg folriested is a small workshop.

3.43. Main cemponents angd Assembly.

Hased on the design coriteris listed above, & 10 iL.F prote-
type Salvinia linrvestiing Mackine wmas dusighed (Appendix 3 & ¢)
and fahricated. The msohine comsinted of tic foilowing major
cenponents. '

1. Two § H.,P light weight dlesel engine pump setes (Lombardint'’
Nesel Fnrine ecouplad with 'Texmo' pump) eervimg as the prime
npover,

f. A floating platform of ti:s Catussran type (Appendix ¢)
with stresws lined fruniel ends and teslescej:ic sta:lizer fleats

on either side.
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3. A horizentally dispesed higher capacity ejector system
(Appendix 3) which was a modified version of the original device
utilised in the experimental umit,

The design procedure adopted for the prototype machine
was sirnilar to that of the sxperimental unit. A schematie of the
component layout, and sm fsemetrie view of the prototype machine
are shown in Figs. 64T respesatively. The two prime mover pumpsets
were connected im series (Plate 4) im erder that the additive
pressures of the individual punps eounld be obiained for the com-
plete system. Plate 5 shows the fleating platform on which the
prime mover pumpsets alepe have besn mounted., The constructional
features of the fleating platferm, were the same as those in the
earlier experimental unit. The pentoon however utilized larger
sizes of ecyclindrical barrels of 80 1t. eapaoity to obtain adeguate
buoysnoy and deck ares with ressenable preportions(3.6m leng amd
0.85m wide) in the overall size of the unit. Anéth-r unique
feature of the floating platform was its associated telescupio
stabilisers on Loth sides of the main bull for additional lateral
stability. The arrangement permitted fromtal ends of the
stebilizer floats also to be made cenieal in shape, A4 spring
loaded bumper made out of G.I pips (not shown in ‘he figures) was

provided at the front of the machine for added proteection.

The prototype o jector system(Pig.8), which hed & nozile of
size 20 mm, a throat of 78 mm and rest of the aomponents with
dimensions suitably preportioned, was mounted lomgitudinally,

below t.e platform. The ejector system was pivoted in the centre
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for ease of movement in the vertical plane. The entrance of
the weed-water mixture was through a 100 mm elbow fitted at
the end of the secondary suction. The elbow remained below
the water level with its open end facing the surface of the
water. The position of the elbow with respect to the water
surface could be adjusted by a socket and rod arrangement.
The discharge end of the e jector system was fitted with 100 mm
flexible extension pipe and G.I bends to deliver the weed~-
water mixture to any desired height(Plate 6). Threaded con-
nections were used for the extendable portions of hoth the
suction end delivery ends of the e jector system s0 that they
could be dismentled easily for inspection.

3.44. Accessory units.

In addition to the main harvesting mechine, certain
ac wssory units were also developed to provide greater swath
width of collection and to facilitate filtering, loading and
tronsportation of the harvested weed materials. They included
a gathering arm, a filtering system and a floating fence.

1, Gathering arw!: It was observed that at the suction mouth of
the harvesting mechine, the weed materials were drawn inte the
ejector system due mainly to the whirlpoel that was formed.

The influence radius of this whirlpool being limitted to between
30 and 50 em: . some external assistance was necessary to bring
the materials continuously to this influence ecircle. The
feeding was autometically accomplished when the machine was
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operated as a2 mobile unit. But, on operating the machine as

a stationary unit, the weed materiale had to be fed to the
suction mouth by encircling them with a rope and pulling the
two ends of the rope towards the machine. Vhen the weed mater-
ials present were scanty and highly dispersed, the collection
rate became drastically low in the former method. It was
thought that this situation could be improved if the materials
from a wider swath width could be gathered as the machine moved
forward. Accordingly, a gathering arm was designed and fabri-
cated, a schematic of which is shown in Fig.9.

This wes a V shaped angle iron frame which had an arm
length of approximetely 1} metres each and & height of 30 em .
The space within the frame was covered by means of weldmesh of
12 mm size. The gathering arm was fitted to the front end of
the machine. As the machine was propelled forward, the arm
gathered the weeds from a swath width of approximately 2 m.
The weeds thus gathe red were found sﬁtmucuuy being fed to
the suction mouth of the ejector system. This in turn greatly
improved the feeding process of the machine under conditions of
seanty weed populsation,

2. Filtering system: The eoriginal filtering system consisted
of a trapezoidal, perforated trough made of angle irom frame
and fitted with wirenet. It hed am open edge to which one end
of a suitably sized perforated platform was hinged. When the
weed materials were to be loaded to a couniry boat or unloaded

1o the adjacent shore, the unit was mounted in such a way te



ISOMETRIC VIEW OF
GATHERING ARM

Fig. 9. Isometric view of gathering arm



T — o —
«\7

face this open edge towards the boat or to the shore. When the
veed-vater mixture was pumped inte this trough, the water drained
off by gravity while the weed materials were reteined. 4s more
md rwore weed materiols sccumulased, they escaped through the
open odge snd slid along the slopping. platform into the boat

or to the shore in a drip-dry condition,

A modified version of the sbove filtering unit was develop=-
ed while conducting field tests ot Kumerakem. This modified
filtering unit (Plate 7) enabled the pumping of weed-water
mixture at zero head snd eliminated the prceblems of inadequate
filtering noticed in the previeus unit. The unit mainly consisted
of & U=-shaped oylinderical filter section wade up of flat irom
frame and fitted with wiremet. The frame wase extended vertically
to form a rvectangular enclesure keeping one of the sides cpen. |
The frome was also extended horizonislly and floais were fiited
at both ends. This enabled the filtering system te stay afloat
e8 e independent filtering unit. It also permitted country
boats to be easily attached or dis-engaged frem under the
filtering unit, After sttaching the filtering unit to the
countyy boat, the delivery pipe end of the harvesting machine
wes inserted to the bLottom end of the filtering section. Thus,
the weed muterials could be pumped at zero head into the filter~
ing section as opposed to the definite puwpiang head require-
mente of the original filtering system.

3. Floating fence: The floating fence(Fig.l0) consisted of a
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rectangular open top contaimer(2.75m x 1.2m x lm) made of

flat iron and wirenet. The frame work wes supported by floats
mounted on either side. The femce, thus formed could hold the
materials pumped into it as a floating island. The fromntal ends
of the fence as well as those of the floats were made conical

in shape to reduce resistance in forward motion. The speciality
of this type of unit was that large quantities of the weed could
be collected virtually at zero head and hauled to a different
site without the structure having to bear the weight of the

weed-materiale.

3.45 Test procedure:

The main experiments were in general devoted !

1. to study the ionorn performance of the prototype fleoating
platform. '

2. t0 determine the performance features of the coubination
of the prime wmover pumpset and ejecior sysiem such as the
primary flow, secondary flow and pressure developed ai
various sections.

3. to stady the physical properties of the Salvinia weed such
as its -prind density, bulk density etc. under actual field

conditions.

4. to study elternative approaches to feeding, pumping and
filtering of the weeds utilising the progotype harvesting
machine and determine the suitability of each and

6. to study potentinl disposal and utilisation techniques for

* v the weed.
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The test procedure followed was in general similar to
that explained in section 3.32. 7The maln experiments were
conduc ted in five stages at differeunl locations shown in

Table 4.

Table 4.  Site locations at which the main experi-
ments were condnoted,

Stage 51 te Location and distance
from the Headquarters

1 Local pond Near H.¢, 3 Kms.

2 Che ttupuzha kole land Trichur kele land,
&8 Kms.

3 Mancompu Rice Research

Statiou.
4 Hidangara water canals Kuttansdu regiom,

5 Kuwerakam Cocenut Resesreh 375 Kas.

Stati m

3.45.1 FPiret Stege testing - at Local pondt The 10 H.?
protetype falvinia Harvesting Machine wes first tested in the
local pond, Thie testing was done mainly to assess the geumeral
performence characteristics such as stability, bupyancy mmd
self propulsion features of the floating platform snd the fiow
rates and pressares developed in the prime nmover awd ejecior

systems.,

The machine was irausported, asing & 25 HF "Zgetor?
tractor and trailor, wiith its wmajor components disamantled inteo
separate sub-assemblies., Plate 8 shows (he mschine components

being unloaded from the trailer and the floating platforam

(=)



b) Floeting platform being leounched into the water

PLATE, 8. LAUNCHING OF SALVINIA HARVESTING MACHINE
IN LOCAL PORD.
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being first launched to the water. The ejector system was

then fitted (Plate 9 a) underneath the platform. Vith the prime
mover pump sets mounted on the platform and appropriate pipe
connections provided, the maechine was ready for operation

(Plate ® b). Duing the course of the tests there was only a
scanty population of the weed in the pond as it had been manualily
clesred earlier. The machine could therefore be tested bLoth
with and without the gathering aram.

3.45.2 Second Stage Testing - at Chettupuzha: In order te
assese the performance, inm elearing weed-infested paddy fields,
the machine was takenm 'u a site at Chettupuzha, in the kole
lemds of Trichur., The field had standing water of more than

1 metre deep. The weod waterials spposred to be in a packed
condi tion at the windeward cerner of the field.

The series of tests conducted at Chettupuzba site comsisted
of 1. spread density mneasurements 2. bulk deasity wmoasurements
3. pumping of Salviaia into country beat 4. pumping of Saivinia
directly to the adjacent vank 5, pumping of Salvinia to tie
shore through the eriginal filtering wnit 6. pumping of Sasivinia
into rleating fence under low head 7. pumping of Sealvinis inte
floating fence at zere lift condition. 8. pumping of Salvinia
inte floating fence ot neer zero head cendition end 9. pumping
of Salvinia into a fermentatien pond.

Test No.l. Spread density messurements:

For measaring the '"apread density' the weed pepulation



b) The machine moving as & self propelled umit
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was encireled by means of coir rope tied around poles fixed

one ntrq.upn;t. in thq field., The material present within
this ore sonare wetre area was menually cellected into & trough
with perforated bottom and weighed by means of a spring
balence. Samples were taken from three locations im the wind-
ward comer of the field havimg apparantly “ﬂonn spread

dengities. .

Test Neo.2. Yulk density measurements:

in order to cbtain umessurements of bulk density values
ef the weed under acimal field conditionz, 2 rectangular cage
of size 60 om x 50 cm x 100 cm was ocaitrutod using M5 rods
end wire nel materiasls. The cage whick had an epun top wes
menually filled (¢ ils full holght of 1 wetre and weighed
(Plute 10 by means of & spring belance after allowing
sufficient time for the surface water tnv be drained off by
gravity, Yeight of the full cage minus thai ol the cage alcne
gave the weight of 0,25 cum. of the weed from which the bulk

density was calculated.
Test No.3. Pumping of Salvinia into country boat:

Initially the machine was sttached te sn 8 tonne capaecity
country bhoet and woved forvard by puating. The weed material
pumped by the machine was collected into the boat through the
eriginal filtering unit., Fif. 11 shows a schematic of the
test eonfiguration in which the pumping height was fixed at
about 1.25 metres., This 1ift was required for conveniently un-
loading the material tirough the filtering system into the boat.



