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ABSTRACT

Sludge remaining at water treatment plants is an inescapable byproduct of the water treatment
process. The nature of sludge depends on suspended solids of raw water, coagulant type and
chemicals that are used in the treatment process. Direct discharge of sludge into water bodies
result in the risk of contamination of surface and ground water that affects water quality and
aquatic biota. According to existing legislation, water treatment sludge is classified under
industrial waste. Therefore, it is anticipated that the water treatment process would be legislated
as a licensable activity in the near future. The National Water Supply and Drainage Board
(NWSDB) which is the main potable water supplier in Sri Lanka, has paid attention to identify
disposal routes, sustainable practices, and potential applications of water treatment sludge. The
objective of this research was to recognize disposal practices and cost effective methods that
conform to environmental regulations. To fulfill the objectives, a questionnaire survey was
conducted pertaining to chemical usage, sludge production, sludge handling and disposal
methods. To introduce sustainable practices, a series of experiments were conducted by adding
sludge into production of burnt clay brick, replacing cement by sludge as an adhesive fine
material in cement mortar and replacing sand by sludge as fine aggregate in Concrete Paving

Blocks (CPB). The questionnaire survey revealed that 50% of selected treatment plants that are
operated by NWSDB;éh rdischarge; the sludge. inte, inlandcsprface waters with no treatment
or dispose to bare |aig@®&kkxperimental results showedothat the required c ssive strength of

burnt brick could be aFﬁle by ing sl _ s of single storey
buildings. Further, repf nt of cement Dy Studge tar, achieved the
required flow of 105% o0 115% with the waiei cement ratio between 0.7 and 1.1. ReqUired
compressive strength of cement mortar could be achieved with the addition of 10% sludge with
the water cement ratios of 0.7, 0.9 & 1.1, 20% sludge with the water cement ratios of 0.7 & 0.9
and 30% of sludge with the water cement ratio of 0.7. The suitability of a CPB depends on its
compliance to the compressive strength requirements. The results showed, the addition of 10%
sludge as fine aggregate and 10% bottom ash and sludge as fine aggregate satisfies the
requirement specified in the SLS standards for class 1. Hence Concrete Paving Blocks can be
successfully produced using 10% of water treatment plant sludge as supplement for sand.Sludge
production is an inevitable outcome of potable water treatmentand hence sustainable reuse
techniques and disposal methods need to be introduced as a policy for protecting the
environment.
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CHAPTER ONE
INTRODUCTION

Background

The National Water Supply and Drainage Board (NWSDB) is the main potable water
supplier in Sri Lanka so far, providing pipe borne (treated) water for 44% of the
population. There are other forms of water supply through rural water schemes run by
local government as well as consumer societies and hand pumps etc. as shown in fig 1.1

(http://www.waterboard.Ik). Currently NWSDB has a consumer data base of more than

1.75 million and 100, 000 new consumers are added every year.

Safe Water Coverage

U of N
Elk.-\ 11C Th(
www. lib. mrt

m Piped Wae
m Protected Dug wells
Tube Wells/Hand Pumps
Rain Waer Harvesting & Other

m No access to sae water

Figurel.l: Safe Water Coverage in Sri Lanka

Presently, NWSDB produces 590 million m® of water annually which is distributed to
various parts of the country. Normally 2% of water production is produced as waste
(Sludge) during the water treatment. Eventually a majority of this waste is discharged to
the rivers and streams, thereby polluting water in existing water resources. Therefore, it is

essential to consider Waste Management System.

Raw water abstracted from surface water sources such as reservoirs, rivers and ground
water sources (aquifers) may contain a wide variety of contaminants, including micro-

organisms, inorganic and organic contaminants. These impurities may be present as
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dissolved constituents or suspended solid particles, or compounds bound to such

suspended particles. Mostly the water is abstracted from surface water.

The provision of potable drinking water typically involves treatment processes to remove
contaminants, which are distributed to consumers. Most of the surface Water Treatment
Plants that employ the conventional treatment process such as Coagulation, Flocculation,
Sedimentation and Filtration is typically followed by Aeration and preceded by
Disinfection (Figure 1.2) produce large quantities of sludge by removing impurities from
raw water and various water treatment chemicals which are used for relevant water

treatment processes.

Intake —— ACration ———j- Coagulation & Flocculation

Disinfectic lre <F Sedimentati

Storage Re

Figure 1.2: Conventional Water Treatment Process

The conventional water treatment process is well established and strong. It consists of
dosing a ‘coagulant’ (chemical), which forms a precipitate in the water as it is neutralized
upon addition of an alkali. In some raw waters sufficient quantity of natural ‘alkalinity’ is
present to buffer the pH variation without alkali addition. The most commonly used
coagulants are trivalent aluminum or iron salts. Aluminum sulfate (“Alum”) being the

commonly used coagulant in Sri Lanka.

The precipitate is aggregated with the raw water contaminants, so that these are held
together in a solid phase suspension within the purified liquid water. By separating these

two phases a clear supernatant stream can be taken off for possible further processing and
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distribution to customers. The aggregates can be formed into larger ‘flocs’ by addition of
a ‘flocculant’ (polymer) to aid the faster solid—liquid separation. The separation may be
accomplished by gravity settling (‘sedimentation”), direct filtration (through a bed of

granular media), or floatation (typically as ‘dissolved air floatation’).

Sludge of water treatment plant remains an inexorable by product of water treatment
process and is normally directly discharged into the water courses downstream of the
water intake point or disposed in a lagoon located at and around the plant in a short-term
period. Questions have been raised in regard to the potential environmental impacts of the
sludge when used. This research intends to identify cost effective and environmental
friendly sludge management methods to dispose the sludge produced in NWSDB Water

Treatment Plants.

The Sri Lankan Government targets to provide safe drinking water supply for all by 2025
with 60% piped borne water supply caverage by 2020 through the national authority,
National Watg?;‘gjupply and. Drainage1Board (NWSDB). 10, provide safe drinking water,
which will pr_ozgluce ahege, amount af -shudge. The management of the ever increasing
sludge from Water Treatment Plants is a serious problem, due to environmental
pollutions like surface/ground water, land pollution etc., high expenditure for cost of
handling, transport and disposal of sludge and the risk on environment and human health.

Regulatory constraint on residual disposal has become an increasingly severe crisis in
recent years. The use of water treatment plant sludge in various industrial and
commercial manufacturing processes has been reported all over the world. The selection
of an alternative should be based on economic as well as regulatory considerations. The
type and characteristics of sludge are also important criteria to be used in developing

disposal alternatives.

Therefore, it is necessary to identify appropriate methodologies and technologies for
sludge management in the Water Treatment Plant that ensure required ecological and

technological results.
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1.2

Problem Statement

In order to satisfy the ever increasing demand for potable water, many new water
treatment plants are being constructed and some of the existing water treatment plants are
being enlarged and modernized. This will result in the production of an increased volume

of sludge and wastewater.

The management of ever increasing sludge from Water Treatment Plants is a serious
problem, due to its high treatment cost and the risk to environment and human health.
The handling and disposal of sludge is one of the most significant challenges in water
work management.

Generally Water Treatment Plants sludge is disposed as follows.

e Directly discharged into the water courses downstream of the water intake point as

shown in Figure 1.3.

Figure 1.3: Direct Discharge of Water Treatment Sludge to Water Bodies
(Kalatuwewa WTP)

e Dewatered and disposed within the water treatment plant site or open dumping as

shown in Figure 1.4.
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Figure 1.4: Dewatered and Disposed within the WTP Site or Open Dumping

Direct discharge of water treatment sludge to water bodies affects the water quality of

downstream and aquatic. biota. and it is not acceptable in_accordance with EPA

recommendad It willl be a_ licensable activity, in the near future, according to the
enwronmentéﬁrﬁgulatlons Large guantities of sludge are disposed off by land filling
(Open dumping) also. The openly dumped sludge washed away with rain water, affects
surface water quality. Ground water quality also affected due to leaching of sludge in to

soil.

A key concern regarding the direct discharge of aluminum residuals to waterways is
aluminum toxicity in the aquatic environment. When aluminum is mobilized intakes and
streams, it may be toxic to aquatic life. The detailed review of existing legislation
demonstrates that water treatment sludge is classified as an industrial waste. The
management and disposal of which must be carried out in compliance with the

environmental regulations.

Therefore extensive investigations are required for alternative reuse techniques and
disposal routes for sludge produced in NWSDB water treatment plants to find the

solution on sludge disposal issue and contributing towards the environmental
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sustainability by reduce the pollution. However those reuse techniques should be
marketable and attractive to end users. So the most suitable proportion of sludge content
that can be used in construction materials, to meet the stringent standards set by the
regulatory bodies to be identified.

Objective of the Research

The objectives of this study are,
1. Identify the current sludge handling and disposal practices adopted in the NWSDB
Water Treatment Plants in Sri Lanka by conducting a questionnaire survey.

2. Suggest sustainable practices to NWSDB on sludge handling and disposal.

3. Study the feasibility of using the sludge as an alternative material in the construction
industry under local conditions for the following applications:
0 Rgu;e of sludge In brick manufacturing .as substitute for clay
o Re use of sludge .in;gement mariar as substitute for cement
e Re use of sludge in concrete paving block manufacturing as substitute for

sand.
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CHAPTER TWO

LITERATURE REVIEW

Water Treatment Plant and Sludge Production

Researches regarding the water treatment sludge have been carried out by different
researchers around the world. This section of the report explains in detail about the sludge
production in water treatment plant, nature / characteristic of sludge, sludge management,
sludge disposal, minimizing sludge production, sludge treatment methods and reuse.

Clean water is vital for the survival of the world’s population. Every living creature
depends on water for survival. 98% of the water is saline water, 1.6 % is ice and only 0.4
% is ground and surface water, which is the simplest and common source of production

of potable water. Due to increasing pollution more and more complex treatment

technolog potable drinking
water. M
Figure2.1 (Verli a surface Water

Treatment Plant (WTP) and specifies where drinking sludge is produced and treatment
and disposal routes in the "liquid" and "solid" forms; the sludge produced from the
backwashing of sand filters, are normally sent in front of the settling compartment (just to

recuperate water), but there is a tendency to treat them separately.
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iron and aluminium
coagulants drinking sludge
¢ (from filters)
i ixi flocculation .
— ::md g - and rapid e  disinfection ———
) . filtration

raw water from coagulation settling to the

river, torrent, lake, . distribution

after preliminary drinking sludge

treatments {mixed from filters

and settling
stage) backwash water
‘ "liquid” sludge
sludge . 1) hauling by truck to a central
dehydration -
1) agricultural reuse waste water plant
2) "ecological” reuse 2) conveying with a dedicated pipe
. . 3) landfilling to a central waste water plant
solid” sludge 4) brick and cement 3) discharge in a public sewage
production system
4) recovery of coagulants

Figure 2.1: Production and Disposal of Solid and Liquid Drinking Sludge in a WTP

(Source: Verlicchi &Masotti, 2000)

Nature / Chagacteristics of Sludge

Sludge is theé;?atively concentrated stispension into>whieh'the residual solids fraction
arising from Wwater treatment 15 -cohéedtrated in the course of purification. Sludge is
derived from the processes of chemical coagulation and softening at drinking water
treatment plants. Most of the sludge is of an unstable organic nature and readily undergo
active microbial decomposition with consequent generation of nuisance odours. They all
have the common characteristics of high water content, usually greater than 95% by

weight.

The composition and properties of the water treatment sludge depends typically on the
quality of treated water, as well as on types and doses of chemicals used during the water
treatment. Depending on the quality of the treated water, the water treatment sludge
contains suspensions of inorganic and organic substances. Typically hydrated alumina
oxides and iron oxides are present. This depends on the type of coagulants and other
treatment chemical used for the water treatment. Sludge is in particulate or gelatinous

form consisting of microorganisms, organic and suspended matter, coagulants and other
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2.3

chemical elements and the composition of sludge depends on the characteristics of the raw

water, type of coagulant used and the dosage applied and plant operating conditions.

Sludge Management

Sludge of water treatment work remains an inescapable by product of water treatment
process. The water treatment sludge is a liquid and solid and regarded as a waste. It must

be handled in accordance with regulations in force.

In a conventional water treatment plant, the main source of sludge is the clarification
stage. Some additional sludge may be generated from the settlement of filter backwash
water. The nature of sludge depends on the type of coagulant and other treatment
chemicals used for treatment. Sludge is in a particulate or gelatinous form consisting of

varying concentrations of microorganisms, organic and suspended matter, coagulants and

other chemi
The comg ;lt!oﬁ of sludoe'depends on'the’ chatacteristics' of the ral )r source, type of
coagulant used and dosage ‘applied duriig 1t operation and

maintenance practices.

The objective in sludge management is minimizing the amount of material that must be
ultimately disposed. The basic technological step is reducing the water content
(Dewatering).Without this step it would be difficult and uneconomical to handle and treat
the sludge. Sludge produced in both the clarifiers and filter backwash water treatment

processes need to be thickened.

The process that has shown the most successful and significant capabilities for
dewatering sludge from water treatment plants are drying bed, vacuum filtration, Pressure

filter press, Belt filter press, centrifugation and alum and lime recovery.

Regulatory constraints on residual disposal have become increasingly severe in recent

years. Prior to this there was little concern for disposal of water treatment residuals. In
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24.2

most cases, they were simply returned to the nearest receiving water, usually the source
of water supply. In the late 1960s some states began considering these residuals as

pollutants and began establishing treatment or discharge standards.

Sludge Disposal

Several alternatives are available for the disposal of water treatment plant sludge. The
selection of an alternative should be based on economic as well as regulatory
considerations. The type and characteristics of sludge are also important criteria to be

used in developing disposal alternatives.

Alternatives available for disposal of sludge are directly discharging into the water
courses, dewatering and disposing within the water treatment plant site or landfill and

disposing to sewer line.

Discharging %m? the wat

The conventignal f..disposing. ik water treatment
processes fis ctice around the
world for many years until the American Water Works Association Research Foundation
started moving forward on the subject of water treatment plant residuals in the mid-1980s
(American Water Works Association, 2007).

Now it is impossible to discharge the sludge or sludge water directly into rivers. When
discharging the wastewater, it is necessary to comply with the National Environmental
Act.

Dewatering

The basic technology step in the processing of the water treatment sludge is a decrease in
water contents. Without this step, it would be difficult and considerably uneconomical to
handle and treat the sludge. This is typically carried out in sludge drying beds or lagoons
when natural dewatering processes take place for a rather long time. The dry weight of
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the sludge can be as much as 40% and final disposal is possible. As far as fully
mechanized dewatering units for the treatment of the water treatment sludge are
concerned, introduction of standard centrifuges and filter presses has been started

recently.

Disposing within the water treatment plant site or landfill

It is possible to place the sludge in free spaces such as abandoned quarries, mines, gravel
pits, sand quarries or artificial lakes. Of course, environment protection regulations and
current legislative must be followed. In rare cases only, the suitable space is available
close to the water processing plant. The placing of the water treatment sludge into free
spaces can be regarded as an emergency solution that does not solve the issue forever, but
moves the issue until the time when the storage space is used up.

Minimizing Sludge Production

The methods mU s“for ‘nandlino “itreatment and <cisposal-6t shid re influenced by
the amou anﬁ’c’r‘- steristics of the il”, The quantity and ct ristics of Sludge
are affected by t! i | tt during the water

treatment process. Little can be done to change the raw water quality. However, it is
possible in many cases to change the water purification processes to minimize sludge
production. The reduction of waste volumes results in operational cost savings at a plant.

Sludge generation can be minimized by the removal of water to reduce the sludge
volume, the reduction of the solids content present in the sludge or some combination of
the two. The methods for minimizing sludge production are reduction of chemical
dosages (alum or lime), direct filtration of the water, recycling of filter wash water,
substitution of coagulant and softening material, and chemical recovery (Westerhoff,
1978; AWWA, 1981).

Chemical Conservation

Stoichiometrically the reduction of each 1 mg/L of alum will result in a saving of about
1400 kg (3000 Ib) of alum per year and will reduce the alum sludge by approximately
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360 kg (800 Ib) per year for a 3785-m /d (1-MGD) plant. At many water treatment plants
excessive amounts of coagulants are used since it is difficult to continually determine the
optimum coagulant dosage at a plant, especially with rapidly changing raw water
characteristics. Small utilities may not have the know-how, manpower, or other resources
to monitor and regulate coagulant dosing. Plant operators must be aware that the
excessive use of coagulants results in increased costs, both for the coagulants and for

handling, treatment, and disposal of the extra residues produced. (Thompson, 1987)

Optimization of lime feed systems can reduce solid loads by maximizing the efficiency of
chemical dosages and by minimizing the amount of un reacted lime in the waste stream.
Improved mixing in feeders, flash mixers, and flocculation zones reduce excess lime
dosing. The well-mixed solids contact clarifiers use only 2 to 3% excess lime (AWWA,
1981).

By selective softening to remove only calcium hardness, waste volumes may be reduced

and the ¢ 1arac S sludge may roved. However,
this softe agi‘rpu ¢-may..pe -a questionakde rpractice , for. sor ants because of
incomplete ramoyal of hardnessi-Anather matt “softening, could
reduce th:

Direct Filtration

Direct filtration is a water treatment process in which filtration is not preceded by
sedimentation. However, it may include rapid mixing with alum or other primary
coagulants and the addition of a filter aid immediately ahead of the filter. Contact tanks

may also be installed at some direct filtration facilities.

Direct filtration is most applicable to facilities with a relatively stable and high-quality
(low-turbidity) raw water source. In the process of direct filtration coagulant dosages are
generally low and virtually all residues are produced as filter backwash. This results in a
significant cost saving for sludge handling, treatment, and disposal. Westerhoff (1978)
reported a case history of direct filtration plants at the Niagara County Water District's

plant in Lockport, New York.
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The Metropolitan Water Board treatment plant, located in central New York State, has
been successful in using direct filtration of Lake Ontario water to serve Syracuse and
Onondaga County, New York, with a 94-ML/d (25-MGD). Capacity, Alum dosages were

significantly reduced and sludge generation was lessened (Fitch and Elliott, 1986).

Recycling

Direct recycling of residues from the clarifiers and filters is generally not feasible. If
sludge is concentrated, the recycling of filtrates from catch basins and clarified
supernatant from the dewatering process will reduce solids loads, because these waters
have a reduced TSS concentration and are softened. Clarification and filtration waste
volumes represent 3 to 5% of the total plant pump age. The recycling of this water will

reduce the waste volume by 3 to 5%.

It should be noted that conditioning alum sludge with lime as a preparatory step prior to

filtration, may: ¢ the, ye-sokutian of Rumic, suhstanoes into, the process stream. These
dissolved ofganigs are [sUspeatedof being precirsors forthe format “possible cancer-
producing trifigfometharies in.the disinfeetiontc rine.

Recycling of concentrate or filtrate from lime-softening sludge is satisfactory. Recycling
of lime sludge improves the efficiency of calcium carbonate precipitation and reduces
lime usage. The use of a holding basin and limitation of the recycling rate to 10% of the
total plant flow are desirable (Reh, 1978).

Chemical Substitution

Through the substitution of other treatment chemicals for all or part of the alum and lime,
the quantities of sludge generated may be reduced and the dewatering characteristics may
be improved. The substitution should not degrade the finished water quality, lessen the

reliability of the sludge treatment, or increase the total cost.

Reh. (1980) described the use of magnesium carbonate (MgCO3s 3H20) as an alternate
coagulant associated with chemical recovery and recycling. This method was developed
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by A. P. Black of the University of Florida and was successfully field-tested by the
United States Environmental Protection Agency (USEPA). When magnesium carbonate
dissolves in water at a high pH it forms magnesium hydroxide, Mg(0H)2, which has the
same coagulation power as aluminum hydroxide. In this process, coagulation of raw
water is carried out by using Mg(OH)2 at a pH of about 11. Magnesium hydroxide has
about the same coagulation power as aluminum hydroxide (Reh, 1980). The sludge is
then carbonated to convert Mg(OH): to soluble magnesium bicarbonate, Mg(HCO3).. A
thickener is used to separate Mg(HCO3); it is then recycled back to the flocculation
tank. Most heavy metals present in raw water can be removed because the coagulation
process is carried out at a high pH. There is no acidification step to release the sludge

back to the liquid phase.

Complete replacement for alum is achieved by the use of iron salts such as ferric
chloride, ferric sulfate, and chlorinated copperas. Many facilities have used polymers for

N I

primary coag

Partlal SU ”Tgf?’ Ul T, [ldS peenr QDLAINE BY '=...|5:‘;,4; CAokl 1y LLIT dl )Sage and addlng
a polymer ori@ier coagulant gid. Jhis practi esent time. New
and impr ) jes of this process

are in reducing the alum dosage and the quantity of sludge produced.

Sodium hydroxide (caustic soda) has been used as a partial or complete substitute for
soda ash or lime softening. Substituting sodium hydroxide is not widely accepted because
it is more expensive. However, the higher cost of sodium hydroxide can be offset by

lower solids generation and disposal costs.

When removal of high magnesium hardness is required, split treatment is justified
because it eliminates the lime treatment for bypassed water and minimizes re-carbonation

requirements and sludge generation.
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2.5.,5 Chemical Recovery

Chemical recovery is technically feasible for the reclamation of alum, iron, and
magnesium carbonate and for the recalcination of lime sludge. In each case finished
water quality, side stream discharge, and gaseous emission should be considered.
Chemical recovery from water treatment plant sludge can provide the benefits of the
reusable chemicals themselves, reduced sludge production, reduced costs for sludge

disposal, and/or improvements in the treatability of the sludge.

2.5.5.1 Alum Recovery

Alum is recovered through acidification. When sulfuric acid is added to the thickened
sludge the reaction of aluminum hydroxide with acid takes place almost instantaneously
to form aluminum sulfate (alum) solution. Acidulation also hydrolyzes much of the
organic matter. Re-dissolved organic matter is a source of concern with regard to public
health (Fulton,4¢ \ becausessome) carcinogeniewolatite organicicompounds and toxic

chemical raa&ah present

Cornwell St most all sludge
occurred at a sulfuric acid to total aluminum molar ratio of 1.5:1. The optimal dissolution
corresponded very closely to the theoretical acid requirements. The acid demand
corresponded to approximately 0.5 kg sulfuric acid per kg of alum added to the raw

water.

When sulfuric acid is added to alum sludge, between 70 and 80% recovery of alum can
be achieved (Chandler, 1982; Westerhoff, 1978). The recovered alum can be reused for
the water treatment process, or it can be employed as a source of alum for phosphate
precipitation in wastewater treatment. The transportation of the recovered alum should be
carefully considered. The residue has a low pH and the residue cake may require
neutralization by lime prior to disposal on land. In case it is reused in the water treatment
plant, consideration should be given to whether re-dissolved impurities might cause a

possible degradation of the finished water. This is an expensive process and its economic
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viability depends upon the capital costs of acid-resistant equipment and the relative costs

of sulfuric acid and fresh alum.

2.5.5.2 Recalcining

Lime recovery by recalcination is not a new process and is practiced at many facilities.
The recalcination process is the burning of softening sludge at a high temperature of
1010°C (1850°F) as shown in the following reaction (AWWA, 1981):

The process generally includes sludge thickening from an initial 3 to 10% solids to 18 to
30%.Recalcination has the potential to recover even more lime than would be used in the
softening process, while reducing the sludge weight by 80% (Westerhoff and
Cline,1980). At the same time, the carbon dioxide produced can be used for re-

carbonation.

Recovere r treatment plant.
However, déhgi ydroxides of metals such as magnesium, iron, and aluminum are
undesirab “oﬁ?;rf lime recalcinat ost of fresh lime
along with the ecalcination too

expensive to adopt. Thompson and Mooney (1978) discussed lime and magnesium

recoveries from water plant sludge.

CaCo, heat > Cad + CO,
1700-2000°F

2.5.5.3 Magnesium Recovery

When magnesium carbonate, MgCOs+ 3H20, is added to water as a coagulant at a high
pH of about 11.0, magnesium hydroxide, Mg(OH)2, is formed. The sludge then is
carbonated to convert Mg(OH): to the soluble magnesium bicarbonate Mg(HCO3).. A
thickener or filter is used to separate Mg(HCO3).. The magnesium in the filtrate is
recycled back to the flocculation tank for use and the solid portion is disposed of. This

coagulant is particularly applicable in conjunction with lime recalcination because of the
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release of carbon dioxide in the recalcination process. This is used in turn to re-dissolve

the magnesium hydrate.

Sludge Treatment

Treatment and disposal of waste from a water treatment plant depend on the types of
waste and on local conditions. Treatment methods used for domestic wastewater sludge
are most likely applicable to water plant wastes. However, further studies should be

conducted to evaluate their feasibility.

Generally waste treatment processes for water plants consist of three elements: co-
treatment, pre-treatment, and solids dewatering. There are several methods available for

each of these elements.

Co-Treatment

Discharge of @@er plant wastestoa-3euwage system, eithes rayyw.orafter concentration, has
been a commoﬁ‘practice for,manyfactlities| 4t is probably more cost-effective than using
separated systems, especially for communities which own bhoth the water and sewer
systems. Definite advantages have been reported for" joint dewatering of alum and

sewage sludge” (Fulton, 1978b).

Hsu (1976) claimed that joint treatment of alum sludge and wastewater plant sludge was
the most promising off-site treatment method. Alum sludge can be discharged to the
existing wastewater treatment plant, where it can be thickened and mixed with the
wastewater sludge, followed by dewatering at a proper pH. Alum sludge can serve as a

useful wastewater sludge conditioner, rather than a nuisance.

Lime sludge can be advantageous for increasing pH, as a bulking agent, for neutralizing
acid wastes, and for pre-treatment of industrial wastes; and it can be incinerated to -
produce high alkaline ash (AWWA, 1981). Water-softening sludge tends to settle well

and to deposit in sewers. It needs a good velocity to prevent its settling in sanitary sewers.
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Spent brines would not have a significant effect on sewage treatment (Reh, 1978). Flow
equalization is needed to avoid abrupt changes of TDS and salt concentrations in the

sewage.

Pre-Treatment

Some sort of pre-treatment is needed for effective and economical water plant sludge
treatment. Pre-treatment includes flow equalization, solid separation, and solid
concentration or sludge thickening (Fulton, 1978b). Pre-treatment facilities for particular

water can use one of these methods or a combination of the three.

2.6.2.1 Flow Equalization

Flow equalization is used to provide storage volume for holding the quantity of waste
discharge which exceeds the allowable amount being discharged to a sewer system.
Storage rt

=)

\ s/

2.6.2.2 Solids Separation

Solids se 2s with designed
waste withdrawal rates or with adequate overflow. The settling facilities may include a
simple settling tank, decant tank, or both decant and settling/thickening tanks. Flow
equalization storage preceding settling facilities may be needed for filter wash

wastewater because of relatively high discharge rates.

As a decant tank is filled it remains full for a sufficient time (about 2 hours) for the
settling of solids without withdrawal. The solids are then removed by a mechanical

collector for further treatment and the supernatant is drawn off.

2.6.2.3 Thickening

Thickening is used to reduce the volume of sludge and to improve sludge dewatering
characteristics by concentrating the sludge in the bottom of a thickener or lagoon. It is an

inexpensive and effective device. Although coagulant sludge thickens poorly, it can be
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gravity-thickened to a solids content of 2 to 10% (Westerhoff and Cline, 1980). Lime-
softening sludge which primarily contains calcium carbonate can be thickened2 to 30%
solids and more at a thickener loading rate of approximately 4.6 m /907 kg (50 sqft/ton)/d
(AWWA, 1981; Westerhoff and Cline, 1980).

Unfortunately, the literature indicates that most water treatment plants make no effort to
minimize sludge volume, although thickening can save on the costs for sludge discharge
piping and for supernatant recycling.

One of the more efficient methods of sludge thickening is the use of a slow-stir rotating
picket fence to enhance solids separation. The theory is that thickening occurs initially by
gravity settling and is aided by the compressing action of the stirrer on the sludge. The
use of inclined, parallel plates has also reportedly been successful in improving solids

separation.

2.6.3  Solids Dewatérifig

2.6.3.1 Non-mec
Following collection and thickening, the sludge can be further concentrated or dewatered
either by co-disposal with sewage sludge or by mechanical or non-mechanical dewatering
methods. Co-disposal was discussed previously. Non-mechanical sludge dewatering
devices include lagooning, drying on sand beds, natural or artificial freezing and thawing

(physical method), and chemical conditioning.

