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BEFORE THE HON’BLE NATIONAL GREEN TRIBUNAL

PRINCIPAL BENCH, NEW DELHI
ORIGINAL APPLICATION No. 751 of 2024

IN THE MATTER OF:

Abhisht Kusum Gupta & Anr . Applicant
Versus

State of Uttrakhand & Ors. ... Respondent

AFFIDAVIT ON BEHALF OF NATIONAL MISSION FOR CLEAN GANGA i.e. R-5

MOST RESPECTFULLY SHEWETH:
I, Anup Kumar Sirvastava, aged about 58 vears, presently working as Executive Director
(Technical) in the National Mission for Clean Ganga (NMCG), Ministry of Jal Shakti, Government

of India, New Delhi do hereby solemnly affirm and state as under:

1. That I am working as Executive Director (Technical) in the National Mission for Clean
Ganga (NMCG), Ministry of Jal Shakti, Government of India, New Delhi. I am duly
authorized for and on behalf of the Respondent No. 5 to swear to the present affidavit. |

am fully conversant with the facts and circumstances of the present case from the records.

2. That I am the Authorized Representative of the Respondent No. 5 in the captioned matter.
I am fully conversant with the facts of the case and am thus competent to depose the present

affidavit.
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3. That at the outset it is submitted that NMCG is one of the authorities constituted in
accordance with the provisions of sub-section 3 of Section 3 of the Environment
(Protection) Act, 1986 vide notification no. S.0. No. 3187(E) dated 07.10.2016, published
in the gazette of India. NMCG has been mandated with for the implementation of
programs for protection, prevention and rejuvenation of river Ganga and its tributaries
christened as the Namami Gange Programme (NGP) of the Central Government, The NGP
focuses on effective abatement of pollution and rejuvenation, protection and management
of the river Ganga and its tributaries through interventions like taking up sewerage
infrastructure projects for interception, diversion and treatment of waste water discharge
from open drains into the river through construction of new STPs and/or rehabilitation and

augmentation of existing STPs, laying of sewage pipelines etc.

4. That the present Original Application No. 751 of 2024 has been filed by the applicant
raising grievance concerning environmental pollution in River Mandakini, a tributary of
River Alaknanda, which originates from Chaorabari Glacier and runs approximately 81 km
between Rudraprayag and Sonprayag, merging with River Songanga at Sonprayag and
further flowing past the Hindu temple Madhyamaheshwar at Ukhimath. The applicant’s
grievance is primarily that there is no Sewage Treatment Plant (STP) at Shri Kedarnath
Dham and untreated sewage is being discharged into River Mandakini, and further that
there is absence of proper solid waste management system at Kedamath Dham, thereby

aggravating pollution in the river.

>. That it is respectfully submitted that no sewerage infrastructure project at Shri Kedarnath
Dham has been taken up by NMCG, nor is any such project presently pending with NMCG.

The responsibility for development of sewerage infrastructure at Kedarnath rests with the

&

"
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State Government, which is undertaking the work as per its approved master plan.
However, in compliance with the directions of the Hon’ble Tribunal in O.A. No. 751/2024,
the matter was taken up with the State Government in the meeting convened on 11.11.2024.

Copy of the Record of Discussion dated 11.11.2024 has been marked and annexed herewith

as ‘Annexure A’.

. That In the aforesaid meeting, the State Government was advised to carry out a
comprehensive assessment of the solid and liquid waste generated in and around Shri
Kedarnath Dham and to confirm whether the facilities proposed under the approved master

plan, being executed by PWD Uttarakhand, would be sufficient to effectively address the

issue of pollution in the area.

. That it is further submitted that vide letter dated 13.11.2024, NMCG shared the Record of
Discussion of the meeting held on 11.11.2024 with the State Government and
simultaneously instructed the District Magistrate, Rudraprayag, as well as the Tourism
Department, Urban Development Department, and Environment Department of the State
to furnish a detailed report outlining the measures taken to address the environmental
challenges at Shri Kedarnath Dham, together with other initiatives undertaken for
management of such issues.. A copy of the letter dated 13.11.2024 marked to State has

been marked and annexed herewith as ‘Annexure B’.

. That it is submitted that NMCG has received a detailed report from the State Government
wherein it has been informed that a committee was constituted for site inspection. The said
report records that discussions were held with a Professor from [IT Roorkee following the

site inspection carried out on 20.12.2024, and further provides an elaborate account of the
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measures implemented to address the environmental challenges in the region. A copy of

the detailed report from the state has been marked and annexed herewith as ‘Annexure C’.

The summary of the key measures indicated in the said report is reproduced hereinbelow

for ready reference.

a) The construction of 600 KLD STP is 80-85% complete. The remaining works like roof
work, flooring work and internal installations which was due by December 2024, have
been hampered, due to extreme cold temperature, snowfall, ineffectiveness of welding
in extreme cold climatic conditions, cement setting issues and low availability of skilled
labours along with other causes. Despite this, efforts are being made & work is in
progress in prevailing harsh climate conditions for timely completion of STP so as to

complete the STP.

b) The liquid waste management was designed for a population of 5000 residential and
20,000 floating population at Dham and regarding the higher numbers of pilgrims
reported in the joint committee report dated August, 2024, it is to be clarified that
higher numbers of pilgrims mentioned was effectively the number of pilgrims moving
Jrom Sonprayag to Kedarnath area and not more than the designed population stays at
Kedarnath Dham in a given day. Further STPs (4 in number totalling 222 KLD) along
with sewerage network and 1&D of drains are under construction along the Kedarnath

vatra trek/route at Gaurikund

¢) Currently, for pilgrims staying in the camps, 155 nos. of fixed toilets are in place based
on soak pit systems. The joint committee highlighted seepage at few locations, however

these have been rectified. Professor A.A. Kazmi has advised for installation of
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Johkasou System for management of sewage in such locations, in continuation of which

proposal will be submitted for sanction/approval.

9. That, the answering respondent herein craves leave of the Hon'ble Tribunal to file
additional reply, in future, if required.

10.In light of the above submission, it is respectfully submitted that this Answering
Respondent DoWR, RD & GR, shall abide by any order(s) or direction(s) passed by this
Hon’ble tribunal in this Application. | Q‘/:i\

w 4 ';if;“ _ DEPONENT

_VERiFlCATIUN S

I, the deponent above named do hereby verify that the contents of the aforesaid affidavit are true

and correct to my knowledge and belief and nothing material has been concealed therefrom.

)

" iroor /8 DEPONENT

N | —
Verified at New Delhionthis  dayof = 2024

Date: 02.09.2025 & ,{H__ - f:;;

Place: New Delhi
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of Discussion (RoD) held on 11,11.2024 at 11.00

under the Chairma fD

NMC

A meeting was held with the officials of Uttarakhand on 11,11.2024 at 11.00 AM under
the Chairmanship of Director General NMCG for discussion regarding the Hon'ble NGT Matter
OA No. 751/2024 - Abhishit Kusum Gupta vs. State of Uttarakhand. The list of participants present

in the meeting is at Annexure I.

Actionable points discussed in the meeting are as follows: -

|. Sewage management:

a) A detailed assessment of wastewater generation at Kedarnath Island area is required,
especially during peak season, to determine whether the 600 KLD STP under
construction is adequate especially in view of the number (peak) quoted by joint
committee before NGT. The same may also be corroborated by Tourism Department of
Uttarakhand.

b) The report may include the liquid waste management for Tent area (outside Kedarnath

Island) also.

[Action: DM, Rudraprayag/ Tourism Dept. UK|

2. Solid Waste Management: Similarly, the report should also include solid waste generation at
Kedarnath Island area & along trekking route and waste management options being adopted by

the State Government including relevant details of the waste management facilities.

[Action: DM, Rudraprayag/ Urban Development Dept. UK]

3. It was decided in the meeting that there is need to deal the solid waste management issue in a
more comprehensive manner and hence state may engage the experts from NIUA (National
Institute of Urban Affairs) and [IT Roorkee to assess and prepare the comprehensive waste
management plan. NMCG may facilitate the joint meeting of state officials, NIUA and IIT
Roorkee.

|Action: NMCG]

4. Construction and Demolition (C&D) Waste: Details regarding the quantity of C&D waste
generated & disposed-off and time lines/agency responsible for disposing remaining debris in
Kedarnath should be included in the report to be submitted to the NMCG.

|Action: DM, Rudraprayag/ UKPCB]

-~
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5. Report Submission: The detailed report may be submitted to NMCG by 2™ December 2024,
The State's report may also include other initiatives taken by the State in managing the
environmental challenges in Kedarnath.

[Action: DM, Rudraprayag/ Tourism Dept./Urban Development Dept./Environment Dept.]

The meeting ended with thanks to the Chair.

ke hbn

b/

P 4



555

Annexure |
List of Attendees
From NMCG;
S. No. [Name Designation
1. |Shri Rajeev Kumar Mital Director General
2. |Shri. Brijendra Swaroop Executive Director (Projects)
3. |Shri. Anup Kumar Srivastava Executive Director (Technical)
4, |Dr. Pravin Kumar Director (Technical)
5. | Shri Narender Kumar Madan Senior Monitoring Expert
6. |Shri Mahender Singh Monitoring Expert
7. | Shri Ishwer Singh Consultant Legal
8. |Shri Vishal Garg [nstitutional Associate

From Uttrakhand:

S. No. |Name Designation
I. |Shri Shailesh Bagauli Secretary, DW & Sanitation
2. |Shri Nitesh Kumar Jha | Secretary UD
3. |Shri R.K. Sudhanshu Principal Secretary, Env.& Forest
4. |Shri Sachin Kurve Secretary, Tourism
Shri  Ranvir  Sin
. Chauhan gh PD SPMG UK
6. | Dr. Saurabh Gahaewar |DM Rudraprayag
7. | Dr. Parag Madhukar MS, UKPCB
8. |Shri Deepak Yadav Engineer in chief, PWD
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No. Pr-12011/17/2017 - Olo Dir (T-111) NMCG
YR TWHR
SIS e HATAd
e "aruE, ¢! e ud i weanr Ry
YT s T e

ugdl wivE, AR WiE 98 A RS,
e gfEar e, =1¥ faweht - 110002,

fE=ie: 13.11. 2024

Subject: Record of Discussion (RoD) to discuss the response to the Hon’ble NGT order dated
04.10.2024 in OA No. 751/2024 Abhisht Kusum Gupta V/s State of Uttarakhand
held on 11.11.2024 at 11.00 AM on Hybrid mode.

A copy of Record of Discussion (RoD) of the meeting dated 11th November 2024 under
the Chairmanship of Director General, NMCG in the Hon'ble NGT matter OA No. 751/2024 -
Abhisht Kusum Gupta V/s State of Uttarakhand, is forwarded herewith for information / necessary

actions.

