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ABSTRACT 
The major pathways of water reuse include irrigation, industrial use, surface water replenishment 
and ground water recharge. The quantity of water transferred through each pathway depends on 
the watershed characteristics, climatic and geohydrology factors, the degree of water utilization 
for various purposes, the degree of direct and indirect water reuse. Water reuse loop should be 
depending on public health criteria, Engineering, economics, aesthetics and more importantly 
public acceptance. Considering the complexity of waste water reuse projects following aspects 
are to be taken care for successful implementation of project for reuse of waste water. Here the 
case study is taken for common effluent treatment plant at Umraya, Padra, Gujarat which is 
running efficiently and experiments show that waste water can be reused. The waste water was 
collected and examined for almost one year. The lab scale RO treatment was given to waste 
water and after receiving good results, the design was suggested to that plant. The design is 
made with the use of Hydranautics design software version 2012. In this paper main focus is on 
the design part with software. We have to give input parameters and with all details we are 
getting design in pdf format. It gives details for membrane stages, pass, flux, power etc. which is 
very useful for filed implementation. It shows that software gives accurate design with least 
possible error and user friendly so world while accepted. 
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INTRODUCTION 
The treated industrial wastewater is preferred 
for reuse due to its lower concentration of 
impurities as compared to seawater and its 
proximity to the occasion of demand.In all 
urban areas of the state, waste water can be 
reused in an easy manner and used for 
industrial and horticultural purpose. If water 
reused is done in urban areas of Gujarat, the 
value of water made available for use could be 
as high as Rs1,800 crore per year. So it is 
feasible for the option of reuse of waste water 
in central Gujarat region. According to the data 
collected during Census 2011, more than 29% 
of the total number of households in Gujarat, 
receive untreated drinking water.1,2 
It is the intention of the Legislature that the 
state undertakes all possible steps to encourage 
development    of   water recycling facilities so  

that recycled water may be made available to 
help meet the growing water requirements of 
the state. Due to technically proven waste 
water treatment technologies, water reuse has a 
rightful place and has an important role in the 
planning and efficient use of water resources. 
However, public concerns about public health 
and environmental issues will need to be 
addressed in a more rigorous and transparent 
manner than has occurred in past.3 
Literature review 
Since its founding in 1975, Hydranautics has 
been committed to the highest standards of 
technology research, product excellence, 
customer  satisfaction. Hydranautics software is 
continuously involved in research and techno-
logy, result of which is ongoing development of 
a range of specialized membrane products. 
Hydranautics' products are currently in use for 
diverse applications as potable water, boiler feed 
water, industrial process water, wastewater *Author for correspondence 
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treatment, surface water treatment, seawater 
desalination, electronic rinse water, agricultural 
irrigation and pharmaceuticals.4  
Hydranautics is first membrane manufacturer to 
meet the highest quality standards with ISO 9001 
Quality System Certification.  
Hydranautics, membrane separation technology, 
provides two software programs: 

IMS design - A comprehensive software design 
program that allows the user to design a 
membrane system using Hydranautics 
membranes.  
RO Data - An easy to use the normalization 
program that tracks the performance of any 
RO system to assure optimum performance 
(Fig. 1).  

 
Fig.  1 : Reverse osmosis membrane 

It tracks RO system performance and 
specifically designed to be a user-friendly 
interface for RO system operators. To assure 
the highest standards of data integrity, 

normalization program is in compliance with 
ASTM Standard D 4516-85, Standard Practice 
for standardizing reverse osmosis performance 
data (Fig. 2).5 

 
                                         Source: Hydranautics Design Software version 2012 

Fig.  2 : Layers of membrane 

Reuse of  industrial waste water 
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  
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32,420 m³/d effluent treatment and recycling 
plant to be built in India by Chennai-based VA 
Tech Waba.6 

MATERIAL AND METHODS 
Study area 
The site is selected based on the quality of 
maintenance and nearby area of plant. It is  
located at Padra, Umraya, Vadodara, Gujarat, 
India It is treating waste water up to the mark and 
in nearby area industrial area is existing so 
possibility of reuse is there. 