Lagooning - Lagoons have been used as an all-purpose treatment device. They may
function as a flow equalizer, solids separator, sludge thickener, and sludge storage area
all in one unit. Lagoons generally provide sufficient surface area and volume for
treatment. They are usually equipped with under drains and decant facilities for sludge

dewatering.

Design criteria for lagoons vary with each particular plant situation, depending on the

waste received. Generally at least two lagoons are required. Liquid can be discharged by
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an under drain or through an overflow. The lagoon can be operated in a fill-and-draw
pattern or in a continuous mode. Recovered water can be recycled to the plant. Sludge,
cake or wet, may be removed by earth-moving equipment after it has been drained.
Sludge can be withdrawn without draining by means of hydraulic equipment. It should be

noted that settled alum sludge does not pump well even when it is wet.

Lagooning is the most inexpensive but perhaps the least effective dewatering method for
alum sludge, usually resulting in 5% solids. Nevertheless, a successful example was
reported by Fulton (1976). One filter plant of the Hackensack Water Company in New
Jersey has been discharging alum sludge to settling basins for over 40 years. The sludge
in the lagoon compacted to 10% solids with long-term storage. On the other hand, it has
been reported that through lagooning, lime-softening sludge can be successfully
dewatered to greater than 50% solids (AWWA, 1981).

Drying Beds - The sludge drying bed is an improvement over the sludge lagoon. It
incorporates %‘ﬁgrmeable medium’ (such as sand and wedge wire) and a system of under
drainage. In"Efgiand a madified sand drying system using wedge wire was developed.
The wedge vv-ir—e.system required a high capital expenditure although maintenance costs

were low.

Where rainfall and humidity conditions permit and where large land tracts are available,
sand drying beds are an effective and relatively inexpensive method of dewatering water
plant waste solids. These beds usually consist of 15 to 30 cm (6 to 12 in.) of sand ranging
in size up to 0.5 mm with graded gravel and drainpipes (AWWA, 1969a). Sludge is
applied in 30- to 60-cm (1- to 2-ft) layers and allowed to dewater. The beds may be

covered or open.
Rainfall is a major factor in the effectiveness of sludge drying beds. Poor dewatering of

sludge occurs in cold or rainy climates. The costs of the large land area required and of
the sand should be considered. Dewatered sludge can be removed manually if there is a
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lack of suitable equipment. The difficulty of sludge removal together with the labor-

intensive operation makes this method uneconomical.

Sludge penetration through sands during the initial sludge application is a problem which
requires frequent sand replacement. Polymer conditioning can prevent sludge penetration
by increasing the gravity drainage rate by 100% and enhancing' evaporation, thereby
preventing cake crust formation (AWWA, 1981).

Sand drying beds have been employed for dewatering coagulant sludge and, to a lesser
extent, lime softening sludge. Use of these beds is a feasible method for dewatering

mixed coagulation-softening sludge.

Freezing and Thawing - Freezing can be natural or artificial. The freezing and thawing
process was developed for sewage sludge in 1950. In 1963 in the United Kingdom the
process was first ted successfully fg > treatment of water sludge at Stocks,
England ( (eg‘éT:@ 965).

Pre-treatr ) g g g thickened to 4%
solids. The process consisted of two 45-min. freezing cycles and one 45-min. thaw cycle.
In the freezing process, water hydration was removed from the gelatinous aluminum
hydroxide, changing the sludge characteristics to small granular particles which settled
rapidly. The final volume was reduced to one-sixth of the original volume. The capital

costs and operational costs of this process are relatively high.

In cold-weather conditions with a large amount of available land, natural freezing on
open beds is feasible for dewatering alum sludge. The process of freezing and thawing
has no particular benefit for lime-softening waste. A holding facility with sufficient
volume to store waste generated during non-freezing periods is required. Sludge is

applied to the bed in successive layers to facilitate freezing.
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Freezing and thawing of alum sludge will change sludge concentrations substantially.
Recently a successful freeze-thaw process in central New York State was reported by
Fitch and Elliott (1986). Alum sludge from a settling basin with 8% solids was
concentrated to 25% by freezing, thawing, and decanting. The final sludge was found to
be more granular in character. It was also observed that regardless of the pumped sludge
concentration it separated quickly into settled sludge and clear decant. The settled sludge
was easily handled by standard earth-moving machines for removal from the beds for
land application. For the 72-MGD (272-ML/d) plant treating Lake Ontario water, the
construction cost for permanent sludge-handling facilities including the freeze-dry beds
was about $300,000 in 1981.

Randall (1978) claimed that liquid butane is an ideal refrigerant for direct slurry freezing
of waste-activated sludge to promote settling, concentration, and dewatering. Because of

the high recovery rate for butane, the process effectively and economically accomplishes

WaSteWat AL b |

e

=)
Chemical Coiditioning-Gonditianing,of sk by judicious use
of organic poly nionic polymers

(hydrolyzed polyacrylamides) have been reported to be particularly -effective
conditioning agents for coagulating sludge prior to gravity or vacuum filtration
dewatering (King and Randall, 1968).

Ferric chloride, lime, or fly ash is possibly applicable for particular sludge conditioning.
The use of chemicals, separately or in combination, should be evaluated for a particular

sludge.

Acidification of sludge is a good conditioning method, particularly with the alum
recovery process. The acidified sludge must be neutralized prior to its ultimate disposal.
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2.6.3.2 Mechanical Dewatering
The most frequently used mechanical systems for dewatering water plant sludge are
centrifugation, vacuum filtration, and pressure filtration. Belt filtration and dual cell
gravity solids concentrators have been installed to a lesser extent. Pellet flocculation is
relatively new and is used less often for sludge dewatering. For all mechanical

dewatering systems pre-conditioning is generally required.

Centrifugation -Centrifugation is the settling of sludge by a centrifuge that uses the
gravitational force created by high-speed rotation to separate the solids. Various types of
centrifuges are commercially available. Generally, there are two categories: continuous
scroll type and continuous bath bottom feed basket (bowl) type (Hagstrom and Mignone,
1978). Feed solids concentration to the centrifuge usually ranges from 2 to 6%, although
alum sludge at a concentration of 0.4 to 1.0% has been successfully dewatered

(Westerhoff, 1978). However, several full-scale installations have been found to be

unaccepte (A A, 1969a). centrifug or alum, sludge /atering at Rock
Island, IlI mg‘:}re example of a fajlure., The expected.cake dry s affected by the
centrifugal ToKGe; feed rate; nate of polyme: y, floc size and
density, ¢ ycled to the plant or
properly disposed of.

Lime-softening sludge is reported to be easily dewatered by centrifugation because of its
high (80 to 85%) calcium carbonate content. Albertson and Guidi (1969) cited in
Thompson 1978 reported that when a solid bowl centrifuge was used, a thickened lime
sludge could be dewatered to a cake solids concentration of 55% with 78 to 93% solids
capture. Data from plants using centrifugation showed that the lime cake solids
concentrations were in the range of 55 to 70% solids by weight (AWWA, 1969b;
Vesilind, 1979), while alum sludge centrifugation can achieve only 12 to 20% solids by
weight (Fulton, 1978Db).

Vacuum Filtration - Vacuum filtration typically uses a rotary drum with a tilter cloth or

medium stretched across its surface. The filter medium can be traveling cloth or a pre-
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coated type. The selection of a proper filter medium contributes to the effectiveness of
the process. The drum is placed under vacuum or pressure in a reservoir of sludge that is
to be dewatered. The pre-coated filter drum rotates slowly at 5 to 12 revolutions per
minute depending on the permeability of the deposited cake and the grade of pre-coat
medium. The average pre-coat layer of 2 to 3 inches is applied and may be shaved off in
very small increments. Approximately 50 to 60 minutes is required for pre-coating a
vacuum filter (Westerhoff, 1978). The process of vacuum filtration includes three basic
phases: cake formation, cake drying, and cake discharge. The floc size distribution is the
key factor in the performance of the vacuum filter. The sludge cake develops on the outer

surface of the medium and is subsequently removed by a scraper and disposed of.

The vacuum filter has long been a popular method of dewatering sludge from sewage
treatment plants and chemical industries. However, the vacuum filtration process has had
only limited success when used for coagulated sludge. It is difficult to dewater alum
sludge generatec n raw water with turbidi ween 4 g TU (Westerhoff,
1978). Acid{i€ided 1q the thickened sludae, for aluminum. recovery. Acidified alum

sludge is easigide dewater:

Vacuum filters are often successfully used for dewatering lime-softening sludge. A pre-
coat is necessary with hydroxide sludge. It was reported that vacuum filter dewatering of
lime sludge produced final cake solids concentrations in the range of 45 to 65%
suspended solids, with an acceptable filtrate produced (AWWA, 1969b). Filter loadings
were as much as 293 kg/m2 /h (60 Ib/sq.ft/h) of dry solids per filter surface area.

Pressure Filtration - The pressure filter is basically made up of a number of porous filter
plates containing depressions, held vertically in a supporting frame. Each plate face is
covered with a proper filter cloth. A common feed hole or multiple holes for the sludge
inlet extend through the plates. Under pressure, either by mechanical or hydraulic means,
sludge is pumped into the filter through the feed holes to the chambers formed by the
depressions between the plates. The liquid seeps through the filter medium, leaving the

solids behind between the plates. With continual pumping, sludge cakes form and
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ultimately fill the chamber. After the filtration cycle, the plates are separated and the
dewatered solids fall easily to a discharge conveyance. An automatic cake remover can
also be used. Details of pressure filters and operational variables are discussed elsewhere
(Fulton, 1976; AWWA, 1978b; Vesilind, 1979).

The pressure filtration process was first applied to water treatment plant sludge in the
United States in the mid-1960s. Its lack of popularity is due to its cyclical operation.
However, the process is popular in Europe. It has been used extensively in the chemical
industry for dewatering sludge. A number of different kinds of pressure filters are in the
market. Pressure filtration has the capacity of producing filter cakes with a relatively high
solid concentration and high-quality filtrate in terms of low suspended solids. The
process is flexible and fits any operational mode.

Dewatering of alum sludge by pressure filtration is likely to need sludge conditioning to
lower the resistance tq filtration. This can _be done by the.addition of lime, polymers, or
fly ash. The gﬁgice of: eonditioningragents.isebased. .on the: costs for each application.
Lime is added?‘c_) alumsstudge to, ratse the piH of the slurry to about 11 with a minimum
contact time of 30 minutes (Westerhoff, 1978). If fly ash from power plants could be
used successfully for conditioning alum sludge this would be beneficial to both

industries.

Literature on the application of pressure filtration to lime-softening sludge is limited. No

conditioning of the lime sludge is required.

Belt Filtration - The belt press, or the belt filter press, consists of two endless filtration
fabric belts held in close contact with each other by guide parallel rollers. The lower belt
is made of coarse mesh fabric media consisting of twisted metal, plastic, or mixed fibers.
The upper belt is solid. The conditioned sludge is fed onto the belt press at one end
(draining zone) and is continuously dewatered by the pressure applied between the two
belts (press zone and shear zone). The liquid drains off by gravity. The solid cake is

scraped off by a blade at the other end of the belts.
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A number of belt filter presses have been introduced. These devices have been used in
Europe since the early 1960s for dewatering sewage sludge. In the United States, their
use for dewatering water plant sludge in full-scale operations is not documented.
Although belt presses are widely used in industries, especially in paper and pulp

manufacturing, the process has also been successful for sewage sludge dewatering.

In 1982 a belt filter press was installed at the Belvidere, Illinois, wastewater treatment
plant to replace two inefficient vacuum filters. In 1980 the plant dewatered 8000 Ib/d of
dry solids (23.5 tons/d of wet sludge at 77% cake solid from vacuum filters). A three-
year operational record showed an average savings of $60,000 in costs for power, labor,
and polymers with the belt press. The 1985 total annual cost for operating the belt press
was less than $70,000. The final sludge cake from the belt press contained 23% solid.

Pellet Floccula - Pe flocculation is ; vely new. p s and has been
developed i gf“&*@a vihare a few :plapds have heemusing. it (Chanc 982). The device
basically Q;fs wslowly rotating herizan h is divided into
three sec: le reactor, where

the rolling action causes the formation of sludge pellets. The liquid is drained off in the
second section, and the sludge is consolidated and further dehydrated by the combined

effects of piling up and rotation in the final section.

Dewatering of sludge by the pellet flocculation process is a continuous operation. Its
operation and maintenance costs are minimal due to the low rotating speed. A study of a
pellet flocculation reactor of 0.5-m diameter at the Hula Filter Station, New Zealand,
determined that a final sludge cake of 12 to 15% solids was produced from a conditioned
sludge feed of 3 to 4% solids. The unit performance depended on the polyelectrolyte
dose, feed rate, and reactor speed (Chandler, 1982).

An AWWA Committee Report (1981) described the sludge pelletization occurring during

the suspended-bed cold-softening process used primarily in the southeastern United
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2.7

States. The process seems to work best on high-calcium, warm-temperature ground
water. The detention time in a suspended-bed softening reactor is about 8 to 10 minutes.
Lime is injected into the reactor while the raw water flow is gradually increased from a
low initial rate to design capacity. The lime reacts with calcium bicarbonate and carbon
dioxide to form calcium carbonate, which precipitates on the suspended particles. The
pelletized sludge contains approximately 60% solids by weight as it leaves the reactor.
The volume of pelletized sludge is 10 to 20 times less than that of conventional sludge
which is not dewatered. The pelletized sludge has to be transported away for final

disposal.

Sludge Reuse
Sludge is no longer viewed simply as a waste stream but as a saleable product that can
provide an additional revenue stream. Treated sludge is already sold to farmers for use as

a fertilizer and has been used to improve soil conditions at degraded mine sites and on

forestry | NU t-rich sludge ams, are ideal media.for recov ) phosphorus and
nitrogen, l";igﬁ?%&'l 5@ _be extractegs from_shudge: return, liguid, . cinerated sludge
ash. The 'a;a of phospherys drom sl 1gly attractive as
phosphor _ _ g g ) be used as raw

materials in the manufacture of construction products such as cement, mine filler and
building bricks. The main opportunity in this market segment is the ability to reduce

disposal costs while showcasing a green approach to sludge management to the public.

Depending on the strength of the characteristics of sludge of water works presently
generated, more than eleven reuse options were identified globally and are classified into
three main categories. Those are;

e Use water work sludge in wastewater treatment process

e Use water work sludge as building & construction materials

e Use water work sludge in land based application

e Use water work sludge in phosphorus removal

Table 2.1 shows the summary of sludge reuse applications given in the literature.
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Table 2. 1: Summary of Sludge Reuse Applications

Sludge Reuse

Application

Literature

In wastewater
treatment process

Coagulant recovery and reuse

Babatunde & Zhao, 2007

Bustamante & Waite, 1995

Coagulant in wastewater treatment

Horth et al. 1994
Mohammed & Rashid, 2012
Kemira.com, 2014

Adsorbent for pollutants and metals in
wastewater

Sujana et al., 1998

Wu et al., 2004
Co-conditioning and dewatering with Lai & Liu, 2004
sewage sludge
Constructed wetland substrate IWA,2000

ENRT}

‘{‘

As building &
construction
Materials

inghe et al., 2015

LY cetal., 2013

et al. 2012

Hegazy et al. 2011

Chiang et al. 2009

Ramadon et al., 2008

Hollow block manufacturing

Kaosol, 2009

Use in pavement and geotechnical
works

Lin et al., 2005

Okamura et al., 1994

Sahu et al., 2013

Manufacture of cement and cementious
materials

Algamet al., 2011

In Land based
application

As fertilizer

Miroslav, 2008

Phosphorus Removal from Municipal Wastewater

Mohammed & Rashid, 2012

Kemira.com, 2014
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2.7.1 Use Water Work Sludge in Wastewater Treatment Process
Water treatment sludge especially alum sludge have been used to enhance the treatment
performance in waste water treatment process. Such use is to increase the efficiency of
the plant (Guan et al., 2005), enhance sewage sludge conditioning (Lai and Liu, 2004)
and enhance P removal during waste water treatment (Galareau and Gehr, 1997). Sludge

can be used in following ways in waste water treatment process.

Coagulant recovery and reuse
Coagulant in wastewater treatment
Absorbent for pollutants and metals in wastewater

Co-conditioning and dewatering with sewage sludge

o B~ D P

Constructed wetland substrate

2.7.1.1 Coagulant recovery and reuse

In water treatment plants, hydrolyzing metal salts and organic, polymers are added to
coagulate sus@;é‘gded and. dissolved-eontaminants~as a2, najor, step towards wastewater
purification. TE; use af sueh metahsalts,or proganic polymers represents a significant part
of the overall treatment process cost and the coagulants form an integral part of the
sludge produced. Attempts at recovering and reusing the coagulants embedded in this
sludge matrix for use in wastewater treatment process especially for the coagulation of
various wastewaters contaminants, dates back to the 19th century with the first patented
process by Jewel, W.M in 1903 (Moran and Charles, 1960) cited in Babatunde & Zhao,
(2007) and at some later stages, acid treatment followed by the membrane separation
techniques was built upon to recover and reuse the entrapped coagulants (Arup and Bo,
1992; Stendahl et al.,2005).

Other recovery methods have included acidifying with sulfuric acid (Abdo, 1993;
Vaeziand Batebi, 2001), alkaline treatment (Masscheein and Devleminck, 1985) cited in
Babatunde& Zhao (2007),liquid/liquid extraction using the liquid ion exchange (LIE)
technique (Dhage et al.,1985; Petruzelli et al., 1998), reduction-acidification concept
(Paul et al., 1978), the Donan membrane process (DMP) (Prakash et al. 2003; 2004) and
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the composite membrane method (Li and Sengupta, 1995). The effectiveness of the
recovered coagulants have been generally varied, but nonetheless adjudged satisfactory in
most cases. However, the purity of such recovered coagulants remains a contentious issue
just as the economy of the recovery process is still a subject of debate. Bustamante and
Waite (1995) reported that aluminium recovered from dewatered alum sludge through
alkaline leaching was used to effectively reduce phosphorus concentration in wastewater
from 9 mg/l to below 1 mg/l. Recently, Stendahl et al. (2005) also reported a multi-step
method called the REAL process used to recover the aluminium from the impurities in an

alum sludge and thus reuse it as coagulant in water purification process.

2.7.1.2 Coagulant in wastewater treatment
While purity and economic considerations have narrowed the applicability of the
coagulant recovery option, several attempts have been made and reported on the direct

use of waterworks sludge as a coagulant in the treatment of various wastewaters. Horth et

al. (1994) reporte t of adding alumjnium basged rworks sludge to
a wastewater @[l RN L WaS-$A0WN. that upQer certalin Cong of Optlmal alum
sludge additign¢the treatiment and final sludge ewater treatment
plant wer g inium hydroxide

sludge discharged to a sewer in a treatment plant has proved completely successful with
phosphate removal up to 94%, at a dose ratio of 0.3 to 1 corresponding to about
3.5mmole/l of Al (Horth et al., 1994).

2.7.1.3 Adsorbent for pollutants and metals in wastewater
Currently, the development of cost-effective composite adsorbents from by-products is
gaining considerable attention, as a possible alternative to commonly used adsorbents.
Waterworks sludge is no exception and so far it has been preliminarily studied as a
potential adsorbent for the removal of various pollutants and metals in wastewaters, e.g.
lead, Copper (Wu et al., 2004a) and fluoride (Sujana et al., 1998). Wu et al. (2004b) also
reported that sintered waterworks sludge adsorbed significant amount of toxics from a

synthesised toxic wastewater and noted in particular that the sintering process can
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effectively prevent the release of harmful substances in the waterworks sludge to the

environment.

2.7.1.4 Co-conditioning and dewatering with sewage sludge
Although attempts at co-discharging waterworks sludge and sewage sludge are not
entirely new, the use of waterworks sludge in co-conditioning and enhancing sewage
sludge treatability remains an attractive option in research and practice. Studies have
shown the beneficial effect of waterworks sludge as a co-conditioner in sewage sludge
conditioning and dewatering process. For example, the findings of a study into the
feasibility of co-conditioning and dewatering of alum sludge and waste activated sludge
by Lai and Liu (2004) showed that sludge dewater ability and settle ability was enhanced
with increasing proportion of alum sludge in the mixed sludge and with a corresponding

decrease in the required dosage of the cationic polyelectrolyte.

2.7.1.5 Construc

I UL 1ALt

In recent ,-argf’gcr veted wetlands(CVVS).haverReen Ingreasingl 1 worldwide as a
popular alterpative techinolagy;fonthe treatm ers (IWA,2000).
Due to tl _ o] /s are seen as a

“green” wastewater treatment technique. The media in CWs play an integral role in
various biological, physical and chemical processes that remove pollutants from the
wastewater. One of the main objectives of research in wetland technology today is to
discover new medium material that will increase the effectiveness and, hopefully reduce
the capital cost. Traditionally, different combinations of soil, sand and gravel have been
used as media in the wetlands. Numerous studies have shown that the wetlands based on
these conventional media are capable of meeting the requirement of BODs and COD
reductions. However, it is often difficult to achieve substantial removal of certain in
organic nutrients, e.g. orthophosphate and ammoniacal-nitrogen, in wetlands with the

conventional media.
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2.7.2 Use Water Work Sludge as Building and Construction Materials
Even though the water treatment sludge have been preliminary studied and used as
building construction materials, still they are to be fully accepted in the industry. Efforts
made so far for incorporating them into the construction industry are as follows.
e Brick manufacturing
e Hollow block manufacturing
e Use in pavement and geotechnical works

e Manufacture of cement and cementious materials

2.7.2.1 Brick manufacturing
Due to the clay-like nature of the dewatered sludge, the use of it in the manufacturing of
burnt clay bricks has become an area of interest for researchers who investigate the use of
the sludge as a secondary raw material. A study was done using the sludge from the
Meewatura water treatment plant, Kandy, Sri Lanka, to find out the suitability of water
treatment slugge as [a . raw materiat nfor, Jocal, clay brick .manufacturing industry
(IIIangasinghéia al., 205)trAl dried, sludgesat [the: deewdttra: sludge drying lagoons
were collected=and mixedwiith ciay irc tHe proportions 25%:75% and 50%:50% by
volume. A set of bricks consisting of the manufacturer’s original composition of clay and
earth was made as a control sample. In order to assess the quality, the manufactured
bricks were tested for dimensions, compressive strength, water absorption and

efflorescence. All tests were conducted in accordance with SLS 39:1978.

The results showed that the dimensions of all the sets of bricks, including the
manufacturer’s original composition, were out of the tolerance limit and the compressive
strength was less than the standard strength. Also the brick samples using the sludge
exceeded the specified water absorption limits. The study concluded that the dried sludge
in combination with clay could not produce bricks with expected standards. Further
studies with less sludge percentage and mixing with other locally available materials

were encouraged.
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Victoria (2013) did a similar study in Nigeria, in which water treatment sludge was used
as a supplement for clay. The sludge was used in five different mixing ratios of 0, 5, 10,
15 and 20 percent of total weight. These bricks were fired at five different temperatures
of 850°C, 900°C, 950°C, 1000°C and 1050°C. The physical properties of the produced
bricks were then determined and evaluated according to Nigerian Standard Specifications
and British Standard Specifications and compared to control brick prepared from clay.
From the results obtained, the study concluded that the sludge proportion in the mixture
and the firing temperature are the two key factors affecting the quality of bricks and the
water treatment plant sludge can be used as brick material for improved workability and

physical appearance for environmental sustainability.

Hegazy et al. in 2011 have conducted a study on brick making, in which water treatment
sludge was incorporated with Silica Fume (SF) and used as a complete substitution for

brick clay. The sludge was incorporated with varying proportions of Silica Fume (SF).

The obje prod lab scale brick units made by mix of sludge & SF
with vari Jséﬁgiu through. the -siptering.. psocess,. that, meet t Jyptian standard
specificat ?hf asigered ; samples, were n the following
proportio ) g nixture. A 100%

clay bricks were made as a control sample. These bricks were fired at temperatures of
900, 1000, 1100, and 1200 °C. The physical and mechanical properties of the produced
bricks were then determined and evaluated according to Egyptian Standard Specifications
(E.S.S.) and compared to control brick made entirely from clay. From the results
obtained, it was concluded that by operating at the temperature commonly practiced in
the brick kiln, 50 % was the optimum sludge addition to produce brick from sludge-SF

mixture. The properties of produced bricks were superior to control clay brick.

Another similar study was done by Hegazy et al. in 2012, in which water treatment
sludge was incorporated with varying proportions of Rice Husk Ash (RHA) and used as a
complete substitution for clay. The RHA was, one of the most common agricultural
wastes in Egypt. RHA contains high amounts silica. The objective was to provide an

environmentally sound manner to reuse both the water treatment sludge and rice husk
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ash. The considered samples were sludge to rice husk in the following proportions; 25%:
75%, 50%: 50%, 75%: 25% by total weight of the mixture. A 100% clay bricks were
made as a control sample. They were fired at900, 1000, 1100, and 1200 °C. The physical
and mechanical properties of the produced bricks were then determined and evaluated
according to Egyptian Standard Specifications (E.S.S.) and compared to control brick
made entirely from clay. From the results obtained, it was concluded that by operating at
the temperature commonly practiced in the brick kiln, 75 % was the optimum sludge
addition to produce brick from sludge-RHA mixture.

The complete substitution of brick clay by water treatment sludge incorporated with
varying proportions of Rice Husk Ash (RHA) and Silica Fume (SF) were investigated by
Hegazy et al. (2012) in Egypt. RHA is one of the most common agricultural wastes in
Egypt contains high amounts silica. The SF is a byproduct of producing silicon metal or

ferrosilicon alloys in smelters using electric arc furnace. Three different series of sludge

to SF to F oI ions of (25%: 50%; 25%), ( 25%:; 25%) 25%: 25%: 50%)
by total v agrgf?%f( mixture was prepared.. Ac108%. clay bricks \ nade as a control
sample. E wi‘gu; igsvoricks werg fired at , 1100, and 1200
OC. The phy _ _ then determined

and evaluated according to Egyptian Standard Specifications (E.S.S.) and compared to
control brick made entirely from clay. From the results obtained, it was concluded that by
operating at the temperature commonly practiced in the brick kiln, A mixture consists of
50% of WTP sludge, 25% of SF and 25 % of RHA was the optimum sludge addition to

produce brick from water treatment sludge, SF and RHA mixture.

A similar study has been carried out in Taiwan by Chiang et al. (2009) to investigate the
use of water treatment sludge together with rice husk in manufacturing light weight
bricks. Rice husk contains above 90% silica with a highly porous, lightweight specific
surface area. The increasing trend in water treatment residual production and the large
rice husk waste production has motivated the Taiwan Government to encourage

beneficial reuse.
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According to the modern green building concepts, the amount of inner pores in bricks is a
critical factor contributing to the thermal insulation capability of bricks. Lightweight
bricks are usually manufactured by adding combustible additives as a foaming agent
while controlling the appropriate amount of pores, particle size and firing temperature.
The type of additives to be used for this is a topic of interest. Keeping pace with this
concept, the experiment was carried out with dried Water Treatment Plant (WTP) sludge
and rice husk mixed together. The considered additions of rice husk were 0, 5, 10, 20,
and 25% (by weight). Compacted samples were prepared by adding 20% water to the dry
powder and uni-axially pressing at 60 kgf/cm? (800 psi) to form 20mm diameter

cylindrical specimens that were approximately 55mm high.

The temperature was increased at 5°C/min in an electric furnace. The temperature was
then increased to a sintering temperature between 800 and1100 °C and held for 180 min.

The sintered samples were tested for bulk density, water absorption, and dimensional

change after sin J, .compressjve strength g Aicro-structural lysis of sintered
specimen }‘E}Ef’gea s-qhtained. indigated. thatethesbulk, density of roposed sintered
product decreesed significantly, with JAcrge and decreasing
sintering gth g h increasing rice

husk addition. Therefore, to simultaneously enhance the bulk density and compressive
strength, further research to study the optimum rice husk addition amount, initial pressing
pressure and firing temperature profile was encouraged. The amount of open pores in the
sintered products manufactured from WTP sludge and rice husk addition showed a
gradual increase compared to bricks made from WTP sludge alone. Thus it was
concluded that the sintered products have good thermal insulation properties for future

green building applications.

Ramadan, (2008) did a study in Egypt, in which water treatment sludge was used as
partial substitute for clay. The considered samples were sludge to clay in the following
proportions; 50%: 50%, 60%: 40%, 70%: 30% and 80%: 20% by total weight of the
sludge clay mixture. These bricks were fired at temperatures of 950°C, 1000°C, 1050°C
and 1100°C. The physical properties of the produced bricks were then determined and
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evaluated according to Egyptian Standard Specifications and British Standards. From the
results obtained, 50 % was the optimum sludge addition to produce brick from sludge-

clay mixture with operating at the temperature commonly practiced in the brick Kkiln.

