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Executive Summary: 2 

In the hIlly parts of the Phlhppmes, relatIvely small valleys are cultIvated The Yields obtamed 

m such valleys can be slgmficantly mcreased If water from nelghbonng hills can be diverted to 

the cultivated area The difference In elevation between the collectmg areas and the field make 

It pOSSible to utthze the water without uSing any pumpmg devices All that IS needed IS the 

constructIon of dItches that WIll lead the water to the field whIch Will then be Irngated by 

floodIng One objective of thiS project IS to dehneate effiCIent ways to mamtaln the ditches, 

preventmg their erosion and their eventual clogging at the field end The other general 

objectIve of thiS project IS to define SImple procedures to seal storage ponds for the collected 

water at some heIght above the field, so that water can be used for IrngatlOn a conSIderable 

tIme after raInfall Namely, when IrngatIon IS most needed 

In the first phase of the project It was determined In small scale runs that sprayIng ditches 

With 01\ refinery sludge prevents erosion and may hmlt weed growth m the dItches Further, It 

was shown that applYing compacted sludge-SOli mIxtures to the bottom of water storage ponds 

reduces the rate of water loss by seepage by orders of magmtude as compared to the loss 

Without treatment With the refinery sludge Since testmg the use of the refinery sludge for 

maintenance of the water transport and storage network was the mam objective of the project, 

the above results clear the way for larger scale on site tests which Will finally culmmate In full 

scale runs 

In accordance with the ongmal proposal, most of the work In the first phase of the project 

was done In Israel The PhIlIppine partners were engaged In SIte selectIOn for on-Site studies 

and located potentIal sources of refinery sludge, samples of whIch were sent to Israel for 

analYSIS and tests 
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General 

A Research ObjectIves 

The overall objective of the work performed dunng the first phase of the research was to 

define, m small scale runs, the sUItablhty of refinery sludges to serve as sOli stabIlIzers and 

sealants The studges to be tested were two ot! refinery sludges (Table 1) and a sludge from a 

lubncatlOn 011 reconstItutIon process WhIch IS charactenzed by a very low pH «1) 

Other mexpensive dIspersants were checked both as reference seahng matenals and as 

pOSSible SubstItutes for the refinery sludges The sealants used were Na2C03, sodIUm 

tnphosphate and the commercial polyphosphate, Calgon 

B Research Accomphshments 

In the first phase of the project conSiderable time was devoted to the estabhshment of 

research procedures The expenmental set-ups are detatled below In the latter part of thiS 

sectIOn the results obtamed are presented 

Permeameters were set at an outdoor Site, each permeameter conslstmg of a sOil column 60 

cm In height and 30 cm m diameter A water applIcatlOn system which mamtamed a constant 

head was constructed The bottom of the SOli columns rested on the local SOlI (a sandy loam) 

A schematiC representation of the above-descnbed permeameter IS presented m Figure 1 The 

permeabilIty as a function of time was recorded Smaller permeameters (5 cm I d ) to which 

different heads (up to 25 pSI) can be appited were also used to test the effiCiency of the sludge 

as a sealant 

DetermmatlOn of the effect of the petroleum sludge on sOil stablhty under the Impact of ram 

drops was measured with the aid of a ram Simulator Trays of sOil treated with the petroleum 

sludge were exposed to ram m the ram Simulator and on the baSIS of the prelImmary results the 

followmg charactenstlcs of the ram were selected for future tests Ram mtenslty 35 mm/hr, 

median water drop diameter 2 3 x 10 3 m, median water drop velOCity 6 7 m/sec, sum of kmetIc 

energy of the water drops at a depth of 1 mover 1 m2 229 kJoule The slopes of the trays 

filled With the treated SOil were m the range of 5 to 33% 

V shaped canal Simulators (both a bench version and a 1 6 enlarged version) were 

constructed (Figure 2) ThiS system enables the simulatIOn of sot! erosIOn along water channels 

as a functIon of water flow velOCity and slope 

In the Phlitppmes, field scale appitcatlon based on the findmg of the work done m Israel, 

was performed at sites near Los Banos The sites are acceSSible to land transportatlOn The 
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I Reductlon of soli seepage 

The objectives of of this part of the project were 

1 To examme the efficiency of dispersive matenals m sealmg sod and sOlI-sand mixtures 

2 Exammatlon of the mfluence of drymg - wettmg cycles of the treated sotliayers on their 

hydrauhc permeablhty to water 

Matenals and Methods 

Stage 1 - Column expenments 

The laboratory expenments compnsed measurements of the hydrauhc permeablhty of sOlIs and 

soIl-sand mixtures which had been treated with dispersive matenals Matenals exammed 

Included loam sOlI from the Bllu site (contammg about 3% clay), clayey loam sOil (containing 

15% clay) mixed with sand In 1 1 proportions, and mixtures of clayey allUVial sOils (containing 

50% clav) with sands In vanous proportIOns The sOils were packed m plastiC columns of 

20-cm length and 5-cm dIameter m a constant volume denSIty of 1 35 glcc Three disperSive 

matenals whIch showed potential as sealants were exammed In prehmmary expenments 

1 sodIum carbonate, 2 sodIum tnphosphate, and 3 Calgon These matenals were dlstnbuted 

In vanous proportIons m the upper layer of sOIl In the column (3 cm) before It was saturated 

wIth water from the NatIonal Water Carner (NWC) Saturation of the soIl In the column was 

apphed from below to prevent the trapping of aIr pockets m the sOIl, after saturatIon the flow 

was reversed so that ItS direction was from top to bottom The sot! columns were connected 

to Manot contamers whIch enabled a constant head of water to be mamtaIned at all stages of 

the expenment 

The water which passed through the column was collected In the test tubes of a fractIOnal 

collection apparatus, with each test tube collectIng the volume of leachate released from the 

column at equal tIme Intervals From knowledge of the head of water, the length of the SOil 

sample, the diameter of the column and the volume of leachate which passed In umt time, It 

was pOSSible to calculate the hydraulic conductiVity of the SOli, at saturatIon, for NWC water 