PLATL, 10, VUEIGHING OF SALVINIA VEED AT CHETTUPUZHA
S1TE.
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Only a single test was pexfermed in which the time taken to
£111 the boat was noted. S

Teet No.4, Pumping of Selivinia directly to an eadjacent bankt

The actual operations eof loading of Selvinie from the
trough into the bosat and tﬁblly unloading the same on to the
shere by manuel methods were found to be time cmsuming and
tedious ., Vence, attempts were nede to pump out the wead
materials direcily 10 the shore by fixing a wire nat fence along
the bhank and pumping the weed-water mixture over the net on te
the bank. This experiment was In the form of an observaticnal
trial in wileh no messurements were tLaken.

Test No.0, iumpiog ef Salvinia fo shere through the original
filtering unit:

In this tesi, the mpehine wus anchored near the shore
along with the filtering unit, The weed materisle were pushed
menually to the suetion mouth anéd pumping was nade dirvectly te
the trough of the filtering upits As the waoler was dkaincd the
relatively dry raterial was serapped down the sleopping platform
of the filtering unit %o the shore. The weed collected on the
shore was weighed for test durations of one minuvte cach.

Tesl No.0, Pumping of Salvinia inte the floating feunce at
low head conditiont

In this test the pumping of Salvinia wae made directly
inte the fleating fence; keeping the bharvesting machine station-
ary. The height of pumping wes approximately 80 em. The test

configurantion of the equipment involved was as shown in Fig.l2.



Fig. 11. Configuration of pumping of Salvinlj
into a country boat.

/FLO'ATING FENCE

| FLOAT

Fig. 12, Configuration of pumping of Salvinia
at low head condition.
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Repeated tests of one minute duration were made and the weed
collected in each test was separately weighed.
Test No.7. Purping of Salvinia into floating fence at zero
1lift condition!t
The configuration used in this tesi was as shown in Fig.l3.
The zero 1ift condition was obtained by extending the discharge
pipe of the previous test configuration vertically downwards to
reach the water surface inside the floating femce. This way it
was expected that inoreased discharge capacity could be oLtained.
Only sn observational trial was conducted with this configurat-
ion.
Test No.&8, Pumping of Salvinie into fleating fence at near
sero head condition.
ihe configuretion of the gystem in this test was as shown
in Fig.l4. In order to obtain the requireé ncar zero head
condition, an eopening was ueade on the rear side of the float-
ing fenca, The herizemtal discnarge cipe of tne ejecior system
wag extended and inserted inte this ocpening after removing the
hends and vertieal extension pieces (Plate 11). Thas, the dise-
charge pipe remained at the water level, providing an essentially
zero head condition,
Test No.9. Puuping and disposal of Salvinia into a fleld fer-
meniation pond!?
Exiensive handliung was 1nvolvod in transporiing and un-
loading the weed materials collected in the flosting fence. It
was felt that much of this hamdling cenld be avoided if the
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Fig. 13. Configuration of pumping of Salvinia
at zero lift condition.
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material could be disposed in one comer of the field itself.
This was accomplished by constructing a wirenet enclosure to
serve the purpose of a field fermentation pond and pumping the
weed materials into this enclesure. T e onclosure was con~-
ntnou*n that carner of the flooded paddy field where the
weed had naturally accunulated being blown by the wind. The
machine was anchored neer this fermentation pond and the weed
was puaped inte it virtually at zZero head condition. 4s the
weed-water mixiure was pumped into the enclosure, the water
was drained through the wirenet into the surrounding area vh;lo
the weed materials remained inside the enclosure. For feeding
the material to the steti anery machine, the weeds were encircled
by meane of & rope and were gradually fed to the inlet of the
machine by pulling the two ends of the rope together. The
enclosure constructed was 16 m x 8 m x 1i m in size. The wire-
net enclosure was later replaced by coeonut cadjans and baaboo
thatties with a view to economiming on the cost of constructing

such fermentation ponds.

3.45.3 Third Stege Testing « at Mancompu: After the field tests
at Chettupuzha in the kele lands it was decided thal the Salvinia
Harvesting Machine should be further field testied in Lhe Kuttanadu
region also. The reasons for this decision were that (1)
Euttanadu region is one of the most heavily infested areas of the
state (2) in this reglon different habltets and growth stages of
the weed are encountered and (3) testimg the machine in this area

would yield additional information on the economics of 1its
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operation smd the public reaction to its use under actual field
conditions, The wachine was therefore transported to Mamcompu
Rice Rescarch Stetion using a 55 H.P "Hindustan" Tractor and
trailor. At thies site, the mschine was tested again in a paddy
field which was rather lightly infested by the weed.

3.45.,4 Fourth Stage Testing - at Kidangare: The Selvinia
Harvesting Machine was aiso tested at another site in Kidangara,
11 Km. from Mgncompu. ‘The shifting of the egquipment was accom-
plished by operating it as & self propelled unit.

At Kidsnpgoera, an ettempt was made to fabricate a second
prototype Salvinia Harvesting Machine (Plate 12) utilising two
country boats of approximately three tomme capecity each, to
serve as the fleating platform. 7Two additional pumpsets identi-
e2l to those used in the original preototype harvesting machine
were used in this set up. The ejector system was of the verti-
eal type initially used in the 5§ H.P experimental Salvinia
Harvesting Mechine. ‘he throetl size wae kept at 756 mm and the
nozzle was arbitrarily chosen to have & size of 25 mu which was
already avallsble., The ejecior system was mounted velveen Lhe
boats end fitted with 150 mm PVC leng radive bend at the delivery
end. The whole machine was intemied as & stebdby unit during
demons trations.

A public denonsirotion of the float mounted mmit was alse

carried out at the Xidengars site. The mechine was opernted at

gero head and the weed pumped into field fermentation ponds
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which were comnstructed with coconut cadjans and poles by the
side of the canal adjoining the publie road.

3.,45.6 Fifth Stage Testing-at Kumarakem: The premises of the
Coconut Research Station of the Kerala Agricultural University
at Kumarsakam consist of inter comnected water channels of
different sizes and bunds on which peremnnial crops are plented.
The channels are severely infested by the Salvinia weed every
year which inturn provided a favourable site condition for field
tests. The station was therefore selected for the final series
of tests with the Prototype Salvinia Harvesting Machine. The
spread density values of Salvinia in each of the channels,
which were to be cleared, were measured initially. The 'field
fermenteti on pond' method of weed clearance was adopted. A
sui table corner was selected for comstructing the pond so that
weeds from different channels could be gathered individually
and fed to the Salvinia Harvesting Machine. The fence for the
fermentation pond was constructed by wooden piles tied with
coconut cadjans. The weed population in individual channels
were then cleared with the machine. In each case, the area of
the channel and the time taken for the clearing operation were
noted. Additional tests were also carried out at Kumarakam
to confirm earlier tests om the percentage of weed collected
for a given rate of pumping. A country boat was utilised to
collect the pumped weed-water mixture. The weed and water
thus collected over a period of 60 seconds were manually

separated. The weight of the weed and volumetric measurement
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of the water were separately taken. The diesel consumption
of each of the prime mover pump-sets was also noted.

Finally the modified filtering unit(Plate 13) which was
eonstructed to facilitate sutomatic filtering and loading of
Sglvinia into country boats was tested at this site. The test~
ing programme, which had extended to a period of over one
month was concluded with a final demonstration of the equip-
went to the Vice-Chancellor of the Kersla Agriculturel Univer-
sity.

Owing to time limitations, experiments relating to the
formation of compost in the fermentation pond as well as on the
utilizati on of the Salvinia weed for biogas production and hard
board paper making could not be taken up.

3.5 Economic Analysis

In order to assess the economics of operation of the
Salvinia Harvesting Machine, data regarding fixed and variable
costs of the machine were either uﬁrtdud or c;loulntc"’f from
direct measurements. The latter guantities included notk\ﬁg
spread density values, field capacity of the machine and fuwel con-
sumption rates. The operating cost of the machine was thQn &n-
culated by Standard wethods using the above values -d.q»pio- X
priate assumptions on a per hectare basis as detal led in k

Appendix 5.
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 Preliminary Experiments

4,11 Shore mounted unit.
The results of the preliminary experiments im which the
prime mover pumpset was operated as a shore-mounted uhit along

with the vertical ejector system are given in Table 5.

Table 5. Pumping rates of shore mounted 5 H.P Frime mover
pump-set with vertical ejector system at a static
1ift of over one metre.

Tri- Speed Fres- Primary flow alone Primary flow +
al of sure Secongary flow
No. prime N ,

Vater o, . Rate of Water . _ Rate of

mover
colle~ teken pumnping colle~ t&“pnpiu

(na cted cted
(repom) om2) (1t) (see) (l.p.m)  (it) (sec)(l.p.w)

1l 3300 2.0 200 27 440 200 11 1690
2 3300 2.1 3200 as 480 200 16 1200
] 3300 2.08 200 28 430 200 10 1200

Average rate of flow 450 1163

It may be seen from the table that the primary flow obtained
was Of the order of 450 l.p.m at a discharge pressure of
2.05 kg/em2. It is to be moted that as per the head-capacity
perfarmance o{ the pump, calculated for 3300 r.p.m from the data

supplied by the manufacturers, the best efficiency values were



440 l.p.m and a head of 24.8Tm. Again, the values determined
for the pump for this speed, in the test comducted at the
Engineering College, Trichur, were 460 l.p.m and 25n as shown
in Fig.15. Therefore, with s primary flow of 450 l.p.m, we
can reasonably assume that the pump was operating at its best
efficiency point and that the nozzle design has given satis-
factory performance. The combined flew which includes the
primary flow from the prime mover pumpset and the secondary
flow drawn-in by the ejector systm was of the order of 1163
l.p.m. This in turn gave a capacity ratio(M) for the ejector
system = (1163-450)/450u1.6. This value was lower than the
designed cepacity ratio of 2 explaimed in Appendix 3 A. The
difference in performance is attributed to the low input head
received by the ejector system on account of losses, in the
cenven tional feot valve and excessive length of delivery pipe

used for the prime mover pump.

The results of the test conducted om the rate of pumping

of weed materials is shown in Table 6.

Table 6. Rate of pumping of weed materials with 5 H.P
prime mover pump at a static lift of over
one metre.

Trial Speed of Pressure Time Veight eof Rate of
No. pumpset weed pumping of weed
(r.pem) (kg/om2) (gee) (xg)  (xg/mt) (1/nr)
1 3300 2.08 10 10 60 3.6
2 3300 2.10 10 15 90 5.4
3 3300 2,00 10 18.5 111 6.7
4 3300 2.00 10 17 102 6.1

Average rate of pumping 5.8
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It may be seen from the tadle that the time taken to fill the
200 1t. capacity drums was a flat 10 szcends in all the four
trials which was again identieal to that obtained in Table 5.
This indicated that whether it was water sleme or the weed-
water mixture that was pumped, the volume rate of flow vwas
being maintained. The tsble also shows that the quantity of
weed collectiom varied from 10 to 18.5 kg. within this 10 secoand
period. This in tum indicates that there can be substantial
influence on the rate of weed materials pumped by the methods

of feeding provided at the inlet.