2.7.2.2 Hollow Concrete Block Manufacturing
Concrete block is used as building construction material in the construction of walls and
gaining importance in developing countries. A study has been carried out to utilize the
water treatment sludge as fine aggregate in the concrete mix for hollow concrete block.
The concrete used to make hollow concrete block was mixture of powdered Portland
cement, sand, cement, water treatment sludge, crushed stone dust and water. The samples
were prepared using the fine aggregate partially replaced by water treatment sludge at the
percentage of 10, 20, 30, 40 & 50. From the results obtained, it was concluded that
optimum water treatment sludge addition of 10% and 20% in mixture to make hollow
load bearing concrete block and 50% in mixture to make hollow non load bearing
concrete | - t will be a p ble dispc natiy I re.

(e

<)
¢

2.7.2.3 Paving Blocks#Bricks

According g either from bottom/

Eabd

fly ash or sludge, can be converted into pavement bricks which are widely used in public
areas in Japan, providing an excellent sustainable practice. Most bricks sintered from
molten slag, water treatment sludge and recovered sludge/ash mixtures can exhibit
satisfactory engineering properties (Wiebusch and Seyfried, 1997; Liaw et al., 1998;
Nishigaki, 2000 cited in Recovery of municipal waste incineration bottom ash and water
treatment sludge to water permeable pavement materials by Cheng-Fang Lin et al. 2005).

For instance, Nishigaki (2000) produced pavement bricks with compressive strength of
1278 kg/cm2 from molten slag. The bricks made from water treatment sludge by a
sintering process exhibit a compressive strength of 1150 kg/cm2 at 1100 _C, which is
higher than the Japanese Industrial Standards (JIS) brick no. 3 of 200 kg/cm2 and
Chinese National Standards (CNS) brick no. 1 of 150 kg/cm2 (Sun, 2001). However, the
major point that limits its application as pavement bricks is the low water permeability,

especially when considering the heat phenomena encountered. Without using special
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materials and procedures, a permeability of 0.01 cm/s is almost unachievable in regular

brick-making process (Ho, 2003).

Natural clay has been widely used in making bricks with low water permeability, because
after sintering process the compressed fine clay particles will seal the inner pores to limit
water permeating through the brick. If replacing clay with coarse sand, the brick will
exhibit a better water permeable property but bears a low compressive strength due to the
larger pores within the brick. Therefore, some researchers have developed new methods
making water permeable blocks while using recovered materials such as melting slag,
bottom and fly ash, and water treatment and sewage sludge (Okamura et al., 1994). Those
methods all involve a key step of producing artificial aggregate which acts as coarse
medium providing pores for water to infiltrate through. At the same time, clay is added to
serve as binding agents during the sintering process. Some successful examples have
been reported from Okamura et al. (1994) and Nishigaki (2000). The bricks produced
generally have ¢ ger than 170 kg/cm2 and reliable

water permegiiHigy: larger than 0.01 ciys.

Another study by ( ) ge can be used in
producing pavement blocks. The compressive strength results indicate that the pavement
blocks of 10% and 20% sludge as a substitute for cement provide more than 80% of the
strength of commercial blocks with no sludge. Water adsorption of each block meets BIS
requirement. When sludge is used for building blocks, with increase in percentage of

sludge the compressive strength is found to be decreasing.

Also Morais et al. stated that in recent years, various uses of incinerator ash have been
developed in order to ease the burden of the disposal. For example, the ash has been used
to replace part of the Portland cement to make construction materials, e.g. brick, paving
block, and tile.

Page |37



2.7.2.4 Paving tiles

Several studies have been carried out on the use of sludge as a cement replacement. One
such study had been done in Jordan to investigate the use of water treatment sludge in the
production of paving tiles meant for external use (Algamet et al., 2011). The sludge was
incorporated in the lower layer of the paving tile as a cement replacement. The objectives
of the study were to reduce the cost of production of the construction material and
simultaneously provide an environmentally friendly option for the disposal of the
increasing amounts of sludge generated by the water treatment industry.

Sun dried ferric chloride sludge was used in this application in different proportions of
cement-sludge replacement. The considered replacement percentages were 10%, 20%,
30%, 40% and 50%. The produced tiles were tested for breaking strength, water
absorption and leaching of sludge metals. The results showed that all tiles produced were
non-vitreous, with a water absorption rate of approximately 10%. With the exception of
50% sludge-cement replacement, the gther samples showed a development of breaking
strength vvithgé"’@. All-of the. tiles praduced hadsomplied with the minimum breaking
strength of 2;_8?!_\/!Pa reguired| by the-BS-EN 13748-2:2004 standards. Additionally, the
study concluded that a decrease in the breaking strength of tiles is accompanied with an
increase in the amount of sludge-cement replacement. Also a linear relationship was
produced to predict breaking strengths of tiles produced with sludge-cement replacement
percentages not investigated in this context. That study showed that very low
concentrations of metals are detected in the Toxicity Characteristic Leaching Procedure
(TCLP) leachate of tiles.

The investigation ultimately concluded that sludge-cement replacement can potentially be
used to yield paving tiles that comply with the standards for tiles intended for external
use leading to a significant reduction in the cost of tiles and provide a safe and

environmentally sound option for the disposal of water treatment sludge.
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2.7.3 Land Based Applications
Land-based application of waterworks sludge is the controlled spreading of the sludge
onto or incorporation into the surface layer of soil to stabilize, degrade and immobilize
the sludge constituents (Elliot and Dempsey, 1991). Historically, the most notable land
application of waterworks sludge is the use of lime softening sludge as a substitute for
agricultural limestone. Currently land based applications of waterworks sludge are
gaining increasing attention as alternative disposal means (Basta, 2000; Titshall and
Hughes, 2005). This is most probably hinged on the fact that the physical, chemical and
biological properties of soils can be used to assimilate the applied waste without adverse
effects on soil quality (Elliot and Dempsey, 1991) and even with the possibility of
enhancing soil quality (Roy and Coulliard, 1998). In comparison with land filling option,
land based applications are viewed as a low cost and favourable alternative, which may
not necessarily require regulatory permits, although considerable land area may be

needed. Over the years, the scope of such applications have typically been as a

sustainab Pl lispose wate ks sludge, improye ot recls tain soil qualities
or used as pgElgE growing.medium-for crops.oThe .major concer: 2ver has been its
perception as‘aAmetal {ydroxide, waste, Wwhic! terious effect on
both soil _ ors are crucial to

the success of the land based applications, such as Determining the optimum effective
application rate with the least consequences, the particular nature of the sludge and the

exact intent of the application.

With regards to the disposal of waterworks sludge, potential toxicity to the surrounding
environment is a primary concern for both public & environmental authorities. Because
of toxicity it may affect the receiving water quality. Reuse of waterworks sludge is a
sustainable end point solution and it has been preferred as an alternative to sludge
disposal. Reuse of water work sludge in various commercial and manufacturing process

have been reported in UK, Europe, USA and Australia.
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2.7.3.1 Use of sludge as a fertilizer
The use of alum sludge on croplands is an area of study that has been investigated by
several researchers. According to Elliott et al. (1990) (cited in Environmental Protection
Agency, USA, 1996) implementation of this method of disposal should not adversely
affect the fertility and physical properties of the soil, for it to be considered a successful
method. The physical characteristics of soil that determine whether it can support
vegetative growth include cohesion, aggregation, strength, and texture. These parameters
directly affect the hydraulic properties of a soil, such as moisture-holding capacity,
infiltration, permeability, and drainage. Any adverse impact on these hydraulic soil
characteristics from land-applied WTP residuals can affect crop growth and ultimately

degrade ground water quality.

In the coagulation process of water treatment, the aluminum sulphate transforms into

aluminum hydroxide that is similar to alumina hydroxides present naturally in soil. The

aluminun dr« -an increase the buffering capacity of, t )il and increase
adsorptio ':;fé*@@m ons, Of..compownds.. -The agsorption, £an. . b ar favourable or
harmful, c;:ilr 0 iRecharagiepistics [of its. The possible
effects ar _ the soil, alumina

toxicity for plants and withdrawal of heavy metals in sludge by plants (Lucas et al. cited
in Miroslav, 2008).

In a study done on possible reuse of water treatment sludge, Miroslav (2008) refers to an
experiment carried out with alumina sludge in Newport, USA. The aim of the
investigation had been to monitor the crop of fescue grass and the contents of metals in
plants following the application of alumina sludge (Lucas et al. cited in Miroslav, 2008).
The study went on to conclude that the alumina sludge slowed down the growth of the
fescue grass because it blocked phosphorus in the soil. Application of additional
phosphorus had increased the crop of the fescue grass by decreasing the phosphorus
deficit caused by the sludge. The sludge loading had increased the concentration of Mn in

vegetable tissues. However, the influence of the higher Mn concentration on the growth
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of the fescue grass had been very little. Also the sludge loading had increased the

concentration of Cu in vegetable tissues.

A research was done by Bugbee and Frink (1985) to identify the use of alum sludge as a
soil amendment. The study had two main objectives: the first was to substitute dried alum
sludge for various constituents in potting soil mixtures, and to measure their ability to
support plant growth. The second objective was to spray wet alum sludge on forest plots
and measure effects on soil, litter decomposition, and tree growth.

For the experiment on using alum sludge as a potting medium, seven different
combinations of dried alum sludge with regular potting medium was considered. The
alum sludge was obtained from two different raw water sources. After the study, it was
concluded that dried alum can improve the aeration and available moisture holding

capacity of a less than optimum potting media. Also deficiencies in plant-available

phosphorus that irred in_media amended h alum, had, been probably due to
phosphor figj’g(;s y-aluminum.. Fefurther stugy: the phosphart ciency, a second
experiment Wes condugted  injtwe-imethod the phosphorus
fertilizati j g _ g um sludge. This

experiment gave results that indicated that Phosphorus deficiencies caused by addition of
dried alum could not be overcome by doubling the initial phosphorus fertilization.

For the next experiment two types of forest areas were selected and liquid alum sludge
was applied on to 15m x 11m plots. The application was done in two steps; one half in
the fall of that year and the next half in the spring of the next year. The alum sludge was
sprayed from a fire hose connected to a tank. Soil samples were taken from each plot
prior to the alum sludge addition and the diameter at breast height (DBH) of each tree in
the plot was measured. One year later, soil samples were taken and analyzed, DBH of
each tree was taken and needles and leaves were analyzed for the uptake of nutrients. No
significant change had been observed except for the pH value of the top soil has been
raised by 0.5 to 1.0 units.
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The study concluded that dried alum sludge improved the physical properties of potting
media and acted as a liming material. However the growth of plants were restricted by
phosphorus deficiencies induced by the ability of the alum to adsorb phosphorus in
fertilizer and convert it into forms unavailable for plant growth. No toxic effects of the

sludge or any of its constituents were observed.

Liquid alum sludge sprayed on deciduous and coniferous forest plots at the rate of
approximately 124,800 gal/ acre had increased soil pH by about 0.5 to 1.0, but has had no

effect on the nutrition or growth of the trees.

2.7.4 Use of Sludge for Phosphorus Removal
2.7.4.1 Use of oven dried Alum sludge for Phosphorus removal
Industrial and municipal wastewater contains high concentrations of orthophosphates

which contribute to the eutrophication of natural water bodies through excessive algae

growth. T erative that sphorous mqved from tl luent before it is
being dis argEg to amatural water baedy. (L enntesh Water, Treatn olutions, 2015.).
Thus it is couskdered;ene, af thg,majer | ¢! reatment plants.
Processes _ g d into chemical,

physical, or biological-based treatment systems (Mohammed and Rashid, 2012).

One of the common physical-chemical P-removal processes is the removal through
phosphorous through precipitation. Chemical precipitation is used to remove the
inorganic forms of phosphate by the addition of a coagulant. The most frequently used
are calcium, aluminium and iron. The basic reaction for phosphorous precipitation by
aluminum is AIF* +H,PO4*" <> AIPO4 +nH* (Lenntech Water Treatment Solutions, 2015).
A study has been carried out by Mohammed and Rashid (2012) of University of

Baghdad, Baghdad, Iraq to explore the efficiency of Alum sludge from water treatment
plants for this purpose. Aluminum-based residuals have been known to be a viable option
for being an effective phosphorus removal material. Alum is typically effective in
phosphorus removal in chemical precipitation process (Aguilar et al. (2002) cited in
Mohammed and Rashid, 2012).
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The test has been carried out by using oven-dried alum sludge for adsorption of
orthophosphate from deionized water and the results were compared with the
conventional adsorbent (i.e., activated carbon). The alum sludge was heated in an oven
at for 24 hours and then cooled at room temperature. The sludge particles were then
crushed to produce a particle size of 0.5-4.75 mm. The study concluded that the oven-
dried alum sludge was effective in adsorbing phosphorus from deionized water. The
percent removal of phosphorus had shown an increase with increase in the oven-dried

alum sludge dose.

2.7.4.2 Eutrophic lake recovery
Lakes are a vulnerable and significant part of the ecosystem. Both natural and artificial
lakes are the home to a wide variety of plants and animals, as well as popular recreation
spots. Pollution from various sources such as municipal and industrial flows or seepage

from agriculture nearby can damage the complex ecosystem of the lake. Eutrophication

of lakes M. eXCcess .amOounts J such | 1orus leading to
excessive l?Wjﬁ} 0 gac aS well-as pant ana wsn-dearms (Kemira. 2014)
One of the | ; the control of

phosphorus input (Schindler, 2012). The mode of doing so is to precipitate the
phosphorus at the input source. P removal through aluminum hydroxide is one of several

methods that have been identified to serve this purpose.

According to Cooke, Welch and Peterson (2013), as published in the book, Lake and
Reservoir Restoration, Harper et al. (1983) had been the first to attempt to use Al(OH)s
sludge, formed during flocculation-clarification process of drinking water treatment, to
attempt P removal from water entering a lake. The process has been tested for Lake Eola,
Florida, USA, which had become eutrophic from storm water inflows. A filtration system
had been built and a 50-50 mixture of sludge and coarse sand had been used as the filter
medium. The filtered water had been discharged to the lake. The filtration system had
removed 99% of orthophosphate and 80% of total P as well as more than 70% of

suspended solids and organic N.
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However, several negative impacts of this procedure have also been identified. If a
drinking water treatment plant extracts water from a eutrophic reservoir, the produced
sludge (by aluminum sulphate addition) will be high in total P and organic matter. The
addition of such sludge for lake restoration will result in addition of excessive amounts of

BOD and phosphorus, thereby defeating the purpose of treatment.

Also the addition of alum may have adverse effects on aquatic life (George et al, 1991).
Lake treatment with alum may also be a potential hazard if bioaccumulation of aluminum
occurs, which could result in high concentrations of dissolved aluminum in poorly
buffered waters. Therefore the authors have encouraged further studies on the

bioaccumulation of aluminum in various lake organisms.
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CHAPTER THREE

MATERIALS AND METHODOLOGY

3.1 Methodology of Overall Study

This research was conducted to determine the current sludge management practices and
to investigate the sustainable disposal practices by re using the sludge in Civil

Engineering Construction. Figure 3.1 shows the flow chart of the methodology.

Literature survey on water treatment plant sludge
manaaement

|

NAandiirt A AtiAct AR ATrA ctirm Ay, AR Arivrrant clhiiAdAA w

.,\ MERLREACEICES AR of | L.alK |

d

¥

other countries

|

Experimental study on reuse of sludge in
construction industry

L LQLWUUY UIT UTOL S1UUyrT ulopuoal practivco il

| | ﬂ | |

Burnt Clay Brick Cement Mortar Concrete Paving Concrete Paving Block
Block with Sludge with Sludge & B.Ash

Figure 3.1: Flow Chart of the Methodology
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3.2

Questionnaire Survey on Current Sludge Management Practices in Sri Lanka

In order to obtain the details of current sludge management practices in water treatment
plants in Sri Lanka, a questionnaire (Appendix A) was prepared and circulated among
the water treatment plants having a capacity of more than 5000m?®/day of National Water

Supply and Drainage Board.

The key parameters obtained through the questionnaire survey are;

Capacity

Raw water source & quality

Water treatment process / method used

Chemical used in treatment process, especially coagulation

The quantity and composition of sludge produced by water treatment plants
Methods of handling and treatment of sludge

Ultimate sludge disposal method and beneficial uses

I o mmoo W

The cost of sludge treatment and disposal, if available

A Questionnéi?;é" was circulated, tg. 35, Water Treatment Plants of the National Water
Supply and Drainage Board. Table 3.1 and Figure 3.2 shows the name and location of
WTPs used for this study.
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Table 3.1: Selected Water Treatment Plants Used for this Study

No. Name of WTP District
1 Ambatale Colombo
2 Kalatuwawa Colombo
3 Labugama Colombo
4 Kandana Kalutara
5 Kethhena Kalutara
6 Bambukuliya Gampaka
7 Raddoluwa Gampaka
8 Paradeka Kandy
9 Ulapane Kandy
10 University Kandy
11 Katugastota Kandy
12 | Arattana Kandy
13 Meewathura Kandy
14 Eluduwa Badulla
15 Embilipitiya Ratnapura
16 RatAgpura Ratnaptina
17 | Udawdlwa Rataaphra
18 | Hirwadunna Kegrlle
19 Morontota Kegalle
20 Mawanella Kegalle
21 | Wakwella Galle
22 |Hapugala Galle
23 |Baddegama Galle
24 Hallalla Matara
25 Malimbada Matara
26 Nadugala Matara
27 Ranna Hambantota
28 Kirindioya Hambantota
29 Tangalle Hambantota
30 Kanthale Trincomalle
31 Wavunathivu Baticollo
32 Pothuvil Ampara
33 Thirukkovil Ampara
34 Konduwatuwana Ampara
35 Eachchalampattu Trincomalle
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3.3

33.1

3.3.2

3.3.3

Data collected through the questionnaire survey was summarized and reviewed to

determine the current sludge management practices.

Reuse of Water Treatment Sludge in Brick Manufacturing as Substitute for Clay
Water Treatment Plant (WTP) Sludge

The sludge (1) used in this study was collected from the sludge drying bed of the
Kethhena Water Treatment Plant, located in Kalutara, using Poly Aluminum Chloride
(PAC) as coagulant. The sludge produced in the sedimentation tank and filter is directly
fed to the sludge drying bed for air drying. The dried sludge was used in brick making

without further treatment.

The sludge (2) used in this study was collected from the sludge lagoon of the Kandana

Water Treatment Plant, located in Horana, using Alum (Aluminum Sulfate) as coagulant.

The slud ed to the sludge
lagoons 1 %*""& 0. The dried Sludge was used in brick mial without further
treatment. o

Clay

The clay used in this sludge was the commercial local clay obtained from the selected
local brick manufacturer in Dankottuwa, Negombo. The clay was air dried for three days

in a cool dry place.

Characterization of Water Treatment Plant (WTP) Sludge

3.3.3.1 Moisture Content and Volatile Organic Content

The test was carried out according to ASTM D 3173 for both sludge samples. The
moisture content of the sludge was determined in triplicate by heating samples of known
weight to 110°C for 24 hours.

Following the moisture content, the same samples were used to determine the Volatile
Organic Content (VOC) by heating to 550°C. The test was carried out according to
ASTM D 3175 standards for both sludge samples.
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3.3.3.2 Particle Size Distribution

Sieve analysis was carried out according to BS 812: Part 103: 1985. Both sludge samples

were tested for particle size distribution separately. The testing procedure was as follows;

Step 1: Ensured that all the sieves are clean, and assembled in the ascending order of
sieve numbers. The sieve sizes are 4.25, 2.800, 1.180, 0.850, 0.600, 0.300, 0.150 and pan.

Sludge samples were carefully poured into the top sieve and the cap placed over it.
Step 2: Placed the sieve stack in the mechanical shaker and was shaken for 5 minutes.

Step 3: Removed the stack from the shaker and carefully weighed and recorded the

weight of each sieve with its retained sludge.

3.3.4 Characterization of Clay

3.3.4.1 Moisture Content and Particle Size Distribution

3.35

The moisture gar of the clay: sample, was determined in triplicat heating samples

to 110°C :é?%; hours: and: the- sieveranalysis, was CarkiedQut, b same procedure

followed for the'sl

lT

Manufacturing Process of Bricks

The local large scale clay manufacture in Dankotuwa area was chosen as manufacturer.

3.3.5.1 Collection of Material

The sludge (1) in the sludge drying bed of Kethhena Water Treatment Plant and the
sludge (2) in the sludge lagoon of Kandana Water Treatment Plant were collected in
different gunny bags and transported to the brick manufacturing site and clay was
collected in the manufacturing site. Both sludge and clay was air dried for 4-7 days

depending on the weather condition.

3.3.5.2 Preparation of Samples

Batching method by volume was used in mixing the bricks components to produce the
bricks with the slandered size of 220mm length, 105mm width and 65mm high as per the
SLS 39:1978.

Page |50



To investigate the effects of sludge on the properties of sludge clay bricks, the groups of
mixtures were randomly prepared for both sludge 1 and 2 separately. The percentage of
sludge used as supplement for clay is shown in Table 3.2. Also 100% clay bricks were
also prepared as control sample. A total of 210 bricks were produced by 30 individual

bricks in each mix. Moisture content tests were carried out for each mix.

Table 3.2: Composition of Brick Materials

P f
' Replacement Percentage | - o 2d€ 0
Mix No. of Sludge (%) Clay
ge (Yo %)
. 10 %
Sludge 1 5 = .
° 30 70
. 10 %0
Sludge2 |5 ] - | :
Control Sasaple | i | —

The measured sample of brick material was spread using a shovel to a reasonably large
surface area, until homogeneous mix with uniform colour was obtained. Then sludge was
spread evenly on the clay and the composite material thoroughly mixed with the shovel.
The mixing was done on an impermeable surface made free from harmful material. The
water was gradually added to the dry mixture while mixing, until optimum moisture

content was obtained.

Hand mould method with the wooden mould size of 210mmX105mmX65mm was used
for brick casting. The internal faces of the wooden mould were lubricated with water for
easy removal and to get a smooth surface. The mixture was placed in a mould and
compacted. The excess mixture was scraped off and the surface was leveled. Three

sludge- Clay bricks series for both sludge and sample containing only clay as reference
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specimen were made and each bricks were clearly marked and numbered to identify it.
Casted bricks were stacked at the site for three days for air drying together with the
regular batch as shown in Fig 3.3and loaded to the kiln for burning. After cooling, the
bricks were transported to the University of Moratuwa for testing.

Figure 3.3: Casting Bricks and Stacked in the Site for Drying

3.3.6 Determination of Properties of Bricks

Tests were carried out according to the Sri Lankan Standard39:1978, Specification for
common burnt clay building bricks. All four Parameters specified in the specification
were tested in order to assess the quality of bricks such as dimensions, compressive

strength, water absorption and efflorescence.

3.3.6.1 Dimension

Twenty Four bricks (24) were selected from each set and grouped. The overall dimension
was measured by placing each set of 24 bricks in contact in a straight line, upon a level
surface using the appropriate arrangement for any blisters, small projections or loose
particles of clay adhering to each brick were removed. The overall dimension of each set
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was measured to the nearest millimeter, using the inextensible (length, width, high) steel

tape as shown in Figure 3.4.

Ten bricks (10) were selected from each mix type. The overall dimension of each bed
surface was measured and the area was calculated. Bricks were immersed in water for 72
hours at the room temperature. After 72 hours immersion bricks were removed and

allowed to drain at room temperature, wiped surplus moisture and subjected to the test.

Bricks were placed between 2 plywood sheets and carefully centered between the platens
of the machine as shown in Figure 3.5. Then the load was applied axially to the direction
of thickness of the brick until failure occurs. The maximum load at failure was noted. The
compressive strength was calculated by dividing the maximum load at failure by the area
of the face on which load was applied. Averages of 10 bricks were calculated for each set
separately.
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Figure 3.5: Compressive Strength Test on Bricks

3.3.6.3 Water Absorption

Five bricks (5) of each mix were selected and dried to constant mass, in a well ventilated
oven at 100°C o 115°C

weighed. T¥ B)riclg_
as possible:ﬁt’:, ath surfacem

re,cooled to a

‘: Idll

pppoxirrnatel}/ room temperature and
1. \- 19

gtujre for 24 hours as far

fMex :
: ag,fr‘ggaccew to Water Each brlcks were removed and
surface water v_viped off with a damp cloth and weighed in a balance sensitive to about
0.1% of brick weight. The percentage of water absorption were calculated by subtracting
the dry weight from the mass of the brick after immersion and divided by mass of the dry

brick in to 100%.

3.3.6.4 Efflorescence

Bricks of each mix were placed in a shallow flat bottom dish having an area of 0.1m?and
distilled water was placed to the depth of 25mm. It was placed in a well-ventilated room
until all the water in the dish evaporates. When the water had been absorbed and bricks
appeared as dry, similar quantity of water was placed in the dish and allowed to evaporate
as earlier. Then bricks were examined for Efflorescence.
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3.4

34.1

3.4.2

3.4.3

344

Reuse of Water Treatment Sludge in Cement mortar as substitute for cement
(Binding material)

Water Treatment Plant Sludge

The sludge used in this study was collected from the sludge lagoon of the Kandana Water
Treatment Plant, located in Horana. The dried sludge was used in preparation of mortar.

Sand

Natural sand was used.

Ordinary Portland Cement

Ordinary Portland cement (OPC) made by Tokyo super was used as the binding material,
which belongs to the strength class of 42.5kN and in compliance with SLS 107:

specification fos

abd

\

Characterizatio

3.4.4.1 Specific Gravity

3.45

Specific gravity test was carried out according to BS 812: Part 107: 1988
(Appendix B)

Characterization of Sand

3.4.5.1 Specific Gravity and Particle Size Distribution

Specific gravity test was carried out according to BS 812: Part 107: 1988 as specified in
3.4.4.1 above. Sieve analysis was carried out according to BS 812: Part 103: 1985 as
specified in 3.3.3.2 above.
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3.4.6 Preparation of Mortar

The ICTAD specifications for mortars specify the ratio of Cement: Sand for mortar can
be 1:5 to 1:8. A proportion of 1:5 was chosen for this research; hence it is widely used in
practice. To investigate the effects of sludge on the properties of mortar, the groups of
mixtures were randomly prepared. The percentage of sludge used as supplement for
cement is shown in Table 3.3.Batching method by weight was used in mixing the mortar

components to produce the samples as per the BS 4551: Part 1:1998. Mortar was made

manually at the Building materials laboratory of the University of Moratuwa.

Table 3.3: Composition of Binding Materials in Mortar

Binding Material

Mix No. Replacement Percentage

of Sludge (%)

Percentage of Cement

(%)

Control S

Sludge

3.4.7 Determination of Properties of Mortar Samples

Mortar tests were done for both fresh state flow and hardened state compressive strength.

3.4.7.1 Fresh state — Flow by Flow Table Test

This test was carried out as per BSEN1015: Part 3: 1999. All Four mortar mixes shown in
Table 3.3were prepared with the water cement ratios of 0.5, 0.7, 0.9, 1.1, 1.3 &1.5.The

testing procedure was as follows;

Step 1: The flow table was wiped clean and dry and mould was placed at the center of the

flow table
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Step 2: Sample was filled in two layers; each layer was tamped 20 times with a tamper.

The mould was held firmly in place during the operation.

Step 3: The excess mortar was removed from the top of the mould with a palette knife
and the area around the base of the mould was cleaned with a cloth as shown in
Figure3.6. Then mould was removed.

Step 4: Immediately, the table was raised and dropped 25 times within 15 seconds.

Step 5: The diameter of the spread mortar was measured in two directions at right angles

as shown in Figure3.7. Test was repeated once again to get more accurate result.

Step 6: The average of these four values was calculated. The flow is resulting increase in
average base diameter of the mortar and flow was expressed in the percentage of

the original base diameter.

