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Abstract - The case study is for analysis and design
for reuse of waste water from Common Effluent
Treatment Plant. It is observed that in final outlet, all
parameters except Total Dissolved Solid are meeting
the standards of reuse. The Treatment tried is reverse
osmosis at lab scale. After number of trials, it is found
that with Reverse Osmosis, the TDS is reduced to less
than 2100 mg/lit, which is acceptable for reuse of waste
water for agricultural purpose. It is also technically and
hygienically feasible solution as farmers are drawing
waste water from ECP canal. For proposed plant, the
IMS design solution Hydranautics Design Software
version 2012 is used to get detailed design. The
statistical analysis is done and the mathematical model
that gives the required pressure for the value of TDS.
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1. INTRODUCTION

To meet with the growing water requirements, along with
the waste water from municipal sewage treatment plant, it
is going to be a need for thinking the reuse of waste water
from the industries wherever possible. It has already been
started in some of the big industries especially in metro
cities and it must be implemented at all level possible
industries. Examples are textile industry, pharmaceutical
industry, food and beverage industry where reuse of
waste water is in consideration at few places, Shiva
Pharma Chem Ltd. Vadodara and Barmoli STP in Surat is a
source for Pandesara users, Ultrafiltration (UF), reverse-
osmosis (RO) and a membrane bioreactor (MBR) will all
be part of a 32,420 m3/d effluent treatment and recycling
plant to be built in India by Chennai-based VA Tech Waba.
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Chart 1: Per Capita Water Availability In India
(Source Resources (2009): Govt. Of India, Ministry of

Water

From last 5 decades, the variation for increase in
population and decrease in available water is noticeable.
Waste water reuse is not only the requirement but it
provides eco-friendly benefits like
o Adependable locally-controlled water supply
e Environmental benefits like decreasing
wastewater discharges
e Reducing and preventing pollution
e To create or enhance wetlands and riparian
habitats, etc.
e To decrease the diversion of water from sensitive
ecosystems
e Decreases Discharge to Sensitive Water Bodies
e Reduction in Pollution
e Saving Energy

1.2 Key Objectives for Water Reuse Concepts

Scientists working [6] closely on the issues of water reuse
are far from having solved all concerns related to the
practice. From Decision Support Systems to the simplest
analytical tools, all knowledge is valuable. As public health
concerns are normally among the main constraints for
reuse any scenario will need to include detailed risk
assessments. Once the basic calculations were performed,
after that a final decision whether the scheme can be
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implemented should be based on three phases of risk
assessment; analysis, calculation and communication. This
will allow fulfilling the key objectives of reuse of waste
water: increasing the amount of water resources available,
under an acceptable risk with a public full knowledge.
Although wastewater reclamation and reuse has gained
approval as a necessary tool to be included in sustainable
integrated water resources management, there are still
several key points to be developed for safe use of the
resource. Among the most important items to be
developed by adequate research and development (R&D),
the risk approach appears to be paramount at present for
several reasons

» It could finish the old controversy on restrictive or not
so restrictive standards

»It can allow qualifying a reclamation treatment
depending on quality of water obtained

> It is a good tool to define the acceptable risk for a given
society with its particular conditions

2. A REVIEW OF WASTEWATER TREATMENT BY
REVERSE OSMOSIS
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Figure 2: Process Of Treatment Inside Membrane

RO systems are simple to design and operate; they have
low maintenance requirements and are modular in nature,
making expansion of the systems easy both inorganic and

organic pollutants can be removed simultaneously by the
RO membrane processes.

e RO systems allow recovery/recycle of waste process
streams with no effect on the material being recovered.

e RO membrane systems often require less energy, offer
lower capital and operating costs than many
conventional treatment systems.

e RO processes can considerably reduce the volume of
waste streams so that these can be treated more
efficiently and cost effectively by other processes such
as incineration.

e RO systems can be replaced or used in conjunction with

others treatment processes such as oxidation,

adsorption, stripping, or biological treatment to
produce high quality product water that can be reused
or discharged. Applications that have been reported for

RO processes include treatment of organic matter

containing wastewater, wastewater from

electroplating, metal finishing, pulp and paper, mining,
petrochemical, textile, food processing industries,
radioactive wastewater, municipal wastewater, and

contaminated groundwater [6].
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Figure 3: Layers Of Membrane