It is unfortunate that the volume of water remaining im
the drum was not measured at the ond of each test in this scries.
However, taking the bulk density (weight/volume) value of
Salvinis from the table 12. te be 400 kg. per cubic metre, the
volume occuplied by the collected weed as well as the quantity
of water remaining in the drum cam be calculated. The calcula~
ted values are tabulated in Table 7. This table also 3. .ows
the quantity of weed collected both as percentage of the
weight rate of flow of the weed-water mixture and ef the water
alone in the mixture. The rmge of values cbtained is from
S.4 to 12%., Table 8, shows the rate of collection of weed as
a percentage of the weight rate of total flow and secondery
flow obtainable from the system. The values obtained varies
from 5.2% to 15.6%. Of the various percentages given in
Table 7T smd 8, the one based on the secondary flow if water
alone were [ umped by the ejector system appears to be of

greatest interest. The range of percemtage rate of collection



Teble 7. Volume of weed and water in the weed water mixture along
with percentage rate of collection of the Salvinia weed.
S1.No. Veight of weed *Calculated Calculated Percentage of collected weed
in 200 1t. of volume of volume
weed-water weed in the waight of Based on wt. DBased om wt.
mixture for 10 mixture water in of weed water of water alome
sec. time the mixture mixture in the mixture
(xg) (1¢) (1t/xg) (%) (%)
1 10,0 28.0 178.0 8.4 8.7
2 15,0 37.8 162.8 8.5 0.2
3 18.8 46,3 153.7 10.8 12.0
4 17.0 42.5 157.5 9.8 16.8
Average 0.4

#Bulk density of weed = 400 kg/cu.m

6L




Table 8. Percentage rate of collection of weed based on
weight rates of total flow, amd secondary flow
from the e jector system.

S1.No Weight of weed Percentage of collected weed
collected

Based on total Based on

flow of 19.4 1t/ secondary flow

sec. from Table 5. of 11.8¢ kg/
sec.from table 8.

(xg/sec) (%)
1 1.00 5.2 8.4
2 1.80 7.8 - 12.6
3 1.88 9.6 ~ 16.6
4 1.70 8.8 14.3
Average 7.88 14.3

0%
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ebtained on this basis is from 8.4% to 15.6%. Such a result
was encouraging enocugh to go ahead with the fabrication and
testing of the experimental Salvinis Harvesting Machine as a

float mounted unit.

4.12. Float mounted unit.

The catamaran type floating platform was found to give
adesuate floatation as per design cslculations. The unit was
hirhly stable with the stabiliser floats extended and had omiy
sinimum rolling effects. The platform had sufficient deck area
to accomodate the prime mover pumpse! and e jector system. It
el so had spece for the operator to conveniemtly start the engine
as well as guide the platform during motion. The discharge of
water from the ejector system in a horizontal direction was found
to propel the platform due to the jet reaction on it., fihe
hinge arrangement enabled the vertically oriented e jector
system to operate at different heights of pumping. For obtain®
ing the maximum possible discharge and cmseguently the highest
forvard speed it was considered desirable to keep the e jector
system in a horizontal aktitude. The position of extendable
arms prevented the provision ef camical shape to the irontal
ends of the stabiliser floats. Some arrangement to circumvent
this situation was considered desirable. It was also felt
that the free board provided im the design did not provide
sufficient margin of safiy to allow for damage of a few indi-
vidual drums or to accomodate additional weights in terms of
maicrials or persons on the deek.

The results obtained in the two sets of tests comducted
vith the float mounted machine are consolidated in Table 9,



Table 9. Pupping rate of prime wmover pumpset snd vertical ejeoctor
system (mounted on a flouting platform) at a static lift
of over one metrs,

Trisl Speed of Pressure Primary flow alone Primary+Secondary flow
No. prime (Pa) (Ist set) (2nd set)
wover Y « 0 me Rate of Qty.of Time Late of
water pumping water puampi
(r.p.m) (kg/om@) (1t) (sec)(l.p.m) (1t) (sec) (l.p.:g
1 3300 a.1 200 23.8 511 200 9 1333
2 3300 2.2 300 28 480 200 T 1714
3 3300 3.1 300 24 800 200 8 1500
Avcrage 4987 1518

28
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In this series the average rate of flow obtaine: from the
primary pump and the combimed flow obtained from the ejecter
system were 497 l.p.m and 1515 l.p.m respectively which

were higher tham those obtained in the previous series of
experiments. The flew ratio in turn improved from 1.6 to
2.05 which was even a shade better than the designed capa-
city ratio of 2. This improved performance is attributed
partly to the reduction in the friction lesses in the primary
pump suction and éischarge line. It may also be due to the
probable lower total head at wiilch the ejector system operat-

ed as compured to its design head.

4,2 Mapin experimental programme
4.21 PFiret stoge testing-at lecal rond

4.,21.1. Assessment of prototn& floating platform: The plat-
form had sufficient floation and could easily accomodate two
operators in addition te the prime mever pumpsets and ejector
system at a time. The freebeoard at this cmmdition was more
than half the di smeter of the maim floats. The platfiorm was
capable of accomodating a maximum of eight persams at near
full sinkage condition:. The catamaran type design was found
to be quite stable enabling the operators to move freely om
the platforme The rolling aad pitehing effects were consider-
ably minimised dw to the -nmn.& floats and th saort
overall length respectively. Decause of the locatiom of the

suction pipe away from the longitudinal axis there was a



tendency for yawing of the platform during forvard motion which
had to be corrected by means of paddles. Vhem the prime mover
pumps worked at full stream the machine could move as a self-
propelled unit at more tham walking speed utilizing the jeil
reaction of the discharged water. Directiomal control of the
equipment was also easily possible by deflecting the directiom
of the discharged water either by paddles or by the use of a
loosely fitted long redius bend at the delivery end of the

ejector system.

4.21.2. Performance of the prime mover pump sets and e jecter
system: The data relating te the pressure developed by the
prime mover pumpsets end the pw;hplag rates obtsained from the
prototype machine are shown in to.blc 10, The primary flow
obtained was of the order of 507 l.p.m and the fombined flow
obtained from the system was of 't!u order of 1957 l.p.m. Thus
the addition of a second 5 H.P pumpset t0 the experimental
machine (which had a 5 H.P pumpset as the prime mover) enabled
the flow ratio to be raised immediately from 1:2 to 1:2.86. It
is true that the series comnection of the prime mover pumpset
enabled the input pressure to the prototype ejector system to
be of the order of 45 wmetres. Although this value is more thanm
double the corresponding value for the experimental unit, the
flow ratio did mnot increase from 1332 to 1:4 which might normally
be expected, but remained at less tham 1:3. This reduction im
the flew ratio is attributed to the decrease in efficliency

inherent in ejector gsystems at higher flow ratios. It may be

84



Table 10, Pumping rates of Prototype Salvinia Harvesting Machine
at & static 1lift of one metre.

Trial Pressure developed Speed Primary flow Primary+Secondary flow

No. e Fal Fa2  Set.l Set.Z (ly.of Time Hate (iy. of time THate
water water

(kg/om?) {(repem) (1t) (seo)(1l.p.am) (1t) (sec) (1.p.m)
1l 0.34 2.7T5 4.8 360C 3600 200 24.5 490 200 6.3 1908
2 0.33 2.7 4.4 3600 3600 2300 23.0 521 2G0 6.0 2000
3 0.34 2.8 4.6 3650 3600 200 23.5 510 200 6.1 1967
Average 5GT 1957

[Rg)
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noted that substitution of the new area ratio of 0.07 for the
ejector system into equatiom 1 of Appendix 3 yields a flow ratio
of omly 1:2.85 which has actually been obtained and even exceeaded;
thms verifying the design calculations. The improvement im per-
formance over the designed flow ratio may in turm be atiributed
tokvo factors. Ome is that with s incroassed jressure of

4.5 kg/os2 for the series cemmection of prime mover pumpsets,
the actual input head received by the ejector noz:le would have
been more thani the design value of 40 metres. The second factor
is that at a static 1ift of one metre, the jet pump would have
operated at a lower total head than the design best efficiency
head of 4 metres. This in turn justifies the assumptions nade
in the design calculations of the sjector systes. Perhaps the
perfornance could have teecn evem better i1f pipe fittings of size
125 or 150mm were used on the discharge side of the e jector
system which would have further lewered the total head for the

ramp for a given static lift,

4.21.3. Assessment of gathering arm and original filtering unit:
The local pond had been cleared off the weed manmually before the
protoiype machine wag got ready for testing. Hence, data en
naximum weed collection capacity of the machine could not be
taken at this site. On the ether hand, it affordeé am opportu-
nity to assess the performance of the gathering arm and the
original filtering unit. The gathering arm already suowa inm
Fig.9 was found to effectively defleot the scanty weed popula-

tion present in the pond from a swath width of about 2 metres
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towards the suction mouth of the ejector system. Hardly amy
piece or fragment of the weed material could escape beyond the

suction mouth into the passsge betwveen the central floats.

The weed-water mixture was pumped into the filtering unit,
by the use of two long radius bends and a 40 om vertical extea-
sion piece fitted to the delivery end of the ejector system.
This in turm provided the renuired height of pumping. The wvire
net on the trough permitted the draining of wetexr by gravity
while retaining the weed material within the trough. iiecause eof
the em~-rush of the weed-water mixture imto the treugh, there
was no problem of clogging of the wire met. but, the forward
propulsion of the unit was considerably aifected a: the
energy of 1 e discharged water was cdireetly dessipated in the
filtering unit which was integrally cemmected to the uarvest-
ing machine. Since there was no boat avallable at Land further
tests on the performemce of the filterimng umit could not e
conducted at this site.

4.22 2néd stage testing-at Chettupuzna
The results of test No.l at this site relating to spread
density reasurements ave givenm im Tahle 1l.

Table 11, Spread density of Salvinia at Chettupuzha,

kole lands.
Trial No. Area covered ‘3lght of weed Spread density
(sq.m) (xg) (kg/m2)
1 30 30
2 1 20 20
3 1 25 26

Average 28
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The averaze spread demsity of 25 kg/m2 was more tham 3
times the value obtained by Samual & Jacob, (1979) under still
water canditions when the horizontal water surface was almost
covered by the weed material. The variation botween the two
figures can, t0o a8 large extent, be accounted by the fact that
at Chettupuzha the weed materials were in e highly packed
condition owing to the strong winds prevelent at the site during
the period of testing. It aleo shows the exteant to which Ssl-

vinia cam be packed by the asction of strong winds.