The hydrauhc conductiVity was also determIned for SOils Without added disperSive matenals (as 

controls) 
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Stage 2 - Water mfiltratlOn expenments 

The expenments were conducted wIth an mfiltratlOn gauge whIch compnsed two components 

the first part was a reservOlr contammg the SOlI under test, whIch measured 60 and 28 cm 10 

height and diameter, respectIvely, and the second part was a perspex pIpe, 5 cm m dIameter 

and about 1 m long, which served to measure the volume of water mfiltratmg 10 umt tIme, by 

means ofa calIbrated scale (the schematIc structure of the mfiltratIon gauge IS presented 10 Fig 

1) In the bottom of the mfiltration gauge a layer of quartz sand was placed, on which was 

packed the SOlI under test The thIckness of the SOlI layer was 20 cm after compactIon to a 

volume denSity of about 1 5 glcc The SOils which were exammed at thiS stage were the same 

SOlIs whIch had been exammed m the column expenments The disperSive matenal which was 

exammed for sealmg the SOil was sodIUm carbonate, which had been found to be the most 

effective m reducmg the hydraulIc permeabilIty m the column expenments 

The vanables which mfluence the water mfiltrablhty of the tested SOlIs were (a) the amount of 

disperSive matenal added per umt area (0, 0 5, 1 0 and 20 tonlha), and (b) the manner of 

dlstnbutlOn of sodIUm carbonate spreadmg of the dry matenal on the SOil surface, mlxmg mto 

the upper sorIlayer to a depth of 1 cm and subsequently wettmg the sorI, or dlssolvmg all the 

reqUired quantity of sodIUm carbonate 10 water and sprayIng It on the dry sot! surface 

About 12 hours after the treatment With the disperSive matenal, water was added to the SOil 

contaIner so as to mamtaIn a permanent head of water of about 10 cm above the sot! surface 

On completion of the measurement, the SOil was left exposed to the sun to dry and the 

Influence of dryIng and wettmg cycles on the water Infiltration of the sodIUm 

carbonate-treated sorI was examIned 

Results and diSCUSSion 

Stage 1 - Column expenments 

1 Sandy loam SOIl (BIlu) 

The saturated hydrauhc conductiVity of this SOil Without disperSive matenals, at the specified 

denSity was 348 mm/h (= 9 67x 1 0 3 cm/s) Such a hydraulIc conductiVity IS very high and 

therefore, the mfiltratlOn rate under flooded conditions IS high 

The hydraulIc conductiVity of the sot! was distInctly lower 10 the presence of sodIUm carbonate 

which had been added at a rate of 1 kglm2 mixed mto the surface After the passage of about 

100 ml of NWC water (approximately equal to the pore volume), the hydraulIc conductIVity 

was reduced by four orders of magmtude to 3"( 1 0 2 mrn/h (less than 1"( 1 0 6 cm/s) (Fig 3) A 
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similar result was obtamed when the rate of sodIUm carbonate applicatIOn was 0 5 kg/m2 (Fig 

3) 

The hydraulic conducttvlty of the sot! decreased m a Similar manner when Calgon was present 

at a rate of 0 5 kg/m2 The presence of sodium tnphosphate also caused a decrease m the 

hydraulic conductiVity, but at a lower rate and at a slower pace (Fig 3) We also exammed the 

effect of all (by weight) mixture of Calgon and sodIUm carbonate applied at a total rate of 1 

kg/m2 (Fig 3) The combmatlOn of these two dispersive matenals was done 10 order to 

examme whether there was any complementary effect of the addition ofCalgon (which adsorbs 

onto the outer surfaces of the mmerals) and of the addition of sodium carbonate (which causes 

an mcrease m the electronegative charge of the pH dependend charge sites as a result of 

Increase 10 oH and of sodIUm-calcium Ion exchange) The results mdlcate that there IS no 

advantage m the use of thIs mIxture compared With the addItIon of sodium carbonate alone 

2 Clayey loam 

In thIs sot! the clay content was about 15% The sot! was mIxed WIth sand from the Ashdod 

contamment basm In all ratIo and the mIxture was packed Into a column The hydraulIc 

conductIVIty of thIs mIxture, WIthout dIspersIve matenal (control) was 183 mmlh (5x 1 0 3 cmls) 

The Influence of the dIsperSIve matenals on the hydrauhc conductIvIty of the mIxture \\-as 

exammed The dependence of hydrauhc conductIVity at saturatIon on leachate volume IS shown 

In FIg 9 Slmtlarly to the findtngs In the case of sandy loam soIl, here too there was a sharp 

dImInutIon In the hydrauhc conductIVIty The hydraulIc conductIVIty In the presence of sodIUm 

carbonate at rates of 0 5 and 1 0 kg/m2 decreased In both cases to 1 x 1 0 2 mmlh (= 2 8'\ 10 7 

cmls) after the passage of about SO mL (less than the pore volume) of tap v" ater through the 

column Here also, the mfluence of sodIum tnphosphate was smaller than that of sodIum 

carbonate 

3 Clayey SOil CKfar Menachem) 

The SOil (50% clay) was mIxed With sand from the PI Gehlot contamment baSIn at Ashdod m 

ratios of 2 1 and 4 1 The hydrauhc permeablhty of these mixtures, as a function of the volume 

of leachate passmg through the column In the presence of sodIUm carbonate or sodIUm 

tnphosphate IS presented In Figs 4 and 10 When the sand fractIOn 10 the mIxture was 2/3 (Fig 

4) the hydraulIc permeabilIty of the saturated SOlI Without disperSive matenals was 70 5 mmlh 