(Source: Hydranautics Design Software version 2012)
They [15] have compiled separation and flux data of
cellulose acetate membranes for a large number of the
organic compounds, including many organic pollutants.
They found that organic separation can vary widely (from
<0% to 100%) depending on the characteristics of the

organic (polarity, size, charge, etc.) and operating
conditions (such as feed pH, operating pressure, etc.). It
was, [14] reported that some of the factors influencing
separation of the several different organics (including
acetone, urea, phenol, 2, 4-dichlorophenol, nitrobenzene)
by cellulose acetate membranes. Rejections varied
considerably for the different solutes, and rejections of
ionizable organics were greatly dependent on degree of
dissociation; nonionized and hydrophobic solutes were
found to be strongly sorbed by the membranes and
exhibited poor rejection. Duvel and Helfgott (1975) found
organic separations varied with molecular size and
branching; they postulated organic separation was also a
function of the solute's potential to form hydrogen bonds
with the membrane.
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Figure 4: The Operation Of Both Membrane Types With

Respect To Feed Pressure And Temperature Vs Time

(Source: New Membrane Research and Development

Achievements)

The specific flux of the LFC is lower than the specific flux
of the low pressure RO membrane; therefore the initial
feed pressure was about 90 psi, which is slightly higher
than the initial pressure of the low pressure membrane at
similar operating conditions. The low pressure membrane
permeate flux decreased very rapidly, almost doubling,
within the first 2000 hours of operation. The feed pressure
had to be increased from approximately 70 psi to more
than 160 psi, to maintain a constant permeate flux of 10
gfd. The LFC membrane, on the other hand, operating at an
even higher permeate flux rate of 12 gfd remained very
stable at a level of 90-100 psi for the duration of the opera

ting period.

Lachatte (SDB) , Back Wash (DMF)

¥
0ooo [
EARTH WARM FITS i

Existing flow Diagram of CETP (Umarya)

Figure - 5: Process Flow Diagram Of CETP

The effluent received from members through tanker is
unloaded in the Equalization tank after checking COD. For
thorough mixing & homogenization of effluent received
from various industries, at bottom of Equalization tank,
HDPE piping grid is installed. 25/15HP air blowers are
installed at the tank for complete homogeneous mixing of
the effluent received from member units. From here, the

effluent is lifted to Flash Mixer. At this tank, continuous
dosing of Hydrated lime and Aluminum Sulfate (Alum)
slurry is done for flocculation & coagulation. A high-speed
stirrer is provided to get complete mixing of dosing
chemicals with effluent. After mixing the effluent is
transferred to Primary Settling Tank. Sludge Pumps
remove the settled sludge from the bottom of the tank. The
supernatant from this tank flows by means of gravity to
Aeration Tank for biological Treatment.

2.1 Reverse Osmosis Treatment

For removal of TDS the RO plant at lab scale was installed
at the plant and continuous readings were taken to decide
the type of treatment to be given. The lab scale RO with a
small pretreatment of RO downy membrane filter was
installed and the dematerialized water was allowed to
pass through it. For number of days, the sample was
passed through RO. Such 14 trials are done the results are
as shown in table below. Figure 4.8 shows the lab scale
setup of treatment. Height of storage tank was 15 ft. from
the RO system. 0.5 HP motor was fitted. The specifications
for lab scale RO system are:

Maximum Flow = 6.75 GPM

Maximum Pressure = 175 Psi

Maximum Temperature = 100 °F

Service Life = 1000 GAL

The sample was given to storage tank and retention time

of minimum 2 hours is given, the capacity of tank was 20
lit. The filtrate was collected and the recovery was
achieved up to 75 % in the treatment applied. It clearly
shows that treatment is effective for the removal of TDS
from the waste water and quality output is there which
meets the standards for reuse of waste water.

VYV VY

2.2 Design Data

Design criteria for proposed plant are as follows:

Source of wastewater treated effluent of CETP = 1400
m3/day

Design flow of waste water = 58.33 m3/hr.
Total dissolved solids = 10000 mg/lit
Recovery factor = 75-85 %

PH=65-6.8

COD=10 mg/lit

BOD =3 mg/lit

MPN =2.2 /100 mi

Turbidity =3 NTU

Design temperature = 29 °C
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2.3 Basic Transport Equations in Reverse Osmosis

= Once the RO system has been installed, both
membranes assembly must be tested for fluxes,
salt  rejection, recovery under various
temperatures, pressures, and feed water
salinities.