In Test No.2, bulk density measurements were made by means
of the wire net cage described in section 3.,45.2. The results

obtained are shown in table 12,

Table 12. Bulk density of Salvinia weed

Trial Veolume Velight of Weight ef VWeight of Bulk density

No. of cage cage cage+weed weed only
(m3) (xg) (xg) (xg) (kg/m3)
1 0.28 7 107 100 400
2 0.25 7 112 106 420
3 0.25 7 98 21 364
4 0.25 1 109 102 408
Average 398 B 400

The average bulk density value of 400 kg/w3 makes the
relative bulk density to be 0.4 and indicates ths enormous
bulk of the material to be handled whenever transported in

an as-harvested condition.
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In test Neo.3, a country boat was attached to the Salvimia
Rarvesting Machine and the weed was cellected imnte the boat with
the help of the erigimal filtering unit. Since the filtering
system was alse attached integrally to the harvesting machine the
latter could no longer be eperated as a self preopelled unit. The
wiole' set~-hp was, however, made mebile by manual punting. In this
method of collection, it took sbout eme hour to fill the beat
completely and it is presumed that sbout € tonnes of material were
0c0llected. This gave a harvesting capacity eof spproximately 6

tonnes per hour for the machine.

A few major disadvantages were neticed in this methoed of
collection. Firstly, it was neted that the weed material being
;ot, 414 not easily slide on the platform between the trough and
the boat and had te be mamually pushed imte the beat. Another
disadventege was that 1t toek censidersble labour te wnload the
weed material from the beat to the bank of the floeded paddy field.
It was therefore, felt that the filtering unit should be improved
to enable relatively dry material to be received into the boat and
that s this should as far as possible be ascomplished autematica~
1ly.

In test No.4, the harvesting machine was used as a statiemary
unit and the weed materials were directly pumped to the shore. The
weed-water mixture flowing im very large quantities caused comsider-
able soil erosion on the banks. It also upset the femcing that was
provided te retain the weed material. The yik method of direct
pumping of weed-water mixture om te the shore was t'ms found to be

totally unaceceptable.
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In test No.5, the machine was again anchoured near the shore
snd the weed was pumped into the filtering unit from which it was
directly unloaded to the bank by seraping it down the slopping
platform. The results of tlroo‘ such trials, each of one minute

duration, are given in tadble 13.

The average rate of collection obtained was of the order of
6 T/hr. This result further substantiated the esrlier es:essment

of rate of collectiom into the cowmtry boat.

In test No.6, the weed-water mixture was pumped directly imnto
a floating fence desoribed im ssotion 3.44. The results are given

in table 14.

The average Salvinia pumping rate of 9.2 ’f/hr. obtained in
this test was 50% more than that obtained im the previocus test. The
increased rate of pumping obtained cen be partly attributed to the
reduction in the height of pumping amd the fact that the eperatoers
were by that time sufficiently experienced to provide consistant

feeding of we:d materials to the suction mouth of the ejector system.

In test No.7, vigsual ebservations were made on the pumping of
Salvinia into the floating fence at xere 1lift conditiom. The
extension of the discharge pipe by means of an elbow and short
piece of flexible pipe did not seem te improve the pumping rate
possibily because the reduction in the static 1lift was compensated
by the frictional lesses in the additiomal fittings utilised. Ko
specific measurements were taken, since it was felt that a better
way to obtain zero 1lift condition would be to remove all the bends
and elbows and instead extend the horizontal discharge pipe of the

ejector system directly into the floating fence.



Table 13. Kats of purping of Salvinia to the hank through
filtering unit, at e stalic lift of 1.4 metres.

Trial Speed Mecharge  Time veed Kate of
Yo fet.1 Set.2 prossurc takten coilected collection
(repes)(r.p.m) (kg/omd) (sec) (kg) (kg/mt) (7/nr)
1 3600 3600 4.56 60 103 102 6.1
2 3600 3600 4.80 60 24 %4 5.6
3 3600 3600 4.46 w0 110 110 6.8
Averags 6.1

16




Table 14. Rate of pumping of Salvimia into floating
fence at a statio 1lift of 70 cus.

Trial DNischarge Speed Tiwe liged Rate of pumping
Ne pressure Set.1 Set.2 taken <cellected
(kg/om2) (rep.m) (seo) (kg) (xg/mt) (T/nmr)
1 4.5 3600 3600 L 14] 148 148 8.9
2 4.38 3600 3600 60 358 156 9.4
3 4.45 360¢c 38800 [ 163 153 9.2

Avirage 9.2

[ Q]
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In test No.8 the sbove alterations werq-ade and an essentially
zero head condition far pumping of Salvinia was obtained. The

resalts of this test are given im Table.l5.

The average pumping rate of 18 T/hr. obtained was the highest
among all the previous tests and was almost 100% more than that
ohtained in Test Ne.6., The increased rate of pumying obtained cam
be attributed to the combined effect of several favouraile factors.
It is knowm that low area retio ejector systems have relstive flat
head~-capacity characteristics. Aa'calparod to test No.6, the
removal of two bends would have caused a further reduction inm the
total head by atleast 1.20 metres(0.70m static lift + 0.25 metre
friction head for eech bend). This im turnm would have substantial-
ly increased the secondary flow rate and oonseguently the quantity
of weed drawn-in. The fact that drestic changes in the directioa
of the flow could be avoided, comsecuent to the removal of the
bends, wonld have faurther influenced im increasing the preportioas
of the weed in the weed~water mixtuwre. Im this test, the eperators
had also made every effort (a) to provide uniform feeding and (b)
to make proper adjustment of the pbcitton of the suction mouth of
the e jector system from the water level both of which, it appears,
had a profound influence on the performance. Since the discharge
pipe from the e jector system wes operatimg at zero 1lift, it was net
nossible to measure either the volume of wate: in the weed-water
mixture or the secondary flow of water alone, in this test.
However, taking the maximum percent:ge of 15.6 in the rate of
pumping of Salvinia obtained in Table 8 (this percentsge was

farther suhstantiated in the results of tests at KumarakQm) the



Table 18, Rates of pumping of Salvinia into floating fence
at nerr zero head condition.

Trial Discharge Speed Time Veoeod Rate of collection
No. pregsure Set.l Set.2 collected
(kg/clzj (r.p nm) ('ch \kg} ‘kg/{n) (T/hr)
1 4.48 3600 3€00 60 384 264 15.8
2 4,80 360C 3600 80 317 317 1v.0
3 4.5¢C 360G 3600 60 220 320 19.3
Average ao7 18.0

%6




secondary flow of the system could be estimated to be
(307x100)/15.6 = 1968 l.p.m. This im turm show that the flow
ratio had changed from 1:3 te 1:3.88 for the ejector system.
Thus, the test convincingly shows that the Salvinia pumping
capacity of the ejector system is sensitive to changes in the
total head. Therefore, it is felt that for best perforsance the
e jector system should be operated perferanly at zero lift with
no drasfic changes in the directions of flew. Further, the feed-

ing rate and posi tioning of the suction mouth should be optimal.

In test No.®, which was the fimal test conducted at the
Chettupuzha site, efforts were directed to clear the weeds present
in the entire jpaddy field and concentrate the weed material inteo
a field fermertation pond. Durimg the course of this wark a
triangular shaped weed infested area of 5,100 square metres wuv
cleared in eight and a half workimg hours over a period of two
days. This in turn afforded a chance to directly assess the
field eapacity of the machinme imn terms of hours required to clear
a unit area which worked out to be 8,5 x 100 x 100 + 85100=16.7
hours/ht (0.06 ht/hr). Assuming that the spread density was of
the order of 250 T/hf., this meant that the machine had achieved
en average pumping rate of 14.97 T/hr. Plate 1l4. shows the
fermentation pond filled with Salvinia easily supperting the
weight of a person standing over the material. The testing work
was concluded at this site as there were mno more weeds left im
the paddy field.

4.23 3rd stage testimg-at Mancompu:

The Salvinia Harvesting Machine including the accessories
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such as the gathering arm, filtering vnit and the fleating feance

was transported im a dismantled camdition to Msncompu using a
tractor and treilor. It was ebserved that the emtire equipment
could he unloaded and reassembled at the site in a matter of ome
and a half hours time. The machine along with the accessories
was moved to the testing site as a self propelled unit. Measure-
ments of only one trial was taken in two days of working with the
machine at this site. Salvinia was yumped into a fermentation
pond constructed similar to the ome at the Chettupuzha site. An
area of 17x78mx1326 square metres was cleared off weeds within

a duration of 44 minutes. This gave a fileld capacity of 0.18
hects/hour which was considerably higher than thet obtained at
the Chettupuzha site. Bat, it may be loteé thet the infestat-
ion was very light in this particular field. Assuming that the
spread density of infestation at this site was appFoximstely

1/8 of that at the Chettupuzha site, the machine performanoce
would work out to, 15 T/hr. whieh is again consistant with the
corresponding figures obtained at Chettupuzha.

4,24 4th stage testing-at Kidangara.

After the testing progracme at Mancempu, the harvesting
machine was shifted to smmother site at Kidangara nearly 11 Km.
from Mgncompu. The shifting of the machine was acocomplished by
operating it as a self prepelled unit. It took about 2{ hours
te reach the proposed teating site. From this distance
and the time taken, the speed of the self propelled unit
was calculated as approximately 4 kilometres per hour. During
this peried the oil consumptiam by the engines was noted as

4 1itres each. Hence, total diesel comsumption rate of the
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mactine was estimated to be at 2.92 1t/ /hr.

The testing work at Kidangara was mainly confined to assess-
ing the performance of a second prototype har  esting machine con-~
structed to serve as a standby unit during public demonstrations.
It was chserved that the use of the country boats made the unit
rather unwieldy with excess length thak that was recuired. The
output from the ejectar system was moticeably lower than that
obtained in the first prototype harvesting machine, mainly
because of the wmis--matched noz le snd the relatively large punp-
ing height employed. Conse uently, the pbpulsion speed obtained
from the system was also appreciably lewer than that of the
float mount.d unit. In general, experience with the country
boat mounted unit indicated that the noz:le design should be
precise to obtain satisfactory performance in the ejector system

and that such harvesting units do mot permit atiactment of load-
iag boats easily.

The demenstration work of the fleat-mountied unit, pumping
Salvinia at 7ere head condition inte temperary field fermentat-
fon pond, was well received by the publiec. Large crowds assembled

througzhout the day te witness the demomstration of this movel
egquipment.
4.25 Sth stage testing-at Kumarakam

The spread density measurements, from wach of the sevea

chennels from which Salvinia was clearsd, are given in table 16.

1% may be seen from the table thet the average spread

ity values varied from 11.60 te 20.16 kg/u? a in the field
dens

{ 'mnﬁlg to a site averare spread density value of
ohanne



Table 16. Spread density of Salvirlia In field echannels
et Kumarakam.
51, Piot Spread demnsity meagurenents. ‘ Average
No. Ne., Veight in kg of sample collected from in® area spread
: , . density
Sample 1 Sample 2 Samyle 3. Average (ke/u2)
1 A 10.00 9,73 10,80 10.08 20,16
2 AX 8,50 8,45 g.00 8.58 17.16
3 A2 T7.35 578 4,50 5.80 11,60
4 A3 2.00 8.50 8.25 8.25 17.50
5 A 8,00 6,00 5.78 6.58 13.16
6 Ad/2 8.28 8.75 4,80 8.83 17.66
7 A8/2 7.26 8,75 C 00 8.33 16.66
8ite average 16.20

66
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16.2 kg/m? o 162 T/ht. In as much as the weed occupied the
entire water surface in these channels under still watcr conditions
(not subjected to wind actiem) the above figure rounded to 160 T/ht
may be taken as a representative value for the completed first

phase of growth of Salvinis under the “uttanadu comdition.