Details of common effluent treatment plant 
As per treatment scheme for flow of 2250 
M3/day, two stage aeration followed by 
Secondary Clarifier treatment process is 
provided. Total Six Nos. of 25 HP Surface 
Aerators and one tank with surface aeration 
(Mechanical), aeration system by two nos. of air 
blowers are installed for biological treatment. 
However, as the present effluent quantity is less 
only two of aeration tank (capacity1980 M3) is 
taken in operation (Fig. 3 to Fig. 8).  

 
Fig. 3 : Lime and alum solution tank 

 
Fig. 4 : Aeration tank 

 
Fig. 5 : Pressure sand filter 

 
Fig. 6 : Aeration tank 

 
Fig. 7 : Secondary clarifier 

 
Fig. 8 : Primary clarifier 
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The MLSS by vermi composting and micro 
active enzymes has been developed. This is a 
unique method of bacterial development. It is 
very effective against any shock load at the 
aeration tank. They are able to maintain 3500-
4000 mg/L MLSS level at Aeration Tank. This 
makes biological system more effective. At 
tertiary treatment, four Dual Media Filter tanks 
are provided. Each tank is designed for 69 M3 
per hour flow rate. The filter media comprises 
granular Activated Carbon, coarse sand and 

pebbles. It is helpful in operation of the filters 
in parallel and in series as per the requirement. 
Chlorination system is also provided as and 
when required before disposal.They are able 
tomaintain the disposal norms of the GPCB. 
Final treated effluent are disposed of to ECPL 
canal (Fig. 9).7 At present, the water is 
balanced at CETP as shown in figure major 
quantity is thrown to ECP canal which can be 
avoided and reuse of watse wtaer can be  a 
prctice for the benefit of near by area (Fig. 10). 

 
Fig.  9 : Process flow diagram of CETP

 
Fig.  10 : Water balance diagram of CETP 

The effluent received from members through 
tanker is unloaded in the equalization tank 
after checking COD. For thorough mixing and 
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 
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flocculation and 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. 
RO plant with extra downy membrane filter 
and Hydranautics design software version 
2012. 
Experimental work 
For the said plant, parameters were measured 
shown in Table 1. 
Reverse osmosis treeatment 
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.8 
The sample was passed through RO. Such 14 
trials are done the results are as shown in table 
below. Thelab scale setup of treatment was 
constructed and the details area as under. 
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.The results of 
lab scale treatment are as under. 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. 

RESULT AND DISCUSSION 
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 = 6.5 – 6.8 
COD= 10 mg/lit 
BOD = 3 mg/lit 
MPN = 2.2 /100 ml 
Turbidity = 3 NTU 
Design temperature = 29 °C 
Design of reverse osmosis treatment 
For the case study of CETP waste water 
treatment, reverse osmosis design is done with 
design software Hydranutics version 2012. 
The input parameters are as under. 
MPN – 2.2/100 ML 
COD – 10 MG/LIT 
BOD- 15 MG/LIT 
TDS – 8000 MG/LIT 
Turbidity – 3 NTU 
Hydranautics membrane solutions design 
software, version 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, 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.  

Methodology for design by hydranautics 
design software version 2012 
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 of3 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 
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Table 1 : Characteristics of parameters of CETP during pilot plant study 

Date 
Temperature Initial 

TDS Final TDS 
PH Turbidity 

(NTU) 
BOD TOC COD 

SS MPN index 
(per 100 ml) 

◦C (mg/lit) (mg/lit) (mg/lit) (mg/lit) (mg/lit) 
Average of trial 1  30 12000 1400 6.5 4 3 17 25 17 5.5/10 0ml 