2. This issues with the approval of Competent Authority, NMCG.

Y \Y
Encl: As above /‘:‘-~~ (- x"“\ﬂ 1

To
R ]
[.  Secretary, Drinking Water Department, Govt of Uttarakhand, New Building, 4™ Floor,
Uttarakhand Secretariat, 4, Subhash Rd, Dehradun-248001. (secy-dw-ua(@nic.in)
[I.  Secretary, Urban Development Directorate, 31/62, Rajpur Rd, Indra Market, Dehradun,

Uttarakhand 248001 (secynkjha@gmail.com)

lIlI.  Principal Secretary, Environment & Forest, Govt of Uttarakhand, New Building, 4" Floor,
Uttarakhand Secretariat, 4, Subhash Rd, Dehradun-248001. (secy-env-ua@nic.in)
IV.  Secretary, Uttarakhand Tourism Development Board. Pt. Deendayal Upadhyay Paryatan

Bhawan, Near ONGC Helipad Garhi Cantt, Dehradun-
248001 (secyoffice.uk2003@gmail.com)
V. Program Director, SPMG Uttarakhand, — 117 Indira Nagar, Dehradun -248001.

(spmgngrba.utk01@gmail.com)
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VI.  District Magistrate Rudraprayag, 8242+8QQ, Chopta Pokhari Road, Rudraprayag,

Uttarakhand 246171 (dmrudraprayag(@gmail.com)
VII. Member Secretary, Uttarakhand Pollution Control Board (UKPCB) Gaura Devi

Paryavaran Bhawan46 B IT Park, Sehstradhara Road,Dehradun -248001.
(msukpcb@yahoo.com)

VIIl.  Engineer in Chief, Public Works Department, 29, Yamuna Colony Road Yamuna Colony,
Yamuna Colony Road, Yamuna Colony, Khurbura Mohalla, Dehradun - 248001

(einc.ukpwd@gmail.com, cepwdua@gmail.com)

For Internal Distribution:
PS to DG/ ED (PYED(T), NMCG
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Compliance report in O.A. No. 751/2024 in Abhisht Kusum Gupta Vs State of

Uttarakhand

This 1s 1n reference to the Hon’ble National Green Tribunal (NGT) order dated

04.10.2024 in O.A. No. 751/2024 Abhisht Kusum Gupta Vs State of Uttarakhand,
read with National Mission for Clean Ganga letter No. Er- 12011/17/2017- Office
o/dir (T-III) NMCG dt. 13.11.2024, where 1n detail report was asked from District
Magistrate, Rudraprayag, Tourism department, Urban development department

and Environment Department. In continuation of the above directions, a committee

was constituted for site inspection and discussions with Professor of IIT, Roorkee.

The following committee members inspected the site on dated 20.12.2024 and

discussions were held with Proff. Kazm, IIT Roorkee.

ACEO, KDA, Rudraprayag.

Executive Engineer, PWD, Guptkashi
Environment specialist, SMCG, Dehradun.
Executive officer, Nagar Panchayat, Kedarnath

Solid waste management consultant, Urban Development Directorate,

Dehradun.
Assistant engineer, Urban Development Directorate, Dehradun.
District tourism development officer, Rudrapravag.

Project manager, Jal Nigam, Srinagar.

A.Hon’ble Tribunal in order dt. 04.10.2024 has stated that
a. Para 08: - The above report clearly indicates that there i1s no STP In

Kedarnath to treat the sewage. One STP of 600 KLD 1s under construction
and annexure C to the report states that 60% of work is over and construction
of STP will be completed by December 2024. No timeline has been provided
for household connection to the STP. It also needs to be ascertained that 600
KLD of STP is adeguate.

Response: -
i. Under Shri Kedarnath Dham Master plan, 84 buildings (total 862

modules) are being constructed or to be constructed in the temple
island area. 04 persons per module cumulates to 3448
Residential/Permanent population. For STP design calculation,
Residential/Permanent population was taken as 35000 along with
20,000 floating population. Per capita Water usage/sewage generation
was taken as per National Building Code, Part-9 & Central Public
Health & Environmental Engineering Organization Manual 1999, Due
consideration was also given to cold climatic conditions at the Dham.
Sewerage system with STP and DPR was vetted by Jamia Milia Islamia
University, Delhi and CSIR-CBRI Roorkee. Copy of the vetted process
design 1s enclosed as Annexure-1

ii. In the design plan, there are branching sewerage channels in 3 major
regions, along Saraswati edge, Mandakini edge and in the central street
area. Out of these, as the buildings to be constructed in the Master plan
are completed or are in near completion along the Mandakini edge, the
sewerage channel along this edge measuring 400 meters 1n length has
been installed. As sewerage channel laying work is possible only after

Page 1of 4
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development /finalisation of surroundings and plinth level around the
buildings, and the building construction works as per Master plan 1s
ongoing on Saraswati edge and in the central street area, therefore the
installation work of the sewerage channel i1s ongoing in these two
regions. Post confluence of the sewerage channels from the three
regions measuring 575 meters length is near completion (80%). Due to
the ineffectiveness of welding in extreme cold chimatic condition, cement
setting 1ssues and low availability of skilled labours, work progress in
the month of December was hampered, however efforts are being made
to complete the work in due time.

iii. The construction of 600 KLD STP 1s 80-85% complete. The remaining
works like roof work, flooring work and internal installations which was
due by December 2024, have been hampered, due to extreme cold
temperature, snowfall, ineffectiveness of welding in extreme cold
climatic conditions, cement setting issues and low availability of skilled
labours along with other causes. Despite this, efforts are being made &
work 1s in progress in prevailing harsh climate conditions for timely
completion of STP so as to complete the STP. Annexure-2-
Photographs of the site.

iv. The liquid waste management was designed for a population of 5000
residential and 20,000 floating population at Dham and regarding the
higher numbers of pilgrims reported in the joint committee report dated
August, 2024, it 1s to be clarified that higher numbers of pilgrims
mentioned was effectively the number of pilgrims moving from
Sonprayag to Kedarnath area and not more than the designed
population stays at Kedarnath Dham 1n a given day. Further STPs (4 in
number totalling 222 KLD) along with sewerage network and I&D of

drains are under construction along the Kedarnath yatra trek/route at

Gaunkund.

v. Currently, for pilgrnims staying in the camps, 155 nos. of fixed toilets are
in place based on soak pit systems. The joint committee highlighted
seepage at few locations, however these have been rectified. Professor
A.A. Kazmi has advised for installation of Johkasou System for
management of sewage in such locations, in continuation of which
proposal will be submitted for sanction/approval.

B.Para 09: - In respect of solid waste management, the committee has found that
there is no waste processing plant established in Kedarnath for the management
of solid and plastic waste which is estimated to be 1.667 TPD during the season.
(Read with)

Para 10: - The observations of the committee is that waste management facilities
needs to be enhanced.

Response
i. Currently the total solid waste generation was estimated to be 1.667
TPD and this 1s being managed with following resource.
1. Status of Human Resource
a. Total number of Paryavaran Mitra = 190
b. Environment Supervisor - 07

Page 2 of 4
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2. Status of SWM/PWM

a. Solid Waste Collection Vehicle - 01 (mim1 tractor with
trolley)
b. Processing Facility - 01 MRF and 01 (for
segregation of dry waste)
Bailing machine

(Photograph attached -01)

3. Deposit Refund System (DRS) - New Initiative
a. Under this system all the plastic bottles of water or soft drinks
are labelled with QR code. Every bottle 1s charged Rs. 10.00

extra on MRP. Post use the customer can deposit these bottles
at multiple kiosks along the track and can get their Rs. 10.00
refunded.

b. The minative has engaged the local commumty and has
promoted  responsible waste  disposal practices and
environmental awareness.

c. DRS Progress Status —
1. Total QR provided on plastic bottle/tetra pack 1s 1,72,100.

1. Out of above, 1,39,838 Bottles/Tetra Pack (81%) with QR
have been returned by the customers for recycling.
(Photograph attached-02)

ii. Prospective Solid Waste Management Action Plan -

1. Solid Waste Management Action Plan/Detail Project Report costing
Rs. 309.46 Lacs has been prepared and submitted to urban
development (Annexure-3) that includes: -

a. For Dry Waste, Executive Officer Nagar Panchayat appraised
that 01 TPD capacity Material Recovery Facility centre will be
established in collaboration with the Heal Himalaya Foundation
with equipments hke Plastic Compactor, Shredder, Ballistic
Separators, etc.

b. For Wet waste management an Organic Waste Composter of S00
Kg per day capacity 1s proposed at the MRF and additional 8
Organic Waste Composters with capacity of 50 kg per day are to
be established at 08 different locations for processing of Wet
Waste generated in outer periphery/tent colony. Contour map of
Dham area and the plan 1s annexed in Annexure-4

c. As per suggestions of Dr./Prof. Kazmi, IIT Roorkee verification of
the performance of above proposed organic waste composter was
needed with reference to low temperature areas and In
continuation satisfactory performance reports i1ssued by
agencies, where these have been established have been received.

Annexure-5

C.Para 11: - The joint committee during the uvisit found a lot of construction and
demolition waste materials like ron rods/pipes and cemented broken bnicks ete.,
lying in many places due to ongoing construction activities.

Page 3 of 4
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Response: -

As mentioned in the 13t para, buildings and other structures are being
constructed as per the Master plan in Dham area. Demolition waste
materials like Iron rods, pipes and cement blocks and excavated soil are
being used for back filling/foundation filling of wunder construction
buildings and also to construct approach.

In the year 2023-24, 10 old buildings were demolished, generating
approximately 2400 cum of waste material, which was completely used in
backfilling of Sangam Ghat, Arrival plaza and also in the foundation filling

of under construction buildings.

The plan of Construction agency (PWD) 1s to utilise all the demolition waste
for backfiling in low lying areas and also to strengthen such locations. As
soon as the construction will be completed, the entire C&D waste will be
utilised in such locations. Annexure-6.

(Nerraj Kumar)
Executive Othicer
Nagar Panchayat,

Kedarnath

(Ravinder Singh)
Project Manager
Jal Nigam
Srinagar

(Vinay Jhinkwan)
Executive Engineer
PWD Guptkashi

(Digvijay Semwal)
SWM Consultant,
Urban Development

Directorate, Dehradun

(Akshay Kumar)
Environment Specialist,

SMCG, Dehradun

(Bharat Singh Rawat)
Assistant Engineer
Urban Development

Directorate, Dehradun

(Rahul Chaubey) (Shyam Singh Rana)
DTDO ACEO, KDA
Rudraprayag Rudraprayag

Page 4 of 4
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KEDARNATH RESTORATION AND REDEVELOPMENT
BASIC ENGINEERING PROCESS
of
SEWAGE TREATMENT PLANT (600 KLD)

CLIENT
GOVT. OF UTTRAKHAND

PROJECT MANAGEMENT CONSULTANT:
INI DESIGN STUDIO

al
!

I DESKGM STUDIO

CONTRACTOR D
GAWAR CONSTRUCTIONS LTD.\/ el
STP VENDOR
AVENGINEERING j
P
os
VETTED BY

DR. ABID ALI KHAN
DEPARTMENT OF CIVIL ENGINEERING
JAMIA MILLIA ISLAMIA (A CENTRAL UNIVERSITY)
NEW DELHI INDIA - 110025
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Abbreviafions
CPHEEQ - Central Public Health & Environmental Engineering Organization.

FE - Free Board.

H - Height.