Figure 3.6: Flow Test Mould
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Figure 3.7: Flow after Vibration

3.4.7.2 Hardened state - Compressive Strength of Mortar

As specified in ASTM C 270 — 07, the laboratory mortar required an initial flow of
11045% and the construction mortar required 130 to 150% in order to produce
workability satlsfactory to the mason. So the water cement ratios of each mortar mixes
had the flow -¢ "

9l _anka

in thusrdnge Wére coqsidered oY ”é et L

The test was carrled out accordlng” to BS 455‘1 Part 1:1998 to determine the compressive
strength of the hardened mortar. The most common and the easiest method to test mortar
at site is the mortar cube test. Test cubes were casted in a standard mould, which is 70

mm X 70 mm x 70 mm in size. Nine cubes were casted in each mix. The test method is

described as follows:

Step 1: The standard mortar moulds were checked to see whether they were clean and
dimensionally correct. Then they were assembled and oil was applied to the
internal surfaces.

Step 2: The mortar was placed in the mould in 3 layers (approximately to the height of
1/2, 2/3, full of the mould) and manually compacted after putting each layer.

Step 3: Top surface was smoothened and cubes were numbered. The next day, moulds
were removed and the cubes were fully immersed in water.

Step 4: After 7, 14 & 28 days 3 cubes of each mix were taken from water and tested for

compressive strength.
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A Compressive force was applied to each test cube separately by compression testing
machine as shown in Figure 3.8. The crushing strength is taken as the compressive
strength, which can be directly read from the dial gauge. Finally, the average compressive
strength is taken as the compressive strength of the test cubes. The test was done at the

University of Moratuwa.

UniVersity of Morguwa, Sri Lanka.
Electronic Th%(‘ﬁi ¥ Dissertations
[ \
WWW.llb.IllI’t.a?E. _ S

10428 04/08/2015 30231

r

Figure 3.8: Compressive Strength Test on Mortar Cubes

3.5  Reuse of Water Treatment Sludge in Concrete Paving Block Manufacturing as
Substitute for Sand

3.5.1 Ordinary Portland Cement
Ordinary Portland cement (OPC) made by Tokyo super was used as the binding material,

which belongs to the strength class of 42.5kN and in compliance with SLS 107:

specification for OPC.

3.5.2 Water Treatment Plant Sludge
The sludge used in this study was collected from the sludge drying bed of the Kethhena
Water Treatment Plant, located in Kalutara. The sludge produced in the sedimentation
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tank and filter is directly fed to the sludge drying bed for air drying. The dried sludge was

used in preparation of Concrete Paving Blocks.

3.5.3 Aggregates
Natural sand was used as fine aggregate and 10mmmetal chips were used as coarse

aggregate.

3.5.4 Bottom Ash

Air dried bottom ash obtained from the coal power plant at Norochcholai was used.

3.5.,5 Characterization of Water Treatment Plant Sludge

3.5.5.1 Specific Gravity and Particle Size Distribution
Specific gravity test was carried out according to BS 812: Part 107: 1988as specified in
3.4.4.1 above and sieve analysis was carried out according to BS 812: Part 103: 1985as
specified 3. Qv

3.5.5.2 Moisture “n;r
The moist ieating samples to
110°C for 24 hours.

3.5.6 Characterization of Aggregates

3.5.6.1 Specific Gravity and Particle Size Distribution
Specific gravity test was carried out according to BS 812: Part 107: 1988as specified in
3.4.4.1 above and the sieve analysis was carried out according to BS 812: Part 103:
1985as specified in 3.3.3.2 above.

3.5.7 Characterization of Bottom Ash

3.5.7.1 Specific gravity and Particle Size Distribution
Specific gravity test was carried out according to BS 812: Part 107: 1988as specified in
3.4.4.1 above and the sieve analysis was carried out according to BS 812: Part 103:
1985as specified in 3.3.3.2 above.
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3.5.7.2 Moisture content
The moisture content of the sludge sample was determined in triplicate by heating samples to
110°C for 24 hours.

3.5.8 Preparation of Concrete Paving Blocks

To investigate the effects of sludge on the properties of concrete paving blocks, the
groups of mixtures were randomly prepared with the constant water cement ratio of 0.5
and aggregate cement ratio of 3.5. Batching method by weight was used in mixing the
components to produce the samples with the standard size of 220mm x 110mm x 80mm.

The percentage of sludge was used as supplement for sand (fine aggregate) and 10% of
bottom ash and sludge were used as supplement for sand as shown in Table 3.4 and Table
3.5.Components of the concrete was mixed in a concrete mixer and paving blocks were
produced by machine as shown in Figure 3.9 at the Building Materials laboratory of
University of Moratuwa. Total of 180 numbers paving blocks were prepared as 20 in
each mix and c_IearIy numbered. As shown in Figure 3.10 blocks were immersed in a

curing tank aféégzél hours.

Table 3.4: Cdr_rlposition of Fine Aggregates in Paving Block

Fine aggregate

Mix No. Replacersnliréthe((ry((:)e)ntage of Percentage of Sand (%)
Control 1 0 100
2 10 90
Sludge 3 20 80
4 30 70
5 40 60

Page |61



Table 3.5: Composition of Fine Aggregates in Paving Block with Bottom ash

Fine aggregate
Mix No. b Rei)lacer?esr:t q Percentage of Percentage of Sand
ercentage of Sludge |5 .~ p (%) (%)
(%)
6 0 10 90
7 10 10 80
9 30 10 60

i
A."‘ \

(AN )

/ 954

Figure 3.9: Casted Concrete Paving Blocks

: @ oy

Figure 3.10: Concrete Paving Blocks Immersed in Water
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3.5.9 Determination of Properties of Concrete Paving Blocks

Tests were carried out according to the Sri Lankan Standard1425: Part 1: 2011,
Specification for Concrete Paving Blocks. The parameters specified in the specification
were tested in order to assess the quality of concrete paving blocks such as compressive

strength, water absorption, slip resistance and dry density.

3.5.9.1 Compressive Strength

The compressive strength at 7, 14 and 28 days were determined to test the load bearing

capacity of the Paving blocks.

Three blocks of each mix were selected and placed on the cardboard and traced around it
perimeter. Then the shape was cut out accurately and weighed to the nearest 0.01g. A
rectangle having size of 200mm x 100mm was cut accurately from the same card board

and weighed to the nearest 0.01g. Plane area of the each block was calculated to the

nearest 10mmgo 19 the equation givien n.the Sri Lankan Standa 25: Part 2: 2011,
Specification fg?ﬁ%(;n Fete Paning Bogks as fallows;
\§ - A AAY )
M
Where;

mz is the mass of a card board shape matching the block (in g)

my is the mass of 200mm x 100mm card board rectangle (in g)

Sample was placed in water for 24 hours and taken out and cleaned. Plywood packing
was placed between the upper and lower faces of the block and the machine platens as
shown in Figure 3.11. A load was applied without shock and increased it continuously at
a rate of 15+3 N/mm min until no greater load can be sustained by the block. Maximum
load applied to the block was recorded. The crushing strength of each block was
calculated by dividing the maximum load by the plan area and multiplying the resulting
value by the appropriate factor from the Table 2 of Sri Lankan Standard1425: Part 2:
2011, Specification for Concrete Paving Blocks. Averages of 3 blocks were calculated for

each set separately.
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Figure 3.11: Compressive Strength Test on Concrete Paving Block

3.5.9.2 Water Absorption

The water ahsorption of paving blocks were measured according to the method described
in Sri Lankan-%,- tandard 1425« Rarto2 2014 Spaeification forGancrete Paving Blocks

AE Ay
A

~5 éwerage vataeot thrbecsaraples Was saldulted ¢

(Appendix

3.5.9.3 Unpolished Slip Resistance Value (USRV)

3.6

The slip/skid resistance test of paving block was performed in accordance with the
method described in Sri Lanka Standard 1425: Part 2:2011 Specification for Concrete
Paving Blocks (Appendix B).

The measurement of USRV on the specimen was done using the pendulum test
equipment to evaluate the frictional properties of the specimen on the upper surface. Five

observations were taken for each specimen and the average value was calculated.

Characteristic of wastewater (Over flow water in Sludge drying bed/ lagoon)

Properties of waste water were analyzed to check whether that satisfies the tolerance limit
of industrial wastewater discharged to inland surface water given by the CEA.
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3.7  Environmental Cost Benefit analysis
Environmental Cost-Benefit analysis for the sludge reuse practices was carried out to

check whether the practices are environmentally beneficial.

3.7.1 Analysis of Environmental Costs & Benefit
» The impacts due to discharging the sludge in to surface waters and sludge dumped
in open dumps were identified.
» The benefits obtained through the sludge reuse practices were identified.
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4.1.2

CHAPTER FOUR

RESULTS AND DISCUSSION

Current Sludge Management Practices in Sri Lanka

Thirty Five (35) questionnaires distributed to the Water Treatment Plants (WTPs) having
a capacity of more than 5000m®/day, out of which 25 respective offices of WTPs
responded. The data collected from the questionnaire returns are attached in Appendix C.

General Information

The name and title of those who responded to the questionnaire and the general details of
WTP such as year of establishment, location/region, name, address, region and the

contact numbers of the water treatment plants are attached in Appendix C-1.

Raw Water Sources

‘of Water Treatment Plants {WTPS) and flows are listed in Appendix

!il
C-2 and summary

is shown inFigure 4.1.'Questionnaire responses indicate that most
(97%) of the WTPs use surface water as their water source. Only 3% of WTPs are using

ground water as water source.

River &

Reservoir
Bore hole 4%

3%

Reservoir
12%

Figure 4.1: Raw Water Sources
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4.1.3

414

Two types of surface water sources are used in WTPS. Those are Rivers, such as Kelani
Ganga, KaaluGanga, Gin Ganga, NilwalaGanga, MahawaliGanga, etc. and Reservoirs,
such as Labugama, Kalatuwewa, Kantale, Sagamam, etc. Bore holes are used as the
ground water source. 81% of WTPs use the river as the raw water source.

Water Quality

Appendix C-3 shows the average raw water quality of source water of WTPs. Raw water
turbidity is widely varied from 2 NTU to 80 NTU. The pH values for all water supplies
varied from 6.1 to 7.5. All WTPs reporting, the average total alkalinity is varied from a
low of 6.8mg/l as CaCOs to a high of 100 mg/l as CaCOs and the average total hardness
ranged from 6 mg/l as CaCOz to 100mg/l as CaCOs

Treatment Process

Appendix C-4lists the water treatment processes used by the WTPs and summary is given
in Table 4.1. The questionnaire responses indicate that the majority of surface water
treatment conga;gns the-protess of’ Aeration, ‘Coaguitation, Floccitation, Sedimentation,
Filtration & Di’émfectlon There are some WTPs not having Aeration and three WTPs
having Dlssolved Alr Flotation (DAF) instead of Sedimentation (Eg: Konduwadduwana,
Wavunathiwu and Ruhunupura WTPs). Ground water treatment use Filtration&

Disinfection process.

Table 4.1: Summary of Water Treatment Process

WTP
Process of Arrangement
Number | Percentage

Aeration, Coagulation, Flocculation, Sedimentation, 17 68
Filtration & Disinfection

Coagulation, Flocculation, Sedimentation, Filtration & 4 16
Disinfection

Aeration, Coagulation, Flocculation, DAF, Filtration & 1 4
Disinfection

Coagulation, Flocculation, DAF, Filtration & Disinfection 2 8
Only Filtration 1 4
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4.1.6

4.1.7

Chemical Dosage

Chemical dosages for all WTPs are tabulated in Appendix C-5. Annual average values
and ranges for each chemical used are given and summary is given in Figure 4.3. As
shown in Figure 4.2, Most of the WTPs use Alum as a coagulant. Out of twenty five,
seventeen WTPs use alum, which is 68% as a percentage. Seven WTPs use Poly

Aluminum Chloride. Ground WTPs does not use any chemical.

12

10

No of WTPs
(o))

Figure 4.2: Chemical Usage of WTPs

Sludge Production & Characteristics

Appendix C-6 shows type and quantity of sludge production and sludge characteristics.
All (100%) are Alum sludge. Only four WTPs have the sludge production details and

only three WTPs have the sludge characteristic details.

Sludge Removal& Discharge

Appendix C-7 lists the methods of removing sludge from the basins and methods of
sludge disposal. Summary of sludge removal information and sludge disposal methods
are given in Table 4.2 & Table 4.3 respectively. Most popular sludge removal methods

are flushing with fire hose, continuous mechanical removal and manual removal.
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According to the questionnaire responses most of the WTPs discharge their waste into
streams.

Table 4.2: Methods of Removing Sludge from Basins

WTP
Methods
Number Percentage (%0)
Flushing 4 16
Continuous Mechanical Removal 4 16
Manual 17 68

Table 4.3: Methods of Sludge Disposed from Basins

Methods WTP
(Discharge in to) Number Percentage (%)
Stream 11 a4
Lake or Resepwoir 1 4
Impounding Basins 10 40
Others v 3 12

4.1.8 Sludge Treatment

Appendix C-8 lists the sludge treatment methods and summary of sludge treatment
information is given in Table 4.4. According to the responses to the questionnaire
majority (52%) of WTPs has no any treatment and directly discharge in to the stream.

Only two WTPs use gravity thickener and another two use centrifuge as thickener.

Table 4.4: Sludge Treatment Methods

Methods WTP
Number Percentage
Gravity Thickening 2 8
Centrifuge 2 8
Lagooning/Drying beds 12 40
No treatment 12 52
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4.1.9 Sludge Dewatering

Methods of sludge dewatering and number & size of dewatering units are listed in
Appendix C-9 and summary is shown in Figure 4.3. Sludge drying bed is the most
popular method for dewatering. Only8% treatment plants use centrifuge for thickening

and sludge drying beds for dewatering.

m Sludge Drying
Beds
m Sludge Lagoons

m Centrifuge

m None

Figure4.3: Methods of Sludge Rewatsring

4.1.10 Sludge Finai'bls'posal

Final sludge disposal methods are given in Appendix C-10 and summary is shown in
Figure 4.4. 36% of the treatment plants use the sludge as fill material or for land fill.

Only one plant (Thirukkovil) sludge is used for agricultural purpose.

15
10 A
5 -
0 T T T T
Open dump Fill Agriculture  Stream
Material

Figure 4.4: Final Sludge disposal Methods
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Sludge production is an inevitable outcome of potable water treatment. The
environmental pollution/acceptable levels of final sludge disposal methods are shown in
Figure 4.5. The main disposal method used in the observed WTPs is to return the sludge

into surface water without any further treatment.

The second widely used method is dump on freely available land or sends to land fill.
This can cause environmental problems as openly dumped sludge washed away to
surface waters with rain water. Also ground water quality can be affected due to leaching

of sludge into the soil.

o Fe District Boundries - Sri Lanka
. Jaffna ;
R

i

{ Killinochchi

Mullaitivu

Discharge to stream - @
dC. Opendump- O

+ Puttalam Polonnaruwa
Baticaloa
Kurunegala
Matale
o b\
4
\
o \
J Kandv Ampara
\ Kegalle J
6 Garfipaha o “
Badulla y
4 Nuwara Eliya 7
g .
Moneragala ® -
Kalutara Ratnapura
Hambantota
Galle ®
Matara

Figure 4.5: Environmental Pollution/Acceptable Levels of Sludge disposal Methods
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4.2  Reuse of Water Treatment Sludge in Brick Manufacturing as Substitute for Clay
4.2.1 Properties of Raw Materials

4.2.1.1 Moisture Content &Volatile Organic Content
The Moisture Content test was conducted to the dewatered sample taken from the sludge

disposal unit and manufacturer clay used for this research. The volatile organic content of
the WTP sludge was measured to get an insight to its characteristics. The test results of
moisture content & volatile organic content of the chosen sludge & clay is tabulated in

Appendix D and the average is given in Table 4.5.

Table 4.5: Moisture Content & Volatile Organic Content of WTP Sludge & Clay

g Moisture Volatil_e
Characteristic Content (%) c oon:gﬁpl(g/o)
Water Treatment Plant Sludge 1 (Kethhena) 33.61 22.83
Water Treatment Plant Sludge 2 (Kandana) 29.69 22.70
Clay g‘"’a ' 17.88 -

\ o/

The results indicated that the WTP sludge has high average water content than clay.
Hence the sludge was sun dried for 6-7 days (depending on the weather condition) to

achieve required level of dryness.

4.2.1.2 Particle Size Distribution
Figure 4.6 shows the particle size distribution of WTP sludge.
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Figure 4.6: Particle Size Distribution Curve for Sludge

4.2.2 Characteristics of Clay Sludge Mix

Kethhena

Kandana

Table 4.6 gives the maisture icontent [ofvéactn mixes. andithendetail results are given in

Appendix D%e optimsdml idisturelContent. (OMEYTof LmiXture was based on the

moisture redtiretent Vin whith- fHaxiftum™ bonding among the mixture particles is

retained.

Table 4.6: Characteristics of Clay Sludge Mix

Sludge 1 Sludge 2 Control
Sample
M1 M2 M3 M1 M2 M3 M4
Sludge proportion (% by weight) 10 20 30 10 20 30 0
Clay proportion (% by weight) 90 80 70 90 80 70 100
Optimum moisture content (%) 28.01 | 30.26 | 31.78 | 28.22 | 29.68 | 31.32| 26.85

From Table 4.6, it can be seen that the OMC increased as the quantity of sludge

increases. The test results show that the OMC of only clay mixture is 26.85%. Increasing

the sludge proportion in the mixtures resulted in an increase of OMC.
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4.2.3 Properties of Bricks

The properties of bricks were tested according to the Sri Lankan Standard39:1978,
Specification for common burnt clay building bricks.

4.2.3.1 Dimension

The overall dimension test results for different proportion of sludge in mixture given in
table 4.7 indicates that the dimension of the bricks decreases with the increase of sludge
content. The control sample (only clay) bricks have the overall dimension of 4690 mm
length, 2309 mm width and 1374mm height. The Kethhena Water Treatment Sludge
(WTS) clay brick dimension is ranged between 4663mm to 4531mm length, 2310mm to
2238mm width and 1370mm to 1350mm height and Kandana Water Treatment Sludge
(WTS) clay brick dimension is ranged between 4615mm to 4523mm length, 2305mm to
2228mm width and 1369mm to 1350mm height.

Table 4.7 VET mensienaf24Bricks
{ 46U cac 2 hccaratianc
N ¥ '@ B P T e o A 1 1
i ' Height
Requirement( SLS 39:1978) 5280+75 2520+40 1560+40
Kethhena WTP 10:90 4663 2310 1370
Sludge 20:80 4588 2262 1358
30:70 4531 2238 1350
10:90 4615 2305 1369
Kandana WTP
20:80 4554 2255 1355
Sludge
30:70 4523 2228 1350
Manufacturer 0:100 4690 2309 1374

The test results of individual dimension of clay and sludge- clay bricks are given in
Appendix D and an average of individual dimension is given in Table 4.8. The individual
dimension test results for different proportion of sludge in mixture as given in Table 4.8

indicates that the dimension of the bricks decreases with the increased sludge content.
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The control sample (only clay) bricks have the dimension of 195 mm length, 96 mm
width and 57mm height. The Kethhena WTS clay brick dimension is ranged between
194mm to 189mm length, 96mm to 93mm width and 57mm to 55mm height and
Kandana WTS clay brick dimension is ranged between 192mm to 190mm length, 96mm

to 93mm width and 57mm to 56mm height.

Table 4.8: Dimension of Individual Bricks

Mix Proportion Sludge: . .
Clay (%) Length Width Height

Requirement: Dimension of brick SLS 39:1978

10:90 194 96 57
Kethhena WTP 15589 101 94 56
Sludge

30:70 189 93 55

10:90 192 96 57
Kandana WTP 75 ¢ 190 94 56
Sludge ;

€Tk | 30:70 188 93 56

Manufactutéi | 0:100 195 96 57

4.2.3.2 Compressive Strength
Compressive strength determines the applicability potential of the bricks, which is
normally affected by the porosity, pore size and type of crystallization. The test results of
compressive strength are given in Appendix D. Table 4.9 gives the average compressive

strength of clay and sludge clay bricks.
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Table 4.9: Compressive Strength of Bricks

_ ] Avg. Compressive
Mix Proportion
Sludge: Clay (%) Strength
udge: Clay (%
: Y N/mm?2
Requirement(Type 2Grade I1), SLS 39:1978 2.8
10:90 2.87
Kethhena WTP Sludge
20:80 2.49
30:70 1.91
10:90 2.76
Kandana WTP Sludge 20:80 2.24
30:70 1.85
Manufacturer 0:100 4.23

Figure 4.7 shows that the compressive strength is greatly dependent on the amount of
sludge in the_‘;{ '?‘ir.(;‘k. The 'strertgth-of*brick decreases-with the“increased sludge content.
The averagéi;?é?npressive strength of “control  sample” is~ 4.23N/mm?.The average
compressive éﬁéngth of Kethhena WTP sludge clay brick is varied between 2.87 and
1.91 N/mm? and Kandana WTP sludge clay brick is varied between 2.76 and 1.85
N/mm?. With the addition of 10% sludge to clay, the sludge clay brick strength met the
minimum requirement of 2.8 N/mm? (SLS 39:1978) as building brick.

< 504

é’ 4.0 - —&=— Kethhena

fij WTP Sludge
§§3'0 | =~ = Kandana WTP
‘3220 - = Sludge

o

g— 1.0 —_— s

S 0.0 . . ; , Requirement

0:100 10:90 20:80 30:70
Sludge:Clay Mix Ratio

Figure 4.7: Compressive Strength of Bricks
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4.2.3.3 Water Absorption
Water absorption is a key factor that affects the durability of bricks. Hence the lesser
amount of water infiltrated to the brick makes the brick more durable. The test results of
water absorption are tabulated in Appendix D. The water absorption test results for
different proportions of sludge in mixture given in Table 4.10, indicates that the water

absorption for the bricks increases with the increased sludge content.

The control sample has the water absorption of 20.22% and the results of water
absorption ranged between 23.59% to 26.30% and 23.11% to 30.29% for Kethhena and
Kandana WTP sludge clay brick respectively. Compared to control clay brick, all of the
sludge clay brick exhibited higher water absorption than the 100% clay brick type. The
addition of 10%, 20% & 30% of Kethhena WTP sludge to clay and addition of 10%&
20% of Kandana WTP sludge to clay, the sludge clay brick obtained water absorption of
maximum requirement of 28% (SLS 39:1978) as building brick.

Table 4.10: vy‘éfger Absorption’of'Bricks
Eﬂj”

i3 Mix P repertien Avg. Absorption
Sludge: Clay (%0) (Percentage)

Requirement: Type 2, Grade Il (SLS 39:1978) 28
Kethhena WTP 10:90 23.59
Sludge 20:80 25.42

30:70 26.30

10:90 23.11
Kandana WTP

20:80 25.36
Sludge

30:70 30.29
Manufacturer 0:100 20.22
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4.2.3.4 Efflorescence

Table 4.11 shows the test results of efflorescence.

Table 4.11: Efflorescence of Bricks

Mix Proportion Sludge: Clay (%) | Efflorescence

Requirement: Type 2, Grade Il (SLS 39:1978) Moderate
Kethhena WTP 10:90
Sludge 20:80

30:70

10:90 Slight
Kandana WTP

20:80
Sludge

30:70
Manufacturer 0:100

S

All sludge clafmixes has ‘satisfies the niirmirmum requirement of efflorescence (SLS

39:1978) as building brick.
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Table 4.12: Comparison with Previous Study — Brick Dimensions

Average This study Illanghasinghe et.al, 2015
Dimension | Control Kethhena WTP Sludge Kandana WTP Sludge Meewatura WTP Sludge
(mm) 100:0 90:10 80:20 70:30 90:10 80:20 70:30 100:0 75:25 50:50
Length 195 194 191 189 192 190 188 229 225 222.5
Width 96 96 94 93 96 94 94 107 108 100
Height 57 57 56 55 57 56 56 62 62 60
Length 4690 4663 4588 4531 4615 4554 4523 5494 5399 5342
Width 2309 2310 2262 2238 2305 2255 2228 2575 2597 2417
Height 1374 1340, 1358 1350 1385 1350 1374 1497 1484 1444

Table 4.13: Comparison with PFetious Study'—Brick-Properties

This study Illanghasinghe et.al, 2015

Control | Kethhena WTP Sludge Kandana WTP Sludge Meewatura WTP Sludge
100:0 | 90:10 | 80:20 | 70:30 | 90:10 | 80:20 | 70:30 100:0 75:25 50:50

Compressive Strength
4.23 2.87 | 2.49 191 2.76 2.24 1.85 1.82 0.53 0.49
(N/mm?)
Water Absorption
(%) 20.22 | 2359 | 2542 | 26.3 23.11 25.36 30.29 20.2 30.2 34
0
Efflorescence Slight Slight
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The tables 4.12 and 4.13 compare the results of this study with a previous study done for the
brick production. As illustrated on the referred tables two different samples of sludge from
different Water Treatment Plants (Kethhena & Kandana) were selected for this study. The
average compressive strength of Kethhena WTP sludge clay brick varied between 2.87 and 1.91
N/mm? and Kandana WTP sludge clay brick varied between 2.76 and 1.85 N/mm?. However, the
previous study result shows a range compressive strength between 1.82 and 0.49 N/mm? which is
far from the result of this study. Even though the sludge to clay mix ratio used in these two
studies are different, compressive strength recorded for control sample (clay to sludge ratio
100:0) shows different compressive strengths of 4.23 and 1.82 respectively in current and
previous studies. In the previous study, even 100% clay brick has not achieved the minimum
requirement. It may be because of properties of clay and sludge such as fineness content,
porosity, plasticity index etc. or brick may not be burnt with the required firing temperature.
Victoria (2013) in Nigeria did a performance evaluation of water treatment sludge as brick

material and demonstrated that sludge clay burnt bricks can be successfully produced using WTP

sludge as supplement, fo . It is widely practiced in some countries. Al s results indicate
that the strength c:agig.:e ds on.the firing-temperature~ The results.of | :na sludge shows
an acceptable col e;;iv ength-withthe additian sludge clay brick
strength met the _ ( ) g brick.

The results of water absorption ranged between 23.59% to 26.30% and 23.11% to 30.29% for
Kethhena and Kandana WTP sludge clay brick, where the results of previous study ranged
between 20.2% and 34% for Meewatura WTP sludge. Compared to control clay brick, all of the
sludge clay brick exhibited higher water absorption than the 100% clay brick type. The water
absorption percentage for control sample on both the current and previous studies shows
approximately same values such as 20.22 and 20.2. As per the current study the addition of 10%
sludge to clay mix obtained water absorption of a maximum requirement of 25% (SLS 39:1978)

as building brick.
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Table 4.14: Comparison with Previous Studies — Brick Properties

Study Sludge Material % Compressive | Water Firing
Sludge | Clay | RHA | SF Strength | Absorpti | Temperat
(N/mm?) on (%) | ure (°C)

This Study Control 0 100 - - 4.2 20 600
Kethhena 10 90 - - 2.9 23
20 80 - - 2.5 25
30 70 - - 1.9 26
Kandana 10 90 - - 2.8 23
20 80 - - 2.2 25
30 70 - - 1.8 30

Victoriya Nigeria 0 100 - - 6.5 21 850
(2013) 5 95 - - 5.0 22
10 90 - - 3.5 23
15 85 - - 1.0 26
20 80 - - 0.5 31

Hegazy et al. Egypt 0 100 - - 54 11 900
(2012) 25 - 25 50 6.8 39
50 - 25 25 6.7 48
25 - 50 25 4.9 52

Hegazy et al. Egqypt Q 1Q0 f - 3.7 11 900
(2012) (36 25 - - 1 2. 73
v 50 - B e 28 60
== b 1 25 - 3.4 59

Hegazy et al. Egypt 0 100 - - 5.9 11 900
(2011) 25 - - |75 48.0 24
50 - - 50 30.4 25
75 - - 25 7.4 27

The table 4.14 compares the results of this study with the previous studies done for the brick

production in various countries. When comparing with the study done by Victoriya (2013),

Nigeria, It shows that the compressive strength of brick can be increased by increasing the firing

temperature. The study done by Hegazy et al. (2012 & 2011) shows that compressive strength

can be enhanced by the addition of agricultural waste and industrial waste, which contain high

silica content, such as Rice husk ash silica fume respectively. Even though they have high

compressive strength, addition of RHA bricks has very high water absorption. Durability of the

brick depends on the water absorption.
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4.3  Reuse of Water Treatment Sludge in Cement mortar as substitute for cement
(Binding material)

4.3.1 Properties of Raw Materials

4.3.1.1 Moisture Content
The Moisture Content test was conducted to the sludge used for this research. The results

are attached in Appendix D. The average moisture content of the WTP Sludge is 13.67%.