The results obtained in regard to weed clearance gests from
individual field chamels are given in table 17. It may be noted
from the table that the harvesting capacity of the machine varied
from 13.4 to 19.6 T/hr. giving a mean value of 16 T/hr. Inis
result is somewhat lower tham the highest average harvesting
capacity of 18 T/hr. measured at the Chetiupuzhs site. Consider-
ing the fact that while at the Chettupuzha site the tesis were of
short duration end the feeding rate bette; controlled, the test
duretion were longer and the feeding rate was less controlled at
Kumarakam the two values may be takem as comsistant. The more
conservative figure of 16 T/hr. may thus be taken as a represent-
ative value for the harvesting capacity of the 10 li.P prototype

machine for continuous working.

During the course of thse abeve tests, measurements were
also taken to obtein an idea of the extend to wuich the weed
materials wer~ packed by manual pushimg. The values obtained are

given in table 18.



Tahle 17. Results of weed clearance tests at Kumsrakam

Trial Secmdary £peed of Plot Plot ressarements Time Average larvesting capacity
No, pressure pumpset Neo. taken spread
Set.1 Set.2 Length “1dth Ares density

(kg/om2)  (r.p.m) (@) (=) (m3)  (mt,sec} (ku/m?) (ur/mi) (at/mr) (T/nr)

1 4.30 3600 36611 A 154.3 4.70 725,21 62,30 2r .16 14.25 2.07 14.27
2 4.48 36006 3606u Al 38,7 4,60 182.82 Y0 17.16 8.67 0.12 19.60
3 4.45 36006 3670 A2 136,50 4.6C 614.28 23,5¢€ 11.6¢ 6.61 0,18 17.81
4 4,50 360C 36{C A3 138.5 4.20 573.30 44,40 17.50 12,88 0,08 13.40
5 4.3C 3600 36¢0 A4 136.,5 4.28 B578.00 29,30 13,16 8.50 0.12 15.29
6 4.50 3600 3600 A4/2 TT.T 4.60 318.57 22,00 17.6¢ 11.50 0.09 18.36
4 4.5C 3800 3600 A¢/2 5.6 8.80 245.00 16,35 16.66 12,862 0,08 16.27
Avcrare 18,26 10,75 0.10 16.00
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Table 18. Spread density values under manual
pushing and psoking.

Trial Area covered i;ight of weed Spread density
Ne. sq.m kg. kg/m3
1 27.1 54.2
2 H 10,0 20.0
3 ) 8.5 17.0
4 5 18.8 37.00
Average 32.00

The table indicates that there cam be wide variatiom in
the extend to which the material cam be concentrated in a givem
area. The mean value of 32 kg/m® g4 again higher than the mesm
value of 25 kg/m2 obtained at Chettupuzha site. It was alse
obgserved that under mamual pushing, the material camn be packed
one over the other while emnly a single layer packing ococurs

under wind pressure.

The results of the fuel comsumption tests carried ocut at

Kumarakam are shown in table 19,

Table 19, Diesel consumption test datas of two
5 H.P pumpsets.
Trial 4,401 b v Diesel tiem R Diesel
No. a ours © esel consumption ate of ese
pumping Salvinia Set.1 Set.2 Tetal consumption
(1) (1t/nr)
1 l hr., 38 wmt 2.52 3-“ ‘0% 3-1
2 2 hre, 5 mt 3.10 3.15 6.28 3.0

Average 3.08
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The average value of 3.08 1lt/hr. for the two pumpsets
smounting to 1.525 1t/hr/set eompares favourably with the values
of 1.46 1t/hr. chtained at Kidesngara and 1.4 1lt/hr. outained in
the test conducted at the Engineering College, Trichur for a
single pusipset. This is particularly so in view of the slightly

lover speed at w ich the latter tests were carried out.

The modified version of the filtering unit was field
tested at this site. It was observed that the unit could stay
afloat as an independent filterimg unit and that it permitted
the country boats to be easily attached to or disengaged from
ite ¥ith this filtering unit the weed material could be pum; ed
at near zero head condition and the pumped weed-water nmixture
provided sufficient agitation at the bettom of the U-shaped
filter s~ction permitting the water t0 be drained off without
allowing the weed materials to ¢leg the perforations. Lhe weed
accumulating in this section gradually gained height and sute-
matically fell into the hull of the ecomiry bost. The material
thus collected was in a drip-dry condition end was spread inside
the »eat manually. ¥When the boat was fully loaded the filtering
unit could be easily ditached and made ready for loading the
secand boat. The floats provided in the filtering unit however
were foumd inaderuate to comfortably su; port the weilght of tie
material which accumulated in the filtering section. It was
felt thet with the above aspect taken care of‘and with the
frame work strengthened the unit may serve well as an automatic
system for filtering and leading the harvested Salvinia imto

country boats.
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The results of tests comducted to reconfirm the flow rates
from the prime mover pumps and ejector system obtained in earlier
teats are shown in table 20, Im thig test, there was absencec
of one bend in the discharge line and a reduction of approxi-~
mately 50 oms in the pumping height as compared to the test
originally condueted with the same machine in the local pond.
Dut the primary and secondary flow rates Obtéinod in both these
tests seem identical. (Also see table 10). This indicates
that the differences in the set up did not make an appreciable
chan: e in the capacity of the ejectar system while pumping water
slone. On the other hand, the results of tests conducted on the
rates of weed collection and proportions of weed in the weed-
water mixture are shown in Table 21. This table indicates that
the average rate of collection obtained at a statioc lift eof
50 cms is of the order of 12.6 T/hr. which is higher than the
average of 9.2 T/hr. obtaimed at Chettmpuzha at a 1lift of 70 cms
with two bends in position. It may howsver be noted that, im
the present test, a 90 change in the direction of flow was
avoided by replacing one of the bends with a ;tralght pipe.
Also, 1t has been demonstrated earlier that when Loth the bends
are removed (causing a further reduction of 70 cms in the pump~
ing bheight that is at zero 1lift) the rate of weed collection had
improved to am average of 15.7T T/hr. in leng duration tests at
Kumarakem and 18 T/hr. in short duration tests at Chettupuzha.
Therefore, it would seem that the pressure head losses in the
long radius bends(involving twe 90° changes in the directiom of

flow for the weed-water mixture) have influenced the rate eof



Table 20, Pumying rate of rrime mover pumpset at Kumarskam at a ~tatio
11ft of 5C om,

Trial Second ary Speed
No. pressuye Set.1 8et.2 Primaxry flow rririary and Secondary flow
Time Weter Hate of Tims Water Rate of
. taken pumpin ‘ pumping
6 (kg /cw? } (rep.r) {sec) (1t} (l.p.m (sec) (1t) (l.p.m)
1 4.5 3€00 3600 30 245 496 30 480 1960
2 4.5 3560 3600 30 256 412 1E 492 1980
3 4.5% 3600 3600 30 257 514 15 502 2008
Average 505 1983

o

CoT




Table 21.

kate of pumpinz of Saivinia at Kumurakam at & st:otie lift of 50 cms.

Trial Secondary
No. pressura

{kz/om2)

(kg) (kg/mt)(T/br)(l.p.m)

Rate of weodéwater % of weed

collection
based om
second: flow
from Table 20

1 1.5
2 4.3
3 4.5

11.7 1560.0

15.0 1344,0

13.5 1416.0

13.3

18.7

15.1

Average 12.8 1440.0

14.7

T
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pumping of the weed in the weed-water mixture much more tham

the rate of pumping of water aloue through the ejector system.

The percentage of weed collection in each of the tests
has been c¢alculated in relstion to the secondary flow obtained
when water alone was being pumped. This percentage is also given
in the table 21 which has an average valme of 14.7 and a
moeximum value of 15.7. These values are comparable with the

corresponding velues cbtained im the table 8+

4,5. Econewic analysis

The operating cost far the Salvinia Harvesting Machine
has beer worked out om the basis of assumptions and calculations
detuiled In Appendix 5. The total cests in terms of rupees per
hour ag well as rapees per hectare, for a range of 100 to 1000 hrs.
of annual ure, ara pletted in Fig.186. As cah be expected, the
total cost of operation decreases with increasing hours of annual
use. In the Kuttanadu region the Salvinie problem is prevaleant
for over 6 menths during the year. As such even with & very
congervetive fipure of 500 hrs. of annusl use, the cost of
operatior of this mechine amounts te omly approximately i..30 per
hour or f:,.300 per hectare nnder heavy infestation conditioms.
This comares very favoura:sly with the reported rates of i.900

to 2700 foy mamual collection snd destruction of the weed.



fammaty and Conclusions
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CEAPTER ¥
SUNMARY AND CONCLUSIONS

The possibilities of mechmical oontrel of Eaivimias
noleste locally known as Africanm Paysl were investigatod in the
present preject. The study was concentrated oa tie develep~
aent and evaluation of a protetype Salvinis Harvesting Mesokine
which utilised & novel design comeept svelved in the lepart-
ment of Arricultarsl Fugineering. The concept consisted of
& fluidization technigue ia whieh the weod materials are
panped by weasns of the comdination of a sonveuticnel omntri-
fugal punp and aa ejecior systesn. The psetoiype mathine,
finally Geveloped und evaluated in the study was composed of
two & H.P pumpasets and & high “pmu e Joctor systen mounied
on & oatasarsm type floatimg platform. The machinme was capable
of harvesting the Salvinia wead elther as a stetionary or as
a solf propellesd unit. Certaln accessory umite for the pre-
toetype machine and disposal techniques for the weed were alse
devoloped snd eveluated as pert of the prejegt.

The present study yielded the following princtpal

resalts and conelwslionss

1. The dulk density of Salvinias at the beginning of the
secend stage of the first phase of growth was fowmd te b of
the erder of 400 kg /oum.

2. The spread density values of Salvimis which speeliSted

the fresh weight of werd per unit ares were collected for
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different habitats and grewth stages. Considerable variation
was found in these values depending on the stage of grewth and
degree of packing cmused by wind pressure or physical mami-~

pulation. The values obtained are susmarised in Table 22.

Table 22. Spread demsity of Salvinias under differeat
habitats end degrees of packing.