HFL - High Food Level.
HR - Hours

KLD - Kilo Liters Per Day.
L - Length.

LD - Liquid Depth.

W- Widih.

i)
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SECTION |
DESIGN CHARACTERISTICS
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Raw Sewage and Trealed Sewage Characteristics of 400 KLD Sewage Treatment Plant ot Kedamath
Dham, UK

» Trealment Capaclty:

The Sewage freatment plant is designed to treat 6,00,000 Litre per day of sewage generated from the
site. The freated sewage can be used for agriculture, horticullure or can be discharged to public drain.

» Characleristics of Raw & Treated Sewage:

The Sewage characteristics considered for the design purpose of the plant are as mentioned below:-

S. Paramelers Raw Sewage Treated Sewage | Trealed Sewage for
No. Discharge inio
inland surface
wafer as per
CPHEEO Manval
(Table 5.3)
1. | Daily average flow 400 KLD 600 KLD -
2. | Design temperature 15-25°C 15-25°C >
3. |pH 6.5-8.5 65-8.5 551090
4, | Total suspended solids (TSS) 400 -450 mg/L <10mgiL 10 mg/L
5. | Conductivity 50 s - -
4. | Total BOD 250 - 300 mag/L < 10 ma/L 10 mg/L
7. | Total COD 400 - 450 mg/L < 50mg/L 50 mg/L
8. | Ol and grease <10 mg/Lir il NIL
9. | Total ammeoniacal nitrogen <25 mg/L <5 mg/L 50mag/L
10. | Total Nifrogen <10 mg/L <5 mg/L 10 mg/L
11. | Total Phosphorous 5-12mg/l <2 mg/L -
12, | Total coliform count 1x106 MPN/100mI | <100 MPN/100mI <100 MPN/100mlI

» Design & Peak Flow:
e Design Flow ;400 KLD = 30Cum/hr.
e Waorking Hours; 20,
e Peck Load Factor: 2
¢ Peak Flow: 30 Cum/hr X 2 = 60Cum/hr,
» The Design of various units are as per CPHEEO manual on Sewerage and Sewage Treatment Systemns
except Electrocoagulation reactors.
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SECTION I
PROCESS DESCRIPTION

20
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ELECTROCOAGULATION (EC) PROCESS DESCRIPTION

» Wateris one of human being's most fundamental needs.

»

Globalization, uncontrolled growth, and other causes are causing a lack of fresh water, and many
countries are concemed about the problem. Asa result, it's critical to consider water purifying processes
that are both effective and affordable, as well as reusability.

People are presently aware of a wide range of wastewater treatment opfions. With recent
technological advancements in the eleclrochemical area, a new technique known qs
elecirocoaguiation has been intfroduced into the business.

=SS T S
§

& . . ia

- -

The Process of Electrocoagulation in Sewage Treatment Plants

Ref. Science journal - Science Direct, Jan 26t 2021

»

Here major goal is to focus on electrocoagulation process technique and applications!

Infroduction of the process

»

v

Filtration, air stripping, ion exchange, chemical precipitation, chemical oxidation, carbon adsomtion,
uvitrafiltration, reverse osmosis, elecirodialysis, volatilization, and gas shipping are the traditional physicoe-
chemical freatment techniques utilized for wastewater treatment.

Oxidation of Biological mass by aerafion technique is widely used in treatment of sewage water.
Aeration of the sewage generates aerobic bacteria which in fum destroys the disease-causing
bacieria in the liquor. But this process is viable at ambient temperature because the growth of cerobic
bacteria can only occur at the RT.

The electrocoagulation process is the viable option for such conditions.

The electrocoagulation process is a sophisticated electrochemical technology-based procedure.
Elecirocoagulation (EC), which involves sending an electric current through water to remove pollutants,
has shown to be quite successful. Anode and cathode geometres such as plates, balls, fluidized bed
spheres, wire mesh, rods, and tubes have been used in electrocoagulation systems for many years.
Water containing foodstuff wastes, oil wastes, dyes, suspended particles, chemical and mechanical
polishing waste, organic matter from landfill leachates, de-flucrination of water, synthefic detergent

7
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effluents, mine wastes, and heavy metal-containing solution have all been treated with it in recent
decades. By decreasing electicity usage and miniaturizing the required power supply, EC has become
one of the most cost-effective

» wastewater treatment systems in the world.

Parameters removed by EC

» EC removes metals, colloidal solids and particies, and soluble inorganic contaminants.

» EC freals o wide spectrum of waste sireams comprising heavy melals, virus, bacteria, pesticides,
arsenic, MTBE, cyanide, Biochemical oxygen demand (BOD), Total dissolved solids (TD§}), and Total
suspended solids (T8S) using a specialized treatment chamber and electnicity. it is used to treat
wastewater from municipal, industrial, and commercial sources,

Mtﬂvodology involved

For breaking stable emulsions and suspensions, EC is a viable alternative to metal salts, polymers, and
polyelectrolyte addition.

» An electrolytic cell with one anode and one cathode makes up an EC reactor. The EC system is made
up of two paralle| pairs of conductive metal plates that operate as monopolar electrodes.

» The ciiteria for using EC are as follows:
- A power source that uses direct cument
Box of Resistance
Multimeter

Fig 1: Bench-scale EC reaclor with monopolar electrodes in series connection
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Fig 2: Bench-scale EC reactor with monopolar electrodes In parellel connection

¥

"Sacrificial electrodes” is a term used to describe the conductive metal plates. The sacrificial anode
decreases the anode’s dissolving potential and reduces the cathode'’s passivation. The materials used
for the sacrificial anodes and cathodes might be the same or different.

The cells can be connected to monopolar electrodes in a series. or in paralliel,

The cells connected in series have higher resistance, so bigger potential difference s required for a
given current to flow in a series cell configuration. The cells connected in paraliel have lower resistance,
so lesser potential difference is required for a given current to flow in a serles cell configuration,

During electrolysis, anodic reactions occur on the pasitive side, whereas cathodic reactions occur on
the negative side. The coagulation process will begin with released ions neutralizing the charges of the
particles.

The released ions eliminate undesired impurities by forcing colloidal materials to agglomerats, which
can then be removed by flotation. When water containing colloidal particles, oils, or other pollutants
passes through an electric field, ionization, elactrolysis, hydrolysis, and the generation of free radicals
can occur, altering the physical and chemical characteristics of the water and contaminants,
Contaminants are liberated from the water and destroyed or rendered less soluble due to the reactive
and excited condition.

Reactions in an EC ceill

At Anode
2A]- 6e = 2AL*

Al Cathode

6H20 + 6 = 60H- + Hz
Within e Colf

2AP* + 60H- = 2A1{OH)a
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Conclusion

1 » Heclrocoagulation is capable of freating wide range of wastewaters. [ Is the technigue of using o
little amount of electrical current to destabilize suspended, emulsified, or dissolved pollutants in an
aqueous media. As a resulf, the process'’s exira expenses are reduced.

» When it comes to the advaniages, the EC method aids in the elimination of 1SS by 95-99%, BOD by

50-99%, and bacteria by 95-99%. This shows that the technology is successful and dependable for
a wide range of fulure uses, providing hope for everyone 1o have access 1o clean waler.

10
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SECTION I

UNIT SIZING AND TECHNICAL DESCRIPTION OF
VARIOUS UNITS

11
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3.1 Inlet Chamber

Quantlity 1 No.
MOC Civil
Effective Volume 1.6M3
HRT af normal flow 3 minutes
HRT at peak flow 1 minute, 30 seconds
Dimensions in mm Q00(L}X 1800{W}X1500(LD)+300(F8)
Use Holding heavy matenal such as pebbles, metal lids etc
3.2 Coarse Bar Screen Chomber
Quantity 1 No.
MOC Civil
Effective Volume 2.3M3
Dirmensions in mm 2900(L) XB0OO(W)X1500{LD)+450(FB)
Use Fixing of Coarse Screen
3.3 Fine Bar Screen Chamber
Quantity 1 No.
MOC Civil
Effective Volume 2.3M3
Dimensions in mm 2900(L) x800{ W)X 1500{LD)+4&00(FB)
Use Fixing of Fine Screen
3.4 Coarse Screen
Quantity | working + 1 standby
MQOC 55 304
Dimensions in mm 800 x 2000
Slit or pore size of screen 10 mm approx.
Angle of Inclination 55° to 60°
Head Loss 150mm
Use screening of large particulate from raw sewage

3.5 Fine Screen

Quantity 1 working + 1 standby

MOC S 304

Dimensions in mm 800 x 2000

Pore Size of screen émim approx.

Angle of Inclinatfion 55° to &0°

Head Loss 150mm

Use screening of fine parficulate from raw sewage

3.4 Grit Chamber

Quantity 1 No.

MOC Civil

Effeclive Volume 1.IM3

HRT at normal flow 120 seconds

HRT at peak flow &0 seconds

Dimensions in mm 900 x 900 x 1500

Use Collection of particle that skips the fine screen

(sand elc) %

3.7 Oil & Grease Chamber

Quantity 1 No. (divided into two parts)

MOC Civil




3.8

3.9

3.10

3.1

3.12

3.13

Effective Volume
HRT af nomnal flow
HRT at peok flow
Dimensions in mm
Lse

Oil Skimmer
Quantity

MOC

Capacity
Motor capacity
Belt size

Use

Collection/Equalization Tank

Quantity

MOC

Effective Volume
HRT for normal flow
HRT with peak load
Dimensions in mm
Use

Twin Lobe Air Blower

Quantity

MOC

Capacity
Motor capacity
Make

e

Alr Grid in Collection Tank

Quantity
Pipe MOC

Quantity of diffusers
Raw Sewage Transfer Pumps

Quantity

MOC

Capacity
Motor capacity
Make

Jse

Acid/Alkali Dosing system

Dosing Pumps

574

7.5M3

15 minutes

7 minutes 30 seconds

2900 x 1800 x 1500

Separation of oil and aqueous phase

1 No.

Standard

Capable of exiracting 50 Iph of oil

0.37KW, 3P, Geared motor

1200 mm length and 15 mm width, MOC PP
Extraction of remaining ol from O & G trap

1 No.

Civil

250M3

8 Hrs and 30 minutes (Aerated thru Blowers)

7 Hrs

7500 x 6030 x 4350 + 500mm FB

Collection and equalizotion of influent raw  sewage

2 working + | standby

Standard

110M3/Hr at 0.6 bar pressure

5.5KW, 3P

Everest, Model No. M44 or equiv.