(1 96x 1 0 3 cmls) The hydraulIc permeablhty decreased appreCiably (by about three orders of 
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magmtude) m the presence of the dispersants and after the passage of about 60 cc of tapwater 

through the column (less than the pore volume) The effect of sodIUm carbonate at a hIgher 

rate (1 kg/m2
) caused a steeper dechne m hydrauhc permeabIhty than that m the sot! whIch had 

been treated WIth sodIUm carbonate at a rate of 0 5 kg/m2 

The effect of sodium carbonate at a rate of 1 kg/m2 on the hydrauhc permeablhty at saturation 

was strong also when the sand fractlOn m the SOli rose to 80% (Fig 10) The hydraulIc 

permeabIlIty decreased from 159 mm/h (4 4xl0 3 cm/s) to 0 3 mm/h (8 3xlO 6 cm/s) after the 

passage of a volume of water equal to the pore volume In contrast to that, the effect of 

sodIUm carbonate on the hydrauhc permeablhty of the mixture contammg 80% sand was 

smaller when the sodIUm carbonate was dlstnbuted at a rate of 0 5 kglm2 The hydraulIc 

permeabilIty decreased only to about 2 mm/h (5 5xl0 5 cmls) 

Stage 2 - Water mfiltratlOn expenments 

A Sandy loam SOlI (BIlu) 

The mfiltratlOn capabIlIty of compacted sandy loam SOil (BIlu) was 140 mmlh (FIg 5) under 

the measurement condlt1ons descnbed m Matenals and Methods ThiS mfiltratlOn rate was very 

high In spite of the relatively small head of water 

The infiltratIOn capabilIty of the sot! m the presence of sodIUm carbonate, dlstnbuted at a rate 

of 10 ton per hectar (mixed mto the topmost l-cm layer of sOIl) IS also presented m Fig 5 ThiS 

capabilIty decreased at a steady rate of about 80 mmlh An Increase of the rate of sodIUm 

carbonate applIcatIOn to 20 tonlha greatly reduced the mfiltratlOn capabilIty (Fig 11), which 

fell from 140 mmlh - In the absence of sodium carbonate - to 6 mmlh In ItS presence, dunng the 

first hour of flowmg of tap water, and to a value lower than 1 mrnlh after 40 h of flOWIng 

These results show that the dlstnbutlOn of sodium carbonate at a rate of 10 ton per ha on the 

surface of the SOtllS not umform and that there are areas In which the appitcatlOn rate IS too 

low, and that because of those areas the infiltratIOn capablhty remaInS relatively high With 

IncreaSIng rate of sodIUm carbonate, there IS a reduction In the area of the regIOns In which the 

sodIUm carbonate concentratIOn IS not suffiCiently high Thus the reduction In the InfiltratIOn 

capablhty IS slgmficantly greater 

The water InfiltratIOn capability was again examIned after dryIng of the SOIl which had been 

treated With sodIUm carbonate (20 ton per ha) by exposure to the atmosphere The capablhty 

at the initiation of dryIng was lower than that of SOIl which had not been dned (by about 10 

mm/h) and It dlmlntshed to below 1 mrnlh dunng the second hour These results show that the 
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B Clayey loam sOil 

The 1OfiltratlOn rate of clayey loam sOil under the conditIOns exammed was 60 mmlh (Fig 14), 

a lower value than that obtamed for sandy loam sOli (Fig 5) When sodIUm carbonate was 

spread over the SOli surface by spraY10g (10 tonlha), there was a reduction 10 the mfiltratIon 

rate by two orders ofmagnttude (Fig 14), and thIS state also prevailed after cycles of dry10g 

and wettIng Thus, the mfluence of sodIUm carbonate on the InfiltratIOn rate of clayey loam IS 

clear 

C Clay soIl (Kfar Menachem) 

This sOil contaInS about 50% clay and, therefore, ItS water mfiltratlOn capabilIty IS lower than 

that of loam sOil The InfiltratIOn rate at the begmnmg of the process was 30 mmlh and wlthm 3 

h It had fallen to 9 mmlh (Fig 15) 

Not only was the mfiltratlOn capablhty of the untreated SOli much less than that of the loam 

SOli, the Influence upon It of sodium carbonate was less than that found for loam SOil In the 

presence of sodium carbonate there was a diminutIOn 10 the 1OfiltratlOn rate by one order of 

magmtude from the value found 10 the control The 10fluence of the drying and wett10g 

processes on the water mfiltratlon capablhty of this sot! was very small (Fig 15) 

ConclUSIOns 

2 

3 

DisperSive matenals such as sodIUm carbonate, sodium tnphosphate and Calgon cause a 

stgulfteant reductIOn 10 the water mfiltratlOn capablltty of SOil 

These disperSive matenals also reduce the water transport capablhty of SOil when the clay 

content of the SOli IS low (below 10%) 

SodIUm carbonate was found to be the most effective matenal 10 reduc10g the hydrauhc 

conductiVity of the SOil Its presence 10 the SOli caused a change 10 the sign of the electnc 

charge on the broken edges of the clay and, therefore, 10 the OXidation states of Iron and 

alum1Oum, together With the mcrease 10 the percentage of adsorbed sodIUm These two 

changes mtenslfy the degree of disperSIOn of the clay and therefore facllttate the 

movement of some of the clay particles to the depth of the profile where they cause 

pluggmg and a reduction 10 the hydrauliC conductlvlty 

4 SodIUm carbonate was found to be the most effective matenal 10 reducmg the mfiltratlOn 

capabllityof loam sotls to water from the National Water Carner and the clay content 
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(m the 3-15% range) has only a small effect on the effectIveness of thIS dispersant 10 

reducmg thIS capablhty 

5 Spraymg a sodlUm carbonate solutlOn on the soll surface was found to be the best 

11 

method for reducmg the water mfiltrallon capabIhty of the soIl It appears that spraymg 

produces a more umform dIstnbutlOn of the dIspersant than the dry dlstnbutlOn method 

6 The reductlOn 10 water mfiltratlOn capabIhty of the soll by means of sodIUm carbonate 

persIsts, even after several cycles of drymg and wettmg 

FIeld Expenments 

These expenments were based on the results of the laboratory expenments 

The field expenments were earned out only m the PI Gehlot SIte The SIze of the contamment 

basm sectlOn was 25 m2 (5 m x 5 m), and withm It the mfluence of sodIum carbonate on water 

mfiltratlOn was exammed The boundanes of the sectIon were separated from the rema10mg 

area by a metal frame The sodIUm carbonate apphcatlOn rates were 

(1) Control - no sodIum carbonate, 

(2) 10 ton per hectar (powder), 

(3) 10 ton per hectar (SolutIon), 

(4) 20 ton per hectar (powder) 