81. Degree of packing Approximate spread
No. density (T/

1 Light infestatiom(no artifieial pack-
ing, does not completely occoupy the 8o
water surface) - Ist stage.

2 Severe infestatiom(coupletely oeeupies 160
the water surface) - 2nd stage.

3 Severe infestation and paocking wnder 240
wind prescure -~ 2nd stogeswind action.

4 Severe infestation and packing by manual 320
pushing -~ 2nd stage+manual action.

a. Preliminary studies were made with an experimental
Salvinie Marvesting Machine consistimg of a 8 H.P centirirugal
pump and a vertically oriented sjecter system as & shore
mounted unit, Measurements of the primary a:d secondary flow
from the above combination used ... shewed that tie assembly
achieved the designed performance ef flow ratio of 2, at
static 1ift of over one metre and sm estimated head ratio of

0,167,

4. Experiments to collect Salvinia threugh the e jecter
systen were successful which verified the fecasibvility of the



fluidization technique. The colleotion of weed materials with-
in & range of 8 to 16 per cent by weight of the secondary
water alone imdicated that a prototype system beased on this

principle ceuld possidbly become economically viable.

5, The specially designed and fabricated experimental float-
ing platform was found to be steble. It war also cbserved
that the resction of the discharged water from the e jecter

gys tea enabled ithe unit to move as a self propelled machine.

8. The 10 H.,P prototype Selvinia Harvesting sechine, com-
prising of two § H.¥ puapsetis connccted in series, & matching
horivontally oriented ejector system and a sui tably sized cata~
maren type floating pleiform, was found to have sufficient
floatation and stability. vYhen opereted as B seil uropelled
unit direetional contrcel was easidy obtained by using a loosly
fitied lons radius tend te the vertical extension cof the

delivery eut cf the elieciar system.

T. At a static lify of One metre and a primary flow of

507 l.p.m, the scconcdory flow ob nined from the ejegtor system
vigg of the order of 1450 l.p.m. The flow retio of 1:2.56 thus
obtained was ecuel to or even uigher than the corresponding
deslign flow retic. The improvement im perfcmmance vwas attri-
buted to the possible higher input hoadlreaoivod by the
ejector noz:le and lower opersting totasl heed for the ejectey

systen then the design values.

8, The gathering arm was found to effectively deflect the
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weoed material and omoentrate them om the suction mouth of
the e jeotor system, when the weed population was ecanty in

the infested areas.

9, The prototype Salvinia liarvesiing Machine in canjunct-
ion with the filtering unit was found capable of harvesting
md colleoting the weed at the rate of approximately 6 to 8
T/hr. at a static 1ift of 1.4O m. into a country bLoat.
However the erfermanve of the filtering unit vas not satis~
factory enosh to have automatic loading of the weed from
ite trough to tiae couniry boat. ihe uste;iu colleoted in
the »roat was relatively wet. Unloading of the weed from the
boat to the shore by mannal me thod was al 80 tedious and time

consnning.

10, The puwping of weed-watcr mixture directly om to the
shore was feound w he impracticable due Lo the erosion of soil

it caused on the banks.

11, An average wead pumping rate of 9.2 T/ur was obiained inte
& floating fence vy reducing the sitatio 1litt of ,umping from

1.4C m to TO em and oy impreviag the foeding method.

12. The prototype machine gave in short duration t2sts the
kichest evera e vumping rete of 18 7/hr when the weed-water
nixture vas pumped directly into the flcating fence at near
zero head coamditiom. Under this test condition, the estimated
gsecondary flov wag the order of 2000 l.p.m givirg a flow ratio

of 114 for ithe e jecter zvetem.
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13. 1In a leng duration tests at the Chettupuzha site the
machine pumped the weed material into a field fermentatiam
pond at an average rate of spproximately 18 T/hr. The fer-
mantation pomd technique had the sdvantages that it did net
invelve any immediate hamdling mé transportation of the
freshly harvested weed and tliat it permitted the pumping ef

weed at near zero head condition,

14. ‘'ne »umping capacity of a.proximately 13 T/hr was con-
firmed evan while harvesting the weed under light infestatiom

ocondition at the Mancompu site.

18. An averoge speed of 4 Km/hxr was ohtained when the machinpe

was moved as o self propelled unit from Mancompu to Kidmm:ara.

16, ‘e use eof ocountry boats as Fiovatin; platforas was found
t0 be curmbarsome in the eperetion of a prolotype Haivinia idarvest-

ine Mschine,

17. In long durstion tosts held at Xumarakem, the average weed
pumping rate oh:taired was of tha order of 16 T/hr. This area
had a severely weed infested water surface having an average
sprerc density of 162 T/hf This in turn gave a harvesting
capecity of 10 hrs/h& for the mechine in field conditions which

are typtcal of Kattanacu rerien,

18, The modified vorsion of the filtexipng unit was found to
perform the functions of automatic filtering and losding of

Salvinie intc & comtry boat successfully. 1he design alse
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permitted the pumping of the weed-water mixture at zere 1lift
camdition and convenient engagement of couniry bouts to the

unit for loading purporses.

18, The tests at Kunarakam further comnfirmed the results of
the preliminary experiments that the proportion of the weed

' obteinable was of the order of 15 por ceant by weight of the
secondary tlow, when pumping water alone. Considering the
fact that Selvinia is lighter Lhan Fates having & reiutive
bulk dennity value of enly C.4, these resuits compare favour-
ably with the proportiom of 20 percent of solids normally

obtriiee in dredging worke(Cornick, 186().

20, The ccounormic amslysis of harvesting costs with the pro-
totype mechine mmountcd 10 #4280/~ per hectare which compares
favourebly with the reported cost of .80G/- Lo ©.2,700/~
ircerrsd fer rmenuel cellectiom and cCisposal ¢f the weed.
Meobenic ) harvesting of Sglvinis by this machine is therefore
considered economicnlly viable., It also hes the edded
sdventares, &8 com: . ared to the biologicel and chemlcal ccnirel
methocds, that the hervested meterial can be put to other uses
such as compcat making, hard nroard paper smenufecture or blo-gas

production,
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APPENDIX - I

TEN MOST COMMON AQUATIC YEEDS 1IN INDIA®

1 Pree floating
1.Eichhornia Crassipes(¥ater Ryscinmth)+s
2.8alvinia sppt(Vaterfern, African payal)
S.Pistia Stratiotes(Vater lettuce)
4.lemnoids(Preghit)

II Rooted fleocting
1.Nymrbeea Stellete(¥ater 1illy)
2.Nelumbo nucifera(Letus)

111 Submerged
l.lydrilla Verticuilata {Eledes)
2.Vallisneria spiralis (Vallisneria)

IV Emergeat
1.Typha spt (Cattatls)

2.Seirpus (Bus rush)

*Souree! Varshney & Simgh, (19676)
*ebrocketed names irdicate the lecal/popular names.

[
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APPENDIX - 2

LIST OF SOME WORLD WIDE FIRMS MAMUFACTURING
AQUATIC WEED BARVESTIRS.

l.4ir-1leec Indwstries, INC
3306 Commeroial Avenus
Madisem, WI B374/UsA.

2.4meriosn ¥ater VWeed Harvesting Ce.
6538 West TOth Stree$,
Shrevepert, LA Y110

3 .Aquanarine Cerporatiom,
Bex 816, Yankesha, WX lnu/bn

4.Krinke & Kruger GM MR
POB 142, Habertus Strasse 15
so13 L-:nmn—m/i.m.

S.Rebba Linited,
Charlwoeds Read,East Grinstend,
Rast Susse RE 192 l/Baglemd.

S.John Wilder{Bagineering)itd.,
36 St: Mary's Street,
¥illingford, Berks/Emgland.

Seurce i-Allan Demtsch (ed), (197¢).
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APPENDIX - 3

DRSIGN OF EJECTOR SYSTREMS

Ad. Experimental e¢joster.

The basic sempenents of the experimental ejecter system
censisted of a vertieally disposed jet deviee havimg a jet
tnlet fitted into s swotion chamber(Fig.17). The suctiom
chenber in turn was conneoted to a flexible suetion pipe hw-
ing & conieal inlet, and a throat sectiem (miximg chamber)
fitted with a d¢iffuser and bdended discharge end. The detailed
design procedure followed was in scoerdance with Semual (1975)
md is bdriefly desorided below:

Step I: Im order to matoh the dovice with the prime mover
 pampset, the head capalty charasteristios of the prime mever
pumpset was determined. This experiment was carried out at the
| Hydranlics Labarstory of the Government Emgineering Cellge,
Triehur. The pumping heads were seasured by using lesslly

svai lable pressure gsuges and discharge capavities were deter-
nined by the direct weighing sethed. The data colleeted during
the test are givem im Yable Ne.23.

8ssp 31 Prem the head-capacity simrseteristies (Fig.18) the
actual best efficlemey point was determined. This valwe was
campared with that of the perfernancs characteristios enrves
sapplied by the meanufacturer(Fig.19) amd was found almest
fdentical .(Hg.ls). The bdest efficiency vaiues feor the die-
eharge, Q mnd head, H for the pumpset were taken to,bo'Gto l.penm
amd 25.0 m respectively. 4n allewmmee of 20 perceat(5.0 m)
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5HP 22" TEXMO PUMP SET:
TEST RUN SPEED= 3300mpm.
‘\ ‘
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Fig. 18. HEAD-CAPACITY CURVE OF 8 H.P TEXMO, TL-5
PUMPSET (TEST AT ENGG. COLLEGE, TRICHUR)
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Table Ne. 23 Perforsmes characteristios of the Diesel engime pumpeet
8l., Speed Suet~ Deli~ Total Time for Discharge V.H.P Puel Fuel Imput Overall
Ne. iom very head o flow of eON= econ~ H.P efficli-
hoat head 1000 1t. sum- san- eney
. of water ptiem ptiom
. in 30mt. rate
(repem) (m) (w) (w) (see) (1.p.m) (e.0) (2t/nr) (%)
) { 3300 5.8 12.78 18.35 96 .38 610.76 2.490 478 1.428 19.81 12.70
2 330 3.8 18.25 19%.08 108.00 866 .00 2.39¢ 480 1.440 19,81 13.10
3 33800 2.8 18,25 21.08 121.00 495 .87 2.319% 455 1.265 18.70 12.3%
4 3300 2.5 320.26 FR.TS 132.00 454850  32.978 4% 1.275 17.5¢ 13.10
E 3300 .3.3 322.835 34.55 136.80 4%4.30  3.388 480 1.446 19.81 13.06
6 3300 2.4 35.28 27.686 164.50 364.74 2:240 418 1.245 17.13 13.08
T 3830 2.0 20.25 30.28 284,00 236,20 1.588 2355 1.088 14.68 10.83

T€1
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of the total head was given for sys tem lesses at tais peint.
Honoe, the effective head, Fn and sapssity, Qu available te the
e jecter system were taken to be 20 metres and 460 l.p.m rup«#-'
ively fer design purposss. From thess twe paramsters, the
eritiecal diameter 'Im' of the nozzle of the ejestor system was

doternined as fellows:

Qa = Cd x 4n x V2

Where Qn is the discharge threugh the moxile, G4 the Ceefficiemt
of discharge, An the area of the noz:zle and Vn the velocity eof

flew threugh the nerzle.

Qn
Homee AR e . . ...

Ce /2( ™
substituting values in cemsistant units and assuming, Cén0.98

.46031063100

1000 x 60 x 0.00 ExV.STEIV
= 4.08 Cat

ht‘lalr.?.;

- Am

Iuc:uk- .‘1_?.