Complete with MS base, antivibration pads. V belt, pulleys,
NRV, pressure gauge, filling oil etc

Providing air fo collection tank fo maintain  asepiic
conditions, EC reactors, flash mixers, sludge holding lank etc.
for agitation

] sef

Gl and CPVC of varied sizes as required for headers,
manifolds and connections to diffusers Coarse diffusers 150
mm dia, EPDM disc type diffusers

I sel

2 working + 1 standby

Standard, submersible cutter pumps

30M3/Hr, 15 M head, with low & high level sensors

3.5KW, 3P

KBL, Model Eterna 5500CW or equiv

Complete with MS lowering & lifting frame, NRV, pressure
gauge, valves etg,

Lifting of raw sewage from collection tank to EC

reactors at desired flow and height

13
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Quantity 1 working + 1 standby
MOC Standard, Elecironic dosing pumps
Capacity 0-10 Iph, 4 M head [Dose Subject to the site
condition)
Motor capacity S80W, 1P
Make Milton Ray (Asia LMI)
Complete with PU flexible pipe, inlet & outlet NRV's Dosing
Tanks
Quantity 1 No
MOC HDPE
Capacity 100 Ltr
Make Sintex
Mixing Agitation by air
Use The dosing system will be used fo dose acid or alkali to

the sewage to adjust pH to almost neuiral if required

3.14  Elecirolyte (NaCl) Dosing system

Dosing Pumps
Quantity 1 working + 1 standby
MOC Standard, Electronic dosing pumps
Capacity 0-10 Iph, 4 M head [Dose Subject to the site condition)
Moltor capacity 8OW, 1P
Make Milton Roy (Asia LMI)
Complete with PU flexible pipse, intet & outlet NRV's
Dosing Tanks
Quantity 1 No.
MOC HDPE
Capacity 100 Ltr
Make Sintex
Mixing Agitation by air
Use The dosing system will be used to dose electrolyte to the

sewage to adjust conductivity to approx. 100uS if reqd.

3.15  Electrocoagulation Reactors

Quantity & Nos, all working

Effective volume 3.6 M3

Dimensions in mm 3000 x 1000 x 1200 + 300 mm weir with EC treated water
collection tank, complete with outlet weirs, valves etc

MOC of tanks MS FRP coated from inside and epoxy coated for outside

HRT for each EC unit 30 minutes minimum

Number of Anodes 26 Nos

MOC of Anodes Aluminium

Size of Anodes in mm 800 x 700

Number of Cathodes 26 Nos

MOC of Cathodes ron

Size of Cathodes in mm 800 x 700

Voltage applied 12V, DC

Current density at each 2mAjfcm?2

Bectrode

Electrode configuration Parallel

AC Step down transformer AC Transformer 240V AC 10 12V AC

& DC Rectifier Rectifier 12V ACto 12V DC, 12 A, 3.5 KW

3.16  Flash Mixers
Gluantity 3 Nos.

14




3.7

3.18

3.19

MOC

Effective Volume
HRT

Dimensions in mm
Mixing

Use

Poly Electrolyte Dosing System
Dosing Purmps

Quantity

MOC

Capacity

Motor capacity

Make

Dosing Tanks
GQuandity
MOC
Capacity
Make

Mixing

Use

Tube Seftiers

Quantity

MOC

Length of settler

Width of settler

Total Height of settter
Height of legs

Qity of tube deck media{TDM)
Surface area available

In fube deck media

Angle for instaliation of TDM

Use

Chiorine Dosing System
Dosing Pumps

Quantity

MOC

Capacity

Motor capacily

Make

Dosing Tankss
Quantity
MOC
Capacity
Make

Mixing

576 29

MS EP

4.0M3

20 minutes (Wastewater Engg, Melcalf & Eddy)
1000 x 2000 x 2000

Agitation by air

Mixing of Poly electrolvte for coagulation process

3 working + 3 standby

standard, Electronic dosing pumps

0-10 Iph, 4 M head (Dose Subject to the site condition)
80W, P

Milton Roy (Asia LMI)

Complete with PU flexible pipe. inlet & outlel NRV's

1 No.

HDPE

100 Lir

Sintex

Agitation by air

The dosing system will be used to dose polyelectolyte to the
EC treated sewage for floc formation of the sludge toe ease
the settling process

3 Nos.
MS EP
2062 mm
1300 mm
3100 mm
500 mm
2M3
22M2

&0

Dimensions in mm detagils dimensions in fube settler
calculation sheet

Gives the required surface area for settling of sludge

| working + 1 standby

Standard, Elecironic dosing pumps

0-101ph, 4 M head |Dose Subject to the site condition)
S8OW, 1P

Milton Roy [Asia LMI}

Complete with PU flexible pipe, inlet & outiet NRV's

1 Mo,

HDPE

100 Ltr

Sintex
Agitation by air

15




3.20

3.21

3.22

3.43

3.24

Use

Filter Feed/Chlorine Contact Tank
Guantity

MOC

Effective Volume

HRT

Dimensions in mm

Mixing

Use

Filter Feed Pumps
Quandity

MOC

Capacity

Maotor capacity
Make

Use

Pressure Sand Filter
Quantity

Filtration velocity
MOC

Dimensions in mm

MS sheet thickness in mm
Frontal Piping

Valves

Media

Filler vessel

Valves make

Activated Carbon Filler
Quantity

Filtration velocity

MOC

Dimensions in mm

MS sheeat thickness in mm

Frontal Piping
Valves

Media

Fiter vessel
Valves make

Fitter Backwash Pumps
Quantity

577 30

Dosing of Sodium Hypochlorite in the Filter Feed/Chlorine
Contact tank to atiain 2ppm of residual free chlorine in
treated water

1 No.

Civil

52.4M3

95 minutes

4675 x 2800 x 4000 + 500mm FB

Agitation by air

This tank collects the treated water & act as a relay tank for
water to be fed to the filters. It also acls as chlorine dosing
tank.

2working + 1 standby

Standard Cl, Horizonial centrifugal pumps

30M3/Hr, 28 M head, with low & high level sensors

5.5KW, 3P

KBL, Model KDS/GMC 844+ or equiv

Complete with MS base frame, antivibration pads, NRY,
pressure gauge, valves etc.

Feeding of treated sewage to the PSF and ACF at desired
flow and pressure

1 No.

10M3/Hr

MS EP

2000 dia x 1800 HOS, both side dish ends, Imanhole and one
hand hole

HOS-6mm, dish ends-8mm, flanges-8mm

MSEP/GI, 65NB,

SNos 63NB butterfty control valves, 1 No 1" air release valve
Graded sand-3800 Kgs

Fabricated

{oloto

1 No.

10M3/Hr

MS EP

2000 dia x 1800 HOS, both side dish ends, 1 manhole and
one hand hole

HOS-6mm, dish ends-8mm, flanges-8mm

MSEP/GI, 65NB,

SNos 63NB butterfly control valves, 1 No 1" dir release valve
Supporting media pebbles-500 kgs, Granular activated
carbon-1600 Kgs

Fabricated

Loloto

1 working + 1 standby
16




3.25

3.26

3.27

3.28

3.29

MOC

Capacity
Motor capacity
Maoke

Use

UV Sterlizer Unit
Quantity

MOC

Capacity

UV Dose

UV Transmission per cm

Voltage
Wattage
Make
Model

Filtered Water Tank
Quantity

MOC

Effective Volume
HRT

Dirnensions in mm
Use

Sludge Transfer Pump
Quantity

MOC

Capacity

Motor capacity
Make

Use

Sludge Holding Tank
Quantity

MOC

Effective Volume
HRT

Dimensions in mm
Mixing

Use

Filter Press Feed Pump
Quantity

MOC

Capacity

Motor capacity

578

Standard Cl, Submersible centrifugal pumps

45M3/Hr, 15 M head, with low & high level sensors

3.3Kw, 3P

KBL, Model KDS/GMC 515+ or equiv

Complete with MS base frame, anti vibration pads, NRY,
pressure gauge, valves efc,

Back washing of PSF and ACF at desired flow and pressure

1 No,

S5-316

for water flow of 30M3/Hr
&0,000 uW-sec/cm?2

80%

220-240V

1370W

Alfa

WwL12

1 No.

Chvil

86M3

2 hrs and 30 minutes

5200 x 3800 x 4350 + S00mm FB

This tank collects the final treated & filtered to send 10 drain/re
use/ horticulture elc, Chlorine s also dosed in this final water
to achieve 2ppm of residual free chlorne in final reated

water

1 working + 1 standby

Semi Open impeller pump

15M3/Hr, 15 M head, with low & high level sensors

5.5KW, 3P

KBL, Model SP1H or equiv

Complete with MS base frame, anti vibration pads. NRV,
pressure gauge, vaives elc.

Transfer of skudge from settlers to sludge heolding tank

| No.

Civil

31M3

| his

2750 x 2800 x 4000 + 500mm FB

Agitation by air

This tank collects the sludge received from the settlers and is
used as sludge thickner also, apart for feed tank to filter press

1 working + 1 standby

Cl body, 55 304 shaft, Screw pump
SM3/Hr, 50 M head

3.3kKW, 3P

17
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3.30

3.31

3.32

3.33

3.34

Make

Use

Filter Press

Quantity

MOC

Size of plates

No. of plates and frames
Type of operation

Sludge Holding Capacity

Calcvlation for sludge generation:
BOD

Sludge generation in BOD x 0.5
How/Day

BOD/Day

Sludge generated

Sludge Holding Area
Quantity

MOC

Dimensions in mm
Use

Platform for EC Reactors
Quantity

MOC

Dimensions in mm

Use

Platform for Flash Mixers and Sellers

Quantity

MOC

Dimensions in mm
Use

Electvo Magnelic Flow Meler
Quantity

MOC

Pipe connections

Bore

Power

579

Roto, Model RLABS41 or equiv

Complete with MS base frame, anti vibration pads, NRV.

pressure gauge, valves etc.

Screw type pump is suitable for fransfer of semi solids, sluries
etc and therefore it is used for feeding of sludge from sludge
holding tank fo filter press

I No.

Cl mounting structure and PP recessed plates/plate frame
24" x 24"

23

Hydrauiic
290 Lirs in one load

300 ma/L

&00 KLD

6,00,000 m3/Day

300 x 4600000

180,0.00,000 mg

180 Kgs

180 x 0.8

144 Kgs/Day

Selected Fiter press of capacity 290 Kgs per lot

1 No.

Civil

4000 x2825 x300, open space

This space is meant for storing the wet cake of sludge from
fitter press fill disposal, it can take 14 loads (290Lr x 16 loads)
of sludge output from filter press.

1 No.

Civil structure

12975 x 6530 at a height of 4500

Civil structure for placing of EC reactors along with walking
ond working space

1 No.

Ciwil structure

4000 x 6530 on a platform of 250rmm height

Civil structure for placing of flash mixers and settiers along
with walking and working space

2 Nos.

Standard, Sensor 55
80mm, flange type
Full bore

Battery operated

32



3.35

3.36

3.37

3.38

3.39

3.40  Anlifreeze Flexible Heating Cables

Type
Make

PH Meter
Quantity

MOC

Pipe connections
Power

Type
Make

Pressure Gauges
Quantity

MOC

Dial size

Range

Level Sensors/Controllers
Quantity

MOC

Type

Range

Pipes, Fittings and Valves
Quantity

MOC

Size

Electrical Confvol Panel
Quantity

580

Fow Indicator, transmitter, flow totalizer, Backlit display,
aluminium frame for glass mounting, factory calibrated
Micro Flow

2 MNos.

Standard, Sensor glass

20mm, threaded

240 vV AC from the electrical control panel

pH range 0-14, digital LED display, Online installation, factory
calibrated

Aster

Set

S, glycerine filled
411

0-7kgs/icm2

Set

standaord

Float Type NO/NC circuit

low and high limits adjustable

Sel

CPVC, Gl and MSEFP

Variable sizes of pipes, fittings and valves will be used in the
piping systern depending upon the flow and pressure
requirements at that paint

| Set

IP 55 LT panel with all incoming and outgeoing feeders as per
the capacity of the instruments.