The concentratIon of sodIum carbonate 10 the solution (treatment no 3) was 1 kg 10 3 L 

Infiltration measurements were performed by follow1Og the fallIng lIquid level method (Fig 1) 
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II Use of sodIUm carbonate for soli sealmg 

IntroductlOn 

12 

The workmg hyphothesls which was exammed m this expenment was that It IS possible to 

reduce the hydrauhc permeabilIty of a sOil which has a clay content, even a low one, through 

the use of sodIUm carbonate After the successful conclusion of the reduced-scale laboratory 

expenments which showed that the use of sodIUm carbonate IS most effective m soIl sealmg, 

seepage expenments were earned out m two basms with a loam soIl (4x4 m at the bottom) and 

2 similar basms with a sandy sOil In the followmg, the sealmg expenments m these basms are 

descnbed 

DescnptlOn of expenments 

The bottom and walls of one of each pair of basms were covered with sheets of polyethylene 

while only the walls of the second were covered with such sheets The bottom of both basms 

were sprayed with sodium carbonate solutIOn at a concentratIOn of 20%, usmg a quantity 

eqUivalent to a rate of 20 ton of sodium carbonate per ha As part of the sealIng treatment the 

baSinS were flooded to a height of about 40 cm A month after thiS, the baSinS were flooded 

again to a similar height and the rate of loss of water was mOnItored 

Results and diSCUSSion 

a Loam SOlI The rate of seepage m both containment basms m the course of tIme IS 

summanzed m Table 2 and Fig 16 The seepage rate was smaller than the rate mdlcated by 

these data, because It mcIuded evaporation, which m the season dunng which the expenment 

was conducted, was greater than 0 5 cm per day 

b Sandy soli The water level (corrected for evaporatlOn I ) 10 both bas1Os, and Its vanatlOn 

With time 10 both wettmg cycles are presented 10 Table 3 In the first wettmg cycle the rate of 

seepage from the control well was very fast and the water level fell from 40 cm to 9 em wlthm 

22 hours In contrast to that, the seepage rate m the treated well was slow, and the fall was 

only 7 cm m the same penod of time (from 40 to 33 cm) The low mfiltratlOn capablhty of the 

sodium carbonate-treated SOlI perSisted after the complete drymg of the soil surface More than 

that the sealmg capablhty even Improved m companson With the first wettmg cycle While the 
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control well emptled of water after about 30 hours from the tIme offilhng, the water level m 

the sodIUm carbonate-treated well fell by only about 1 cm (a fall from 35 to 34 cm) m the same 

penod of tIme The heIght of the water surface above the soIl m the sodIUm carbonate-treated 

well fell by about 4 cm III 190 hours (about 8 days) 

The field expenments demonstrated the effectIveness ofNa2C03 as a sealant matenal, thus 

corroboratmg the laboratory results 
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ill Refinery sludge as a soils sealant and stabilizer 

a Laboratory expenments- sealIng 

The efficIency of refinery sludge A (Table 1) as a sealant was tested In detml The sludge was 

mIxed wIth vanous soIls or related media, namely, quartz sand, sandy soIl (6% clay), low grade 

bentomte and low grade kaolImte The mIxtures were compacted by applYing to them 

pressures of 0, 3, and 5 kg/cm2 The effect of exposure of the mIxture to wetting and drying 

was tested by drying the mIxtures at 35°C for vanous penods up to 60 days In the mIxture of 

the sludge WIth the sand and sandy soil at 10-40% sludge content, no cracks were formed The 

hIgher the applIed pressure before the drying process began, the hIgher the sludge content that 

could be added WIthout crack formatIon The pure sludge or mIxtures WIth sludge content over 

40% cracked upon drying Bentomte addItion Increased the tendency of the mIxtures to crack, 

but up to 10% kaolImte could be added WIthout affecting cracks formatIon The fractIon of 

kaolImte In the mIxtures whIch dId not cause cracking mcreased WIth the pressure applIed 

before drying 

The sludge adsorbed strongly to soils Up to 20% WfW sludge m the sandy SOlI and even 

larger fractIOns m heavIer soIls were IrreversIbly adsorbed 

The sludge forms an emulSIOn WIth water, so that It could be brought to VISCOSIty levels 

(around 1000 centlstokes) whIch enabled Its applIcatIOn by spraymg The VISCOSIty was, 

however, a strong functIon of the temperature, bemg at 22°C, 50% lower than at lSoC thIS 

fact can be utIlIzed m the deSIgn of effectIve and convement applIcatIOn procedures for the 

sludge 

When the sludge-sOlI mIxtures were kept at field capaCIty or at hIgher mOisture contents, the 

sealmg effectiveness of the sludge was not reduced at all after 6 weeks of mcubatlon 

As stated above, when the treated soIl was exposed to drymg, crakmg of the treated layer took 

place at suffiCIently hIgh sludge or clay contents Addmg calcIUm contammg addItIves such as 

gypsum at rates of 0 2-0 6 kg/m2 to the sludge treated area often prevented the crackmg 

Cntena for evaluatmg the sealant were defined (Table 4) and the vanous systems studIed were 

evaluated accordmg to these cntena 

The results obtamed WIth the small (5 cm 1 d) permeameters are summanzed m Table 5 The 

data mdlcate that the rate of penetratIon of water IS mversely related to the amount of sludge 
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added per umt area The actual amount of sludge to be added IS thus a functIon of the reqUIred 

degree of sealIng 

It was shown that If necessary, sealIng can be Improved without mcreasmg the sludge content 

by addmg to the sealmg layer a non-expandmg clay, such as kaohmte at a rate of 0 2-0 4 

kg/m2 

b Laboratory and small scale runs- soIl stabllIzmg 

The efficiency of refinery sludge A as a stabilIzer m the mamtenance of the water conveyance 

systems was tested m small scale runs The sludge was shown to be very effective m stabdlZlng 

slopes agamst eroslOn and m addltlOn, It reduced vegetatIon growth, an advantage m the 