Water Flux

= The following equation defines the water flux:

= J1=K1 (AP-Al)

= KI1=KwXA/

= [I=1.21TZXMi

= Where,

= J1 =Water flux [m3/m2/sec]

= P = Hydraulic pressure differential across the
membrane [atm]

= AIl = Osmotic pressure differential across the
membrane [atm]

= K1 = Pure water transport coefficient, i.e. the flux
of water through the membrane per unit driving
force [m3/m2/sec atm]

= Kw = Membrane permeability coefficient for
water

= A=Membrane area [m]

= (= Membrane thickness [m]

= T =Feed water temperature [K]

= Mi = Molality of the ith ionic or nonionic
materials.

= K1 is given by the membrane manufacturer or
may be found by solving the equation at the
standard test conditions. It depends on the
membrane properties, temperature of the system
and the chemical composition of the salt solution.

Salt Flux

= The salt flux is an indicator for the membrane
effectiveness in removing salts from water. The
salt flux is a function of the system temperature
and the salt composition. Therefore, it is a
property of the membrane itself and indirectly
related to the feed pressure. It is proportional to
the salt concentration difference across the
membrane, according to the following equations;

»  J2=K2xAC

= AC=Cf-Cp

= Where,

= J2=Salt flux [Kg/m2/sec]

= K2 =Salt transport coefficient [m/sec]

= Cf=Salt concentration in the feed [Kg/m3]

= Cp=Salt concentration in the product [Kg/m3]

= Since the water flux through the RO membrane is
higher than that of salt, there is an accumulation
of salt on the membrane surface on the
pressurized side of a membrane. This
phenomenon is called concentration polarization.
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= The increase in concentration polarization has
two effects:

e Increases the osmotic pressure, and reducing
the water flux across the membrane.

e Increases the driving force of the
concentration  difference  across  the
membrane, which reduces the driving
potential, increases the salt passage and gives
poor product quality. All these effects
increase the capital cost and the power
requirements per unit of potable water
produced.

Salt Rejection

Salt rejection expresses the effectiveness of a
membrane to remove salts from the water. It can be
calculated from the following equation;

%Salt rejection= (1- Product concentration/ Feed
concentration) x 100 %
%Salt rejection = (1- Product TDS/ Feed TDS) x 100 %
%Salt rejection = 1 - %Salt passage
The salt passage depends on the feedwater
temperature and composition, operating pressure,
membrane type and material, and pretreatment. Salt
passage and bundle pressure drop are the two
indicators of membrane fouling.

Recovery

The recovery rate for an RO system is: Recovery(R) =
(Qp/ Qf) x *100%
Where, Qp = Product flow [m3/day]
Qf = Feed flow [m3/day]
The recovery is specified by the feed water salinity.
Increasing the recovery raises the brine concentration
and the osmotic pressure, thus decreasing the
permeate flux and increasing the total dissolved solid
(TDS) in the product. We can increase the recovery by
increasing the number of banks in the system. The
above transport equation leads to the following
important conclusions:
*= Jlisproportionalto AP
= ]2 is proportional to AC and is independent of the
applied pressure. The increase in the operating
pressure increases the water flow without
changing the salt flow.

3. Methodology - Hydranautics Membrane Solutions
Design Software, v. 2012

The Hydranautics design software package offers
ultrafiltration (UF), RO, and UF+RO design options. It has
two inputs RO DESIGN AND DESIGN SOFTWARE 225.
Primary input screen shows "calculate" button for Toray
DS design program.
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The menu bar allows the designer to go to the "Analysis"
or "File" screens or to the help screen. The help menu
opens up a long list of issues that the designer can find
assistance with. Additionally, several of the program
inputs allow the designer to double click on the input
query and information about that issue will pop up on the
screen.

The first input screen is the water analysis screen. This
screen is where the designer inputs the water analysis,
either as ppm ion or ppm calcium carbonate. The screen
also has inputs for iron, SDI, hydrogen sulfide, and
turbidity. There is a drop-down menu where the feed
water source is input. The bottom of the page lists the
scaling indices. Once the "analysis" page has been
completed, the "RO Design" input screen can be called up
by clicking on the appropriate button. "Help" contents of
Hydranautics IMS Design program.

3.1 Use of Hydranautics Membrane Solutions Design
Software, v. 2012

Hydranautics Membrane Solution Design software shows:

Water analysis input screen of Hydranautics IMS Design
program.