All feeders shall have ovedoad, short circuit and phase
reversal protection. Required PLC and starters etc will be the
part of the panellncomer feeders shall multifunctional
meters, CT's, push buttons and indicating lamps.

Panel shall be supplied as per specifications and requirements
for auto operafion of the sewage treatment plant with
manual over rides, Earthing shall be provided for each
electrical instrument with Gl strip or Gl wire as required at the
specific place.

All power and control panels (rom panel to the individual
electrical instrument, termination of cables and cable frays
(inside the STP) are considered in this tem. All cables wires efc
will be wrapped with PP/PU insulation sheets,

Antifreeze flexible heating cables will be installed with the
CPVC piping system tied by PP cable tie

19
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SECTION IV

DESIGN CALCULATIONS
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582

Calculalion for Coarse Screen

No. of Bars in bar Screen

Width of Bar Screen 80 mm
Effective Length of bar screen 1300 mm
Bar spacing 10 mm
Bar width 40 mm
Total width used by each bar 50 mm
Total Nos. of bars 16 mm
Available spacing width wise 130 mm
Total arec available for water flow 195000 mm2 0.195 m2
Approach Velocity ol Bar Screen
A = Flow/Velocity
Peak FAlow of water &0 M3/Hr
0.017 M3/Sec
Min. Reqd Approach velocity 03  MfSec
Cross seclion reqd for desired approach velocity  0.056 M2
Channel dimensions before bar screen: 1800mm (L) X 200mm (W) x 300 mm(H)
Length of the channel is less due to space constraint
Head loss thru the screens
h = .0729{V%v3)
h Head loss in metre
v flow velocity thru the screen in m/s
Factor 0.0729
v 0.3 m/s
vz 0.09
v 0.017 m/s
vz 0.00028%
VERV 0.09
H 0.01 m< 150 mm hence Ok

Head Loss taken is 150mm as standard pracfice as per CPHEEQ, Chapter 5, Section 5.6.1.8
&5.6.1.9

Cdculation for Fine Screen

h ={1/2g}(Q/CA)*

Discharge Flow in M/sec Q 0.017 M3/sec
Coefficient of discharge C 0.6

Effective submerged open area A 0.4M x 0.6M 0.24 M2
Gravity 9.8 M/Sec?
2q 8x2 19.6

1/2g 0.05

CA 0.144

Q/CA 0.12

(Q/CA)2 0.014

Head Loss H 0.0007

Head Loss taken is 150mm as standard practice as per CPHEEO, Chapler 5, Section 5.6.1.9

35



4.3

583

Calculation for Grit Chamber
Settiing Velocity
Vs=g (Ss-1) d2
18 H
Gravity g
Specific Gravity of grit Ss
Parficle size of gnt d
a/18
Ss-1
dz
Viscosity
d2/u
Vs

Reynolds NumberR = Vs x d/p

Applying fransition law for0.5 < R < 103
Vs = [0.707 x (Ss-1) d1.6 - v-0.4]0.714
Computation of Surface Overflow rate

Surface overflow rate for 100% removal
Efficiency in an ideal Grit Chamber =
Settling velocity of minimum size of

particle

Convert Vs to M/day

Determine actual overflow rate
ne=1-{1+nVs/Q/A}F1/n

Assuming n=0.75 and n = 1/8 then

Q= Vsn

A (1-qg)-n-I

Fliow per day

flow per hour/60 minutes Q

Determine of Dimension of grit chamber
Plan area of grit chamber=Q

Q/A

Proposed a grit chamber of dimensions
As per CPHEEO manual page No. A-112 critical

2.8

2.65

0.15

0.00015
0.544444444
1.65
2.25E-08
0.00000114
0.019736842
0.0177302463

2332929363

M/sec

2.3>0.5 Hence Stoke law doe not apply

0.0168

1451.52

959

600

30

M/sec 1451.52

M3/m2/day

M3/m2/day

KLD

M3/Hr

0.031282586 M2

900mm x 00mm x 1500mm

22
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4.5

584

displacement velocity for above parameters Ve 0.141 m/sec
As per CPHEEO manual Horizontal velocity Vh
should < V¢
assuming depth of $00mm Vh 1.20689E-06
Ref: CPHEEQ manual appendix 2, page No. A-111 to A-113
Calcvlation for Oll & Grease Trap
How per day 400 | KLD
Effective working Hours HRS
flow per hour/é60 minutes M3/HR
Retention time for removal of oll and grease MINUTES
Min. Volume of oil & grease frap required M3
Calculation sheet for Equalization/Collection tank
How per day 800 KLD
Effective werking Hours 20 HRS
flow per hour/60 minutes 30 M3/HR
Peak load flow (2 times of nomal flow in M3/Hr) &0 M3/HR
Retention time for collection tank 8 HRS
Min. Volume of collection tank required 240 M3
Ref: Wastewaler Engg. Metcalf & Eddy, CPHEEO Manual.
5%5ec. 5.6.3
Calculations for EC Reaclor
Beciro Coaguvlation Calcvulator by Faradays Law
m=Exixt or i=mx96485 or Watts W=m x96485 x Voltage V
96485 Ext Ext
Anode Cathode
Aluminium Iron
Flow per cell 100 | KLD 100 | KLD
100000 | LPD 100000 | LPD
Working Hrs 20 | Hrs 20 | Hrs
flow per Hr 5000 | LPH S000 | LPH
HRT per cell 30 | Minutes 30 | Minutes
1800 | Seconds 1800 | Seconds
Flow per cell in 30 minutes 2500 | LPH 2500 | LPH
2.5 | KL 2.5 | KL
Equivalent Wt of Anode material 27 | Aluminium 56 | Iron
Mass of substance dissolved per Lir 15 | mg/Lir 15 | ma/Lir
Mass of substance dissolved/cell in 30
minute (2500L) 37500 | mg 37500 | mg
37.5 | gms 37.9 | gms
0.0375 | kgs 0.0375 | kgs
nlg;s KE]T substance dissolved/cell in a day 1.5 | kgs 15 | kgs
Number of days for replacement of I
sicidal eleclrode i i A

23
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4.7

585

Anode Cathode
Aluvminium lron
:;:::]af substance dissolved/cell in above 180 | kgs 180 | kgs
Faraday Number 96485 946485
Min, Current required for dissolution of 0.074 | Amp 0.074448 | Amp
anode
74 | mA 74 | mA
Voliage applied 12 | Volts 12 | Volts
Min. Power required per cell 0.89 | Watls 0.89338 | Watts
Ililﬁlroda Area to Volume ratio, A/V, (100- 156 | em2/Lir 156 | em2/Lir
Area of Electrode material required/cell
with A7V ratio 29034.84 | cm2 29034.84 | cm2
2903 | m2 29.03484 | m2
Number of electrodes/cell 52 | Pairs 52 | Pairs
Areq per electrode 0.56 | M2 0.558342 | M2
5583.62 | cm 5583.623 | cm
Thickness of electrode 5| mm 3| mm
0.00005 | M M
Length of electrode 08 | M 0.8 | M
Width of electrode 0.7 | M 07 | M
Distance between 2 electrodes 2| ¢m 2lem
Depth of cell 1.5/ M 1.5 | M
Free board 300 | mm 300 | mm
Width of cell 1| M | | M
Length of cell 3| M 3| M
Specific gravity of Material 2.7 | Al 787 | Fe
Weight per electrode | L x W x Thickness x
| so.gravity) 7.56 | kgs 13.22 | Kgs
Min. Cumrrent density required/electrode 2 | mA/cm2 2 | mA/cm2
Actual current required per cell (parallel
connections] 11167.25 | mA 11167.25 | mA
11,17 | Amp 11.17 | Amp
Voltage applied 12 | Volts 12 | Volts
Power per cell 134.01 | Wats 134.01 | Wartts
0.13 | KW 0.13 | KW
Calculations for Flash Mixer
Calculation sheet for Flash mixers
Fow per day 00 kid
No. of Flash mixers in parallal 3 Nos
Flow in each mixer 200 kid
Effective working Hours 20 Hrs
flow per hour/é0 minutes 10 M3/Hr
Mixing time required for mixer 20 minutes
Min. Volume of flash mixer required 33 M3

Ref: Wastewater Engineering, Metcalf & Eddy
CPHEEO, Chapter 5, Section 5.7.3.2
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4.8

586

Calculation for Tube Seftler
Calculation for Tube Seltler

HAow per day

FAow of effluent/Hr.

Settiing Velocity of effluent
Angle of inclination

Area in per M3 of Tube deck
Factor for Tube deck media
M3 of Tube deck media

Add 10% extra

Tube deck Media required in L
Ht of Tube deck media

Length & Width required for fixing Tube deck media
Width of setfler
Length required

Size required for fixing tube deck media

Height of settier

Free port fop

Inlet Chamber

free port bottom

Height of Chamber

Height of cone

Height of legs

Total Helght of Tube setiler

Difference in ht of Inlet and outlet chamber

Length of components of settler
Inlet chamber

Outlet chamber

Length of media chamber & cone
Tolal Length of Sefiler

Widih of components of settler
Inlet chamber

outlet chamber

Cone

Main body

Total width of seltler

200
10

10

60

11

19
1.727
1.90

1.00

1.30
1.46

l.oX 13X

s8888888

8 8
3333

1461.54
2061.54

1300
1300
1300
1300
1300

Technical Data Sheet for Tube deck media attached in section VI, 8.11

KLD
M3/Hr
M/Hr
degree

M3
M3

= %

LWH in M

33333333

33333

<D
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Calculations for DMF and ACF vessels

Calculation sheel for DMF and ACF

Flanged Vessels

How Rate in M3/Hr.
Velocity, M/Hr

Vessel dia.

Shell Thickness

Shell Height

Shell Wi,

Dish end Dia.

Dish end Thickness
Top Dish End W,
Bottom Dish End Wt.
Outer Dia of Flange
inner Dia of Alange
Thickness of Hange

Fanges Wt. BoHom/top
Thickness of Strainer Plate

Strainer plates Wi,
bottom/Top

Wt. of Manhole

Wt of handhole

wt of Legs

Wt of Hooks

Wt of Nozzles & Flanges
Wt of Funnel

Tolal Wi, of Vessel

Mo of Sirainers,Top
No of Strainers,Bottom

Nos

10

3.8215656
1.954906

1.8
433.6782
2.734868

369.264
369.264
2054906
1.954906

20B.1676
188.4
39.53514

208.1676
73
25
80
10

30
10
1649.909

147

Mir

mim

3.14xDiaxDia/4x250

Media Hi
Shell Vol.
Vol of media

Sand Vol.

Pebbles Vol.

Total sand

Wt.of sand & pebbles
Anthracite Vol.