4.3.1.2 Particle Size Distribution
Particle size distribution of sand was carried out when cement replaced by sludge for
cement mortar. Figure 4.8 shows the particle size distribution of Sand.The particle size of
sand lies between 0.1- 0.6 mm.

100
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60 & HitversttvyofMortatrvya—Srt Eanks

50 —é‘?@- Electromic Acses & Dissertations

40 R s :

30

20 /-
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0.1 1 10
Particle Size (mm)

Cumulative Percentage passing

Figure 4.8: Particle Size Distribution Curve

4.3.1.3 Specific Gravity
The specific gravity test was conducted to the sludge & sand used for this research and

the average specific gravity results are given in table 4.15.
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Table 4.15: Specific Gravity of WTP Sludge & Sand

Characteristic Specific Gravity
Water Treatment Plant Sludge (Kandana) 1.62
Sand 2.65

4.3.2 Properties of Mortar

In this study, the sludge was used as supplementary cementious material used to replace
the cement (binding material), the ratio of cementious materials to sand was kept constant
at 1:5. Sludge was added to the mortar by varying their proportions. The composite
mortars tried are having the cement to sludge as 90:10, 80:20 and 70:30 and 100:0
(Control sample). In order to accomplish this, the mortars are prepared by varying the

water content to arhiove a ranctant wnrlkeahilitv/ which ic detarmined ||oing much ﬂOW

4.3.2.1 Fresh ste f-%rk oHity(FlidRy)
Workabil  feie moSt A dABR b sk of a ball bearing
affect of aggregate particies iubricated by the cementing paste. Workability is a
combination of several properties including plasticity, consistency, cohesion & adhesion.
Good workability is essential for maximum bond with masonry unit. Workable mortar
can be spread easily with a trowel into the separation & crevices of the masonry unit.
Workable mortar supports the weight of masonry unit when placed & facilitate

alignment.
Workability of fresh mortar mixes were determined by flow table test. The flow obtained

with the OPC and sludge mortars with different water cement ratios are attached in

Appendix E and the average flow value is graphically presented in Figures 4.9 to 4.12.
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Figure 4.9: Flow Percentage of Mortar with Water Cement Ratio for Mix1(0:100)
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Figure 4. 10: Flow Percentage of Mortar with Water Cement Ratio for Mix 2(10:90)
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Figure 4. 11 : Flow Percentage of Mortar with Water Cement Ratio for Mix 3(20:80)
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Figure 4. 12: Flow Percentage of Mortar with Water Cement Ratio for Mix 4(30:70)

Flow obtained for the different mortars shows that some of the mortars have achieved
greater flow with less water cement ratio. Due to addition of sludge into normal mortar
the specific surface area of these materials reduced the water content, making the mortar
more Workable,yvithin available water coptent which inquces greater flow table spread.
()

Mortar standa‘rg‘sfcommonly reguine minimum water retention of 75%, based on an initial
flow of only 105 to 115%. The Figure 4.13 shows the flow value of each mix and the
standard requirement. When the water cement ratio is increasing up to 0.5 to 0.9, the flow
value of mortar is decreasing. Then the water cement ratio is increasing up to 0.9 to 1.5,
the flow value of mortar is increasing for cement sludge mortar. The Figure 4.13
indicates that the water cement ratios between 0.9 and 1.3 of control samples and the
water cement ratios between 0.7 and 1.1 of sludge cement mortars achieved the required

flow.
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Figure 4. 13: Flow percentage of mortar with water cement ratio

4.3.2.2 Hardened Sfafe Compressiya-Strength of Mortar
The compreséi:/é strength test was carried out to the mixes that achieved the required
flow of standard requirement. The test results of compressive strength at 7, 14 & 28 days
of OPC and sludge mortars are tabulated in Appendix E. Figures 4.14 to 4.17 shows
mortar compressive strength variation with water cement ratio for different cement
sludge mixes. It shows that the compressive strength is greatly dependent on the water
cement ratios. When the water cement ratios are increasing, the compressive strength of

each type of mortar mix is decreasing.
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Figure 4. 14: Compressive Strength of Mortar with W/C Ratio for Mix 1 (0:100)
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Figure 4. 15: Compressive Strength of Mortar with W/C Ratio for Mix 2 (10:90)
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Figure 4. 17: Compressive Strength of Mortar with W/C Ratio for Mix 4 (30:70%)

The Figure 4.18 shows the 28 days compressive strength of each mix at different water
cement ratios and the standard requirement. The compressive strength of mortar
decreases with increased water cement ratios and the increased sludge content in the mix.
Compressive strength of all mixes of 1:5 mortar satisfied ICTAD specifications, which
should be greater than 5 N/mm?2. According to the results compressive strength of mortar

is higher than 5 N/mm?.
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Figure 4. 18: Compressive Strength of Mortar at 28 days

The compre’trength of -cantrotisamples withywater-cement.ratios of 0.9, 1.1 &1.3
met the requ%ﬁ%ﬁnt. Addition df 1094 stud@e met the requirement with the water cement
ratios of 0.7, 0.9 & 1.1,addition of 20% sludge met the requirement with the water
cement ratios of 0.7 & 0.9 and an addition of 30% sludge met the requirement with the

water cement ratio of 0.7 only.

4.4 Reuse of Water Treatment Sludge in Concrete Paving Block Manufacturing as
Substitute for Sand

4.4.1 Properties of Raw Materials

4.4.1.1 Moisture Content
The Moisture Content test was conducted to the sludge and bottom ash used for this

research. The results of average moisture content are given in Table 4.16.
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Table 4.16: Moisture Content of Raw Materials

- Moisture
Characteristic Content (%)
Water Treatment Plant Sludge (Kethhena) 23.87
Bottom Ash 20.62

4.4.1.2 Particle Size Distribution
Figure 4.19 shows the particle size distribution of Sand, Botttom Ash and Water
Treatment Plant Sludge.

e Sand  ceccce Sludge = = Bottom Ash

100
80 S ’/f
==/

Cumulative Percentage Finer

Particle Size (mm)

Figure 4. 19: Particle Size Distribution of Sand, Sludge & Bottom Ash

4.4.1.3 Specific Gravity
The specific gravity test was conducted to the sludge, bottom ash, coarse aggregate&
sand used for this research and the average specific gravity results are given in Table
4.17.
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Table 4.17: Specific Gravity of Raw Materials

Characteristic Specific Gravity
Sand 2.46
Coarse Aggregate 2.28
Water Treatment Plant Sludge (Kethhena) 1.30
Bottom Ash 1.55

4.4.1.4 Chemical Composition of Bottom Ash
The chemical composition and the loss on ignition for bottom ash are shown in the
Table 4.18 and Figure 4.20.

Table 4.18: Chemical Composition and Loss on Ignition for Bottom Ash

Parameter Si0> | ALOs; | FerOz | MnO MaO Ca0o LOI

27.33 | 2497 | 12.84 | 0.02 1.14 3.29 1.02

1.14% ~3.29%

m Si02
m Al203
m Fe203
®MnO
= MgO
mCaO

Figure 4. 20: Chemical Composition and the Loss on Ignition for Bottom Ash
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4.4.2 Properties of Concrete Paving Blocks

4.4.2.1 Compressive Strength
Compressive strength is an important parameter in evaluation of concrete paving block
(CPB). The effect of fine aggregate replaced with WTS and WTS with 10% bottom ash
on compressive strength of CPB are presented in Appendix F. Figures 4.21& 4.22 shows
the average compressive strength results of CPB at 7,14 and 28 days for CPB made with
sludge & CPB made with sludge & bottom ash respectively. As seen clearly from Figures
4.21& 4.22, the compressive strength at 7, 14 & 28 days decreases as the sludge ratio,

sludge& bottom ash ratio increases.

80 -
&\70 | >K\\ —4— 7 days
E S
£ 60 - e \\\\\K —@ -14 days
E ~
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g’ m ~ &
% 40 - E—j' 13 { SO
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3 30 - = o i
g 20 - \o\.
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o
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Figure 4. 21: Compressive Strength of Paving Blocks Made with Sludge

Page |92



[ee]
o
J

=
X

N —— 7 days

(2]
o
[
/
'4

“ =@ -l14days

~ Ss = K= 28 days

Ul
o
!

!

w
o
1

N
o
1

Compressive Strngth (N/mm?)
S
o

[ERN
o
I

0 T T T T 1
Mix 1 Mix 6 Mix 7 Mix 8 Mix 9

Sand : Sludge as Fine Aggregate

Figure 4. 22: Compressive Strength of Paving Blocks Made with Bottom Ash &
Sludge

o \With Studge

With Sludge & Bottom Ash

€60 |

> SLS Requirement

=50 - q

s ' Class 1

(@)] —

S 40

230 1 sesser Class 2

3 20 - — — —— . Class3

S

§ 10 1 — == Class 4
0 T T T T T

100:0 90:10 80:20 70:30 60:40
Fine Aggregate (%)

Figure 4. 23: Compressive Strength of Paving Blocks at 28 days

Figure 4.23 represents the 28 days compressive strength for the fine aggregate replaced
with WTS and WTS with 10% bottom ash of CPB and the variation of the results with
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SLS specification. All the mixtures up to 40% of sludge addition met the SLS
requirement of strength class 4 (Pedestrian use only). Only 10% sludge as fine aggregate
and 10% bottom ash as fine aggregate mixtures met the SLS requirement of strength class

1 (heavy traffic).

4.4.2. Unpolished Skid/Slip Resistance Value (USRV)
The unpolished slip resistance values of CPBs made with sludge and CPBs made with
sludge& bottom ash are given in the Appendix F. The variation of USRV with the SLS

specification is graphically represented in Figure 4.24.

m CPB with Sludge
m CPB with Sludge & Bottom Ash

| SLS Requirement
O - SESTE BRIV + St =

EI¢ i fonic Thes: s & D
BV DS 1 ac

100:0 90:10 80:20 70:30 60:40 . )
Mix Ratio (%0)

Figure 4. 24: Unpolished Slip Resistance Value of Paving Blocks

The Figure 4.24 clearly indicates that the USRV decreases with the sludge content
increases in the mix. Even though all the CPBs have met the SLS requirement of USRV
greater than 55, CPBs made with only sludge mix has more USRV than the sludge &

bottom ash mix.
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4.4.3 Water Absorption

The water absorption test results of CPBs made with sludge and CPBs made with
sludge& bottom ash are given in Appendix F. The variations of the water absorption with

the SLS specification are graphically represented in Figure 4.25.

12
10
8
6
4 —@=— CPB with Sludge
= @l= CPB with Sludge
) & Bottom Ash
SLS
0 - Reqaifement

1005:’3 90:10|cct86:29c TH:30 s L6034
Fine Aggregate (%)
Figure 4. 25: Water Absorption of Paving Blocks

Figure 4.25 clearly indicates that the water absorption of CPB increases with the
increased sludge content. The control sample has the water absorption of 4.06% and the
results of water absorption ranged between 4.93% to 9.41% and 6.48% to 10.51% for
CPBs made with sludge and CPB made with sludge & 10% bottom ash respectively.
Compared to control CPB, all of the CPBs exhibited higher water absorption than the
100% sand as fine aggregate. The addition of 10% & 20% addition of sludge CPB obtain

water absorption of less than 6% and met the SLS requirement.
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4.4.4 Dry Density

The detail test results of dry density of CPBs are attached in Appendix F. The variation of
average dry density results of CPBs made with sludge and CPBs made with sludge &
10% bottom ash is graphically represented in Figure 4.26 and clearly indicates that the

dry density of CPB decreases with the increased sludge content.
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Figure 4. 26: Dry Density of Paving Blocks

The control sample has the dry density of 2515 kg/m® and the results of dry density
ranged between 2447kg/m3to 2005kg/m® and 2270kg/m? to 1991kg/m® for CPBs made
with sludge and CPB made with sludge & 10% bottom ash respectively. Compared to
control CPB, all of the CPBs exhibited lower dry density.
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4.5

45.1

Discharge of Wastewater

Reuse of water collected from water treatment sludge

According to a technical brief prepared by CARE International and ProAct Network for
Global Wash Cluster “during the water treatment process, most treatment waste is in the
form of slurry and needs to be dewatered before it can be managed further”. Dewatering
can be performed in several methods as elaborated in Section 2.4.2 (page 10) of this
report. However the above referred technical brief notes that “the least costly approach is
to pump the treatment waste slurry into holding ponds where evaporation infiltration or
both reduce water content. The water collected from such systems needs to be tested and
depending on chemical content may be recycled back into treatment process or handled

as hazardous material or return to the source”.

Perhaps the most common liquid waste generated at WTPs in the past has been spent
filter backwash water. The snent filter water associated with filter-to-waste (rewash) has
become r 0 0 Jasi WekR$tprepare/far-comphianee with (the r treatment rules

and regulations.”

Water collected - - water demands,
as long as it is adequately treated to ensure water quality appropriate for the use. In uses
where there is a greater chance of human exposure to the water, more treatment is
required. As for any water source that is not properly treated, health problems could arise
from being exposed to this water if it contains disease-causing organisms or other

contaminants.

No published researches have been done on the usage of the waste water collected during
the water treatment sludge production. However it is believed that this water can be
reused by adopting the technologies / procedures used in waste water treatment process.
Previous researches done on the usage of recycle water concluded that recycled water is
most commonly used for non-potable (not for drinking) purposes, such as agriculture,
landscape, public parks, and golf course irrigation. Other non-potable applications
include cooling water for power plants and oil refineries, industrial process water for such

facilities as paper mills and carpet dyers, toilet flushing, dust control, construction
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activities, concrete mixing and artificial lakes. Table 4.19 shows the suggested water

recycling treatment and the uses.

Table 4.19: Suggested Water Recycling Treatment and Uses

Suggested Water Recycling Treatment and Uses

Increasing Levels of Treatment;
Increasing Acceptable Levels of Human Exposure

—-
> > >
Primary Secondary Treatment: Tertiary / Advanced

Biological Oxidation,
Disinfection

Treatment:
Chemical Coagulation,
Filtration, Disinfection

Treatment:

Sedimentation

e No uses
Recommend
ed at this
level

i

b

!
S
5

Surface irrigation of
orchards and vineyards
Non-food crop irrigation
Restgicted-tandsedpe
inpoundments
Groundwater recharge of |
non potable-agiferts
Wetlands, wildlife
habitat, stream
augmentation**
Industrial cooling
processes**

e Landscape and golf
course irrigation
e Toilet flushing

- 19 oM ehicle washing

« _Food crop
trrtgation

e Unrestricted
recreational
impoundment

Indirect potable
reuse:
Groundwater
recharge of
potable aquifer
and surface water
reservoir
augmentation**

* Suggested uses are based on Guidelines for Water Reuse, developed by U.S. EPA.
** Recommended level of treatment is site-specific

Source: http://www3.epa.gov/region9/water/recycling/

This research report analyze/ present the only about the reuse of sludge produced during
water treatment and recommend for further research on the reuse of water extracted from
water treatment sludge.
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4.5.2 Properties of Discharge Wastewater

Table 4.20shows the properties / characteristics of drain out wastewater from the water

treatment plants

Table 4.20: Properties of Discharge Wastewater

Tolerance Limits Discharge
for the Industrial wastewater
No. Parameter .
waste in to Inland Kandana | Kethhena
surface water
1 |pH 6.0-85 8 6.10
2 | Conductivity (ps/cm) 156.9 45
3 | Temperature 40°C 40°C 26.80
4 | Total suspended solids 50mg/I, max 8.24 33.0

Biochgmical Oxygen Demand
5 | (BORQg&wKFive days at 20°C or 155 24.0
BO Dsﬁgf’a fhree‘days Hp P7eC)

Chemical Oxygen Demand

6 (COD) 30 mg/l, max 48.2 168
7 | Turbidity (NTU) 250 mg/l, max 8.9 72.00
8 | Chlorides 10.8 18.50
9 |Iron 70 mg/l, max 0.3 1.31
10 | Aluminum (mg/l) 0.4 0.3

No heavy metals observed in the raw water. Hence heavy metals were not analyzed in the
waste water. Quality of waste water satisfies the tolerance limits for the industrial waste
in to inland surface waters requirement. Hence it can be directly discharged to
downstream of the source. It will not affect the quality of stream (No pollution). Also
Aluminum concentrations in waste waters were0.4 and 0.3 mg/l for Kandana and

Kethhena WTPs respectively. This is satisfies the drinking water standard.
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4.6  Environmental Cost Benefit analysis

4.6.1 ldentified Impacts

The following items are considered as the impacts of current sludge disposal practices.
> Directly discharging in to the stream is affecting quality of downstream.

» Aluminium can be toxic to fish at pH level below 5 and respiratory blockage in
fish

» Colour and turbidity of receiving water become excessively elevated by the sludge
discharge. This will affect the aquatic life by blocking light penetration in to the
water column.

» The openly dumped sludge washed away with rain water, affects surface water
quality. Ground water quality also affected due to leaching of sludge in to soil.

» This extended to environmental pollutions like surface/ground water, land
pollution etc.

4.6.2 Identifiec :lgefgt

The followingtitems are tonsiderediasibanetits yractices.

»  When occupying the sludge drying bed/lagoon only over flow water is discharged
to stream. This wastewater consist very low Aluminum content (less than
0.5mg/l). This is less than the limit of Aluminum content in drinking water and
satisfying the tolerant limit given to discharge of industrial waste water into inland
surface water. Hence it will not effect the downstream water quality or aquatic
biota.

» The settled sludge in the sludge drying bed can be used as substitute for clay in
brick manufacturing, substitute for cement in cement sand mortar preparation and
substitute for sand in concrete paving block manufacturing. Then the requirement

of land for dumping the sludge will reduce and the pollution will be stopped.

4.6.3 Assessment of Environmental cost benefit analysis

The summary of environmental impacts is given in Table 4. 21.
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Table 4.21: Environmental Impacts

No. Environmental Impacts Positive | Negative
1 Pollution prevention due to avoiding the sludge (+)
discharge into water bodies and dumping on land
2 | Impacts on bio diversity, eco system (+)
3 | Quality of surface and ground water (+)
4 Human health benefit due to avoiding water / land *)
pollution
5 Material savings in Brick, Paving Block and (+)
Cement Mortar (Clay, Sand & Cement)
6 | Avoiding Mining of sand & clay (+)
7 | Employment in reuse application (+)
8 Air pollution due to transporting sludge into work (+) )
site

Y.

2)

Table 4.21 c[early shows-that thisi reuse- practices has more positive impacts on
Environment. Hence this sludge reuse practices are environmentally beneficial and
sustainable.

A detail survey has to be done to quantify the cost and benefit. Therefore recommend for
further recommendation on extended cost benefit analysis.
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5.1

CHAPTER FIVE

CONCLUSION AND RECOMENDATION

Conclusions

The conclusions of this study are;

The main sludge disposal method used in the observed WTPs is directly
discharging the sludge into the surface water without any further treatment. The
second widely used method is dumping on freely available land in and around the
WTP.

Water treatment plant sludge is a successful substitute for clay in burnt clay
building bricks, substitute for cement in cement mortar and substitute for sand in
concrete paving blocks under the conditions and manufacturing methods used in
this sttf%. Alsd tiisstudgeveude pfactices arg emionmentally beneficial.

%

)

The Wééfevvater, whith tirati' ot frott sludge drying bed or lagoon can be directly
discharged In to the downstream Of water sources since it satisfies the tolerance
limit of discharge of industrial wastewater into inland surface water and contain
very less amount of Aluminum which is less than the permissible level of

Aluminum content in drinking water. This will sustain the environment.

The optimum sludge addition to produce burnt clay building brick from sludge
and clay mixture was 10%; by operating at the temperature commonly practiced

in the brick burning kiln.

The optimum sludge addition to produce workable and good strength cement

mortar from sludge as cement was 10%, 20% and 30% of cement.

The optimum sludge addition to produce concrete paving blocks for strength class

1(heavy traffic) was 10%sludge as fine aggregate and for strength class 4
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5.2

(pedestrian use) was 40%. Addition of bottom ash is marginally increasing the

strength

Recommendations

Based on the results of this study the following recommendations are made:

The sludge accumulated in water treatment process must be treated and disposed of in
a safe and effective manner. In order to carry out an effective disposal practice it is
important to have data on the sludge generation process. Hence, it is recommended to
prepare a database of water treatment plants operated through NWS&DB. This
database should include capacity of the plant (design and operation), process details,
generation of water or by products, disposal practices and the legal requirements
applicable of the plant.

All the newgwater freatment plants should_include proyisions for constructing sludge
drying bedg& lagoans. and-the -accessibility, far vehicless especially sludge should be

defined pri_of‘t_o congtreting b tigatmant plant.

As at present, the technically and environmentally best option of sludge removal
appears to be brick making, use in cement mortar and use in Concrete Paving Block

making. The economic feasibility of this option needs to be investigated.

Burnt brick production can be improved using locally available waste materials such
as coir, waste cloth fiber etc. to improve the quality of the brick and such options need

to be investigated to introduce recycling.

Cement replacement by waste sludge is a good option to be investigated for Concrete
Paving Block and for cement mortar with more than 30% cement replacement by dried
sludge.
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e Further sand replacement by waste sludge is a good option to be investigated with
10% to 50% of sand replaced with dried sludge for cement mortar.
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Appendix A - Questionnaire

Water Treatment Plant Sludge Survey

Please fill the following questionnaire as accurately as possible

Contact Information

Respondent’s Name: Telephone No:
Designation: Fax:

Address: E-mail address:
1. General

i. Name of WTP:

ii.  Year of estabfishmerit;

iii. Treatmcntfl_:%f InstalledCQapacity:

iv.  Quantity ofs¥ater tréatédyidaks
v. Location:

vi.  Region/District:

vii.  No. of Beneficiaries:

viii.  Coverage Area:
(GN Divisions & DS divisions)

2. Source and Flow

Name of the Sources

Avg.Flow
(m¥%day)

Max.Flow
(m%day)

Reservoir

River

. e 7 B S e S T R e

‘Questionnaire Survey on Water Treatment Plant Sludge

1
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3. Raw Water Quality

Average Range

Turbidity NTU

Total Alkalinity as CaCO;, mg/L

Total Hardness as CaCO;, mg/L

Total Suspended Solids, mg/L

Total Solids, mg/L

pH

Temperature

Conductivity

4. Treatment Process

(Eg: Aeration, Coagulation, Flocculation, Sedimentation, Filtration, disinfection, etc.)

5. Chemical Usage in Treatment Process

Average (kg/day) Range (kg/day)

Alum

Ferric Sulfate

Polymer

PAC

GAC

Lime

Copper Sulfate

Questionnaire Survey on Water Treatment Plant Sludge 2
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6. Basin Information

Flocculator | Sedimentation

Number

Capacity (m3)
Depth (m)
Detention time at
avg.flow (min)
Sludge generated
(m*/d)

Dry Sludge
generated (kg/d)

7. Filters

i.  Number:

ii. Maxloadis
iii.  Size:
iv.  Filter aid: —

v.  Filter run:

vi. Media depth:
a. Anthracite:
b. Sand:
c. GAC:
vii.  Max. Back wash rate:
viii.  Turbidity (In flow):

ix.  Turbidity (Out flow):

x.  TSS (In flow):

xi.  TSS (Out flow):

xii. ~ Water usage for back washing in % Wash water to average flow:

Questionnaire Survey on Water Treatment Plant Sludge 3
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8. Sludge Production and Disposal

i. Type of Sludge:

e Alum sludge:

e Lime sludge:

e Brine wastes:

ii.  Total quantity:

* Dry (kg/day):
e Wet (m3/day):

9. Sludge Characteristics

Basin sludge

Filter wash water

Brine

% solids

pH

TSS, mg/L

TDS, mg/L

Al, mg/L

Fe, mg/L
Ba, mg/L

Radioactivity

** If not measure please indicate it.

10. Sludge Discharge and Removal

i.  Basin sludge discharged to:

Stream
Lake/reservoir

Low ground

[ ]
]

]

If any other please specifies:

Sewer system

[ ]

Recirculation to Treatment facility l:l

Impounding basin

[ ]

“Questionnaire Survey on Water Treatment Plant Sludge

4
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ii. Spent GAC disposal to:
iii.  Brine disposal to:
iv.  Flocculator sludge discharged to:

v.  Filter wash water discharged to:

Recovery basin (recycle): Yes [ ] No [ ]

Methods of removing sludge from basins:

Flushing with fire hose
Dragline or dozer
Continuous removal
Manual

Combination of the above

JUUOL

Any other please specify:

11. Sludge ’.Fregﬁi;gnt

:

Gravi t'}i_—"

Flotation E

Centrifuge |:|
ii. Stabilization & Disinfection:

Lime treatment

Cl12 treatment
iii. Recycle: Yes

If yes, With Settling
Without settlin

10000

No [ ]

iv.  Dewatering: Yes

~Questionnaire Survey on Water Treatment Plant Sludge
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12. Sludge Dewatering

Number

Size

Ton/Y

generated

% solids

Drying beds

Drying lagoons

Centrifuge

Belt filter

Filter press

13. Sludge Final Disposal

ii.

1ii.

iv.

Composting: Yes [:l

Utilization for:

a. Land reclamation I:I

a. Santtary / Eaginaered Iancfidl

b. Public land
c. Dumping into private land

Beneficial uses

Land Application - Agricultural use

Cement manufacturing
Brick making

Road Subgrade
Landfill cover

Any other, please specify:

14. Sludge Disposal Limitations

No[ ]

A. Has your utility been ordered by a regulatory agency to stop the discharge of

WTP sludge into the water source?

(Yes/No)

Questionnaire Survey on Water Treatment Plant Sludge

6
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B. If YES to A, in your opinion, has the stopping of sludge disposal to the water
source significantly improved the water quality of the water source?
(Yes/No)

C. If No to B, would your utility resume sludge disposal to the water source if the
regulatory barriers were removed? (Yes/No)

D. If Yes to C, and your utility was allowed to resume sludge disposal to the water
source, what would you estimate the annual cost savings to your utility?

15. Costs

i.  Total Annual cost for solids handling & disposal:

ii. = Total annual cost for the treatment plant:

Note:

i. Is there additional land/space available in WTP? (Yes/No)

ii. If Yes, Extg ﬂ?@Approximately, m2)?

iii.  Did you ﬂxigkgHa11)’ Improvement to freatment process: (Yes/No)
iv. If Yes, leiéé"s'pecify the modification you have done and benefits obtained:
v. Did you tace any problems with sludge (treatment & Disposal): (Yes/No)

vi. If Yes, Please specify in detail:

Vvii. Photos

Remarks: (Use additional Papers for this)

Questionnaire Survey on Water Treatment Plant Sludge 7
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Appendix B - Standard Test Methods

8 DETERMINATION OF UNPOLISHSED SLIP RESISTANCE VALUE (USRYV)
8.1 Principle

The measurement of USRV on the specimen is made using the pendulum friction test
equipment evaluate the frictional properties of the specimen on the upper face.

The pendulum friction test equipment incorporates a spring loaded slider made of a standard
rubber attached to the end of the pendulum. On swinging the pendulum the frictional force
between the slider and test surface is measured by the reduction in length of the wing using a
calibrated scale.
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8.2 Apparatus
8.2.1 Pendulum friction tester
8.2.1.1 The pendulum friction test equipment shall be manufactured as shown in Figure 8.

All bearings and working parts shall be enclosed as far as possible, and all materials used
shall be treated to prevent corrosion under wet conditions.

7
Key
I C scale (126 mm sliding length) 6 Levelling screw
2 F scale (76 mm sliding lexgth) 7 Test specimen holder
3 Pointer 8 Spirit level
4 Pen.dulum 9 Vertical adjustment screw

5 Rubber slider

FIGURE 8 - Pendulum friction test equipment

8.2.1.2 The pendulum friction test equipment shall have the following features::

1) a spring loaded rubber coasted slider as specified in 8.2.1.4 to 8.2.1.10. It shall be
mounted on the end of a pendulum arm so that the sliding edge is (510 + 1) mm from the axis
of suspension;

2) means of setting the support column of the equipment vertical;

3) a base of sufficient mass to ensure the equipment remains stable during the test;

17
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4) means of raising and lowering the axis of suspension of the pendulum arm so that the
slider can;

- swing clear of the surface of the specimen; and
- be set to traverse a surface over a fixed length of (126 + 1) mm. A gauge with the
distance marked is required as shown in Figure 9.