mamtenance of the water conveyance ditches 

A qUIck test for the mitIaI screemng of systems accordmg to their stablhzatlOn efficiency was 

developed sOlI samples were placed m petn dishes and sprayed at different rates with the 

refinery sludge The dishes were put at a 50% mclIne m a shaker filled with water to half the 

height of the plates The shak.er was operated at 70 cycles per mmute for 24 hours The test 

was repeated after the plates were mcubated at 35°C for 11 days In unsuccessful treatments, 

the soIl m the dIsh collapsed The mlmmum loads of refinery sludge A which passed the above 

test m dIfferent sods are summanzed m Table 6 Untreated reference SOlIs collapsed wlthm 5 

mmutes of shakmg 

A long term test of the effect of sludge additIon was run as follows Trays measunng 20x50 cm 

were filled with sod (Bet Dagan red-brown sand, dune sand mixed with Heletz hmestone, Gdat 

loess, or gromosol from Sedeh Yoav) The soIls m the trays were sprayed with sludge A m a 

quantity eqUIvalent to 20 ton per ha and placed m a trough at a 1 3 slope The trays were 

Immersed to their mid-heIght m water After 10 months the trough was dramed and the trays 

were left m the dry trough Trays which were filled with soIl which had not been sprayed 

received a SImIlar treatment, and served as controls 

From VIsual observatlOn, It appeared that there had been Improvement m the structure of the 

soIl whIch had been treated WIth sludge A, m companson WIth the non-treated SOlIs ThIS was 

mdicated by the lower senSItIVIty of the treated soIls to eroSIon 

Ram SImulator tests were conducted usmg a nozzle type SImulator capable of generatmg 

ramfall WIth a hIgh kmetic energy (22 9 kJ m 3) as prevIously descnbed by Monn and 

Benyamim (Monn, J , and Y Benyammi 1977 Ramfall mfiltratlOn mto bare SOlIs Water 

Resources Research 13 813-817) The ramfall SImulated had the followmg propertIes medIan 
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drop dIameter- 2 3 mm, medIan drop velocIty- 6 74 m s 1, ramfall mtensIty- 104 J..lm s 1 The 

trays' dImenSIOns were 30X50 cm and 4 replIcates were run sImultaneously SoIl aggregates 

«4 mm) were packed m the tray m a 2 cm thIck layer over a layer of coarse sand The trays 

were placed m the ram sImulator at a 10-33% slopes and the soIl m them was then saturated 

wIth tap water from below and finally exposed to sImulated ramfall consIstmg of deIOnIZed 

water 
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The ram sImulator tests showed that the sludge-treated soIls (a dune sand, a sandy soIl and a 

loessial soIl) dId not erode under the mfluence of 4 hours of ram even at a 33% slope The 

above results were obtamed when sludge was added to the soIl at a range of 2 kglm2 The 

stabIlIty of the soIl was kept even after the soIl underwent eIght cycles of drymg for seven days 
~ 

and then rewettmg 

The effect of the sludge on plant growth was tested by observmg the emergence of wheat and 

oat seedlmgs through a sludge treated SIlty sand layer The tests were conducted In petn 

dIshes Emergence m the treated soIl was reduced as compared to untreated soIl The reductIOn 

m emergence was dIrectly proportIOnal to the rate of sludge apphcatIOn Yet, although sludge 

apphcatIOn IS hkely to reduce vegetatIon, the observed reductIon m emergence was not 

suffiCIent to make the apphcatIOn of sludges effectIve enough to serve as a sole vegetatIve 

growth preventIOn procedure 

The canal SImulators were also used for testmg stabIhty As a reference, polymers such as 

polyacrylamIde (PAM), whIch are well known soIl stabIlIzers, were also tested (e g , FIg 17 

and Table 7) 

c Influence on vegetatIOn 

One of the most promIsmg uses of refinery sludges IS the stabIhzatIOn of slopes and unstable 

soIls for penods up to 2 years to facIhtate the estabhshment of natural or other plants 

Therefore, the effect of the sludge and SImIlar matenals on eXIstmg plant cover and flowenng 

capabIhty was exammed It was found that m all the plants whIch were exammed (lettuce of 

cv Mmam and vanous wIld plants) the eXlstmg cover was severely mJured by spraymg 

dIrectly onto It In contrast, no SIgns of mJury to the eXIstmg plant cover were notIced as a 

result of spraymg onto the soIl surface and not dIrectly onto the canopy Itself 

Spraymg Sludge A dId not prevent emergmg but dId reduce It There was a reductIOn m the 

denSIty of the plants' stand and thIS reductIOn progreSSIvely mcreased as the quantIty of 
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sprayed matenal Increased The reductlOn m the rate of emergence was greater m oats and 

chrysanthemums than In barley and lettuce 
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In spIte of the reductlOn m emergence of certaIn plants, It IS possIble, through the correct 

chOlce of the vegetatlOn and of the spraymg technology, to stablhze even steep slopes and at 

the same tlme to mamtam healthy emergence of plants ObservatlOns on red-brown sand SOlI 

IndIcated that eroSlOn of seeds from slopes was reduced m the presence of Sludge A, enabhng 

the plants to estabhsh themselves In contrast, m the unsprayed control plot the sOlI surface 

was completely bare due to of erOSlOn of the wheat seeds whIch were broadcast on It 

d FIeld observatlOn 

d 1 Brown-red sand soll ObservatlOns were carned out at the Bet Dagan sIte, on a 1 3 5 

slope The soll was hght m the upper honzon, whIle at lower depths there were clayey lenses 

Plots of 9-sq m area were sprayed wIth sludge A as follows one plot was sprayed wIth 20 

tonlha and another plot wIth 20 tonlha of a suspenSlOn of 50% sludge A In water, 1 e, 10 

tonlha of sludge, but only on the upper half of the plot, the lower half was not sprayed at all 