Wt of Anthracite

1000 mm

1950

2400
4320

g 8

Lirs

Lirs

Lirs
Lirs

Lirs
Kgs

26
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SECTION V

ELECTRICAL LOAD, AUTOMATION
LOGIC, EQUIPMENT WEIGHTS

27
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5.1

52

589

Electrical Load
Bectrical Load Data Sheet
$.No. Equipment name Qty in Nos KW per unit Total Electrical
Load in KW
] Qil Skimmer 2 0.37 0.74
2 Alr Blowers 3 5.5 16.5
3 Sewage Transfer Pumps 3 5.5 16.5
4 Dosing Pump for Acid 2 0.08 0.16
3 Dosing Pumg for NaOH 2 0.08 0.16
& Dasing Pump for NaCl 2 0.08 0.16
7 Blectro coagulation unit 6 3.5 21
8 Poly Dosing System & 0.08 0.48
g Chlorine Dosing System 2 0.08 0.16
10 Filter Feed Pump 2 9.9 1
11 Filter Backwash Pump 2 3.7 7.4
12 Screw pump Z 2.2 4,40
13 Filter press, Hydraulic 1 3.7 3.7
Total Connecied Elecirical Load 82.36
Automation Logic
1. Colleclion fank

a} The Sewage transfer purmps wil stop if the level in the collection tank is low and will restart
as s00n as the level reaches high.
b) The blower will continue working even at low level. Needs to be stopped manually

Electrolysis Reaclors

a) The DC Circuit wil trip as soon as the level in the reactor tank gets low and will restart when
the level reaches high.

b} Low levelin the reactor tank will also frigger the sewage transfer pump to start if the level
in the collection tank is sufficient.

c) Low levelin Reactors will also stop agitation in flash mixers.

Fiter Feed Tank
a} Filter feed pump will trip if water in the filter feed tank is low and will restart on sensing high
level,

Treated Water Tank

a) In case level in the Treated Water Tank is sensed high, whole plant will stop including the
DC power supply of the Electrolysis reactors and the Dosing system,

b} The blower will continue working, Plant will restart at low level in Treated water tank,

Manval Overides

a) Manual ovemide will be provided for all the automation. In case the plant is run in manual
mode all automation systems will cease to work.

b) Al working and standby equipment have a selector switch to manually switchover to the
desired equipment if required.

c) Anemergency switch will be provided In the panel to completely cut off power supply to
the complete unit.

28
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5.3  Mechanical Weights of Equipment

590

Weights of §5, MS FRP and MS EP Fabricated Insiruments

S.No. | Equipment name Qty | Unit | Wt./unitin | Tolal Wt. | Tolal WE. In Kgs with
Kgs in Kgs Water

| Bar Screen 2 | Nos 103 206 206

2 EC Reactors & | Nos 8%7 5382 35584
Wt of Anodes/reactor | set 190 1140
Wt of cathodes/reactor | set 344 2064
Wt of water per EC Reactor 4500 27000

3 Settling tanks 3 | Nos 2270 46810 66810
W1 of water per Seltler 20000 0000

4 Pressure Sand Filter Vessel ] No 1870 1870 10170
Wit of media 4800 4800
Wt of water in PSF Vessel 3500 3500

5 Activated Carbon Filter | No 1870 1870 8570
Wt of media 3200 3200
Wt of waterin ACF Vessel 3500 3500
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SECTION VI
RAWINGS (ANNEXURE - A
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7.1
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Ol Skimmer

'

" UNIVERSAL TECH TRADE PVT. LTD.

TEST CERTIFICATE

Product : Oil Skimmer INVOICE NO. : UTT/0573/21-22
DATE : 25-09-21
CLIENT : Meridian Micro ‘m:hnotoy_
5.NO Description
1| Make Universal
4 Model/Size UTT-03100
4 Quantity 1NDS.
Size of Bell 4"x 2400 M End Less
g MOC Raller in Gl & Cther Parts in MS.
€ RPM 48
7| Type Horizontal Type Gear
d Motor 0.18kw/1450Rpm/Flanged
o Power Supply 3 Phase/415Volts
10| Motor Make CG y
r'
11 Oil Removal Capacity 50 Iph in pure oil | S Fust
||Lmﬂ}k F:Eﬁf?!-rrn als
14 Connection Size: 1 e/
\‘E.-—""

Authorised Dester : W0 EOmmmmmm  [RIR=ts

- Deals v Watar Suppiy Pump. Sausgd Pumo. Bcraw Pump. Dosing Pump, #itter Prass. CantrifUge. 5

Ragd. Offkas - - 1398, Lawoni Sk, Mengiel, Mew Deld - 700083 Wlaerkes 02188, Adfvgapak Flagar, Rlsegiod, M [t - | 10087
it O L-85 68500 Mol - FTLITINEE, .Ilﬂlm;l Eormami] | s s @t sk r sde (S mmisil mmem. s univeroslbecrirade oom
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Air Blower

(0) AIR COOLED

K ‘ EVEREST TWIN LOBE ROTARY AIR COMPRESSORS

A compricte ramge #Mhhnmﬁrﬁn_uuuﬂw
7.000 mihr in single ctage and mpio any capacity in paraile! for working
pressures mprio | kg/onl They are avaidabie as wtal package muits, ready to install or as

bare biower anits for replacement.

i — i s |'- i i o . i

F ".:..‘“,L i i i -"' :i. Tos. ol ?I.' & B e |
i"'l- ;"'-u:'i b *—.r*—l'.." I -Iq,_""-l:'“- *‘JIE';I- "'EE!.‘!- +=.
wical P "ﬁ:ém*ﬂ“ﬂzﬁwﬂ__ e

* Polyster Chip Conveying & dryimg For tranafer of polyster Chips mod ather

= Bag Pilsore For revoree clesming of Filtes begs.

*  Pasnsentic Comveping Vecsurn, Pessow and Combination Cooveying of ceveals,
camant, ek, baggeos, gremules, powdon and other simidsr material
*  Ragemerative of Drpers & Melocaiar Sisves.

B EVERETT ADVANTABE
Retson poser advamages with faciory gressmne reglacesaesxt pares.

* Al party meet cogpnal aaelsctunng specBcaoons
and volerances for guasanteed Bt and funcrion

*  Pe-packaged ovenall kits with detailed service
marvasis are avaleble on mquest.
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PERFORMANCE TABLE

LI
e ———

2.

e e — e .

i S —

S TS ——_— .-

] . ¥ T
L e e e e e ————— e e — e, ———
=

S e B MR SR RS AP TS ST TS T -

- e, N e —

H—_— . . . - N .
—_— e e e Sk
e - — . - ol i & -
pu= - - . i i ! g s .- - e
B S SLF T GRS WS SES el ERS BrA DO
V

Pl 1 S 3 ALY £ WD ! Pen NIRRT 500 Lt D SR MRy T SOpe st
Compeiomur | Cuter Miwbger © 0 550 CFW WD Sm_0 ) AT R 0 L1 RS0 oM

EVERES T lTransmission
Tobadge 31-17-28114307 2857 14044 3714968 3117480 Emasl  ndoSwverssibiows s com el wees svaresibiceesss. com

B, erpapor Induetiin) Aret Phase-) New Dol 170 (34, incig
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7.3

618

Sewage Transfer PFump

ETERNA CW

SEWAGE DE-WATERING SUBMERSIBLE PUMPS

Hh =h'm #
Chacrargs Fange : Uit 4800 LPU m oS oF AT
O Faing IDFED WA DD sfiiarey @ lSww sreryy SSumpden resdling I sgnliced axt
Voriogm Renge : 300 10440 Vohe Mo pingy)  *0%
PN LR MAS Ensy Wal naveide Dveine
Wi Dol 3 < 1980 g rinimrniie deuion e belie: rwchergemily of
Pretiscrion : P wﬂhﬂ—-ﬂ—_.
Cormtverey of b ;L2 x W gt
Maadrurn Aribient Tempesaie | 40T w e - e
Insulsion : B ECan m_ hlmﬂ '-ﬁ-l+ -
—
Ty 1 Gagt hon Pegplasmadie Hostsg e
3 wit=in e

e o o bl e
Pump Bhad ; Carbon Beel p—y
T T rremicell ubuaced Rveving P

W T ¥ el o [
, hup-'mu : - protecd corgmnenls w‘

shoooing podosrs "

= Constpuoten siis

f jJwow  lon]lilwjljeml®] - ||| wm]|w] -] -] -] -1 -] =
I wleslels sulvisnlelsial] . |
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619 72

7.4 Dosing Pump

SERIES B

TYPICAL PERFORMANCE
CAPACITY | MAX. DAPHRAGHDIMCNSION] SIZE OF B £ oo
i T . ET ey
comr) LoH | RECM* | Sydua) A | GoxID I S PR =1 |
Plassic L - —_—
B-11.B-71.891| &0 | e | 00 09 a0 |vexwr| T sf;"!::" |“ - J .
BIEE-75 0% 170D | 170 15 IH 110 ' s 3R l"lﬂi.ﬂ’iﬂ_l

w TYPICAL PERFORMANCE
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Filer Feed Pump
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Filter Backwash Pump
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7.7 Filter Press & Screw Pump
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WASTE WATER TREATMENT EQUIPMENT

St No. MOU

UTFR-12{12 112" 1M PP
UTFR-I0e 188" 17 PP
UTFP-1ags wenEr 23 FP
UTFP- 26264 289%%" 23 PP
UTFP-30x30 300" 29 L

POLYPROPYLENE FILTER PRESS

(Stzws - 12° - 30° Manual & Hydraulic Type)
MANE: UNNERSAL

Cols Helding — Flloretkw
Cap. Aroa

24 Lirs, 1452 M2

Operating  Tighwoning
Pre. Bar WMo

30 - &0 ManyalMHydraylic

120 4=m 820 M2 &0~ 50 Maryal/Hydreulic
160 Ltrs, 226 M2 40~-50 A 2 sl Hydraulic
290 L. 1559 M2 &D- 50 Marwals Hydraudic
B0 LOE FLI0OWL B0 - 60 Marwsd/ Hycdrmulic

PROGRESSIVE CAMITY [Screw) PUMPS

FLOW RANGE : UP TD 100M3/H
HOUNG : C1 15 210FG 2201
ROTOR : 55 -AISI 316/410
SHAFT 1 S5 -AISI 16/410
STATOR : Nitrila Black

MAKE: Roto

WATER & WASTE WATER PUMPS

L

Fllll'il

Herizontal/ Vertcal Muitirags Pumg : MOC - 55 3046/ 318
Fow Rangs 1Upto 1BOM¥h

Hemd ; Up to 240 Muter

Seunga/ D rainags Pumg ;

MOC - O impellanSody & S5 Shaft/ Salid - Up to J00MM
MAKE: Wik / Lea / Kiroslar

APPLICATION : Clear Wter & Waste Waler Treatment

U Lasep Type | Low pressure, high-performancs quartz lamps
RECO M WENDED UV LAMP LIFS : Up to 8300 Houwrs.