= 2.38 em
= Sey 33 == (1"



$32p. 3 The mesile was febriostcd with 10 gauge sheot metal
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(Fig.20). The come amgle wis taken as 16° and the noxzle length

was calewlated as 10 mm im swder to wald it to a plese of
Stmdard 50 am ‘D' clase 6.1 pipe. A 50 mm G.I compling was
provided on the uottﬁ tii-l-r through vidieh the neszle was
inserted. The pipe of the meszle assembly was extermally
threaded te a suitadle lemgth. m provision of threads e
the pipe, along with 2 cheek mut ensbled the adjustment of the
norzle~throat spacing, 8 for optimum perfermance.

8%ep 4 The main charsoteristios of the ojector system em %o
defined by the fellewing ratios:

1.Flow ratio, M= Qg = $e
™

2.Bead ratlo,ﬂa%unti"“
‘Net imput

The following enperical deaign equations were utiliseds

.'.L"‘ -00‘--,_,_‘_‘_(1).

JR

NaldR  -ccooemos-ee(l)
lz.uxn.(x.u)[t-:_‘]"’“(”

where R = An ¢ At = Noz:le t1; area % Throat aresa, NHd is the _
discherge head of the ejector system, Hs the suctiom head, Ha
the offective imput head to nozsle, and 7 the cttm_d the
sjeotar asystem- |
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Assuming Ns 1s I Notye md M4 15 2 Metres(te inelnde
mddon sentrastien snd frietien lesses in $he sustiem line,
atlcast eme metre of statie 1ifs, and frietion and nlniv
heat losses in the diseharge line, respestively) and substitute
ing the values

u.w..}
""x,l;s' 511_‘ .*-o.u
I-J%_..gua

The threat dismeter 'Di' esm mow be calgulated from the yelat-
ien \
”g“‘.“ oa-‘co“)

-uxo.u-l.u—

» Say, 70 = (8§*)
MU RIS VNN NN

219038, The remaining geometrie aises in Fig.1? vere selevted
as fellows:

Thareat longth =8 B ﬂll‘ -
Nessle spasing s 0,78 Pt = 2.0 Wm
Threat entry prefiles 90°

Mffuser angle - T

The axposted esfficieney of the sbeave ejeeter aystem was
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obtained frem She oquation (3).
3= Utlh'.ﬁ*l 100 «-83%

Since & ready made jot pump sasing of hroat sise T8 mm
was aveilable, an insert of 70 mm dismeter was insreduced jnse
the availadle wnit. Other parameters like threat length, diffuser
angle ete. of the availadle jot deviee nn’ tound to o matohing
with the designed values. Thus the econbinatien of the fabriented
neszle ad the aveilshle jJet pump casing were fitted tegesther to
forn the o jecter system fer the experinental Sslvinias Harvesting
Mashine. | '

B. Pretotype sjecter:

The proetetype ejecter system (Fig.8) was designed te mateh
the twe § K.P prime mever pump sets whish were to be comneeted i

series.

Sep 1, In view of the series comnestion of the prime mever pump-
sets the best efficiency head of the sonbination was Saken as

850 motres 58 3300 r.p.n o 80 metres at 3600 r.pan. The best
efficieney diseharge eapasity im tura weuld de 460 1.0« at 3300
r;p.- and 800 l.p.m st 3800 r.p.n, respestively.

Step 3. Assuming a higher system loss, fer im -m;n;ﬁﬂ e
L] ”‘-! en asetunt of the scries oemnestion, the offective head,
a md sapasity qn available te the sjecter aysten wers Saken
19 be 40 metres and 500 1l.p.m respestively for «ua ) '
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substituting the valwes for Qn = 500 1.p«80 and Ma » 40 utrn.
0‘-0.’8“3-0..1!/“0. .

$00x100x100

lmm“m S

= 3.18 ‘3

=

S3ep 3, The nossle was fabricated with a 16° 0.‘0 mgle md o

~ base diameter of $0 mn smd was welded %o & nipple of the same
size. The sppesite end of the nipple wan in turn fitted to =
elbow $0 intreduse the noszle te the suetion shamder in a dizest~
ien parallel teo the sesandary flew, )

Step 4, Slightly increased valws of s = 1.8 meters and
Bt = 2.5 neters were sssumed fer prototype sjecter eqysten in
view of the higher flew rates to be expectied.

Aoccordingly N = H

- uglot

s 0.107
suwnn
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- ﬁc“’”

Meloisd.e6-1u 3.88
N o

Ptetuxtte 7.04 on, S 75 wa

f8ep 8, Threat longth = 6 D% = 875 mm
Neaxzle spasings 0.76 Bt = S5 sm
Threat eatry profile = 90
Pitfustion mmgls s 7

The expeoted offheionsy of the tmﬁr system will

MxNa=2,00 x 0,07 = 30,88,
nRuRs

The compenents of the sjeoter aysten were made sut of 34
gomge M.5, sheet snd jointed by neams of flamges at various
seetiens. 4 size of 4iom X Joom was ohesen fer the sustien
chmber. The sjestor sustien md diseharge pips sines were
ohosen as 100 mu fer eenvenience im handling snéd fitiliag of
pipe comnestioms. The sustion line was extended by seads of
flexible pipe te reach the frontal end of the fleating platferm.
The suetion mouth consisted of a 100 mm elbew fitted %o this
flexidle pipe. The édischarge end was made up of twe JOO mm
leng bends and vertieal extensien pisees of 75 oms and 40 ene
esch which were alt.raasively used depending em the panping
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height required. The sjester system was mounted undernesth
the fleating platform, delow the water mrtave.
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APPENDIX - &
DESIGN OF FIOATING PLATPFORMS

A, Experimental fleating platform:

Preliminary oxpnim in harvesting Salvinia by
meems of the combination of a cemirifugal pump and m sjestor
aysten as a shere-mounted unit emeountered seversl diffieulties
which imdicated the M‘ for mounting the mnit - !luﬁu
platfern. Mwuulr the design of such a ﬂ.onttu ylu«-n

wvas attclptu .

1. Design eriteris

The design parameters snd requirenemts ocmsidered were that
the platform shenld have

1. Sufficient floatation (bupymmey)
3. Adeguate rell stability

3. snttutut deck area

.ippr»rim hngtl-»vldtl ratto

« Manosuvrability
lmr resistanece to forward metien

7. huomlo tra-portabtnw




141

IT. Nomgnslature of wetions
The different kinds o1 metians dhat & fleating platfern

or ship may expsrience (Nameswar Battasharyys, 1978) are
1llustrated in Pig.31, vhere

1. aw surging ! motion backvarde sad forwards i the
direction of travel

2. b= swaying ¢ athwariship metimm
S. @ = heoving 1 motion vertically wp md domm

4, 4 = rolling ¢ mgular sotion about the lengii twdinal
exis

B. o = piteding 1 angular motion about the trsnverse axis
8., £ = yaving ! smgular motien adout the vertieal axis

I, Seloetise of huil Sve

Based en the design requiremsnis and meti en consideratiems
explained sbcve, a catamarm (twim hull) type Gesign was seleet-
o4 fer the fleating pletfern becsuss of the large deck ares snd
tramsverse stability 1t omm provide. Fer lightasss of weight
snd casiness of transpertation, 1t vas alse decided to nale the
hull out of individual metal drems of 30 litre capasity(28 em
in ¢lemeter md 56 on in length) whieh weighted R.5 kg, saeh

lufw ealomlations:
a)total weight te de carvied hy the fleating platfesrmt

1, Weight of the prime mever pumpset = 78 kg(noasured)
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x-axis is longit:.dinal axis
y-axis is transv:rse axis
z-axis is vertical axis

Fig. 21. Dymamic motiems of fleating
platterm & ship
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3. Weight of thu¥ertissl ojecter systom = 10 kg(nessured)

3. Yelght of the novtu water threugh ' :
the ejester system = 10 kg(assumed)

4. Weight of the inter connceting M.8 4
frame work sf the il = 88 kg{measured)
B. Veight of the opsrater = 80 kg(assuned)
6. Self weight of the dyum = 3.8 xkg(mossured)
(= Ne. of drums %0 be used)
Total weight s (17003.8 x)ig
MR RNR SN

») free-beard

The fres Doard of the tleating platfers wes taken as
{ ¢lamater of the hull section, 1.0. 7 ens. The mumber of

drums, vwvas saloulated as follews!

Displacenent of hull section por drum = r
aceording to King (1967) when the height of the free beard
(R) 15 frem §D to }D.

Equating for tetal weight

170¢(2.8 x <) » 18.8 x X

X = 10.4, Sey 30 Nes.
SNNNRNeuNns

1V 3%abi)ity ooppidevpsioms
Iz order to provide sutfiofent stability, the asbeve drums
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were arranged in twe rews of 5 drums each at a éistance of 40 e
spart to ferm tiw twin Mmil wmunt. Individual drums were
bolted to 2 28 am x 20 mm angle firem frame work at the top and
the bettom by meams of 20 gauge metal sixraps. It weuld have been
depirable to space the twe hulls 8411l further apart te previde
greater rell stadility. Bat the spasing ssleeted wvas o eempro-
nise te ensble the nashine ito negotiste narrev water ssmasls.

To further impreve itse tlutaﬁﬁ, relling and pitehiang chars~
eterintions twe stabilise-r floats nade wp of 2 drums eash were
slso previded e either side of $he main hull. & simple Mng-
ing end lecking meshemism provided $o the stabiliser flests
enabled them teo be folded ever ¥ (ocl area or spresd sut

te the water surface.

V Other osusideratiome

l‘ii prime mover pump set and the e petar systenm wore
nownted smtrally en the platforme. %he symirical camstrmetim
of the fleating platlers and nouniing of equipment vas expestoed
to fmprove the yawing (memoenvrability) eharseteristics. The
fremtal ends of the twe Mmlls were made oeuisal in shape to hlj
te redum the resistance te forvard metien. A schematie ¢f agrem
of the resulting experimental floeating platfern is shomm in
Pig.28. VWith the stabiliser fleats in a folded position and the
ﬂuur systen disnantled, the ontire mashine esuld be sani ly
sseommodated in a Knbota Powertiller Trailer.
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Fig. 22. Schematic of experimental floating platform.
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B, Pretetype Fleating Flaitern

The protetype flesting plattm was designed mainly as a
soaled wp versiem of the wperimsntal fleating platferm. It
was observed that the free beard previded fer the experimental
unit vas net adequate md did net have sufficient faster of
safety to take cars of cmtingencies of a fow drums getting
demaged and the uait losing some of its bueysney. The extend-
ahle arm arrangemwmnt 4id noet permit the provisien of a coni ml
shape to the stebiliser floats. These majer limitatieas were
over-came by providing a free beard of half tls dianeter ad »
telesoopic arrmgoment for the stabiliser fleats ian the prete~
type fleating platfom.

a) tetal weight teo be sarried by the fleating platferm;

1. Yoight of prime mover unit having twe pumpsets « 180 kg

3. Vel ght of herisemtal sjeoter systen - 18 kg
3¢ Velgit of mnoving water = 10 kg
4. Vaight of sinter-eonnesting M.8 frame werk eof

the mll mdé¢ pipe comnectimms = 30 kg
8. Woight of two eperaters = 110 kg
6. Veight of 8 Nes, of 20 1t, sapaeity stadiliser

floats = 30 Mg
7. Self weight of x mumber of 80 1t capond ty

drums of & kg each « Bxhg

Tetal - squ)s
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») free-bears
The free beard of tie floating platferm was taken as

about half d¢iameter of tht ull section i.0. 30 om. From these
requirements the number of érums () was ealoulated as fellews!