An unsprayed control plot was also deSIgnated After 270 mm of ram, a dlstmct dIfference was 

observed m the behavlOr of the vanous plots There remamed a relatlvely umform crust of 

sludge A on the surface of the plot whIch had been sprayed wIth 20 tonfha There were no 

sIgns of eroslOn The emergence of the natural vegetatIon was restncted In the plot of whIch 

the upper half had been sprayed wIth 10 ton of sludge A per ha there was no umform layer of 

sludge but there were aggregates of sOlI, coated wIth sludge A, m the upper half of the plot In 

the upper half of thIS plot eroslOn was relatIvely shght compared wIth the control plot or the 

unsprayed part of thIS plot The plant emergence and growth m the upper (sprayed) half of thIS 

plot were better than In the plot whIch had been sprayed wIth 20 tonlha In the control plot 

there were nlls m the soll and layered eroslOn from the upper half whIch accumulated at the 

bottom of the slope The eroded matenal was nch m the sandy fractlOn of the upper honzon of 

the soll and caused the exposure of the clayey lenses m whIch nlls were observed As 

mentlOned above, these effects were not observed at all ill the plot which had been sprayed 

with 20 tonlha, and only slightly ill the upper half which had been sprayed with 10 tonlha 

The layer erOSlOn of the sandy fractlOn ill the control plot and itS absence from the treated plots 

confirm the potentIal of the sludge A treatment for preventmg eroslOn from sandy slopes 

As a result of the eroslOn descnbed above, the upper half of the control plot was left bare, 

while a very dense stand developed m the lower half In companson, the dIstnbution of plant 

growth In the treated plots was umform 
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d 2 Expenments on loess sod Expenments were earned out on a larger scale m two SItes 

one near KIbbutz Lahav and the second near Ma' agar Sansanna The soIl m both SItes was 

loess, namely, sod lackmg structure and nch m sdt The setup of the expenmental SItes are 

descnbed m FIgs 18 and 19 The slope m the Lahav SIte was 1 3 5 and that m the Ma' agar 

Sansanna SIte was 1 3/4 The SItes were exposed to one storm WhICh was measured at Ma' agar 

Sansanna (30 mm m 1 day) and to a further bnef storm (about 5 mmutes at an mtensity of 38 

mmlh measured m the Ma'agar Sansanna SIte) Although the ramfall m this very warm year 

was not sufficIent to cause apprecIable eroslOn even m the control plots, It was possIble to 

draw ratIonal conclusIons from the conditlOn of the plots 10 weeks after spraymg and after the 

ramfalls mentIoned above 

At that tIme, the Lahav SIte was covered wIth vegetatIon whIch compnsed mamly aftergrowth 

of barley, oats and other plants, at a relatIvely low densIty VegetatlOn was observed both In 

the treated plots and In the control plot The most abundant vegetatIon was In the control plot 

The denSIty of vegetatlOn decreased as the amount of sludge added Increased It should be 

emphasIzed that the stand In the plots whIch had been sprayed wIth sludge was umform, whIle 

In the control plot, the vegetatlOn was concentrated In well-defined depresslOns along the 

slope In the plot whIch had been sprayed wIth less than 10 tonlha, there was a concentratlOn 

of growth along depresslOns resembhng those m the control plot, but the mtensity of the 

phenomenon was much less than In the control plot 

In the Sansanna SIte there was no vegetatlOn at all In eIther the treated plots or the control plot 

On the other hand, there were dIfferences m the structure of the upper layer of the soIl 

Whereas the SOlI surface In the control plot was covered wIth a well developed crust, In the 

treated plots aggregates formatIon was observed WhICh became more pronounced as the 

amount of sludge added Increased Thus, whereas the Influence on the structure In the plot 

WhICh had been sprayed wIth 10 tonlha appeared to be mimmal, there was an appreciable 

Influence In the plots which had been sprayed wIth 15 or 20 tonlha EroslOn damage was 

contmued to be momtored on loess sod slopes at Lahav and Sansanna, whIch had been sprayed 

wIth sludge A for a number of seasons In the second year there were agam no sIgmficant 

raInstorms m the area, but even after the lImIted amounts of ram whIch dId fall, dIfferences 

v\ere cleaRy discermble between the stabIhzed plots and the controls ThIS was espeCially 

conspICUOUS on the Sansanna plot, whIch had the steeper slope 

Whereas In the Sansanna SIte there had not been any vegetatlon In eIther the expenmental plot 

or the control plot, In the case of the Lahav plot (whIch had a more moderate slope), there was 
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a mIxture of barley and wIld plants, wIth no notIceable dIfference m vegetatIOn between the 

control and the treated plots In the Bet Dagan SIte (brown-red sand - slope 1 4), a sIgmficant 

dIfference In erosIon between the treated and the control plots was seen, even three seasons 

after the stabIhzatIOn treatment 

CONCLUSIONS 

1 There IS no doubt that refinenes sludge stabIhzes slopes whIch are treated wIth It, 

agaInst erosIOn Although the durabIhty of the treatment was not determmed, there IS no doubt 

that It IS effectIve for years 

2 The seahng capabIhty of refinery sludge was proven m laboratory expenments In SItes 

subject to drymg and wettmg processes, other sealIng methods (such as Na2C03 apphcatIOn) 

seems preferable In SItes m whIch wettIng IS permanent, usmg refinery sludge as a sealant IS an 

effectIve, low cost procedure 

Note In order not to postpone any further the submIssIon of thIS report, we attach the results 

of the PhilIppmes group m graph form only and WIll submIt the text as soon as It arnves from 

the PhIlIppmes 
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Graphical presentation of the results of work performed m the Phlhppmes 
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Fig.1 Perc~lation Losses at Different 
Levels of Sodium Carbonates 
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Fig.? Percolation Losses at Different 
Levels of Sodium Carbonates 
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31Fig.Percolation Losses On Soil-Petromul 
Medium on 08 June'94 
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I Table 1 CharacterIstics of the refinery sludges used 
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Source 

Property 

Water content (% W) 

Asphaltenes cont (% W) 

Ash cont (% W) 

Total S (%W III 011 fractiOn) 

Cl cont (%W III ash) 

Na cont (") 

Mg (") 

AI (") 

Sl (") 

S (") 

K (") 

Ca (") 

Tl (") 

U (") 