7 '////////////,///////////T////l//

S
1 / !
Side view

/5

N 1 " 1
\ l
Plan view
Key
. Gauge

|
2. Slider

3. Reference edge

4. Sliding length mcasured
5. Actual sliding length

FIGURE 9 - Sliding length gauge

5) means of holding and releasing the pendulum arm so that it falls freely from a horizontal
position;

6) A pointer of nominal length 300 mm, balanced about the axis of suspension, indicating the
position of the pendulum arm throughout its forward swing and moving over the circular
scale. The mass of the pointer shall be not more than 85 g;

18
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7) the friction in the pointer mechanism shall be adjustable so that, with the pendulum arm
swinging [reely from a horizontal position, the outward tip of thc pointer may be brought to
rest on the forward wing of the arm at a point (10 + 1) mm below the horizontal. This is the 0
reading;

8) A circular C scale, calibrated for a sliding length of 126 mm on a flat surface, marked
from 0 to 150 at intervals of five units;

8.2.1.3 The mass of the pendulum arm, including the slider, shall be (1.50 + 0.03) kg. The
centre of gravity shall be on the axis of the arm at a distance of (410 + 5) mm from the axis of
suspension.

8.2.1.4 The wide slider shall consist of a rubber i)ad (76.2 = 0.5) mm wide; (25.4 + 1.0) mm
long (in the direction of swing) and (6.4 + 0.5) mm thick, the combined mass of slider and
base shall be (32 + 5) g.

8.2.1.5 The slider shall be held on a rigid base with a centre pivoting axis which shall be
mounted on the end of the pendulum arm in such a way that, when the arm is at the lowest
point of its swing with the trailm% edge of the slider in contact with the test surface, the plane
of the slider is angled at (26 + 3)" to the horizontal. In this configuration the slider can turn
about its axis without obstruction to follow unevenness of the surface of the test specimen as
the. pendulum swings.

8.2.1.6 Theslider; sinll be ppring-19aded againstthe test surface, ; When calibrated, the static
force on the slxder, et by the equipment calibration procedure shall be (22.2 + 0.5) N in its
median position. . % e hangdd linatisstic forve sicthe slifles shallbe0ios greater than 0.2 N
per millimeter dcﬂ’é‘é’é‘fbn of the slider;

8.2.1.7 The initial resilience and hardness of the slider shall conform to Table 3, and shall
have a certificate of conformity including the name of the manufacturer and date of
manufacture. A slider shall be discarded when the IRHD value measured in accordance with
SLS ISO 7619 fails to conform to the requirements of the table or not later than three years
after manufacture.

TABLE 3 — Properties of the slider rubber

Temperature "C
Property 0 10 20 30 40
Resilience (%)* 43t049 | 58t065 |66t0o73 |71to77 |741t079
Hardness (IRHD)" 53 to 65

# Rebound test in accordance with SLS ISO 4662
® International Rubber Hardness Degrees ion accordance with SLS ISO 48.

8.2.1.8 The edges of the slider be square and clean-cut, and the rubber free from
contamination by for example, abrasive or oil. The slider shall be stored in the dark at a
temperature in the range 5 “Ct020°C.

8.2.1.9 Before using a new slider it shall be conditioned to produce a minimum width of
striking edge of 1 mm as shown in Figure 10.

19
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This shall be achieved by setting up the tester and carrying out five swings on a dry surface
with a friction value above 40 on the C scale followed by a further 20 swings on the same
surface after wetting.

X v
Key ! Section A - B (2:1) i

1. Rubbggslider

2. Aluggiiium batking

3. Stfiktngledge

4. Wornwadth

a

FIGURE 10 - Slider assembly illustrating the maximum wear of striking edge

8.2.1.10 The slider shall be discarded when the width of the striking edge as shown in
Figure 10 exceeds 3 mm or becomes excessively scored or burred. The slider can be reversed
to expose a new edge, which will need to be conditioned.

8.2.2 A container with potable water at (27 + 2) °C for wetting the surfaces of the test
specimen and slider.

8.3 Calibration

The apparatus shall be recalibrated at least annually.

8.4 Sampling

Obtain a representative sample in accordance with 6 of Part 1.

Each block in the sample shall permit a test area of 136 mm x 86 mm which is representative
of the whole block. This area shall be tested using the 76 mm wide slider over a nominal

swept length of 126 mm, readings being taken on the C scale.

In the case of large blocks, representative samples shall be cut from them for test.

20
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8.5 Procedure

Keep the friction test equipment, and slider, in a room at a temperature of (27 £ 2) C for at
least 30 min before the test begins.

Immediately prior to testing with the friction tester, immerse the sample in water at
(27 + 2) °C for at least 30 min.

Place the friction tester upon a firm level surface and adjust the leveling screws so that the
pendulum support column is vertical. Then raise the axis of suspension of the pendulum so
that the arm swings freely, and adjust the friction in the pointer mechanism so that when the
pendulum arm and pointer are released from the right-had horizontal position the pointer
cones to rest at the zero position on the test scale. :

Before using a new slider, condition it using the method described in 8.2.1.9.
Discard any slider that exceeds the requirements given in 8.2.1.10.

Rigidly locate the test specimen with its longer dimension lying in the track of the pendulum,
and centrally with respect to the rubber slider and to the axis of the suspension of the
pendulum. Ensure that the track of the slider is parallel to the long axis of the specimen
across the sliding distance.

S
3o

Adjust the height g% pendulum arm so that in traversihg the Speciftien the rubber slider is
in contact with it over’® id wholegtinurthe REas<add dvasgterspecifiad swept length. Wet
the surfaces of thef’%f%cimen and. the,rubher slidar with a copious supply of water, being
careful not to disturbthe slider from'its set positioti: Release the pendulum and pointer from
the horizontal position, catch the pendulum arm on its return swing. Record the position of
the pointer on the scale (the pendulum test value).. Perform this operation five times,
rewetting the specimen each time, and record the mean of the last three readings. Relocate
the specimen after rotating though 180° and repeat the procedure.

8.6 Calculation of test results

When the wide slider is used over a swept length of 126 mm, calculate the pendulum value of
each specimen as the mean of the two recorded mean values measured in opposite directions
to the nearest 1 unit on the C scale.

8.7 Test report

The test report shall include the following information;

1) the mean pendulum test value of each specimen; and

2) the mean USRYV of the sample.

21
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9 DETERMINATION OF TOTAL WATER ABSORPTION
9.1 Principle

After conditioning the specimen to (27 + 2) °C it is soaked to constant mass and dried to
constant mass. The loss in mass is expressed as a percentage of the mass of the dry
specimen.

9.2 Specimen

If a block weighs more than 5.0 kg it shall be cut through its full height to provide a specimen
not greater than 5.0 kg.

9.3 Materials

Potable water.

9.4 Apparatus

9.4.1 Ventilated drying oven with a capacity in litres to an area of ventilation channels in
square millimetres less than 0.2 in which the temperature may be controlled to

(105 +5) %C. 1t shall have a volume at least 2.5 times greater than the volume of specimens
to be dried at any pue time;

9.4.2 Flat bas #Ssel havildg [ Caphcity ACleast 25 timmssdhgdialnine of the samples to be
soaked and a dep'ﬁr‘ﬁt least 50 mungreater. than. the height of the specimens in the attitude that
they will be soaked.

9.4.3 Weighing balance capable of measuring more than 5 kg and accurate to 0.1 % of the
reading in grams.

9.4.4 Stiff brush.
9.4.5 Cloth
9.5 Preparation of the test specimens

Remove all dust, flashing, etc. with a brush and ensure that each specimen is at a temperature
of (27 +2) °C.

9.6 Procedure

Immerse the specimens in potable water at a temperature of (27 + 2) °C using the vessel until
constant mass M is reached. Separate the specimens from each other by at least 15 mm and
ensure a minimum of 20 mm water above them. The minimum period of immersion shall be
three days and constant mass shall be deemed to have been reached when two weighings
performed at an interval of 24 h show a difference in mass of the specimen of less than 0.1%.
Before each weighing wipe the specimen with the cloth which has been moistened and
squeezed to remove any excess of water. The drying is correct when the surface of the
concrete is dull.

22
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Place each specimen insides the oven in such a way that the distance between each specimen
is at least 15 mm. Dry the specimen at a temperature of (105 = 5) OC until reached constant
mass M, . The minimum period of drying shall be three days and constant mass shall be
deemed to have been reached when two weighing performed at an interval of 24 h show a
difference in mass of the specimen of less than 0.1%. Allow the specimen to cool to room
temperature before they are weighed.

9.7  Calculation of test results
Calculate the water absorption W, of each specimen as a percentage of its mass from the
equation:

My —
Wa= _}A % 100 %

M,

where
M, s the initial mass of the specimen (2);

M; is the final mass of the specimen (g).

Calculate the water absorption of the sample as the mean of the water absorption values of
the specimens.

9.8  Test report

The test report shall give the value of water absorption for each of the specimens.
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BS 812 : Part 103 : 1985

Methods

1 Scope

This Part of BS 812 describes two methods for the
determination of the particle size distribution of samples of
aggregates and fillers by sieving.

NOTE 1. For sampling and testing lightweight aggregates for
concrete see BS 3681.

NOTE 2. The titles of the publications referred to in this standard
are listed on the inside back cover.

2 Definitions

For the purposes of this Part of BS 812 the definitions
given in BS 812 : Part 101 and Part 102 apply.

3 Principle

3.1 Washing and sieving

This is the preferred method (see 7.2) for aggregates which
may contain clay or other materials likely to cause
agglomeration of partic t involyes prglirmpary
separation by washiq 7 "h\ a fine sieve before

determining particle’s !-. gt ibution, by @i sTeying
= g
3 ?

3.2 Dry sieving

This is an alternative method (see 7.3) which may be used
for coarse and fine aggregates free from particles which
cause agglomeration.

NOTE 1. Dry sieving gives inaccurate results for aggregates

containing clay but is quicker and less laborious to carry out than
washing and sieving.

NOTE 2. it is not possible to specify accurately the amount of clay
or other materials which will make the method given in 7.3
inappropriate and unless it can be demonstrated (e.g. by previous
experience) that that method gives accurate results, it is
recommended that the method described in 7.2 should always be
used. Because of this some materials specifications may call for
washing and sieving to be followed at all times.

4 Sampling

The sample used for the test (the laboratory sample) shall
be taken in accordance with the procedures described in
clause 5 of BS 812 : Part 102 : 1984.

5 Apparatus

5.1 A sample divider, of size appropriate to the maximum
particle size to be handled or alternatively a flat shovel and
a clean, flat, hard horizontal surface, e.g. a metal tray for
use in quartering.

NOTE. A suitable divider is the riffle box illustrated in BS 812 :
Part 102.

5.2 A ventilated oven, thermostatically controlled to
maintain a temperature of 106 + £ o !

5.3 A balance, or balances, of suitable capacity accurate to
0.1 % of the mass of the test portion.

NOTE. In general, two balances, one of approximately 5 kg capacity
accurate to 1 g and the other of approximately 500 g capacity
accurate to 0.1 g, will suffice. If aggregate of larger than 28 mm
nominal size is to be tested a balance of 50 kg capacity accurate to
10 g will also be required.

5.4 Test sieves and nesting guard sieve, of the sizes and
apertures appropriate to the specification of the material
being tested, complying with BS 410 and with the
appropriate sizes of lid(s) and receivers.

NOTE 1. A set of sieves of the sizes and apertures given in table 1
will cover most applications of the method.

NOTE 2. Some advice on cleaning and checking sieves is given in
appendices A and B.

Table 1. Particulars of sieves for sieve analysis

Nominal aperture sizes

Wire cloth,
300 mm or 200 mm

Square hole perforated plate,
| 450 mm or 300 mm diameter

diameter
L e e
mm . A mm
780 3.35
63. 2.36
50.0 1.70
375 1.18
28.0 —
20.0 pm
14.0 850
10.0 600
6.30 425
5.00 300
212
150
75
“For some applications, 63 pm is appropriate.

55 A mechanical sieve shaker (optional).

5.6 Trays, that can be heated in the ventilated oven (5.2)
without damage or change in mass.

5.7 Containers, of a size sufficient to contain the test
portion plus five times its volume of water (for washing and
sieving method only).

6 Preparation of test portion

Reduce the sample in accordance with the procedures
described in clause 6 of BS 812 : Part 102 : 1984 to
produce the required number of test portions each of
which complies with the minimum mass given in table 2.
Dry the test portions by heating at a temperature of

105 + 5 “C to achieve a dry mass which is corstant to
within 0.1 %. Allow to cool, weigh and record as M.
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[—Table 2. Minimum mass of test
portion for sieve analysis
Nominal size Minimum mass of
of material test portion
mm kg
63 50
50 35
40 15
28 5
20 2
14 1
10 0.5

6 0.2
5 0.2
3 0.2
<3 0.1

7 Procedure

7.1 General 75;7/*‘:55>

7.1.1 For some material v;ﬁflall inaggreqatés dd boggin)
the particle size distribf\ "ﬂrnay result in excess mass on
one or more sieves partic@fary on ¢ Finer sizes)
Therefore, if it is not possible to include extra sieves of
appropriate intermediate size to reduce the loading, adopt
one of the following procedures.

(a) Subdivide the test portion into two or more sub-
portions. Determine the particle size distribution for
each portion and combine the results for the purpose of
reporting.
(b) Separate the test portion on an appropriate sieve,
e.g. 20 mm or 5 mm. Weigh the retained and passing
fractions to determine the proportion of each present.
Determine the particle size distribution of each fraction
separately, reducing where necessary by quartering or by
means of a sample divider (5.1) as described in clause 6
of BS 812 : Part 102 : 1984. Calculate the particle size
distribution of the original sample by combining the
results for each fraction in the proportions present.
7.1.2 When special procedures for fillers are required to
measure the amount finer than 75 uym, carry these out
either in accordance with 7.2 of BS 812 : Part 1 : 1975
or BS 812 : Part 104™.

7.2 Washing and sieving method

7.2.1 Preliminary separation

7.2.1.1 Wet both sides of a 756 pm test sieve (5.4), reserved
for use in this test only, and fit a nesting guard sieve (e.g.
1.18 mm) on top. Mount the sieves in such a way that the
Suspension passing the test sieve can be run to waste or,
when required, collected in a suitable vessel.

BS 812 : Part 103 : 198t

7.2.1.2 Place the weighed oven dried test portion in a
container (5.7) and add sufficient water to half fill the
container. Agitate the contents so that particles smaller
than 75 ym are completely separated from coarser particles.
NOTE. Soaking or continued agitation or, in the case of large
particles, brushing may be required to achieve complete separation.
7.2.1.3 Pour the suspension of fine solids on to the
guarded 75 pm test sieve.

NOTE. The suspension passing the test sieve may be run to waste
unless it is required for other purposes.

7.2.1.4 Continue washing the coarse residue until the
water passing the test sieve is clear (see note 2) and then
wash all the residues from the container and sieve(s) into
the tray (5.6). Remove excess free water by careful
decantation through the test sieve, avoiding transfer of
solids (see note 2) and dry the residue in the oven (5.2)

at 105 * 5 °C until constant mass is achieved. Cool, weigh
and record as M, .

NOTE 1. Avoid excess water flows which may damage or flood the
sieves.

NOTE 2. If some transfer of solids does occur wash them back into
the tray and repeat the operation.

NOTE 2. Fine sieves are fragile and the integrity of the mesh should
be-checked.frequeptly [(ses appendix B).

7.2.1.5 Determine the mass of material passing the test
siewt a§ MMt

7.2.2 Sieving the dried residue

2.2.2.1 Nest the clean and dry sieves on a fitting receiver
in order of increasing aperture size from bottom to top.
Place the dried residue on the top coarsest sieve and cover
with a fitting lid. Either by hand or using the mechanical
sieve shaker (5.5), shake the sieves for a sufficient time to
separate the test sample into the size fractions determined
by the sieve apertures used.

NOTE. Experience has shown that the preliminary separation
(7.2.1) does not necessarily remove all the particles smaller than
75 pym because of capillary action of water on particle surfaces.

It is therefore necessary to incorporate a 75 pym test sieve in the
series of test sieves used to sieve the dried residue.

7.2.2.2 When the mechanical sieve shaker is used, after
sieving, check that separation is complete by briefly hand
sieving. When sieving is done by hand alone start with the
coarsest sieve and shake each sieve separately over a clean
tray or receiver until not more than a trace passes, but in
any case for a period of not less than 2 min. Do the
shaking with a varied motion, backwards and forwards,
left to right, circular, clockwise and anti-clockwise, and
with frequent jarring so that the material is kept moving
over the sieve surface in frequently changing directions.
Do not force materials through the-sieve by hand pressure
but placing of particles is permitted. Break lumps of
agglomerated material which consist of particles
representative of the bulk by gentle pressure with the
fingers against the side of the sieve.

7.2.2.3 Record any extraneous material not representative
of the bulk that will not readily break down into individual
particles, such as clay lumps, and remove from the sieve for
separate weighing.

*At the time of publication, BS 812 : Part 104 is in preparation. When published, it will supersede 7.2 of BS 812 : Part 1 : 1975.
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7.2.2.4 Do not apply pressure to the surface of the sieve to
force particles through the mesh. Light brushing with a
soft brush on the underside of the sieve may be used to
clear sieve openings. Light brushing with a fine camel-hair
brush may be used on the 150 ym and 75 pm sieves to
prevent agglomeration of the powder and blinding of the
apertures. Do not use stiff or worn-down brushes for this
purpose.

7.2.2.5 In order to prevent blinding of the sieve apertures
by overloading, ensure that the mass of aggregate retained
on the sieve at completion of the operation does not exceed
the value for that sieve shown in table 3.

NOTE 1. Some sample masses shown in table 1 will thus require
additional operations on some sieves, as described in 7.1.

NOTE 2. In some cases it may be possible to reduce sufficiently the
load on a sieve by incorporating an intermediate sieve into the test
series.

7.2.2.6 Weigh the material retained on each sieve, together
with any material cleaned from the mesh, on completion of
sieving on that sieve.

should be sieved into a receiver

NOTE. Samples containing dus
to prevent loss.

sieve in the series bz»h{r
sieve.

)ﬁg v
<X

7.3 Dry sieving methc

Use the procedure descr

8 Calculation and expression of results

Calculate the mass retained on each sieve as a percentage of
the original dry mass (M, ). For the mass of material passing
the finest sieve, add that passing during washing (M, — M,)
to that found during the dry sieving.

Calculate the mass passing each sieve as a cumulative
percentage of the total sample mass.

9 Precision

Estimates of the repeatability and reproducibility of sieve
analysis using the methods described in this Part of BS 812
are given in table 4 for a limited range of materials.

NOTE 1. Reference should be made to BS 812 : Part 101 for
guidance on assessing the precision of the methods given in this
standard.

NOTE 2. There is insufficient data available to permit the inclusion
of values for V (variance arising from sampling errors) in table 4.
When data is available it will be incorporated by amendment. Some
values of V for a single experiment are given in Supplementary
Report 831 published by the Transport and Road Research
Laboratory.

10 Testreport

The report shall affirm that the particle size distribution
was determined in accordance with this Part of BS 812 and
- not aeertificate of sampling is available.
sopyof thd tertificate of sampling shall be

all include the following

a) sample identification;

(b) either the cumulative percentage of the mass of the
total sample passing each of the sieves, to the nearest
whole number; or the percentage of the mass of the
total sample passing one sieve and retained on the next
smaller sieve, to the nearest whole number;

NOTE. A specimen chart which may be used for illustrating the
results graphically is shown in figure 3.

(c) the method used by reference to either 7.2 or 7.3 of
this Part of BS 812;

Table 3. Maximum mass to be retained at the completion of sieving
BS test sieve Maximum mass BS test sieve Maximum mass
nominal — nominal
aperture size 450 mm 300 mm aperture size 300 mm 200 mm
diameter diameter diameter diameter
sieves sieves sieves sieves
mm kg kg mm pm g g
50.0 14 5 5.00 750 350
37.5 i0 4 335 550 250
2.36 450 200
28.0 8 3 1.70 375 150
20.0 6 2.8 1.18 300 125
14.0 4
10.0 3 15 850 260 115
600 225 100
425 180 80
6.30 2 1 300 150 65
5.00 1.5 0.75 212 130 60
3.35 1 0.55 150 110 50
l 75 75 30
- - y
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(d) whether or not lumps of material not representative together with the total amount present expressed as an
of the bulk, such as clay lumps, were found to be overall percentage by mass of the total sample.
present and the sieve sizes on which they were retained,

Table 4. Precision data for determination of particle size distribution
Description of All values as cumulative percentage passing stated sieve Details of precision experiment
material used Number of
Sieve Mean (g Ty R 7, R, Participating Outliers Date
size value laboratories
Chippings (1) 75 ym 038 | — 0.2 | — 0.35 - 17 - 1982
(2) 75 pym 0.81 | — 02| — 0.35 — 17 1 1982
Type 2 granular 20 mm | 90 — 5 5 6 9
sub-base 10 mm | 75 - 7 6 9 12
5mm | 65 - 6 3 9 11
600 ym | 35 — | 4 3 5 7 9 - T
150 ym 15 - 2 — 3 4
75 ym 10 - 1 2 2 3
20 mm crushed rock 600 pym 6.6 - 1.6 | — 1.6 —
= 150 pmp 3.6 - Q3. — 1.0 - 8 - 1983
; -«‘&375 Hm 26 - 0.5l L 19 -
14 mm single sized ;'. :-;;‘\v_i,{;—s 14 mim | C80 1 4. BI5C 5.6 Si
basalt or sandstone g‘ﬁ% 10 mm | 25 — 5.2| — 8.5 8 1982
==5 36 mwy [V vo LJO_ 11§ 2C 1K 4 4 - -
75 pym 0.7 | — 0.2 — 1.0 —
Building sands (means 600 ym | 90 - 08| — 14 — )
of 11 diff t ds — ] — ; —
ifferent sands) 300 ym | 57 1.8 4.8 11 B 1981
150 ym 19 - 1.8| — 6.6 -
75 ym 5.5 — 08| — 1.5 —
100 109
90 > 90
'g‘ 80 80
@
B 70 70
[=8
. 60 E 60
o
= 50 50
o
@ 40 40
(=9
g 30 30
S
=5 20 20
5
S 10 10
0 0
m B o EUacBb=cl B Sm S 8 s S asss
< B oM M B O & = o 6 iR v S ¥ S o o mun
- — N N M on o~
“ 7 N —— 4
gm mm
Nominal aperture size of test sieve
Figure 1. Chart for recording sieve analysis results
—
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Appendix C - Summary of Questionnaire Returns

Appendix C-1: Water Treatment Plants Facility Information

Water Year of | Installed | Quantity Pooulatio
No Treatment Establi | Capacity | Treated Location Region N Eerve d
Plants shment | (m3/day) | (m3/day)
1 | Ambatale WTP 517,500 603,000 | Ambatale
2 | Biyagama WTP 180,000 177,000 Gampaka 1,000,000
Kakatywa
Kalatuwawa
3 WTP 1960 91,000 70,000 Wa'l;rjgwod Ratnapura 282 495
4 | Labugama WTP 65,000 41,000 | Labugama
KandanaH
5 | Kandana WTP 2006 60,000 73,000 orana Kalutara 400,000
6 | Kethhena WTP 986 54,000 | 41,500 Thebuwan Kalutara
. NV - Bty Sk
P LIV y O T rel, | Landy
7 | Paradeke u@f’ﬁ. 1 PRctroniéNPedes & 19sert:aout <andy 33,000
8 | Ulapane WTP=> | 2009w l1b.80001C <andy
Katugastota Katugasiot
9 WTP 2007 48,000 48,000 3 Kandy
10 | Wakwella WTP 1976 30,000 24,000 Galle Galle
1995,2 .
11 | Hallalla WTP 007 8,000 8,000 | welpitiya Matara 60,000
: 1985, :
1o | Malimbada 1996, | 45000 | 42,000 | Malimbad |y
WTP a
2006
13 | Nadugala WTP 1963 6,500 6,500 | Nadugala Matara
14 Ambalantota/Ha 2010 15.000 13.800 Ambalant | Hambanto
mbantota ota ta
15 | RannawTP 2005 | 13000 | 12500 | Ranna | FATOANO
Hambanto
16 | Tangalle WTP 1958 7,500 7,500 | Nalagama ta 57500
Bandarew
17 | Eluduwa WTP 1993 9,100 9,100 Badulla ela 40,000
No Water Year of | Installed | Quantity L ocation Redion Populatio
Treatment Establi | Capacity | Treated g n served
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Plants shment | (m3/day) | (m3/day)

Ruhunupura Sooriyawe | Hambanto

18 WTP 2015 17,500 17,500 wa ta 55,000

19 | Kanthale WTP 54,000 | 48000 | Kantale | '"MSOM!

20 | Pothuvil WTP 2008 5,600 1,700 Ulla Ampara 3343
Thirukkovil

21 WTP 2009 6,500 600 Ampara 1,500
Konduwattuwan

22 3 2002 72,000 35,000 Ampara Ampara 400,000
Vavunathivu Wawnathi .

23 WTP 2012 40,000 13,000 WU Batticalo 300,000
Eachchalampatt Trincomal

24 U 2011 6,000 6,000 o 16.400
Seethawaka

25 WTP 1999 9,450 9,450 Ratnapura

5

‘{‘

ENRT}
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Appendix C-2: Source of Water

Water Surface Water Ground Water Avg. Max.
No. Treatment ] ] Bore Dug Flow Flow
Plants River Reservoir hole well (m3/d) (m3/d)
1 | Ambatale WTP Kelani Ganga
2 | Biyagama WTP Kelani Ganga 177300 | 187.300
3 Kalatuwawa Kalatuwawa
WTP Tank 84,000 86,000
Labugama
4 | Labugama WTP Tank
5 | Kandana WTP Kalu Ganga
6 | Kethhena WTP Kalu Ganga 44,000 46.000
7 | Paradeka WTP Paradekaoya 8.000 120.000
8 | Ulapane WTR:
o | Katugastoieit > NMaftawali
WTP Ganga
10 | Wakwella WTP Gin Ganga
11 | HallallaWTP Polathu Ganga 172 800
12 | Malimbada WTP | Nilwala Ganga
13 | Nadugala WTP Nilwala Ganga
Ambalantota/Ha
14 | mbantota Walawe Ganga 16,000 | 24,000
Kattakaduwa
15 | RannaWtPp River 12,500 | 13,200
. Nawayalawi
16 | Tangalle WTP KiramaOya Ia 6,500 9,000
17 | Eluduwa WTP BadullaOya 8500 100.000
Ruhunupura Ridiyagama
18 WTP Walawe Ganga Tank
19 | Kanthale WTP Mahawali Kantale
Ganga Tank
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Water Surface Water Ground Water Avg. Max.
No. Treatment 5 5 Flow Flow
Plants River Reservoir ore ud (m3/d) | (m3/d)
hole well
20 | Pothuvil WTP \ 1700 5,600
21 Thirukkovil Sagamman
WTP g 600 6,500
29 Konduwattuwana Konduwattu
WTP wana Tank 38,400
23 Vavunathivu Unnichchai
WTP Tank 14,000 15,000
24 | Eachchalampattu Verugal Aru 61395
Seethawaka .
25 WTP Kelani Ganga 9,450
%)
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Appendix C-3: Raw Water Quality

Raw Water Quality (Avg.)
o >
Water Treatment > 2> 2 _ 5 2
No. = = f S = =
Plants T D £ d c < g o =
ol T D T o %_ © )
52| 28| 58| g 2|
o < L = o) (@)
[ O
1 | Ambatale WTP
2 | Biyagama WTP 7.78 913 18.3 16.62 | 6.67 26 66.8
3 | Kalatuwawa WTP 2.3 6.8 6.3 6.1 10.8
4 | Labugama WTP
5 | Kandana WTP 29.3 6.4 26.4 10.2 | 6.7 | 25.1 66.7
6 | Kethhena WTP | 15.5 120 14.0 6.6 40.1
7 | Paradeka WP 5 hesed & i 75 | 23 | 82
8 | Ulapane WTP =
9 | Katugastota WTP 60 340 300 7.2 94
10 | Wakwella WTP 15.4 15.7 19.2 7.04 36.9
11 | Hallalla WTP 12.5 20.0 300 6.2 30 70
12 | Malimbada WTP 12 290 230 6.2 50.1
13 | Nadugala WTP 18 30.0 320 7 62.5
Ambalantota/
14 Hambantota 14.16 140.0 130.0 [ 30 298
15 | RannaWTP 15.96 1470 132.0 75
16 | Tangalle WTP 45 6.7
17 | Eluduwa WTP 80 90.0 100.0 75 170
18 | Ruhunupura WTP 6 7.8
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Raw Water Quality (Avg.)

o 2

No Water Treatment 2 ? . a . = % S
' Plants 2R | =5 %5 E| T | 3 S

5 Z X £ = a = ©

[ < L — 5 S

- @)

19 | Kanthale WTP 45 20.0 65.0 6.5 28 200
20 | Pothuvil WTP 31 1460 91.0 7.4 28 524
21 | Thirukkovil WTP 80 58.0 60.0 7.3 28 200
22 | Konduwattuwana 7.55 370 47.0 7.49 33 88
23 | Vavunathivu WTP 10 18.0 170 6.2 29 49
24 | Eachchalampattu WTP 31.8 100.0 98.0 74 | 29.1 265
25 | Seethawaka WTP 30 110 18.0 1.1 6.2 28 35
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Appendix C-4: Water Treatment Process

Treatment Process

c c g c
Water Treatment c S §=] = c S
No. =) ‘© = 8 2 —
Plants S = © = = S
S| 2| 3| g | 5 £
< S S E = 5
O | 3 - &
wn
1 | Ambatale WTP
2 | Biyagama WTP N N N
3 | Kalatuwawa WTP \
4 | Labugama WTP
5 | Kandana WTP \ N N \ N
- | J ] : !
7 | Paradeka WE‘?} 3 \ N N \ N
8 | Ulapane WTE N N N \ \ N
9 | Katugastota WTP \ N \ \ \
10 | Wakwella WTP N N N \
11 | Hallalla WTP N N N \
12 | Malimbada WTP N N \ N
13 | Nadugala WTP v N N \ N
14 | Ambalantota/Hambantota | N N N \
15 | RannaWTP v N N N \
16 | Tangalle WTP v V V V v
17 | Eluduwa WTP \ N N
18 | Ruhunupura WTP v N, DAF N \
19 | Kanthale WTP \ N N \
20 | Pothuvil WTP N N
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Treatment Process

W T t c S & é c S

No. ater Treatmen s 2 2 = 15 S

Plants = = = = = 3

& g | 3 £ = k=

< S 9 S i 2

L 3 (@]

21 | Thirukkovil WTP \ \ N N N \

22 | Konduwattuwana \/ N DAF N \

23 | Vavunathivu WTP \/ N DAF N \

24 | Eachchalampattu WTP v N N N \ N

25 | Seethawaka WTP \/ v v v v
(3%)
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Appendix C-5: Chemical Dosage

Al k Li k PACI (k
o Water Treatment um (kg/day) ime (kg/day) Cl (kg/day)
Plants Avg. Range Avg. Range Avg. Range
1 Ambatale WTP
2 Biyagama WTP 1660
3 Kalatuwawa WTP 800 375
4 Labugama WTP
5 Kandana WTP 800 550- 400 320-550
1400
6 | Kethhena WTP 200 | 160-200 | 225 1272%
7 Paradeka WTP 40 30-50
8 | Ulapane WTP
9 | Katugastota W TP 30 250
=
10 | Wakwella V\FI:% 200 1504250 150 10@:075
11 | Hallalla WTP— 85 7590 90 80-100
12 | Malimbada WTP 500 450-600 200 160-280
13 | Nadugala WTP 95 75-120 13 10-15
14 Ambalantota/Hamba 750
ntota
15 | RannaWTP 400 400-425
16 | Tangalle WTP 250 150-350 30 28-50
17 | Eluduwa WTP 150 80-250 10 5-15
18 | Ruhunupura WTP 7.5x175
19 | Kanthale WTP 400
20 | Pothuvil WTP
21 | Thirukkovil WTP 45 25-50
22 | Konduwattuwana 280 | 250-350 | 500 ‘;%%
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No.