Primary design input screen of Hydranautics IMS Design
program.

Number of stages per pass: Permeate, Backpressure,
Array, Membrane selection and Run, perform the design
calculations. pH and chemical feed are located at the upper
right and upper left of the screen, respectively.

The designer can select sulfuric acid or caustic (or none)
for chemical feed. Once the chemical feed is selected, the
desired pH is entered. The chemical dosing rate required
will appear in the top center of the screen. For general
projections, the membrane age is of 3 years should be
selected, which assumes a 3 year membrane life. This
input works closely with the flux decline and salt passage
increase inputs. Selecting performance at end-of-life for
the membranes will yield the operating parameters
necessary after years of fouling and scaling of the
membrane. Flux decline per year input is located in the
upper left of the screen. Recommended percentage flux
decline per year is a function of feed water quality. The
flux decline increases as the water quality gets worse. Salt
passage increase is located in the upper left of the screen,
just below the flux decline input. Recommended
percentage salt passage increase per year is a function of
feed water quality.

The salt passage increases as the feed water quality goes
down. Clicking on the ‘Recalc Array’ button will change the
selected array to one that is more appropriate for the
conditions entered into the program. "Auto Display”

allows the designer to opt for a full report rather than a
summary report of the projection. The full report that
comes up on the screen is what the hard copy will look
like. The summary report comes up after the calculations
are performed by software. The top half of the screen
shows the input values, while the bottom half gives a
summary of the projected performance. To change any
variable and rerun, Summary report output screen of
Hydranautics IMS Design program. Hydranautics’
recommended salt passage increase percentages per year
as a function of feed water quality.

SYSTEMDE SIGN projections, click on "Next”. This brings
the designer back to the screen. The hard copy output
from the Hydranautics design program is two pages. The
first page of the hard copy output shows the inputs and
project outputs for the design, the projected water quality,
and the scaling indices. The second page includes the
element-by-element projection data. Here the design is
done with the help for the Hydraunautics design software
version 2012. The output is showing all the components.
For the implementation, following is the front screen of
design software.

TR e e |
File Analysis RO Design UF Ireatment Calculation Help
Project  [CETP UMRAYA Code [CETPUM  Feed [wastewater _~| pate [2382012
pH 658 Turb [ 30 Econd | 1aes2 usfem €0z [ 170.100 ppm
Temp | zrolc < soi | 0.0[15mn | H2s | 00 ppm  Fe 3.500 PPM
Ca 1000.0 |ppm hd 49.88 meq co3 0.3 |ppm 0.01 meg
Mg 500.0 [ppm x| 41.15 meg HCO3 500.0 |ppm hd 220 meq
Ha 12835 [ppm | 55.50 meg S04 500.0 [ppm  ~| 10.42 meq
K 15.0 [ppm *| 0.38 meq cl 4587.0 [ppm ¥ | 129.39 meg
HH4 45.0 |ppm 2 250 meg F 1.7 [ppm = 0.03 meg
Ba 0.000 |ppm 2 0.00 meq NO3 100.0 |ppm = 161 meg
Sr 0.000 [ppm - | 0.00 meq B 10.00 jppm  ~| 0.00 meg
sioz 150 |ppm | 0.00 megq
Total positive lm meq Autobalance | Total negative lm meq
Calculated TDS 8558 ppm lonic strength 0.201 Print
CaS04 saturation 238 % BasSOd saturation 0.0 %
Silica saturation 18 % SrS04 saturation 00 % ESane]
Saturation Index 06 [Langeier v | Osmotic pressure safpsi  v|

Figure 6: Screen shot for analysis
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Figure 7: Second Page for anaysis
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Figure 8: Two stage system

3.2 Model Membrane Element LFC3-LD

Looking to the area available with LFC3-Ld, it is selected

from the available options. It has following features:

» Low Fouling Technology is selected as it can treat high
TDS waste water

» Performance: Permeate Flow: 11,000 gpd (41.6 m3/d)

» Salt Rejection: 99.7 % (99.5 % minimum)

Type Configuration: Low Fouling Spiral Wound
Following are the design configurations for low fouling spiral
wound.

» Membrane Polymer: Composite Polyamide

» Neutrally charged

» Membrane Active Area: 400 ft2 (37.1m2)
Feed Spacer: 34 mil (0.864 mm) with biostatic agent

3.3 Application Data* Maximum Applied Pressure:
600 psig (4.16 MPa)

Application data for maximum applied pressure is as

below.