BALLAST  Maxchad high fraquancy slecrroaic balsrs,

INPUT POWER : 290-2500 AL, S0-60 He

UV CHAMEBEN « Elecoro-polished SS3160L

AN FAIL MLARS ' Audiowsual

MAOKE : SUMRLUT 7 UNIVERSAL
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78  Bectromagnetic Flowmeter

1 PRINCIPLES

Elecromagnetic ficw moters detect fow by using Farsdey™s Lew of swducson.

Incde an slecromagnetic fliow meter, there = an sleciromagnetc cod that generates a magnetic field,
nrd slechodac that caphure clochomoiive foroedvoltage ).

Due o thes. afthough it may appear as if there is nothing nside the fiow pipe of an slectromagnetic
fiowr meter, Bow can be measusred.

Under Faraday's law of mducton. moving conductve iqueds mside of a magnetic field generates an
siectromotive force (voltage ) in which the ppe inmer diameter, magnetc field srength, and average
flow velocity are afl proportional in other words, the flow velocity of kgued moving in & magnetc fisd =
corveried into slecncty. (E s proporional o V = B x D)

| Exclting coll
Eleutmmawhc_ ‘Cnm : S
flow meter detector &’#‘ \ - a,
=0  Magnetc

== o\ :mﬂﬂ'g o eon:
-~ Y slre : ;
' E (Voltage}
: _ \ Liquid

/  Measurement pipe

/' Electrode
Pipe inner diameter: D

As the fiow changes. the electromotive force (voltage ) captured by the slectrodes changes as follows.

— g Because the
w v Lol b moving energy of
+ | the water varies

s e HHHHH o s
Sl -Lil. = 4 will also become

sironger,
1 (e 1 fime)

H_Thali#ntiuim‘

i

10
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7.9 pH Meter

pH/ORP METER — IIIIH'K
SEMEE MDASURE  COMTTWOL

B % e Madhuss Of He MYIOQoN DN concaraion N 0 Oud. pH Mamsuses he acidly o alolinTty of o souid,
The pH scole & IOQoETTTIEC ond runs fiom 0.0 1o 14.0 wih 7.0 Daing neulol Reacings ass hon 7.0 ndicoe acidkc

WiUMore, winds Neghar SO Ncoe (Rrine of Doss aoh fions

Chipdne ond Orone are INe mMos! Common danfaciorts usd it 1N woter Ong wose woler raotrmeant nolusing
Oxgotonraduchion potanta |(OFF) & 'e poamahe commonly wad D measse EDOX reactorns and &
ha oty eectital Mathod we ove 10 clachoneoly morder cianiacim! afacthansss,

WHY CHOOSE THIS METER

« TRACEASILITYT wp A/ GV storcioscs
« FUSH BUTTON FRONT NEYS 1o atmy et ups

« INDIVIDUAL HGH & LOW SET POINT RELAY
i OioET Oof Bgha YO AL O Con D Ul T DOpoTDncE O O olkes

g
- FROGRAMMABLE CONTROL DE AY TIME
PO PREVENT CHATTERING

- HYSTERISIS TO PREVENT RELAY CHATTERING
Myl i T CArarToe Of Bt Do Debw which oy will Bt

ot gefing anesyracd
= IN-BUILT DA GO 3 for weong collwoion oF Meres ey

« IN-BUILT ALAGM AMMUNCLATOR
72 0 Doy 10 OORNOWESODS Mg IDw Tl CONOrion Ond Sser (Siow s
Dy pesming e OokrowiSOge ey

- MANUAL AUTOMANC wicy et orfiom

ADVANCED OPTIONS AVAILABLE:

- AUTOMAIC TEMPERATURE COMPENSATION

+ DUAL LINE BACHLIT LT D which cliapioys termpasecrim
o DeUIDER akomg Wit iy dohue

- RS 485 e orire manioing/ 000 OgoNg

« BOLATED 4-20 mA OUTPUT wih narmofrvese Lunc ton
ard -l curse T simuscior

FILTRA CONSULTANTS AND ENGINEERS LTD.

Fo'l, S ek Pllarl =" Fe llmey — li=] =4, S5 £ g ir i #1 =)t = 5 gt ey =0 S
v le o AY LK T o B RN TR T O Gy W

- LM U LEINISSI B e R L ] | [

TRt TR TR TR T S
L@l Il L NE L
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7.10 UV Sterilizer

x
P——— AN

THE UV EXPERT
Alfaa UV Technical Specifications Sheet
Morderd L1z
- oo Flasar 300 o'
! VY Do 00.000 ubif-smc i’
| LY Transemission (per cm) -
Voltage N 2800 | B0 Ol
Aderxmm s, Poneww Coneumpaan (W) 170w
ﬁ ormtses of | ampao 12
M. Lamp Cable Length (rmeters) a8
Phallers Tygoe Edecronc with Programmed Start
MOC Stainless Steel 3100
End Corwecions F RSP (M)
i Mux Operatng Pressums 80 =i
Mz Operating Temperanre 43 degrees C
Moy Sadiragos Termpersturs Q0 degrees C (lamps nsmed off)
Quarnts Raciom WIOC High Purity Quastz (UVT > 85%)
Larmg St b msy Yau
! Lamp Runnng Hos Counme Yam
UV Intenmty Meter wf 4-20 mA Output Optional (UVM710)

108G A Pesspds Tomees, Pessernls Corpos so Pl
Lospegs Pagend $): Sbsslical SINEE leaills

Tk +51. 2 65017300 Eddel ynbeiefeliame o
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SECTION VIII

VETTED DOCUMENT OF
ELECTROCOAGULATION
TECHNOLOGY

STP IN UTTARAKHAND FOR REFERENCE

(ANNEXURE - B)
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AR TENRT 99 R
INDIAN INSTITUTE OF TECHNOLOGY DELH|

Centre for Rural Development & Technology
21 @, % Reell-990 098

Er. Vivek Kumar Hauz '{"'“-1'_:"?‘:'_9“91 1':'ri-11 0016
¥ P [ e - —2 EE ig
Ra0ckee rcieses Fax: +91-11-2659 ?ﬁ:

E-mail : vivekk@iitd.ac.in

Ref No: IITD/CRDT/E-18732 03/07/2018

KK Rastogl

General Manager

Office of General Manager, Construction Circle (Ganga)
Uttarakhand Pey Jai Nigam, Haridwar (U.K.)

Dear Sir.

This is with reference to the vetting of 18 EC technology based STPs of Uttarakhand. Earlier we
had sent 18 reports excluding the performance of EC Reactor. Now we are ready with 10 days
performance analysis report of the pilot plant we had installed at IIT Delhi. Plant performance is
now satisfactory and consistent. Find enclosed herewith vetting of Electrocoagulation technology
for sewage treatment.

Thanking You,

Sincerely Yours,

\Diundsn

Vivek Kumar
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Introduction
A pilot scale electro-coagulation plant has been installed at the IIT Delhi premises for the

purpose of performance analysis and process optimization. | m*/hr plant is installed at micro-
model premises near an open unconstructed (Kachha Nala) drain. Drain carries the domestic
waste water of Katwaria Sarai village. and TIT Delhi's staff colony. Units of the plant were
transported from Coimbatore (M/s Confident Engineering) and installed on a concrete platform.
A flowchart of the pilot scale plant shown fig 1.

The primary focus of the study was to analyze performance of the plant with respect to selected
parameters and further optimize the performance as per the targeted values of the selected
parameters. Targeted values of the various parameters are shown in table 1. These values are the
discharge norms as per the DNIT and Contract.

Table 1: Treated water parameters as per contract

S.No. Parameter Values
1. PH _ﬁ.?-'}"{} i
2. TSS, mg/L <10
L BOD, mg/L <10
4. COD, mg/L <50
5. Total Kjeldahl Nitrogen (as N) mg/L <10
6. Ammonia Nitrogen (as N) mg/L <5
; Total Phosphorous (as POs) mg/L <2
8. Fecal Coliform Count (MPN) <100

Before the installation of plant, survey of drain and sampling of wastewater was carried out at
various point and time to observe variation in paramelers 10 ¢ase the plant operation. Based on
the study it is found that peak flow and pollutant load occur at two times in a day. 8:00-10:00
AM in the morning and 8:00-10:00 PM in the evening. Sampling at Nala was done for 24 hours
at the interval of 2 hours, Wastewater parameters were analyzed in CRDT, [IT Delhi foliowing
standard methods (table 2). The characteristics of wastewater flowing in the drain is shown in
table 3. For the treatment purpose wastewater is being pumped from kaccha Nala, upstream (W/s)

\ ) v

Dr. Vivek Kumar
Associate Professor
Centre for Rural I-Tectnrgl:ﬂ

of
e Winae MNow Dﬁ“ﬂﬂ"ﬁ]"ﬁ- l"DIA
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(about 20-30 m from the plant) to 3000
“ capacity and 8 m head. Pump is place

630

wastewater flows through the treatment plant by gravity and

used for gardening purposes. Pilot scale plant is being run al

from morning 6 am 10 evening 10 pm to study the impact of variation in the flow and pollution

load rate on the treatment performance of the pl
followed by on

f the pilot plant after modification are

electrocoagulation technology consisted of EC reactor,
clarifier. MGF. and ACF. Detailed design parameters O

L storage tank by a 1 HP pump having 14 m’/hr 1
d at the bank of the Nala. From the collection tank

ated

pump. Finally treated water is being

various daytimes on batch basis

ani. The treaument plant based on

line ozone dosing. Jamella

presented from tables 4a to table 4¢. ;
Table 2: Methods and reference used for wastewater parameters
Parameters Method Procedure Reference )
pH Used a Labman scientific -
_ instrument
COD (mg/L) Closed Reflux method 5220 B
BOD (mg/L) Winkler method 5210 B
TSS (mg/L) Filtration method 2540 D
Total phosphorus (as POs) Colorimetric test - 4500-PD
Fecal Coliform (MPN) - 6221 B-C

Table 4: Analysis of Drain wastewater

Parameters "Range (Average)

nil 6.5-72 (6.85)

COD (mg'l) 190-362 (332)

TSS (mg/L) 170-400 (310)

TDS (mg/L) 800-1100 (1030)

EC (us) 1330-1650 (1200)

Fecal coliform (MPN) 5.60-9.80 x 107 (820 x 10%)

Table 4 (a): Equalization tank

Descriptions Parameters - 1
Volume of the tank 0.5m’ |
Retention time Actual/design @ 1 m'/ 30 min 1
Retention fime peak (Assuming peaking factor 3) 10 min ]
Ozone applied in equalization tank ]
_Rat: of Ozone dosing l 3 gr’ﬁlT N |

wm
“Yivek Kumar

Associate Profes

sor
& Technology

indian Institute of echnology Delhi

Hauz Khas, New Delhi-11

0016, INDIA
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¥

" Table 4 (b): Electro-Coagulation tank detailed description

"Description | Value
Design flow 1 m'/h
~peak flow (Assuming peaking factor 5) Im'/h
“Dimension (L.*W*d) of the EC wank (meter) 0.465%0.390%0.903
EC tank Volume 0.1637 m’
One plat Dimensions (L¥W*thickness) (meter) 0.6*0.3*0.004
One plate one side surface area 0.18 nf:__
Total one plate surface area 036 m"
Total number of electrodes 53 No's
|_Gaps between two electrodes 5 mm
“Total volume occupicd by electrodes 0.03816 o _
EC tank effective volume 0.12554 m’ _ |
Current 6 amp
Optimum power range 300-500 watts
Optimum energy density range 15.72 - 26.20 (watts/total surface area nv')
Total plats surface area 19.08 m
Retention time Design. 7.5324 min
Retention time Peak 2.51 min |
[ Maximum electrodes consumption [0 ¢/ m’(m” of sewage ) ]
‘Table 4 (¢): Other Pilot scale plant unit’s capacities
Descriptions Parameters
Flash Mixer Tank Dimension Volume 0.6*0.54%0.7
Flash Mixer Tank Volume 02268 m* i
[ amella Tube settler dimensions 418 m’
| Area 3.05 m’
Angle 55 .
MGF and ACF Dimensions 1.450 m Height and 0.5 m diameter ]
Area 0.196 m*
-
Methodology:

After initial performance analysis on the basis of COD, S8, and TDA it was found that plant was
aeither stable nor performing as per the set targets. Further detailed design of the plant was

Dr. Vivek Kumar
Associate Professor
om&n-immenl & Technolog

y
indian Institute of Technology Delhi
Hauz Khas, New Delhi-1100186, INDIA
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studied and after discussion with M/s Confident Engineering, process optimization study was
carried out to achieve discharge norms and stable performance of the plant. Parameters chosen
for, optimization study were Power density, gaps between electrodes, location of ozone

treatment, change in the angle of Tube settler media.