Displasenent of Mull sectiem per drum = 40 1t

Bonce ( 348 ¢ 8x) - 40

L L ]

Stabilisy smeiderasions)

In order te provide swfficient stadiiity the 10 drems of 00
1t capeacity ( 88 om diameter snd % on height) were arrenged in
twe rews of 5 drums osch st a distamee of 85 em. apart te ferm
the twin hull srramgemnt. Individuwnl drums were bolted t0 a
38 mn angle irom framewerk at the $op snd the betiem by meams
of 30 gaugo metal straps. The -ui stabiliser fleats were tele-
scopioally fitted over the platfarmi and the pesitien of the side
floats war se srramged that they weuld alse eemiridute o the
fleatation requirements when the maim hull would simk nere thm
half of the duameter of the hull settien. The telescopie arrmge~
ment bolped to adjust the width of tlw platform for megetiating

nerrow water ocanals.,

Sther cspsiderptions:

The sjecter system was centrally hinged end positiened Just
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belew the water surface previding freedem te be tilted in the
vertieal plane. This enabled the adjustumt of the depth of
the suctien mouth tr-i tlu water suffase. The pumpsets were
nounted crese~vise on the floasting platfern fer ceavenienes in
providing inter omnectians, The fremtal ends of both the
eentral hull and the stadliser fleats were made in conieal
shape. Pipe secleis were provided om both sides of the rectan~
gular frame of the platferm to etmmeet the filtering unit to
the main Muil. Orthegrapiic prejections of the resulting
fleating platfers fitted with the prime mever pumpsets and the
ejector system ferming the protetype Salviania Narvesting
Mackine are shewm in Figs. 28 te 35. The fleating platfern
ocould be udly sseonnodated in & traster ’trdhr.
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Fig. 23. Prototype Salvinia Harvesting Machine -~ elevation view
(pipe connections not shown)
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ASSUMPTIONS AND CALOVIATIONS u DETERGINE OPRRATING COSTS

 § umptim.

s) Zizsd ooet

1. life of machine t 10 yoare

2. Selvage valme 't ¥4l

3. Interoat on imvestment § 0% it average of invest»
nent.

4. Insursnee, repair, tox & 5% af total eest of the

storage cests nsskine

8. Cost of cmstrustion of field
formentation pend frem lecally

eval lable msterials

Nl

DI NIt o

®) Yarishle eest .

1. Aversge spread density t 160 2/nt (measured)

2. Pumping capasity of Salvinia | 16 ¥/ar (measured)
Harvesting Machime |

8. Cost of :eil cengunption t 15 § of cost of fuel

4. Vazes for skilled workers t B 80,00/~ doy

8. Yages for unskilled werkers:
a) aen t 818,00/~ day
¥ )woenen ! &,10,00/~ day



T.

8l

10.

11.

12,

Mininus nusnber of skilled
ladourers te eperate the

Miniman nunber of wnskillod

women labeurer feor gathering
and feeding of the weed

Plesel oonsumption for 2
pumpsets

The cest of Diesel/1tre

Toetal workimg hrs. per day

Operating hr. field
efficieney

Overhead charges for iteme
tnrioam

11, Calounlationst

Three

i 3 It/ (i.mm)
s ﬁc"‘O/O

83!;'..
S»s

im

The eceonomies ¢of operations of the Salvimia

Harvesting Mashine was caloulated as fellewsi
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8) Pixed cest

1.Rough eost of msshine
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Table 34. Cost of cempaments of pretetype Salviais Marvesting

Machine.
81, 1tens Quantity Totsl sest GSource of
No. () - informatien

1., Puampests 2 10860 Open market
price as @
3/81,

2. Bjecter system  § 600 Estimated
fabricati an
eost,

3. Flenting platfom 1 1200 e [ o

4. Aoceessory units 1like

gathering earm amd 3000 L
filtering unis

8. OUverhend ocimrges ter

fanmricatian work e
6. Pipe and pipe fittings for
extendsd pertians of punp-~
set and ojectar mye tem } § 1400 Opon mariket
ineluding fitting smd y+ i
assenbling eharges.
Tetal 14960 Say 15,000/~

S.Depresiation by St. line nethed t 1800.00/yenr



3. Interest em investoent at 008 ‘ 150.00
on sverage sest

4. Insuranee, naintenmmees md
sterage value at § § of ammunl ! 750,00

tixed cost
Total 3000.,00
Benece fixed eest/hewr m

Wlo’.ﬁhn.ummm

Therefore sest for, sey 3500 hr. of

sssual wee : - Iﬁ.ﬂ £9 = B.8.00/ v
») Yariable emat per hewr.

Harvesting rate : = 1§ = 0.1 hestare/hr.
Cost of fuesl/hwr. n 3 X 3.40 = 10,80
Cest of o1l (15 £ cest of fusl) « 10,20 :&u' 1.80
Cest of skilled labeurcr por v = 5 = 4.80
Cost of wnskilled $ worem - - 6.30

-labeusers per howr. s:i em—
Total varishle sust =i 88 .10

) NOVESHNNRES

Therefere tetal eperating emt/hr.

1.For, say 800 hrs. of mmmal ane = Fixzed cost, 1.6.00 ¢
VYariable eost 82,10

DDA

Total .10
: L E ]
2.Tetal cost far olearing ®me

field in 10 ars. of operatiam ,
: s Say %.380/h6
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ABBTRACY
Salvinia pelesta, lecally known as ‘Afriean Payal' 1o
a noxious fleating iype aguatic weed of conmén ecourames, parsi-
exlarly in the State of Kerala {n India. The infestation {5
the heaviest in the Kuttenadu region and in the Kole lands of

Triohur Distriet of the State, where alone mere than 50,000
hectares of inland water sarfase is under the grip of this weed.

In the present prejest, the possidilities of mechanisal
uatt‘ol of the Salvinia weed were investigated. The stady
concentrated on the developnent and ovalmation of & pretotype
Salvinia Harvesting Maskime which utilised a novel desiga
coneept of fluidising the nass by meaus of a centrifugal- |
ejeeter pump cmdination. The mashine cemsisted of twe § R.P
portable pumpsets as the prime mever aad aa sjeetor sysieon
mounted en a flosting platfarm. The mechine punmp out the
weed-~water mizture inte a flcating filtering unit at zere 1ift
from whioh fho water was drained by gravity, ths materisl was
sutenatisally leaded into a ceuntry beat. The resulis of tests
condusted indieated that the 10 H.P mashime was cepable of
pumping the Salvinia weed at an average rate of 16 'l'/ht as
sere lift conditiems. The proportiom of the weed pumped was
of the erder of 15 % by weight of the secandary flew whem pump~
ing vater aleme. The special features of this egquipamé were
that it conld utilise conventicmal irrigstiem pumpsets as the
prime mover and that 1t did not allow the weed materials te b



e

drawn inte mmd oleg the mry punp. The machine was alse
oapable of being opersfed s a self prepelled mats,

In this preject, esytain aseessery units such as & gather~
ing arm, a floating fente and an sutomatic filtering mtkm
alse suceessfully developed and evalusted: Ia additiem 0 leed-
ing the material inte a commtry beat, a disposal wa- o
punping the weed materials into a field fernmtatiam pm. whish
aveided any immediate tramspirtatiem eeste for the ltmtm

material, was alee investigated.

It was found that the bulk density ef Salvinia mﬁ the
erder of 400 kg/w¥, It was alse found that the nunmw
value of the weod, geponding on the stage of groewth Q! m
of packing, sould vary frem 8 T/hfLte 33 T/h8. A npmw'n
value for the spread demsity, under the still water u-liﬁﬁ st
Kuttanadu, vas found to be of the orvder of 16 7/ht. tnuenm
that the prototype Salvinia Harvesting lllﬂn wounld be tm
of clearing the weed from & hectare im 10 werking heurs. !ho
‘sstimated cost of such mm oporattg mm teo n-r.m/- por
heetare which cempared favewravly ﬁlﬁiﬁo u”ml‘c‘nu o
B:900/~ to 15,3700/~ per heetare f& m eollestion l-i dlopon
of the weed. It is ocmsidered that th present nr! u e ll“n '
fiemt ommtridution to solving the prebiem of Atruu Payal

infestation in Xerala State.



	image78271
	image78272
	image78273
	image78274
	image78275
	image78276
	image78277
	image78278
	image78279
	image78280
	image78281
	image78282
	image78283
	image78284
	image78285
	image78286
	image78287
	image78288
	image78289
	image78290
	image78291
	image78292
	image78293
	image78294
	image78295
	image78296
	image78297
	image78298
	image78299
	image78300
	image78301
	image78302
	image78303
	image78304
	image78305
	image78306
	image78307
	image78308
	image78309
	image78310
	image78311
	image78312
	image78313
	image78314
	image78315
	image78316
	image78317
	image78318
	image78319
	image78320
	image78321
	image78322
	image78323
	image78324
	image78325
	image78326
	image78327
	image78328
	image78329
	image78330
	image78331
	image78332
	image78333
	image78334
	image78335
	image78336
	image78337
	image78338
	image78339
	image78340
	image78341
	image78342
	image78343
	image78344
	image78345
	image78346
	image78347
	image78348
	image78349
	image78350
	image78351
	image78352
	image78353
	image78354
	image78355
	image78356
	image78357
	image78358
	image78359
	image78360
	image78361
	image78362
	image78363
	image78364
	image78365
	image78366
	image78367
	image78368
	image78369
	image78370
	image78371
	image78372
	image78373
	image78374
	image78375
	image78376
	image78377
	image78378
	image78379
	image78380
	image78381
	image78382
	image78383
	image78384
	image78385
	image78386
	image78387
	image78388
	image78389
	image78390
	image78391
	image78392
	image78393
	image78394
	image78395
	image78396
	image78397
	image78398
	image78399
	image78400
	image78401
	image78402
	image78403
	image78404
	image78405
	image78406
	image78407
	image78408
	image78409
	image78410
	image78411
	image78412
	image78413
	image78414
	image78415
	image78416
	image78417
	image78418
	image78419
	image78420
	image78421
	image78422
	image78423
	image78424
	image78425
	image78426
	image78427
	image78428
	image78429
	image78430
	image78431
	image78432
	image78433
	image78434
	image78435
	image78436
	image78437
	image78438
	image78439
	image78440
	image78441
	image78442
	image78443
	image78444
	image78445
	image78446
	image78447
	image78448
	image78449