» Maximum Chlorine Concentration: < 0.1 PPM

» Maximum Operating Temperature: 113 F (45C)

» pHRange, Continuous (Cleaning): 2-10 (1-12)*

» Maximum Feed water Turbidity: 1.0 NTU

» Maximum Feed water SDI (15 mins): 5.0

» Maximum Feed Flow: 75 GPM (17.0 m3/h)

» Minimum Ratio of Concentrate to Permeate Flow for
any Element: 5:1

» Maximum Pressure Drop for Each Element: 10 psi

The limitations shown here are for general use. For

specific projects, operating at more conservative values

may ensure the best performance and longest life of the

membrane.

Test Conditions

The specifications for test conditions are as below:

» The stated performance is initial (data taken after 30
minutes of operation), based on the following
conditions:
= 1500 PPM NaCl solution
= 225 psi (1.55 MPa) Applied Pressure

77 F (25 °C) Operating Temperature

= 15% Permeate Recovery

= 6.5-7.0p"Range

Model Nom prod. Raj. Element type
EsPA1-2040 2,600 gpd, 9.3 rejection, Low pressure composite 2.0 % a0.0
ESPA2-4040 1,900 gpd, 99.6% rejection, Low pressure composite 4.0 x 40.0
EsPAe-2040 2,500 gpd, 9.2% rejection, Lowest pressure composite 4.0 x a0.0
ESPA2-LD4040 2,000 gpd, %9.6% rejection, Low pressure Low Dp 4.0 x 40.0
CrAD-LD&USU 2,100 gpd, 9. rejection, Hign Kejection Low Up alu x au.u
LFC3-LD4040 2,100 gpd, 99.7% rejection, High Rejection Low Dp 4.0 x 40.0
ESPA1 12,000 gpd, 99.3% rejection, Low pressure composite 8.0 x 40.0
ESPA2 9,000 gpd, 99.6% rejection, Low pressure composite 8.0 x 40.0
ESPAZ MAX 12,000 gpd, 99.6% rejection, Low pressure composite 8.0 x 40.0
ESPA2-LD 10,000 gpd, 99.6% rejection, Low pressure composite 8.0 x 40.0
ESPA4 MAX 13,200 gpd, $9.2% rejection, Lowest pressure composite 8.0 x 40.0
ESPA4 LD 12,000 gpd, 99.2% rejection, Lowest pressure composite 8.0 x 40.0
ESPABR MAX 5,000 gpd, 99.3% rejection, High Boron Rejection 8.0 x 40.0
CPA2 10,000 gpd, 99.7% rejection, High rejection composite 8.0 x 40.0
CPA3 11,000 gpd, $9.7% rejection, High rejection Low Dp 8.0 x 40.0
CPAS MAX 12,000 gpd, 99.7% rejection, High Rejection Low Dp 8.0 x 40.0
CPAS-1D 11,000 gpd, $9.7% rejection, High Rejection Low Dp 5.0 x 40.0
(©LE Cancel Select then OK or Double Click

Figure 9: Type Of Membranes Available For Selection
By = B "

Element Selection
Model Nom prod. Rej. Element type
CPA3 11,000 gpd, 93.7& rejection, High rejection Low Dp 8.0 x 40.0
CPAS MAX 12,000 gpd, 99.7% rejection, High Rejection Low Dp 8.0 x N
cPAS-LD 11,000 gpd, 99.7% rejection, High Rejection Low Dp 5.0 x 40.
99.7% rejection, 8.0 x 40.0
SanRO-HS-4 2,200 gpd, 99.78% rejection, San RO, Heat Sanitized 4.0 x 40.0
SanRO-HS-8 8,800 gpd, 99.7% rejection, San RO, Heat Sanitized 8.0 x 40.0
SanRO-HS2-4 3,000 gpd, 95.68 rejection, San RD, Heat Sanitized 1.0 x 40.0
SanRD-HS2-8 14,000 gpd, 99.6% rejection, San RO, Heat Sanitized 8.0 x 40.0
SWC-2540 500 gpd, 99.5% rejection, Seawater composite 2.5 x 40.0
SWC5-4040 1,900 gpd, 99.7% rejection, Energy Saving SeaWater 4.0 x 40.0
SWCS_LD4040 1,750 gpd, 99.7% rejection, Energy Saving Seawater 1.0 x 400
SWCE-4040 2,500 gpd, 99.7% rejection, Seawater composite 4.0 x 40.0
SWC4B 6,500 gpd, 99.8% rejection, Highest Boron Rejection 8.0 x 40.0
SWC4B MAX 7,200 gpd, 99.8% rejection, Highest Boron Rejection 8.0 x 40.0
sweas 6,500 gpa, 99.8% rejection, Highest Bovon Rejection 2.0 x 40.0
SWC4 MAX 7,200 gpd, 99.8% rejection, Seawater Max Area 8.0 x 40.0
SWCS 9,000 gpd, 99.8% rejection, Energy Saving SeaWater 8.0 x 40.0
SWC5 MAX 9,900 gpd, 99.8% rejection, Seawater Max Area 8.0 x 40.0
©LE Cancel Select then OK or Double Click