Water Treatment

Alum (kg/day)

Lime (kg/day)

PACI (kg/day)

Plants Avg. | Range Avg. Range | Avg. | Range
23 | Vavunathivu WTP 155 150-200 130 100-200
24 Eachchalampattu
WTP
25 | Seethawaka WTP 45 30-80 50 20-90

tabd

‘éﬂ
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Appendix C-6: Sludge Production & Characteristics

Type Quantity Characteristics
No. WateTaLftastment . Dry Wet % TSS | TDS
Alum | Lime | oday) | (m3iday) | solid | PP | (mgiL) | (mg/L)
1 | Ambatale WTP V
2 | Biyagama WTP v 7.1 | 120.75
3 | Kalatuwawa WTP \ 6 210 15
4 | Labugama WTP \
5 | Kandana WTP v 2135 125 | 23.25
6 | Kethhena WTP v
7 | Paradeka WTP \
8 | Ulapane WTP V
9 | Katugastota Vg}l? \
10 | Wakwella WP N
11 | HallallawTp v 59
12 | Malimbada WTP v
13 | Nadugala WTP \
14 Qar:tt;zilsmtota/ Ham J
15 | RannaWTP v
16 | Tangalle WTP \
17 | Eluduwa WTP v
18 | Ruhunupura WTP \ 100
19 | Kanthale WTP N
20 | Pothuvil WTP v
21 | Thirukkovil WTP \ 634
22 | Konduwattuwana | 840 20 | %% | 71| oos
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No. | Water Treatment Type Quantity Characteristics
' Plants - Dry Wet % TSS | TDS
Alum | LIme | (g/day) | (maiday) | solid | PP | (mgiL) | (mgiL)
23 | Vavunathivu WTP N,
Eachchalampattu
24 | wTp v
25 | Seethawaka WTP N,
0

TN

é‘
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Appendix C-7: Sludge Removal & Discharge

Removal Basin Sludge Discharge to
Water " - c -
No. Treatment 2 28 g = e - S & £ _
Plants g | Esg 2 5 g 2 > | E5
2285 E| 5| 33| §| & | 88
= S 3 £
1 | Ambatale WTP \ N
2 | Biyagama WTP v N
3 | Kalatuwawa WTP
4 | Labugama WTP
5 | Kandana WTP N \
6 | Kethhena WTP \ \
7 | Paradeka WT%«% \ N
8 | Ulapane WTPT , N 0
9 | Katugastota WTP N N
10 | Wakwella WTP N
11 | Hallalla WTP N
12 | Malimbada WTP N \
13 | Nadugala WTP N N
| o v v
15 | RannaWTP \
16 | Tangalle WTP A
17 | Eluduwa WTP \/
18 | Ruhunupura WTP \/ \
19 | Kanthale WTP N N
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Removal Basin Sludge Discharge to
Water @ = = e >
No. Treatment =3 3 ST —= = c g £
Plants £ g €3 § % P S 3 2 2c
5 255 g 5 < g = s | 38
—_ 5] Qo
T 8g€ 2 7 €| 3 : |E
20 | Pothuvil WTP N
21 | Thirukkovil WTP N, N
22 | Konduwattuwana N V
Vavunathivu
23 | WP v v
Eachchalampattu
24 | wrp v v
25 | Seethawaka WTP v N
)
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Appendix C-8: Sludge Treatment

No. Wate;'ll;lr:tastment Thickenng waa}[z? Dei\I/zSegreing
Gravity | Flotation | Centrifuge | Recycle
1 | Ambatale WTP
2 | Biyagama WTP N N
3 | Kalatuwawa WTP
4 | Labugama WTP
5 | Kandana WTP \
6 | Kethhena WTP N
7 | Paradeka WTP \
8 | Ulapane WTP 0
9 | Katugastota WTP \
10 | Walwell; | | |
11 | Hallalla W [P } J L
12 | Malimbe 1W“fvP ] | | ~
13 | Nadugal:
14 | Ambalantota/Hambantota
15 | RannaWTP
16 | Tangalle WTP
17 | Eluduwa WTP
18 | Ruhunupura WTP v N
19 | Kanthale WTP N N
20 | Pothuvil WTP 0 N,
21 | Thirukkovil WTP \ N
22 | Konduwattuwana N, N N
23 | Vavunathivu WTP \
24 | Eachchalampattu WTP \/
25 | Seethawaka WTP O
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Appendix C-9: Sludge Dewatering

No

Water Treatment Plants

Method

Drying
beds

Lagoons

Centrifug
e

Gravity
Thickner

Filter
press

Ambatale WTP

Biyagama WTP

Kalatuwawa WTP

Labugama WTP

Kandana WTP

Kethhena WTP

Paradeka WTP

Ulapane WTP

O | 0| N O | 0| B~ |W|DN|PF

Katugastota WTP

=
o

Wakwella WTE:

-
-

i~y
Hallalla WTE.

=
N

Malimbada W

=
w

Nadugala WTP

H
S

Ambalantota/Hambantota

=
(@]

RannaWTP

=
(o]

Tangalle WTP

-
\‘

Eluduwa WTP

=
(0 0]

Ruhunupura WTP

[EY
©

Kanthale WTP

N
o

Pothuvil WTP

N
[y

Thirukkovil WTP

N
N

Konduwattuwana

N
w

Vavunathivu WTP

N
~

Eachchalampattu WTP

< OO |2 |<|=<|=<

N
ol

Seethawaka WTP
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Appendix C-10: Sludge Final Disposal

No.

Utilization for

Dispose to Land

Water Treatment
Plants

land
Reclamation

Filling
Material

Open
dump

Dedicated
Land

Ambatale WTP

Biyagama WTP

Kalatuwawa WTP

Labugama WTP

Kandana WTP

Kethhena WTP

Paradeka WTP

Ulapane WTP

O 0ol N OO0 | P~ WO |IDN|PF

A

Katugastota '

=
o

Wakwella P
A

-
-

Hallalla WTP.

=
N

mo}

Malimbac

[EY
w

Nadugala WTP

H
S

Ambalantota/Hambanto

tn

[EY
ol

RannaWTP

=
(o]

Tangalle WTP

-
\‘

Eluduwa WTP

[EY
00]

Ruhunupura WTP

=
O

Kanthale WTP

N
o

Pothuvil WTP

N
[y

Thirukkovil WTP

N
N

Konduwattuwana

N
w

Vavunathivu WTP

N
~

Eachchalampattu WTP

N
ol

Seethawaka WTP

O] 2| < | <
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Appendix D - Test Results of Burnt Clay Bricks

Characteristics of Raw Materials

Table D.1: Observation & Results of Moisture Content

. Sample | Weight of We|ght_of We'ghj[ of Moisture Avg.
Material wet soil dry soil + Moisture
No. can (9) Content (%)
+can (g) can (g) Content (%)
1 53.144 60.247 57.889 22.258
WTP
Sludge 1 2 63.542 84.273 77.226 22.823 33.61
Kethhena
3 68.236 89.581 82.398 22.799
1 57.244 84.669 76.584 20.819
WTP
Sludge 2 2 53.5121 75.237 68.752 20.728 29.69
Kandana
3 68.236 100.187 90.682 20.828
1 98.994 111.478 109.258 17.783
Clay 2 % 105.286 120.024 871862 k71995 17.88
S\ 03563 112654 1047953 17.876
Table D.2: Observation & Results of Volatile Organic Content
_ Weight of Welgh_t of Weight of Volatll_e Avg. Vol_atlle
. Sample | Weight . dry soil + . Organic Organic
Material wet soil dry soil +
No. of can (g) +can (q) can 110C can 550C (g) Content Content
(9) (%) (%)
1 10.480 15.687 14.498 13.580 22.847
WTP
Sludge 1 2 10.500 16.050 14.780 13.804 22.804 22.83
Kethhena
3 10.450 15.550 14.383 13.485 22.832
1 10.460 15.450 14.440 13.540 22.613
WTP
Sludge 2 2 10.510 16.200 15.055 14.024 22.684 22.70
Kandana
3 10.480 15.620 14.580 13.645 22.805
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Table D.3: Results of Sieve Analysis

Water Treatment Plant Sludge (Kethhena)
Sieve Sieve Mass + Mass in Cumulative Cumulative Passing
size weight sieve (g) each sieve mass retained (%By (% By
(mm) (o) g (o) retained (g) mass) mass)
3.35 546 546 0 0 0 100
2.36 527 527 0 0 0 100
2 376 377 1 1 0.1 99.9
1.18 366 400 34 35 35 96.5
0.6 471 820 349 384 38.4 61.6
0.425 303 700 397 781 78.1 21.9
0.3 299 395 96 877 87.7 12.3
0.212 281 380 99 976 97.6 2.4
0.15 27¢ . 2.2
0.075 40; M 15 | da3 | 593 0.7
5 1 | I S - = o — ‘.,,,‘.1,. .... v..,‘__,_.T.‘..._. — _..,_.._».:A.M -
pan 46: pste A 4 ’ 997 [ 9977 0.3
Sieve Sieve Mass + Mass in Cumulative Cumulative Passing
size weight sieve (q) each sieve mass retained (%By (% By
(mm) (9) g (9) retained (g) mass) mass)
3.35 546 546 0 0 0 100
2.36 527 527 0 0 0 100
2 376 378 2 2 0.2 99.8
1.18 366 382 16 18 1.8 98.2
0.6 471 845 374 392 39.2 60.8
0.425 303 755 452 844 84.4 15.6
0.3 299 390 91 935 93.5 6.5
0.212 281 320 39 974 97.4 2.6
0.15 278 288 10 984 98.4 1.6
0.075 402 410 8 992 99.2 0.8
pan 462 465 3 995 99.5 0.5
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Characteristics of Clay- Sludge Mix

Table D.4: Observations & Results of Moisture Content

i i ; Avg.
Mix Proportion Sample | Weight Weight of | Weightof | Moisture | . "
. wet soil dry soil + Content
Sludge: Clay No. of can () i Content
+can (9) can () (%) %)
! 56.235 | 67.317 64.214 28.002
10:90 5 > 965 2501
63.236 75.632 72.165 : .
3 55.332 68.235 64.616 28.048
! 29.749
Sludge 1 85.191 93.400 90.958
Kethhena 20:80 2 48171 62.356 £7 995 30.744 3026
WTP
3 63.235 71.585 69.056 30.287
! 53652 | 62.225 59,472 32.112
8070 | 2 56.236 | 68.456 64.652 31.129 31.78
s, 2 48.710 .|, 60.125 56.462 32.089
"'?,--":
a1 48;HQ 591590 56.543 28.002
1090 B o
53.652 63.253 60.542 : .
3 56.235 | 68.256 64.841 28.400
! 55331 | 65.320 62.363 29.604
Sludge 2 20:80
Kandana 2 63.236 | 73524 70.486 29.530 29.68
WTP
3 53.651 65.368 61.865 29.897
! 55.623 73.658 67.985 31.456
30:70 2 63.235 76.235 72.185 31154 31.32
3 53.651 | 62.130 59.472 31.348
. 63.235 76.546 73.045 26.302
Control | 0:100 2 56.236 | 67.259 64.362 26.281 26.85
3 53.651 65.231 61.992 21971
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Table D.5: Dimension of Bricks

Mix 1 of Kethhena WTP Sludge

N Length Width Height
0
L1 L2 L3 L4 |Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | H1 | H2 | H3 | H4 | H5 | H6 | Avg
1-1 | 194 | 195 | 194 | 194 | 194 96 96 96 95 96 96 96 57 57 56 57 57 57 57
1-2 | 194 | 194 | 193 | 194 | 194 96 95 96 96 95 96 96 57 57 57 58 57 57 57
1-3 193 194 | 194 | 194 | 194 96 96 96 96 96 96 96 57 57 57 57 58 57 57
1-4 | 194 | 194 | 194 | 19458104 | sNINIBIH108 OloaVIOax1 119878, 981 IsAINke8.| 57 | 57 | 57 | 57 | 57
‘ %m%
L NERE
1-5 195 194 | 194 | 194 [ 491 96 96 96 96 96 96 96 57 57 57 57 57 57 57
1-6 194 195 | 193 | 194 | 194 96 96 96 96 96 96 96 56 57 57 57 57 57 57
1-7 194 195 | 194 | 194 | 194 96 96 96 96 96 96 96 57 58 57 57 57 58 57
1-8 193 194 | 194 | 195 | 194 95 96 96 96 96 96 96 57 57 57 58 57 57 57
1-9 194 194 | 194 | 194 | 194 96 95 96 96 95 96 96 57 57 57 58 57 57 57
1-10 | 194 | 194 | 193 | 194 | 194 96 96 96 96 96 96 96 58 56 57 57 58 57 57
194 194 | 194 | 194 | 194 96 96 96 96 96 96 96 57 57 57 57 57 57 57
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Mix 2 of Kethhena WTP Sludge

No Length Width Height
L1 L2 L3 L4 [ Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | H1 | H2 H3 | H4 | H5 | H6 | Avg
2-1 | 191 | 191 | 191 | 192 | 191 94 94 94 94 95 94 94 56 57 56 56 57 56 56
2-2 | 191 | 191 | 191 | 191 | 191 94 94 94 94 94 94 94 56 56 56 57 56 57 56
2-3 | 191 | 191 | 192 | 192 | 192 95 94 94 95 94 95 95 56 56 57 56 57 56 56
2-4 192 192 | 191 | 192 | 192 94 94 95 94 94 94 94 57 56 57 56 55 56 56
2-5 191 192 | 191 ‘I': 94 91 94 94 95 95 91 57 55 56 56 56 57 56
2-6 191 191 | 190 94 95 95 95 04 94 95 56 56 56 57 56 57 56
2-7 190 191 | 190 | 191 @ 191 95 94 94 94 94 94 94 56 56 57 56 57 55 56
2-8 190 191 | 191 | 190 | 191 94 94 9 9 94 94 94 56 57 56 57 56 55 56
2-9 191 190 | 190 | 190 | 190 95 95 94 94 94 94 94 56 57 56 55 57 56 56
2-10 | 190 190 | 191 | 191 | 191 94 94 95 9 94 94 94 55 56 57 56 57 56 56
191 191 | 191 | 191 | 191 95 94 94 94 94 94 94 56 56 56 56 56 56 56
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Mix 3 of Kethhena WTP Sludge

Length Width Height

No L1 L2 L3 L4 |Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | H1 | H2 | H3 | H4 | H5 | H6 | Avg
3-1 | 188 | 189 | 188 | 189 | 189 93 94 93 94 93 93 93 56 55 55 56 55 55 55
3-2 189 | 188 | 189 | 188 | 189 94 93 93 94 93 93 93 55 55 55 56 56 55 55
3-3 188 | 189 | 188 | 189 | 189 93 94 93 93 94 93 93 56 55 55 56 55 55 55
3-4 | 189 | 188 | 189 & 188 | 189 93 93 94 93 93 94 93 55 56 56 55 55 55 55
3-5 188 | 189 | 188 18§}189 93 93 94 93 93 P4 93 25 56 55 55 55 56 55
3-6 189 | 188 | 188 189_189 o4 03 98 94 B3 93 93 55 55 95 55 55 56 55
3-7 188 | 189 | 189 | 188 | 189 94 93 93 93 94 93 93 56 55 56 55 55 55 55
3-8 188 | 189 | 188 | 189 | 189 93 93 93 94 94 93 93 55 55 55 56 56 55 55
3-9 189 | 188 | 189 | 188 | 189 93 94 94 93 93 94 94 55 55 55 55 55 55 55
3-10 | 189 | 188 | 189 | 189 | 189 93 94 93 93 93 94 93 55 56 56 55 55 55 55

189 | 189 | 189 | 189 | 189 93 93 93 93 93 93 93 55 55 55 55 55 55 55
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Mix 1 of Kandana WTP Sludge

No Length Width Height
L1 L2 L3 L4 [Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | H1 | H2 | H3 | H4 | H5 | H6 | Avg
1-1 | 192 | 192 | 193 | 193 | 193 96 96 96 97 96 96 96 57 57 57 57 58 57 57
1-2 192 | 193 | 192 | 192 | 192 96 96 97 96 95 96 96 57 57 57 57 56 57 57
1-3 192 | 192 | 192 | 192 | 192 96 97 96 96 96 96 96 57 57 57 56 57 56 57
1-4 | 192 | 192 | 192 l93| L 192 96 95 96 97 96 96 96 57 57 58 57 57 57 57
1-5 193 | 193 | 193 19{}193 o7 96 96 96 95 |2Je) 96 58 57 57 57 57 57 57
1-6 192 | 192 | 192 192_192 96 96 95 96 96 96 96 57 57 57 57 57 57 57
1-7 192 | 192 | 192 | 192 | 192 96 96 96 96 96 95 96 57 57 57 58 57 57 57
1-8 193 | 192 | 193 | 192 | 193 96 96 96 96 97 96 96 57 57 57 57 57 58 57
1-9 192 | 192 | 192 | 192 | 192 95 96 96 96 96 97 96 57 57 57 57 57 57 57
1-10 | 192 | 192 | 192 | 192 | 192 96 96 96 95 96 96 96 57 57 57 58 57 57 57
192 | 192 | 192 | 192 | 192 96 96 96 96 96 96 96 57 57 57 57 57 57 57
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Mix 2 of Kandana WTP Sludge

No Length Width Height
L1 | L2 | L3 | L4 |Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | HL | H2 | H3 | H4 | H5 | H6 | Avg
2-1 | 190 | 189 | 190 | 190 | 190 94 95 93 94 94 93 94 56 57 56 56 56 57 56
2-2 190 | 190 | 189 | 190 | 190 94 94 94 93 94 94 94 57 56 56 56 56 56 56
2-3 190 | 190 | 190 | 189 | 190 94 94 94 95 93 94 94 56 56 56 57 56 56 56
2-4 | 189 | 190 | 190 | 190 | 190 93 94 94 94 94 95 94 57 56 56 56 57 56 56
2-5 190 | 189 | 190 1905%190 94 93 94 94 94 94 94 56 56 57 56 56 57 56
&
26 | 190 | 190 | 189 19@ .ﬁ;;f,:_’r_igo 9413198 t194 |84 | 94 | 94 | 57 | 56 | 56 | 56 | 56 | 56 | 56
2-7 190 | 190 | 190 | 189 | 190 94 94 94 93 93 94 94 56 Sf 56 57 56 56 56
2-8 189 | 190 | 190 | 189 | 190 93 94 94 94 94 94 94 57 56 56 56 56 56 56
2-9 190 | 189 | 190 | 190 | 190 94 94 94 94 94 93 94 56 56 56 56 57 56 56
2-10 | 190 | 190 | 189 | 190 | 190 94 93 94 94 94 94 94 57 56 57 56 56 56 56
190 | 190 | 190 | 190 | 190 94 94 94 94 94 94 94 57 56 56 56 56 56 56
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Mix 3 of Kandana WTP Sludge

N Length Width Height
° L1 L2 | L3 | L4 |Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | HL | H2 | H3 | H4 | H5 | H6 | Avg

3-1 | 188 | 189 | 189 | 188 | 189 93 93 93 92 93 92 93 56 56 56 56 56 56 56
3-2 | 189 | 188 | 189 | 188 | 189 93 92 93 93 92 93 93 56 56 57 56 56 57 56
3-3 | 189 | 188 | 188 | 189 | 189 93 93 93 93 94 93 93 56 56 56 57 56 56 56
3-4 188 189 | 189 188. L 189 93 93 92 93 93 92 93 57 56 56 56 57 56 56
3-5 | 189 | 188 | 188 18{}[89 o2 03 03 94 93 D3 93 56 b7 56 56 56 56 56
3-6 188 188 | 188 189—188 93 92 93 93 93 93 93 57 56 57 56 56 56 56
3-7 | 188 | 189 | 189 | 188 | 189 93 93 93 92 92 93 93 56 56 56 56 56 57 56
3-8 | 189 | 188 | 188 | 188 | 188 93 93 93 93 93 94 93 57 56 56 56 56 56 56
3-9 | 188 | 189 | 188 | 189 | 189 94 93 94 93 93 93 93 56 56 56 57 56 56 56
3-10 | 189 | 188 | 189 | 188 | 189 93 93 92 92 93 93 93 57 56 56 56 56 56 56
189 | 188 | 189 | 188 | 188 93 93 93 93 93 93 93 56 56 56 56 56 56 56

Page | 155




Manufacturer Original Clay (Control Sample)

Length Width Height
No

L1 L2 | L3 | L4 |Avg | W1 | W2 | W3 | W4 | W5 | W6 | Avg | H1 | H2 | H3 | H4 | H5 | H6 | Avg

1 195 | 195 | 196 | 196 | 196 | 96 97 96 96 96 97 96 | 57 58 57 58 57 57 57

2 195 | 196 | 196 | 195 | 196 | 96 96 96 97 97 96 96 | 57 58 57 57 57 57 57

3 195 | 196 | 195 | 196 | 196 | 97 96 97 96 96 96 96 57 57 57 57 58 57 57

4 196 | 195 | 195 | 196 | 196 96 96 96 96 96 96 96 58 57 57 57 57 57 57

5 196 | 195 | 195 96 96 9 96 96 9P 96 5! 58 57 57 58 57 57

6 195 | 195 | 196 96 97 96 96 96 95 96 57 57 58 57 57 58 57

7 195 | 195 | 196 | 195 | 195 96 97 97 96 96 96 96 58 57 58 o7 57 o7 o7

8 195 | 196 | 195 | 195 | 195 | 97 96 96 97 96 96 96 57 57 57 58 57 57 57

9 195 | 196 | 196 | 196 | 196 | 96 96 96 97 96 97 96 57 57 57 57 57 57 57

10 196 | 196 | 195 | 196 | 196 | 97 96 96 96 97 96 96 58 57 57 57 57 58 57

195 | 196 | 196 | 196 | 195 | 96 96 96 96 96 96 96 57 57 57 57 57 57 57
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Compressive Strength Results

Table D.6: Observations & Results of Moisture Content

Avg. | Avg. | , . | Failure | Compressive AVY.
Mix No | Length | width (mm2) Load Strength | Compressive
(mm) | (mm) (Ton) (N/mm2) Strength
(N/mm?2)
_ 1-1 195 o4 | 18330 4.70 2.52
2;/:2;-1 12 | 1904 | 94 | 18236 | 510 2.74
Sludge |13 194 96 | 18624 6.14 3.23
90:10 1-4 198 9% | 19008 5.78 2.98
15 194 94 | 18236 4.96 2.67 .
1-6 197 97 | 19109 6.16 3.16 '
1-7 194 04 | 18236 5.36 2.88
1-8 196 03 | 18228 4.74 2.55
1-9 194 05 | 18430 5.40 2.87
1-10 | 195 97 | 18915 6.06 3.14
2-1 193 04 | 18142 4.36 2.36
® . 2:2 193 o5 | 18335 5.24 2.80
o> | Mix2 '
S | Clay’ 28 190 95, .| 1805Q 5.06 2.75
o | Sludge |24 190 93 17670 4.32 2.40
o | 80:20
E 75 193 93 | 17949 4.18 2.28 "
= 2-6 193 04 | 18142 4.08 221 '
C
& 2-7 190 94 | 17860 4.86 2.67
= 2-8 190 94 | 17860 4.40 2.42
X 2-9 190 95 | 18050 4.76 2.59
2-10 | 190 03 | 17670 4.46 2.48
_ 3-1 189 04 | 17766 3.16 1.74
('\:’:;’; 3 32 | 190 94 | 17860 | 3.60 1.98
Sludge | 3-3 187 03 | 17391 2.90 1.64
70:30 3-4 188 95 17860 3.50 1.92
3-5 188 04 | 17672 3.70 2.05 Lot
3-6 187 03 | 17391 3.40 1.92 '
3-7 188 04 | 17672 3.36 1.87
3-8 190 94 | 17860 3.58 1.97
3-9 190 03 | 17670 3.64 2.02
3-10 | 189 03 | 17577 3.60 2.01
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_ Avg. Avg. Area Failure | Compressive ComAp\)\;g'ssive
Mix No | Length | width Load Strength
(mm2) Strength
(mm) | (mm) (Ton) (N/mm2) (N/mm2)
1-1 194 98 19012 5.5 2.84
Mix 1
Clay: 1-2 192 95 18240 5.1 2.74
Sludge | 1-3 192 95 18240 5.0 2.69
90:10 1-4 190 95 | 18050 4.9 2.66
1-5 191 93 17763 45 2.49 276
1-6 192 96 18432 5.3 2.82
1-7 190 95 18050 5.2 2.83
1-8 194 98 19012 5.6 2.89
1-9 195 96 18720 5.4 2.83
1-10 192 97 18624 5.3 2.79
2-1 188 93 17484 3.9 2.19
© _ 2-2 189 94 17766 4.3 2.37
8 | Mix2 2-3 191 95 18145 4.5 2.43
S | Clay:
9 | Sludge 2 188 92 17206 34 1.93
E 8020 {57 168 99 Thet 3298 37 2.10
= 78 190 95 18050 4.4 2.39 2.24
©
S 2-7 192 96 18432 4.6 2.45
% 2-8 192 95 18240 4.2 2.26
X 2-9 192 96 18432 4.3 2.29
2-10 188 92 17296 3.5 1.99
3-1 186 93 17298 3.1 1.76
2’:;’;3 3-2 190 94 | 17860 3.7 2.03
Sludge 3-3 186 91 16926 2.8 1.62
70:30 3-4 191 94 17954 3.9 2.13
3-5 188 93 17484 3.3 1.85
3-6 190 94 | 17860 3.6 1.98 1.85
3-7 189 93 17577 3.4 1.90
3-8 187 93 17391 3.0 1.69
3-9 189 93 17577 3.2 1.79
3-10 186 92 17112 3.0 1.72
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Avg.