Fe (") 

pH (ash suspenSiOn) 

pH (water extract) 

sludge A - Haifa refinery 

Israel (ave 5 samples) 

43 

8 

12 

27 

03 

nd 

5 1 

nd 

21 3 

3 7 

nd 

133 

nd 

002 

8 1 

7 1 

70 

Caltex refinery 

Phzizppmes 

traces 

086 

037 

1 72 

09 

04 

1 4 

11 5 

31 9 

o 16 

02 

02 

046 

o 1 

2 :r--
64 

68 
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Table 2 Rate of water loss from the eonta1nment bas~s 
(Ashdod term1nal) 

bas1n 2 
w1thout l1n1ng 

bas1n 1 
w1th I1n1nl.g 

Head (em) t1me (h) Head (em) T1me (h) 
11-------------------------------------------------------------------------------

23 05 93 23 05 93 
44 a o 45 50 0 1 04 

I 43 0 1 05 49 0 1 50 
41 0 1 35 49 a 2 as 
40 a 2 05 48 5 2 35 

I 35 a 4 00 48 a 3 05 
30 a 9 00 48 a 5 00 
23 0 U 30 47 a 10 00 

I 
43 5 23 30 

24 05 93 43 5 24 30 
40 0 23 30 43 5 25 00 
39 a 24 00 43 a 29 00 

I 35 0 28 00 42 5 34 30 
32 5 33 30 42 0 46 00 
25 0 45 00 38 0 94 00 

I 16 0 93 00 36 0 104 00 
14 0 103 00 36 0 123 00 
13 0 122 00 32 0 172 00 

I 
11 0 171 00 

22 06 93 
40 a a 00 

I 35 0 3 00 
31 0 8 00 
24 0 20 00 

I 
20 0 32 00 
17 a 44 00 
16 a 45 30 

II 24 06 93 
38 0 47 30 
36 0 49 30 
29 0 57 00 
24 0 68 00 
20 0 75 00 

I 
16 0 116 00 

1-------------------------------------------------------------------------------

I 
I 
II 
I 
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Table 3 Change wlth tlme of the water level (corrected 
for evaporatlon) In the basln followlng two 
wettlng cycles 

HeIght of water surface, cm * 

SodIUm carbonate treated 

40 

40 

39 

35 

35 

34 

34 

34 

32 

32 

32 

31 

31 

31 

Control 

40 

35 

29 

9 

46 

37 5 

15 

9 

0 

0 

0 

0 

0 

0 

0 

The accuracy of measurement was ± 0 5 cm 

TIme 

(hrs) 

o 

2 5 

6 5 

22 

0 

4 5 

19 5 

24 5 

43 5 

67 5 

91 5 

115 5 

139 5 

163 5 

190 5 

Cycle no 

1 

2 
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Table 4 QualIty CrIterIa for sealIng procedures 

1 Use cntena 

1 1 Sod Types 

1 2 

1 3 

1 4 

Water quahty 

Storage conditlOn (alternate wettmg and drymg or contmuous wettmg) 

MaXImum water stand 

1 5 Water uses 

2 E(f1clency" cntena 

2 1 Sealmg efficIency 

22 EfficIent hfe tIme 

23 HomogeneIty 

24 Set-up technology 

25 RelIabIhty 

26 ProtectlOn reqUIred 

3 LzmlfatlOns 

3 1 AIr contact 

32 

33 

34 

Exposure to U V IrradiatlOn 

Large ammal damage 

Rodents damage 

3 5 Insects damage 

36 Mechamcal eqUIpment damage 

3 7 Plant damage 

3 8 

39 

Effects on water quahty TOXICIty to plants, tOXICIty to ammals and humans and 

transmISSIon of obJectlOnable taste or smell to water 

Ease of mamtenance 

3 10 Damage by water flow 

4 Cost crzterza 

4 1 Cost of sealant 

42 TransportatIOn cost 

4 3 ApplIcatIOn cost 

44 Cost ofprotectlOn (If needed) 

45 Amount of sealant per umt area 
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Table 5 Sealmg efficiency ahleved with Haifa refinery sludge (sludge A) 
m variOUS sods' 

Sari Type and quantity of sealmg mixture 
needed to achieve 0 3mm/day flow rate 
for 1m water stanfi (Kg/100()I11~ 

Loess (GIlat) 

Loess (Gil at) 

Loess (Gtlat) 

Loess (Gllat) 

Sand (Mlvtahlm) 

Sand (Mlvtahlm) 

Sand (Mlvtahlm) 

Sand (Mlvtahlm) 

2000 

1600 + 400 gypsum3 

2000 + 300 gypsum + 
250 Kaolinite + 
240 bentonite 

1600 + 600 gypsum 

1500 + 240 gypsum + 
200 kaolinite + 
170 bentomte 

3000 + 900 kaolimte 

3000 + 450 kaolinite + 
450 gypsum 

3000 + 1200 gypsum 

Comments 

No compactIOn Drymg 
effect not determmed 

CompactIOn - 25 tonlm2 SealIng 
ablhty maIntaIned after dryIng 
at 25°C, with slight recompactlOn 

Compaction - 20 tonlm2 Seahng 
ability not maIntaIned after 
dryIng at 25°C 

CompactIOn - 14 tonlm2 DryIng 
did not affect sealIng 

Compaction - 20 tonl,m2 DryIng 
at 50°C did not reduce sealIng, 
with slhght recompactlon 

CompactlOn - 25 tonlm2 Seahng 
lost after dryIng at 50°C 

Compaction - 25 tonlm2 Effect 
of dryIng not determIned 

CompactlOn - 15 tonlm2 sealIng 
ability reduced after drying 

1 Measurements made In cells of 20 cm2 surface area All measurements were made 
under 15 m water stand 

2 

3 

All sealing mixtures were spread by pounng The rate of flow was Inversely 
proportIOnal to the amount of sealIng matenal added When higher flow rates are 
acceptable, the amounts of sealing matenal added per umt area will be proportIOnately 
lower 

The gypsum used was a by product of the phosphate Industry and hence inexpensive 
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Table 6-- The mInImUm amounts of Hatfa refinery (sludge A) proven 