Figure 10: selection Of Membrane Module
3.4 LFCD-F3 Membrane

Following figure shows the details and working of LFC3-
LD
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Figure 11: Membrane LFC3-LD
(Source: Hydraunautics Design Software version 2012)
3.4.1 Design by Hydranautics software

Input parameters are added in software and the detail
design generated, as end result.
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Hydrarauics Membrane Sokufions Dissign Sofwars, v 2012 ROSH2 HyOranUees Membrans Eolbans Design Sofware, v. 2012 a2z
BASIC DESIGN BASIC DESIGN
RO program licensed to- RO program licensed to:
Caleuiation created by: Calculation created by:
Project name: CETP UMRAYA Pemeate flow: 60 mitr Project name: CETP UMRAYA Pemeate fow: 60.00 mihr
HP Pump fiow: 823 mibr  Rlaw water fow: 23 mir HP Pump flow: 023 m3br  Raw water fow: 03 mifhr
Feed pressure: 170 b Pemeate recovery: B0 % Feed pressure: 17.1 bar  Pemeate recovery. 60 %
Feedwater Temperature: 70 C{8F) Feadwater Temperature: 210 C{81F)
Feed vater pH. 500 Element age: 00 years Feed water pH: 500 Element age: 00 years
Chem dose, ppm (21%}: 13212 HCl Flux dedline % per year 0 Chem dose, ppm (21 13212 HOl Flux decline % per year 70
Fouiing Facior 1k Euuhng Factor 00
Salt passage increase, “hiyr 100 Salt passage ncresse, iy 100
Auerage fun e 192 Imlh  Feedtype: Wastewater Auerage fun rate: 102 imZhr  Feed type: Wastewater
Sage  Pem. FlowVessel Fix  Bela  ConcAThot Eement  Sem  Amy Stage  Pem. Flow/Veszel Fx  Befa Conc. &Thrat Element ~ Elem  Amay
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Figure 12: Desing output by software
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At the initial stage of CETP: the primary. secondary and
tertiary treatments were tried and reduction was good in
parameters, but not up to the mark as per standards of
disposal.

It also concluded that if efficiency of filtration system by
filter press, it can remove further turbidity in a range at 3-
5 NTU. The COD will be in the range of 150-250 mg/lit &
BOD range of 20-30 mg/lit.

4. CONCLUSIONS

» If the units are expanded, then according to the quality
to be treated, the experiments are to be carried out.

» If the member industries are not following the criteria
for giving waste water to CETP, then it can be
challenging to maintain quality of waste water in
CETP.

» If the number of industries, tankers for giving waste
water is not maintained, according to quality and
guantity design criteria then quality output for
disposal to ECP is difficult.

» RO reject has to be handled carefully. Evaporator can
be designed instead of disposal to ECP channel or to
put in equalization tank. Many industries are mixing
reject at equalization tank. If evaporator is to be
designed, then solar evaporator is a better option.

» At present 1000-1500 KL water is disposed in ECP
canal and it ultimately reaches to sea, instead member
industries should use this RO treated water and
cooperate with many count by that be recirculation in
cost of fresh water and saving through water quantity.

» Proper maintenance of plant and continuous
monitoring is required for quality output.

» Replacement of membrane as per requirement has to
be done time to time carefully for successful operation
of plant.