Average of trial 2 30.5 8500 1050 6.6 5 5 18 27 20  
Average of trial 3 29.6 8650 1560 6.5 4 3 20 30 20  
Average of trial 4 29.8 8500 958 6.5 5 4 17 35 21  
Average of trial 5 30.2 10000 1748 6.7 8 4.5 18 27 18  
Average of trial 6 28.5 9000 1700 6.8 6 5 18 27 19 5/100 ml 
Average of trial 7 29.5 11000 860 6.5 7 3 20 30 20  
Average of trial 8 29.6 12000 1840 6.5 8 4 20 30 17  
Average of trial 9 30.8 12400 1120 6.6 6 5.5 19 28 21  
Average of trial 
10 31 11855 1800 6.5 6.5 4.2 22 32 20  
Average of trial 
11 30.5 11000 1350 6.5 5.5 4.4 21 31 20  
Average of trial 
12 44.5 4258 1500 6.8 5 4.3 22 33 20  
Average of trial 
13 35 3580 2000 6.8 4 4.5 22 32 19  
Average of trial 
14 30.2 4950 1350 6.8 6.28 4.6 25 34 18 5.5/10 0ml 

Filtered sample 29 8500 1800 6.5 5 4.2 17 35 20  
Note: The sample was filtered by simple filter paper before passing it through inlet tank is indicated as filtered sample here, TOC – Total Organic Carbon,  SS-Suspended Solids 
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increase per year is a function of feed water 
quality. 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 (Fig. 11 and Fig. 12).9 

 
Fig. 11 : Screen shot for analysis 

 
Fig. 12 : Design of two stage ro system with hydranautics  version 2012 

Model membrane element LFC3-LD 
Looking to the area available with LFC3-Ld, it 
is selected from the available options. It has 
following features:10 
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  
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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 (45 C)  
pH Range, 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.11,12 
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 - 7.0 pH Range (Fig. 13 and Fig. 14) 
The screen below shows the summary report of 
power parameters in software. 

 
Fig.  13 : Type of membranes available for selection 

The main Research was focused for deve-
loping a treatment to treat the outlet of CETP 
up to the mark, which can be reused for non 
potable purposes. Here as shown in Table 1 
the lab scale analysis for parameters for 
existing system are analyzed and it can be seen 
in table that only solids are exceeding limit for 

reuse compared to standards for reuse. So main 
aim was to design the plant for treatment for 
reuse for waste water. After application of 
reverse osmosis, the waste water was coming 
in the range of reusable quality. So for R.O. 
design was suggested using Hydranautics  
design software.  

 
Fig.  14 : Screen shot for power parameters in reverse osmosis design 
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Experimental results 
With intension to treat the waste water effluent of 
CETP  to meet with the standards o reuse, the 
parameters are analyzed for waste water after all 
unit treatment of plant has been passed. Shown 
that the input is treated effluent of CETP which 
contains only high TDS. Rest all values are 
acceptable for reuse. So  Reverse Osmosis 
treatment is tried to treat effluent of plant 
received. The treatment proved efficient at lab 
scale as it can be observed from result data that 
TDS is below 2100 mg/lit , so it can be reused as 
per standards of reuse. 

Design by hydranautics software 
To propose the RO plant, design is done with 
Hydranautics design software version 2012. 
Input parameters are added in software and 
the detail design is generated, as end result, 
is as shown in following pages. Proposed 
Flow Diagram With Reverse Osmosis 
Treatment is shown after detail design, 
which may be constructed for reuse of 
wastewater. The output of design software is 
shown in Table 2 which includes design of 
all stages. 

Table  2 : Design of RO plant by Software 
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CONCLUSION 
In a selected study area i.e. CETP , Umraya , 
Padra, Vadodara, Gujarat , the waste water is of 
considerably good quality except TDS. Trials are 
done for the treatment of waste water with 
Reverse Osmosis system and gives results in 
acceptable limits for reuse of waste water. The 
lab scale trails are done and based on 
experimental results, design is given by 
Hydranautics design software version 2012.The 
tables shown in design gives details of all ions in 
waste water with values at each stage of 
treatment. If also provides details for pressure 
and flow to be maintained at a particular value of 
TDS. Screenshots are shown in paper for all 
details and all screens of software design.  
With  mentioned specifications and values of 
parameters, the design is done for two stage 
treatment. It has been observed that this software 
is user friendly and gives accurate design with 
possible micro details. It can save time for lab 
experiments. So for design of RO system on 
field, this software is useful. It gives design with 
complete details in PDF format.  
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