I effectlve m stablhzmg soIls agamst wave damage 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SoIl Mmlmum amount (tonJ1000m2
) 

Sand (Mlvtahlm) 1 0 

Sand (Hamra) 1 0 

Loess (GIlat) 1 5 

Clay (Sde Yoav) 1 5 
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Flgure 7 SOll (sandy loam) erOSlon as measured ln a 
canal slmulator ln the presence and absence of 
polyelectrolltes 

Distance 

1) 

2) 

3) 

cm 

0 
10 
20 

30 

40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 

SOlI eroslon, g 

Control 1) 

2752 
2395 
2598 

2288 

231 9 

Water volume 

Water volume 

Water volume 

892 
405 
261 
155 
11 6 
78 
65 
55 
40 
36 
34 
'27 
25 
2 1 

PAM (50 %) 2) 

2 m3/h 

9 m3/h 

12 m3/h 

1305 
963 
738 

450 

333 
135 
32 
23 
1 4 
1 6 
1 1 
1 4 
12 
09 
1 1 
1 0 
08 
09 
1 0 

P 101 (12 %) 3) 

04 polymer 100 Kg/ha (3% In 2 portions) 
05 canal length 15m 
03 height 9 cm (1 1) 

05 cross sect 8 1 x1 0 3 m2 

04 flow rate 3 m3/h 
02 flow speed 10 cm/s 
03 
01 
00 
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FIGURES 
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Flgure 1 Schematlc dlagram of the perweameter 
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FIgure 2 _ DIagram of the Cannel silllulator (bench versIOn) 

ti( 
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Fl9ure 3 The effect of the dlspersants on the hydraullc 
conductlvlty of a sandy 5011 (BILU) Ko - HydraullC 
conductlvlty In saturat10n of the untreated 5011 
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Flgure 4 The effect of the dlspersants on the hydrau11c 
conductlvlty of a mlxture of a clay 5011 and sand 
(1 2) KQ - Saturated hydrau11c conductlvlty of the 
untreated 5011 
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Flgure 5 

2 3 4 5 

TIME (H) 

Effect of Na2C03 on the lnflltrablllty of ~ sandy sOll 
Na2C03 was addea at a rate of 1 ton/1000m by spreadlng 
and mlxlng wlth the top lcm of the so11 
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after drYlng - .A 

.A A-
A-

.A---. 
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" I 
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2 3 20 40 

TIME (H) 

Effect of Na2C03 and wettlng and drY1ng cycle 
on the lnf1ltrabll1ty of a sandy so11 as a fuctlon 

of tlme Na2C03 at a rate of 1 ton/lOOOm2 (dlssolved 

1n water at an equlva1ent volume of 5 m3 ) was sprayed 

on the sOll surface before the lnf1ltrat1on test has 
began 
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Flgure 7 

2 3 20 40 
TH1E (H) 

Effect of Na 2Ca and wettlng and drYlng cycles on the 
lnflltratlon rate In a sandy clay sOll as 2a functlon of tlme 
Na C03 was added at a rate of 1 tonilOOOm (dlssolved In 
wa~er at an equlvalent voluIT'e of 5rr ) by spraylngron tne surface 
before lnflltratlon was measured 
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Effect of ~a CO and wettlng and dry1ng cycles on the 
1nf11trat10n2rate 1n a clay so11 as a f~nct10n of t1me 
Na?C03 was added atarate of 1 ton/1000m (d1sso1ved In 
water at an equlvalent volume of 5w ) by spraYlng on the 
surface before lnflltratlon was measured 

~1 
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FIgure 9 Influence of dIspersIve matenals on the hydraulIc cOnductIVIty 

of a mIxture of loamy soIl and sand ill all ratto, to NatIOnal Water 

Carner water (Ko - hydrauhc conductIVIty at saturatIOn of untreated 

mixture) 
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FIgure 11 Influence of sodIUm carbonate and a drymglwettmg cycle on the mfiltratlOn 

capabIlIty of sandy loam (BIlu) for NatlOnal Water Carner water SOdIum carbonate at a rate 

of2 ton/lOOO mt was dIstnbuted on the SOlI surface and mIxed mto the topmost soIl layer (1 

em) 
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FIgure 12 Influence ofsodmm carbonate and drymg/wettmg cycles Oll the mfiltratlOll rate of 

sandy loam sOlI for NatlOnal Water Carner water as a functlOll oftlme SodlUm carbonate at a 

rate of 0 5 ton /lOOom2( dIssolved m water of a volume eqUivalent to 2 5 cub m) sprayed 

onto the sol1 surface before determmatlOn of the mfiltratlon capabIlIty 
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FIgure 13 Influence of sodIUm carbonate and a drymg/wettmg cycle on the mfiltratIOn rate of 

sandy loam SOlI for NatIOnal Water Carner water, m the presence of a covenng layer of sand(5 

cm), as a functlOn oftlme SodIUm carbonate at a rate of 10 tonI hectar (dIssolved m a 

volume eqUIvalent to 5 cub m of water) sprayed onto the SOlI surface before covenng WIth the 

sand layer 
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FIgure 14 Influence of sodIUm carbonate and dryIng/wettIng cycles on the InfiltratIOn rate of 

clayey SOlI for NatIOnal Water Carner water as a functIOn oftime SodIUm carbonate at a rate 

of 10 tonlha (dIssolved In a volume eqUIvalent to 5 cub m of water) sprayed onto the sOlI 

surface before determInatIOn of InfiltratIOn capabIltty 
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Flgure 15: Effect of Na2C03 and wett1ng and drY1ng cycles on the 
lnf11tratlon rate 1n a clay 5011 as a f~nct10n of t1me 
Na:;>C03 was added ata rate of 1 ton/jOOOm (dlss01ved 1n 
water at an equlvalent volumelof 5m ) by spraYlng on the 
surface before lnflltratlon was measured 
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Figure 18. 

Schematic of the expenment at the Ma' agar Sansona sIte 
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FJ.gure 19 

SchematIc of the expenment at the Lahav sIte 
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