REFERENCES

[1] A.Bahril, P. Drechsell and F. Brissaud2, (2007)
Water reuse in Africa: challenges and opportunities,
International Water Management Institute, Africa
2007, Working Paper 128 Wastewater Reuse and
Recycling Systems: A Perspective into India and
Australia

[2] AcChanan, J. Kandasamy, S.Vignswaran, D.Sharma
(2009), A gradualist approach to address Australia’s
urban water challenge, Science Direct, Desalination
249,1012-1016.

[3] Abdul Kalam A P ] (2005) “Integrated Water Mission”,
Inaugural Address at the National Water Convention
2005, Indian Plumbing Today, Special Issue 2005:24-
28.http://www.presidentofindia.nic.in

[4] Abu Mad i, M., Braadbaart, O., Al-Sa’ed, R., & Alaerts,
G. (2003). Willingness of farmers to pay for reclaimed
wastewater in Jordan and Tunisia. Water Science and
Technology: Water Supply, 3 (4), 115-122

[5] Achilleos, A., Kythreotou, N., & Fatta, D. (2005).
Development of tools and guidelines for the
promotion of the sustainable urban wastewater
treatment and reuse in the agricultural production in
the Mediterranean Countries. Technical Guidelines
on Wastewater Utilization , European Commission,
June 2005

[6] Bixio, D., Thoeye, C., De Koning, J., Joksimovic, D.,
Savic, D., Wintgens, T., & Melin T. (2006) Wastewater
reuse in Europe. Desalination, 187, 89-101

[71 Crook J 2005, (2005), Environmental Engineering
Consultant Boston, Massachusetts USA; UNEP, Water
and wastewater reuse. An environmentally sound
approach for sustainable urban water management.

[8] Crook, J. and Surampali, RY. (1996), ‘Water
Reclamation and Reuse Criteria’, Water Science and
Technology, Vol. 33, No.10-11, pp. 451-462.

[9] EHuertas, M.Salgot, J.Hollender,S.weber, W.Dott,
S.Khan, A.Schafer, R.Messalem, B.Bis, A.Aharoni,
H.Chikurel, (2008), “ key objectives for water reuse
concepts”, Science Direct, Desalination 218, 120-131

[10] J. Deboer t and k. D. Linstedt, Advances in water reuse
applications,(1985)  American  Water  Works
Association, Water Res. VOI. i9, No. 11, pp, 1455-
1461, 1985

[11] Jimenez B. (2005) Helminth Ova Removal from
Wastewater for Agriculture and Aquaculture Reuse,
5th International Symposium on Wastewater
Reclamation and Reuse for Sustainability of the
International Water Association, 7-8 November 2005,
Jeju, Korea

[12] Jolanta Dvarioniene, Zaneta Stasiskiene,(2006),
Integrated water resource management model for
process industry in Lithuania, Journal of Cleaner
Production 15 (2007) 950e957, science direct

[13] Metcalf & Eddy, Inc.. Wastewater Engineering:
Treatment and Reuse, Chapter 13, Fourth Edition,
McGraw-Hill, New York (2003).

[14] Rehab Daher, Monther Hind, (2006)Civil Engineer
"Water and Sanitation" , Protection of Groundwater
Resources by Grey Wastewater Management and
Reuse , "When Conventional Wastewater

© 2015, IRJET.NET- All Rights Reserved

Page 990


http://www.presidentofindia.nic.in/

u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 02 Issue: 04 | July-2015

www.irjet.net

p-1SSN: 2395-0072

Management is not Affordable" Palestinian

Wastewater Engineers Group - PWEG, dec

[15] Sorrirajan and Matsuurs (1985), Reverse Osmosis/
Ultra filtration Principles, National Research Council
of Canada, Ottawa, Canada United Nations
Secretariat: The World Population Prospects 2006.
US Environmental Protection Agency (US EPA)
(1998), Water Recycling and Reuse: The
Environmental Benefits, EPA909-F-98-001,
Washington, D.C., USA.

[16] Yatsuka Kataoka (2002) Bangkok, Asia-Pacific Forum
for Environment and Development 2002 Water for
Sustainable Development in Asia and the Pacific,
Overview.

BIOGRAPHIES

DrKomal P. Mehta is
working as  Associate
Professor in Civil

Engineering Department at
ITM Universe, Vadodara.
She has done Ph.D in
Environmental Engineering
and two times received

research grant from GUJCOST. She has published
more than 15 research papers in area of Env Engg.

© 2015, IRJET.NET- All Rights Reserved

Page 991