Avg. Avg. Area Failure | Compressive Compressive
Mix No | Length | width Load Strength P
mm) | mm) | M2 | rony | (wmmz) | Strength
(N/mmz2)
9 1 196 94 18424 8.1 4.31
2 gl'jé’ée 2 195 97 | 18915 8.3 4.30
m
= | 100:00 3 198 97 19206 8.6 4.39
= 4 195 96 18720 8.2 4.30
= 5 195 97 18915 8.5 4.41
@) 4.23
5 6 195 96 18720 7.9 4.14
= 7 197 94 18518 7.8 4.13
L; 8 193 96 18528 8.3 4.39
S 9 195 97 18915 7.7 3.99
2 10 193 9% | 18528 7.4 3.92
(3
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Water Absorption

Table D.7: Observations & Results of Moisture Content

Oven dried Weight after . Avg.
. . . . Absorption .
Mix No Weight immersion (Percentage) Absorption
) ) g (Percentage)
1-1 1400.7 1729.2 23.45
1-2 1450.2 1784.1 23.02
Mix 1 1-3 1411.6 1749.3 23.92
Clay: 23.59
Sludge 14 1401.1 1722.7 22.95
90:10
1-5 1378.9 1712.2 24.17
1-6 1385.2 1718.0 24.03
2= 12747.0 1605,5 25,72
@ A
=) 3
g =2z 1261.0 1593.3 26.35
%) -
= | Mix2 2-3 1302.0 1635.2 25.59
< | Clay: 25.42
© Sludge 2-4 1343.5 1673.9 24.59
S | 80:20
% 2-5 1273.2 1599.0 25.59
N4
2-6 1277.0 1591.9 24.66
3-1 1097.3 14515 32.28
3-2 1108.1 1463.5 32.07
Mix3 | 33 1133.6 1481.1 30.65
Clay:
Sludge » 26.30
70:30 - 1186.1 1538.5 29.71
3-5 1162.5 1518.5 30.62
3-6 1176.4 1514.4 28.73
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Oven dried Weight after . Avg.
. . . . Absorption .
Mix No Weight immersion (Percentage) Absorption
) (9) g (Percentage)
1-1 1387.3 1705.2 22.92
1-2 1444.0 1766.4 22.33
Mix 1 1-3 1453.1 1798.2 23.75
Clay: 23.11
Sludge 14 14454 1784.0 23.43
90:10
1-5 1444.5 1778.0 23.09
1-6 1371.6 1688.8 23.13
2-1 1283.8 1608.3 25.28
=)
= 2-2 1276.2 1600.4 25.40
%)
& | Mix2 2:3 1270.1 1595.0 25.58
< | Clay: e 25.36
< Sludge 5.:3 126700 1586.0 25118
_g 80:20 -
S 2-5 1306.3 1635.9 25.23
N4
2-6 1281.4 1607.8 25.47
3-1 1107.6 1448.0 30.73
3-2 1142.7 1485.0 29.96
Mix3 | 33 1124.3 1466.7 30.45
Clay:
Sludge » 30.29
70:30 - 1140.4 1477.7 29.58
3-5 1112.4 1444.0 29.81
3-6 1108.2 14544 31.24
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Oven dried Weight after . Avg.
. . . . Absorption .
Mix No Weight immersion (Percentage) Absorption
(9) (9) g (Percentage)
- 1 1504.6 1811.0 20.36
(3]
@)
= 2 1603.7 1926.7 20.14
5
'CC) Clay: 3 1563.0 1874.1 19.90
= Sludge 20.22
5 100:00 4 1527.9 1849.3 21.04
©
[$]
"é 5 1572.3 1893.4 20.42
35
= 6 1579.0 1886.6 19.48
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Appendix E - Test Results of Cement Mortar

Table E.1: Observation & Results of Moisture Content

. Sample | Weight of Welght_of nghj[ of Moisture Avg.
Material wet soil dry soil + Moisture
No. can (g) Content (%)
+can (g) can (g) Content (%)
1
WTP 23.670 38.393 36.361 13.80
Sludge 2 53.512 72.737 70.152 13.45 13.67
Kandana
3 68.236 96.587 92.682 13.77
Table E.2: Data and Result of Sieve Analysis Test for Sand
Sieve size Sieve Mass + Mass in each CUTAl;I;tlve ng:ilﬁgge Passing (%
(mm) weight (g) Sieve (g) Sieve (g) Retained (g) | (%By mass) By mass)
4.250 1500.0 1524.3 24.3 24.3 1.62 100.00
2.800 577.9 630.4 52,5 76.8 5.12 94.88
o
1.180 508.25,.3' 8468 3386 435@ 27.69 72.31
0.850 4831 | 7143 231.2 646.6 43.11 56.89
0.600 468.5 750.4 281.9 928.5 61.90 38.10
0.300 432.1 857.6 4255 1354.0 90.27 9.73
0.150 405.6 525.2 119.6 1473.6 98.24 1.76
pan 542.5 568.5 26.0 1499.6 99.97 0.03
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Table E.3: Observation and Calculation of SpecificGravityTest

. Trial i (W4-W1) - | Specific
Material No W W, Ws Wi (W2-Wi) (W3-W5) gravity

1 26.553 | 77.185 | 107.773 | 76.314 50.632 19.173 2.64

2 24.675 | 75.474 | 105.285 | 73.624 50.799 19.138 2.65

Sand

3 26.599 | 77.313 | 107.795 | 76.202 50.714 19.121 2.65

Average 2.65

1 24.677 | 46.355 | 82.979 | 74.745 21.678 13.444 161

WTP 2 26.552 | 48.256 | 84.659 | 76.328 21.704 13.373 1.62

Sludge
3 26.597 | 48.321 | 84.853 | 76.521 21.724 13.392 1.62
Average 1.62
Calculation b

Specific gravity = (W2-W1) / {(W2s-W1) - (W3-W2)}

Where

Weight of specific gravity bottle - W1 (g)

Weight of specific gravity bottle and one third of aggregate - W- (g)

Weight of specific gravity bottle, one-third of aggregate and water - W3 (Q)

Weight of specific gravity bottle and water - W4 ()
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Table E.4: Observation &Results of Flow Table Test of Mortar

0.5 0.7 0.9 11 13 1.5
Mix
number
X(mm) | Y (mm) | X(mm) | Y (mm) | X(mm)|Ymm)|[X(mm)]|Ymm)|X({mm)|[Y(mm)|X(mm)]|Y(mm)

11 210 210 200 160 180 155 120 130 165 160 175 175
1-2 200 200 190 200 200 185 120 130 160 150 175 175
2-1 185 - ;120 (K19 115 125 70 160 180 180 200 210
2-2 165 " 140 180 r15 126 150 185 185 185 210 210
31 210 R 155 165 170 143 150 140 175 160 170 185
3-2 210 190 170 165 125 125 170 150 155 170 185 195
4-1 170 160 160 180 130 140 160 155 190 185 205 195
4-2 200 160 160 160 125 130 160 155 190 195 205 200
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Table E.4: Flow Value of Mortar

Water to Cement Ratio

Mix
0.5 0.7 0.9 11 1.3 1.5
1 205.0 187.5 180.0 125.0 158.8 175.0
2 168.8 157.5 118.8 158.8 185.0 207.5
3 205.0 163.8 123.8 152.5 165.0 183.8
4 172.5 165.0 131.3 157.5 190.0 201.3
Table E.5: Flow Percentage of Mortar
Water to Cement Ratio
Mix
0.5 0.7 0.9 1.1 1.3 15
1 192‘.9__ 167.9 157.1 78.6 126.8 150.0
2 14:[?21"3 1250 696 126.8 164.3 196.4
3 1935 183 76:8 117.9 135.7 162.5
4 146.4 135.7 875 125.0 1714 187.5
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Table E.6: Observation & Results of Compressive Strength Tests of Mortar at 7days

Avg Avg Failure | Compressive Avg. .
. W/C | Cube X .| Area Compressive
Mix . Length | width Load Strength
ratio | No (mm) | (mm) (mm2) (kN) (N/mm2) Strength
(N/mm2)
1-1 70 70 4900 16.1 3.29
11 1-2 71 70 4970 14.9 3.00 3.16
1-3 70 70 4900 15.6 3.18
Mix 1 1-1 70 70 4900 13.9 2.84
Sand: 1.3 1-2 70 70 4900 13.2 2.69 2.82
Sludge
1- 70 71 4970 14.5 2.92
100: 0 3
1-1 71 70 4970 14.0 2.82
15 1-2 70 71 4970 13.3 2.68 2.78
1-3 70 70 4900 14.0 2.86
2-1 70 71 4970 32.0 6.44
0.7 2-2 70 70 4900 34.8 7.10 6.26
23 [0 70 4900 2817 5.24
Mix 2 ~21 v 70 4070 264 5.71
Sand: | 09 +-2-2 70 70 4900 29.7 6.06 5.96
Sludge
2-3 70 71 4970 30.4 0.12
90:10
2-1 71 70 4970 13.9 2.80
11 2-2 70 70 4900 13.2 2.69 2.67
2-3 70 70 4900 12.4 2.53
3-1 70 71 4970 26.8 5.39
0.7 3-2 71 70 4970 30.0 6.04 5.78
3-3 70 70 4900 28.9 5.90
. 3-1 70 70 4900 23.3 4,76
Mix 3
Sand: 0.9 3-2 70 71 4970 24.1 4.85 4.86
Sludge
80:20 3-3 70 70 4900 24.4 4.98
3-1 70 71 4970 12.1 2.43
11 3-2 70 70 4900 13.6 2.78 2.54
3-3 70 70 4900 11.8 241
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Avg.

Avg. Avg. Failure | Compressive .
Mix W/.C Cube Length | width Area Load Strength Compressive
ratio | No mm) | (mm) (mm2) (kN) (N/mm2) Strength
(N/mmz2)
4-1 70 70 4900 25.5 5.20
0.7 4-2 70 70 4900 23.2 4.73 5.01
4-3 70 71 4970 25.3 5.09
Mix 4 4-1 70 70 4900 16.9 3.45
Sand: | g9 [ 40 | 71 70 | 4970 | 145 2.92 356
Sludge
70:30 4-3 70 71 4970 21.5 4.33
4-1 70 70 4900 7.0 1.43
11 4-2 70 70 4900 8.1 1.65 157
4-3 70 71 4970 8.1 1.63
0
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Table E.7: Observation & Results of Compressive Strength Tests of Mortar at 14days

Avg Avg Failure | Compressive Avg. .
. W/C | Cube ' o Area Compressive
Mix . Length | width Load Strength
ratio No mm) | (mm) (mm2) (kN) (N/mm2) Strength
(N/mmz2)
1-1 70 70 4900 22.9 4.67
11 1-2 71 70 4970 22.5 4.53 4.66
1-3 70 70 4900 234 4.78
Mix 1 1-1 70 70 4900 20.9 4.27
Sand: 13 1-2 71 70 4970 21.5 4.33 4.26
Sludge
1- 70 70 4900 20.5 4.18
100: 0 3
1-1 70 70 4900 16.6 3.39
15 1-2 71 70 4970 17.3 3.48 3.39
1-3 70 71 4970 16.4 3.30
2-1 70 70 4900 38.1 7.78
0.7 2-2 70 70 4900 415 8.47 7.61
32-3 {1 AL 45740 32.8 6.60
Mix 2 - 2 70 10 4900 302 6.16
Sand: 0.9 =22 70 70 4900 31.7 6.47 6.37
Sludge
- 71 70 4970 32.2 6.48
90:10 23
2-1 71 70 4970 14.5 2.92
1.1 2-2 70 70 4900 15.3 3.12 3.03
2-3 70 70 4900 15.0 3.06
3-1 70 70 4900 31.5 6.43
0.7 3-2 70 70 4900 36.8 7.51 6.87
3-3 71 70 4970 33.1 6.66
. 3-1 70 70 4900 26.8 5.47
Mix 3
Sand: 0.9 3-2 70 70 4900 28.3 5.78 5.75
Sludge 3-3 71 70 | 4970 | 298 6.00
80:20 i i
3-1 70 70 4900 14.2 2.90
1.1 3-2 71 70 4970 141 2.84 2.83
3-3 70 70 4900 135 2.76
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Avg.

Avg. Avg. Failure | Compressive .
Mix W/.C Cube Length | width Area Load Strength Compressive
ratio No mm) | (mm) (mm2) (kN) (N/mm2) Strength
(N/mm?2)
4-1 70 70 4900 27.8 5.67
0.7 4-2 71 70 4970 24.8 4.99 5.40
4-3 70 70 4900 27.2 5.55
Mix 4 4-1 70 70 4900 184 3.76
sand: g9 | 42 | 71 70 | 4970 | 170 3.42 391
Sludge
70:30 4-3 70 71 4970 22.6 4.55
4-1 70 70 4900 9.1 1.86
11 4-2 70 70 4900 10.6 2.16 2.17
4-3 71 70 4970 12.4 2.49
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Table E.8: Observation & Results of Compressive Strength Tests of Mortar at 28days

Avg Avg Failure | Compressive Avg. .
. W/C | Cube ' o Area Compressive
Mix . Length | width Load Strength
ratio No mm) | (mm) (mm2) (kN) (N/mm2) Strength
(N/mmz2)
1-1 70 70 4900 30.6 6.24
1.1 1-2 71 70 4970 35.9 7.22 7.18
1-3 70 70 4900 39.5 8.06
Mix 1 1-1 70 70 4900 33.8 6.90
Sand: 1.3 1-2 70 70 4900 30.3 6.18 6.53
Sludge
1- 70 71 4970 32.3 6.50
100: 0 3
1-1 71 70 4970 25.9 5.21
15 1-2 70 71 4970 32.6 6.56 5.88
1-3 70 70 4900 28.8 5.88
2-1 70 70 4900 46.5 9.49
0.7 2-2 71 70 4970 53.7 10.80 9.72
12-3 {0 AL 4900 43.5 8.88
Mix 2 = 2 70 10 4900 356 7.27
Sand: 0.9 &2-2 70 70 4900 33.4 6.82 6.91
Sludge
- 70 71 4970 33.1 6.66
90:10 23
2-1 71 70 4970 26.6 5.35
1.1 2-2 70 71 4970 35.6 7.16 6.46
2-3 70 70 4900 33.6 6.86
3-1 70 70 4900 47.0 9.59
0.7 3-2 71 70 4970 39.9 8.03 8.71
3-3 70 70 4900 41.7 8.51
. 3-1 70 70 4900 34.4 7.02
Mix 3
Sand: 0.9 3-2 70 70 4900 32.2 6.57 6.96
Sludge 3-3 70 71 | 4970 | 362 7.28
80:20 i i
3-1 71 70 4970 15.5 3.12
11 3-2 70 71 4970 18.9 3.80 3.61
3-3 70 70 4900 19.1 3.90
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Avg.

Avg. Avg. Failure | Compressive .
Mix W/.C Cube Length | width Area Load Strength Compressive
ratio No mm) | (mm) (mm2) (kN) (N/mm2) Strength
(N/mmz2)
4-1 70 70 4900 31.3 6.39
0.7 4-2 71 70 4970 30.6 6.16 6.17
4-3 70 70 4900 29.2 5.96
Mix 4 4-1 70 70 4900 17.3 3.53
sand: | g9 | 42 | 70 70 | 4900 | 214 4.37 4.32
Sludge
70:30 4-3 70 71 4970 25.2 5.07
4-1 71 70 4970 15.0 3.02
11 4-2 70 71 4970 19.0 3.82 3.10
4-3 70 70 4900 12.0 2.45
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Appendix F - Test Results of Concrete Paving Blocks

Table F.1: Observation & Calculation of Moisture Content

_ Trial | Weight of Welgh.t of WelghF of Moisture Avg.
Material NO can (g) wet soil + | dry soil + Content (%) Moisture
g can (g) can (g) 0 Content (%)
WT 1 20.980 29.459 27.466 23.51
PSludge 2 57.244 72.737 69.044 23.84 23.87
3 57.240 81.669 75.737 24.28
1 53.948 61.747 60.171 20.21
Bottom 2 56.22 76.65 72.43 20.66 20.61
Ash
3 75.477 88.351 85.65 20.98
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Table F.2: Observation & Calculation of Specific Gravity

: Trial i (Wa-W1) - | Specific
Material NoO W1 W> W3 Wi | (W2-Wh) (Wa-W2) | gravity
1 26.553 | 77.185 | 107.773 | 76.314 | 50.632 19.173 2.64
2 24.675 | 75.474 | 105.285 | 73.624 | 50.799 19.138 2.65
Sand
3 26.599 | 77.313 | 107.795 | 76.202 | 50.714 19.121 2.65
2.65
1 24777 | 37.783 | 77.726 | 74.745 | 13.006 10.025 1.30
WT 5 26.598 | 40.346 | 80.254 | 76.952 | 13.748 10.446 1.32
PSludge
3 24.68 | 37.856 | 77.668 | 74.736 | 13.176 10.244 1.29
1.
1 26.599 | 37.028 | 79.971 | 76.275 | 10.429 6.733 1.55
2 24,78 | 35126 | 77.956 | 74.256 | 10.346 6.646 1.56
Bottom
Ash 3 26,534 | 85\520511y 781836 OT 151662 8.99 5.786 1.55
% =)
s 1.55
1 24.62 | 60.389 | 96.342 | 76.293 | 35.769 15.72 2.28
2 26.595 | 62.429 | 97.231 | 77.325 | 35.834 15.928 2.25
Coarse
Aggregate 3 26.583 | 61.89 | 95.856 | 76.293 | 35.307 15.744 2.24
Average 2.26

Specific gravity = (W2-W1)/ (Wa-W1)-(W3-W2))

Where
Weight of specific gravity bottle - W1 (g)
Weight of specific gravity bottle and one third of aggregate - W- (g)
Weight of specific gravity bottle, one-third of aggregate and water- W3 (g)
Weight of specific gravity bottle and water - W4 (Q)
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Table F.3: Data and Result of Sieve Analysis Test

Sand
Sieve size Sieve Mass + Mass_in Cumulative Cumu_lative Passing
(mm) weight (g) | sieve (g) each sieve mass retained (% By
()] retained (g) | (%By mass) | mass)
4.250 1500.0 1524.3 24.3 24.3 1.62 100.00
2.800 577.9 630.4 52.5 76.8 5.12 94.88
1.180 508.2 846.8 338.6 415.4 27.69 72.31
0.850 483.1 714.3 231.2 646.6 43.11 56.89
0.600 468.5 750.4 281.9 928.5 61.90 38.10
0.300 432.1 857.6 425.5 1354.0 90.27 9.73
0.150 405.6 525.2 119.6 1473.6 98.24 1.76
pan 542.5 568.5 26.0 1499.6 99.97 0.03
Water Treatment Pgr%t Sludge (Kethhena)
Sieve size Sievé,j._g"_' NIRRT I\/Iass_in Cumulative Cumu_lative Passing
(mm) weight (g) | sieve (g) each sieve mass retained (% By
) retained (g) | (YoBy imass) | mass)
3.35 546 546 0 0 0 100
2.36 527 527 0 0 0 100
2 376 377 1 1 0.1 99.9
1.18 366 400 34 35 3.5 96.5
0.6 471 820 349 384 38.4 61.6
0.425 303 700 397 781 78.1 21.9
0.3 299 395 96 877 87.7 12.3
0.212 281 380 99 976 97.6 24
0.15 278 280 2 978 97.8 2.2
0.075 402 417 15 993 99.3 0.7
pan 462 466 4 997 99.7 0.3
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Bottom Ash
Sieve size Sieve Mass + Mass_ in | Cumulative Cumu_lative Passing
(mm) weight (g) | sieve (g) each sieve mass retained (% By
(9) retained (g) | (%By mass) | mass)
3.35 545 546 1 0 0 100
2.36 528 625 97 97 9.7 90.3
2 376 416 40 137 13.7 86.3
1.18 365 442 77 214 21.4 78.6
0.6 470 582 112 326 32.6 67.4
0.425 304 342 38 364 36.4 63.6
0.3 300 348 48 412 41.2 58.8
0.212 281 385 104 516 51.6 48.4
0.15 277 513 236 752 75.2 24.8
0.075 4017 503 102 8b4 85.4 14.6
pan 462  _ 606 144 998 99.8 0.2
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Table F.4: Compressive Strength of Concrete Paving Block at 7 days

' Weight of | Weight of Area Failure | Compressive ComAp\)\gssive
Mix No | the (shape the rect. (mm2) Load Strength Strength
9 © (N) | (ummg) | Uend

_ 11 5.2 43 24190 | 11535 56.30

Mix1 T2 T 52 43 24190 | 8715 4250 53.00
1-3 55 43 25580 | 1244.8 57.40
R 5.4 43 25120 | 7325 34.40

22 5.2 43 24190 | 8585 41.90 40.00
23 5.4 43 25120 | 907.0 42.60
3-1 5.4 43 25120 | 5963 28.00

Mix3 1735 5.3 43 24650 | 5843 28.00 28.00
3-3 55 43 25580 | 596.6 2750
4-1 5.4 43 25120 | 4288 20.10

Mix4 4 5.3 43 24650 | 387.2 18.50 20.00
43 | B4 £5 Jsiogatlivegs & Tero
5-1 | \a80 491 |! Tsgion ) Hbgs 50,20

Mix5 755 [ %0 4.0 55000 | 357.7 16.90 18.00
5-3 5.0 4.0 25000 | 3469 16.40
6-1 5.3 43 24650 | 689.4 33.00

Mix6 g 5.5 43 25580 | 637.2 29.40 31.00
6-3 5.4 43 25120 | 631.8 29.70
7-1 5.3 43 24650 | 569.3 2730

Mix7 175 1 53 43 24650 | 597.8 28.60 28.00
7-3 5.9 43 27440 | 6243 26.80
8-1 5.3 43 24650 | 4163 19.90

Mix8 [ g 5.4 43 25120 | 5493 25 80 22.00
8-3 5.4 43 25120 | 380.4 17.90
0-1 5.3 43 24650 | 4105 19.70

Mix9 9.0 5.4 43 25120 | 3807 17.90 20.00
0-3 5.4 43 25120 | 4206 19.80
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Table F.5: Compressive Strength of Concrete Paving Block at 14 days

' Weight | Weight Area Failure | Compressive Avg. .
Mix No of the of the Load Strength Compressive
shape rect. (mm2) (kN) (N/mm?2) Strength

11 4.9 43 | 22790 | 10989 56.90

Mix1 15 48 43 | 22330 | 1280.0 67.60 61.00
1-3 5.1 43 | 23720 | 11585 57.60
21 5.0 43 | 23260 | 9277 47.10

Mix2 1 55 47 43 | 21860 | 9623 51.90 50.00
2.3 48 43 | 22330 | 924.1 48.80
3-1 5.1 43 | 23720 | 7201 36.30

Mix3 1 35 5.0 43 | 23260 | 67556 34.30 37.00
3.3 5.0 43 | 23260 | 791.2 40.10
4-1 5.0 43 | 23260 | 6014 30 50

Mix4 1" 42 |51 Univbdsity @879001a 6787 28.80 29.00
43 ({E8) wani¢ bhraws| &5688 26:80
_ 51 =50 4.3 23960'%  565.1 28.70

Mixs> ™55 49 43 | 22790 | 5189 26.90 27.00
5-3 5.1 43 | 23720 | 4842 24.10
6-1 5.0 43 | 23260 | 9963 50.50

Mix6 ™65 5.1 43 | 22720 | 9200 47.80 49.00
6-3 4.9 43 | 22790 | 8850 45.80
71 5.0 43 | 23260 | 6637 33.70

Mix 71 7.5 4.9 43 | 22790 | 7828 40,50 39.00
7-3 5.1 43 | 23720 | 8427 41.90
8-1 5.0 43 | 23260 | 556.2 28.20

Mix8 " g5 5.0 43 | 23260 | 657.2 33.30 32.00
8-3 4.9 43 | 22790 | 6302 32.60
9-1 5.0 43 | 23260 | 580.0 29.40

Mix9 1" 9.0 5.1 43 | 23720 | 5105 25,40 28.00
0-3 5.0 43 | 23260 | 565.6 28.70
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Table F.6: Compressive Strength of Concrete Paving Block at 28 days

i | N || orthe | area | Falre | CONOIESC | Compresi
(@) rect. (mm2) (kN) (N/mm2) Strength
(0) (N/mm2)
1-1 5.2 43 | 24190 | 1406.8 68.60
Mix1 ™5 5.2 43 | 24190 | 1476.6 72.00 70.00
1-3 55 43 | 25580 | 14565 67.20
21 5.4 43 | 25120 | 1190.7 55.90
Mix2 55 5.2 43 | 24190 | 11230 54.80 56.00
2.3 5.4 43 | 25120 | 11910 55.90
3.1 5.4 43 | 25120 | 9732 45.70
Mix3 175 5.3 43 | 24650 | 976.0 46.70 45.00
3-3 5.5 43 | 25580 | 9102 42.00
4-1 5.4 43 | 25120 | 6554 30.80
Mix4 1742 | 53 4ty | RAORO {11738.1 36.00 34.00
43 |1EH) aaic [Thews & D56 34.60
51 | ©50 48 mripggotk | 655.8 31.00
Mix5 55 5.0 40 | 25000 | 622.0 29.40 32.00
5-3 5.0 40 | 25000 | 696.9 32.90
6-1 5.0 40 | 25000 | 11555 54.50
Mix6 6 5.0 40 | 25000 | 11224 53.00 54.00
6-3 4.9 40 | 24500 | 1096.9 52.80
| 7-1 5.1 40 | 25500 | 9095 42.10
Mix7 1775 5.0 40 | 25000 | 996.9 47.10 46.00
7-3 5.0 40 | 25000 | 9714 45.90
8-1 4.9 40 | 24500 | 7475 36.00
Mix 8 8-2 5.0 4.0 25000 | 7745 36.60 37.00
8-3 5.0 40 | 25000 | 7523 3550
0-1 4.9 40 | 24500 | 7352 35.40
Mix9 9.2 5.0 40 | 25000 | 7105 33.50 34.00
9-3 5.0 40 | 25000 | 680.0 32.10
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Table F.7: Unpolished Slip Resistance Value of Paving Block

Mix No USRV - (Unpolished Slip Resistance for Paving | Average Avg.
Blocks) of each USRV

1-1 95 90 90 90 90 91

Mix 1 1-2 90 90 90 95 90 91 90
1-3 90 85 90 90 90 89
2-1 90 85 90 85 85 87

Mix 2 2-2 85 90 85 85 85 86 86
2-3 85 85 85 80 85 84
3-1 80 80 85 85 85 83

Mix 3 3-2 75 80 80 85 80 80 80
3-3 80 75 75 80 80 78
4-1 80 80 80 75 80 79

Mix 4 4-2 80 75 75 80 75 77 78
4-3 75 80 80 80 75 78
o-1 .75 75 80 75 70 75

Mix 5 5-2 5:%.80 80 80 b A 77 76
53 (s a0 80 80 70 77
6-1 ) ) ) IS I) 75

Mix 6 6-2 75 75 75 70 75 74 75
6-3 80 75 75 70 75 75
7-1 75 70 70 70 75 72

Mix 7 7-2 70 75 75 70 70 72 72
7-3 75 75 70 75 70 73
8-1 65 65 70 70 70 68

Mix 8 8-2 70 70 65 65 70 68 68
8-3 65 70 70 65 70 68
9-1 65 60 60 65 65 63

Mix 9 9-2 60 65 65 65 60 63 63
9-3 65 65 65 60 65 64
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Table F.8 : Water Absorption of Paving Block

Mix No Dry Weight | Wet Weight WaFer Avg. Water
(kg) (kg) Absorption (%) | Absorption (%o)

1-1 4803.4 4991.4 3.91

Mix 1 1-2 4787.9 4996.5 4.36 4.06
1-3 4811.0 4999.0 3.91
2-1