Results and Discussion:

Flectro coagulation unit was fun at 6 Amp constani current using 1ron electrodes plates with
varying power density 13.10-26.20 (watts/ m?). Tube settler media was adjusted at different
angles varying from 45-60°. Angle 55° is found more suitable for proper particle settlement. the
same is described in literatwre also. lLocation of ozone treatment has a significant impact on
pollutant removal efficiency, ozone treatment was iried at two different locations keeping dosing
rate constant, (i) after tertiary treatment (MGF and ACF) and (i) before EC treatment, Ozone
treatment before EC reactor has shown significant pollution reduction efficiency, therefore ozone
treatment was continued before EC reactor for further work. The gap between two electrodes
was varied -4 mm gap (58 No’s plates), 5 mm gap (53 No's plates), 6 mm and 10 mm gap (39

No’s & 24 No's plates) and uniformity of space electrodes was also maintained. 5 mm gap was '

found suilable as it enhance contact between wastewalter and electrodes, which leads high
performance. Lesser gap was not found suitable probably due to the fact that very low gap
creates problems in cleaning which leads low performance. Higher gap is not found suitable too.
probably it results in poor contact between wastewater and electrodes. After optimization of all
the above variables, electrode gap was fixed at 5 mm. Tube settler media at 55°, and Ozone-
treatment location at before EC and then optimization of power density was carried out by
varying it from 13.10-26.20 (watts/ total surface area m’) keeping current constant at 6 amp.
Range of power density 15.72 - 26,20 watls/total surface area m? was found achieving almost
similar result. At the optimum conditions outlet parameters Were found under target limits. After
optimization study plant performance was studied for 10 days continuously and the results are
presented in table 5. It is clear from the results that now plant is performing well and achieving

ireated water quality targets shown in table 1.

Dr. Vivek Kumar

Centre for Rural Development & Technology
indian Institute of Technology Delhi
Hauz Khas, New Delhi-1100186, INDIA
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Table 5: Analyzed parameters of pilot scale EC plant

. [ parameter Inlet Range (Average) Outlet range (Average) ]
pH 7.15-1.34 (6.85) 7.25-1.39(7.3)
"COD (mg/L) 160-362 (332) 28-48 (36)
[ BOD (mg/L) 70-270 (240) 8-9.7 (8.6)
1SS (mg/L) 170-360 (290) 7.5-13.5 (9.5)
Total phosphorus (as POs) |4.6-58 0.9-1.7 (1.5)
LFecaJ Coliform (MPN) 5.60-9.80 x 10°(8.20 X 10%) 3&%5_[34} B

Recommendation:

Following are the recommendation for the implementation in all the 18 plants 1o be installed:
1. Ozone treatment should be done before EC reactor
7. Plate spacing in EC reactors should be kept at 5 mm.
3, EC plants need to be operated at the energy density range from 16-26 Watt/total plate
surface area m’.
4. Angle of the media in lamella clarifier should be kept around 53°

5. Polishing treatment

Conclusion: The EC based treatment plant in 1T Delhi is performing consistently now. The
retention time of EC reactor is much lower than any biological reactor with better plant
performance. Therefore the foot print of EC based ireatment system will be much lower than
conventional treatment system. The treatment system also reduces fecal coliform significantly
due to the ozone addition. It is also reported in the literature that ozone is a better option for

disinfection as compare 10 conventional disinfection treatment technologies.

— e —

86



634

Equalization Tank g

l

Electro-coagulation
Tank

Ozone Dosing

Palymer Dosing
Tank
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Thickened
Shudge

& Sludge Flow

» Wastewater Flow

Figure 1: Schematic flow chart of pilot scale sewage treatment plant based on Electro-

coagulation in TNT Delhi
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Photos and Video of pilot scale pla

Y
Pic 2: Elect

ro coagulal

at installed in UT Delhi
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| Design criteria on
- STP-1, 75KLD, ANOOP NEGI SCHOOL,
| RUDRAPRAYAG,

Distt, - Rudraprayag (Uttarakhand)
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: rop@
> Introduction:- sidered while designing Fdinﬂs taken into

: H_mmptlﬂﬂi con d \mrlﬂlﬁ loa d uptﬂ
; w’lﬁu T; fiﬂﬂmﬁ mimmﬂes design philosoPRY & T pstructur® a:unstruct jon
: ing different structy 2
?ﬁ?ﬁ"ﬁﬂ: :“u:' ﬁla:rr:mue t the building s of StTU¢t
ginth

- ent p
the contractor has agreed to procuré steel tanks for various treatm

2. Design philosophy and modeling:

T been designed 2 framed structure o modeled 2
ml:mm ETABS v9.7.4. Column and peam elements had be nsidered fixed at
gements whil siab had been modeled as shell ¢
f'.:f.'l,ut 1.2m below stilt for foundation resting on 50
~Foincorporate the cracked section prope
" had been considered while modeling:
-0.7; bea -0.35 and slab - 0.25.

Column - 0.7; beam B ¥

ductile detailing as per

3 e using finité

since the building is in earthquake prone area,

3. Soll:
Safe bearing capacity of soil

4. Material Properties:
Concrete: M-25; E, = 25000 N/mm’; Density = 25 kN/m’.
' Steel: FS00D; E, = 2.06+5 MP3; Density = 78 kN/m’.
. Structural steel — E250 (BR); Bolt grade ~10.9;
Welding electrode (As/ IS 814) — EX41XX with 3
. steel deck - 6mm thkchequered plate.

5, Loadings:

This section includes various loading applied on the stricture to design various elements.

has been considered asper the concerned building soil report.

I..*l
S
- -

- S5ilLiveloads:
ANED 44 :

el - STRAANK " 30kN/m?
':-**!. L mﬂ_ area - Ekwml

SRS 6.2 Super imposed dead loads (SIDL):

hequiered plate only pairiting shall be done to protect from corrosion. Weight of
v le madeling. P = Saad ”' . ks 2 B! o]

moaiie
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5.3 Barthquake loads:
nsidered for earthquake

Following parameters has been co
frame):
Zone IV; Z = 0.24; Soil type: ll,nu[smlbuildiruwlthﬂrdinmm“d

lﬁipomnce factor = 1.0; Damping Q) = 2%.
Calculation of base shear:
T,=0.085*h"";

mlufmmmmﬁm for seismic weight is 50%.

" 5.4 Wind loads:
% = 47mfs, V2 = k1*k2*k3*Vu Terrain
Ha:dmum force = C*A*Pz.

aﬂiﬂﬂ-z:addingdaﬁ-l

DL+ EQ
DL+ 0.8 (L+0.8EQ

B) Limitstate of collapse:
15DL+15LL
15DL+15EQ
09DL+15EQ
1.2DL+121LL% 1.2EQ

Where, DL is dea- ,0ad, LLis live load and £Q s ea. tnquake loads.
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ABSTRACT

In this study, a pilot test of electrocoagulation (EC with aluminium electrodes) of natural municipal
wastewater was performed. In view of the obtained results and the unique and innovative nature of
the proposed procedures and solutions, EC can be regarded not only as a preliminary purification
step, but also as a comprehensive alternative to other wastewater treatment methods. Electrocoag:
ulation was conducted at constant current, and changes in voltage were registered continuously to
control and calculate energy consumption. After 2 h (7200 s of EC + 1800 s of additional sludge set-
tHing), initial colour (2140-2570 mg/L) was removed in 86-99.5%, turbidity (87.5-149 mg/L) - in 100%,
suspended solids (250-340 mg/L) - in 88.5-91%, COD (609-737 mg/L) - in 60.8-63.5%, and phos-
phorus (10.0-10.7 mg/L) - in 94.5-96%. As expected, a higher electrocoagulant dose at higher energy
consumption improved the efficiency of wastewater treatment, but energy consumption was not
directly proportional to the treatment efficiencies of electrocoagulated municipal wastewater. The
obtained results of sewage purification seem to be promising both economically and technologically.

They fulfil Polish standards of effluent quality, excepl for COD where higher efficiency is ﬂuued

EC poses a viable alternative to other wastewater treatment methods and should be conside

initial step in municipal wastewater treatment.

a5 an

Keyoords: Electrocoagulation EC; Al-electrodes; Energy consumption; Sewage

1. Introduction

Biological treatment of wastewater, the most popu-
lar sewage (reatment method, is characterized by very
low efficiency at low temperatures [1-3]). At low tem-
peratures (5-10°C}, the efficiency of most biological
processes decreases considerably, and the effectiveness
of suspended solids, COD and horus removal is
reduced significantly. Therefore, a biclogical purification
of wastewater, in cold regions, should be supported such
as chemical coagulation or, altematively, electrocoagula-
ton, which will significantly reduce the loading to bio-

logical stages.

*Corresponding author.

Electrocoagulation (EC) is easy to control, which is an
important consideration in wastewater treatment systems
for single houses and portable water treatment units [4,5].
When aluminium electrodes are used, the formation of
the aluminium coagulant can be described with the use of
the following equations representing the main electrode
reactions:

mAl°-6ne=2nAl" (1)

6(n-x)H,0+6(n-x)e=6(n-x)OH +(n-x)H,(T) (@

The formation of a positively-charged, colloidal alumin-
ium electro-coagulant is described by the following reaction
equaton:

1944-3994 / 1944-2986 @ 2017 Desalination Publications. All rights reserved.
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sim=1

The above reactions are accompanied by minor oxy-
gen polarization of the cathode (the value of n in the above
equations is significantly higher than the value of x), which
induces a minor increase in the pH of electrocoagulated
wastewater:

%x O,(from water) +6x e+ 3¥H,0 = 6x OH- ()

EC poses an alternative to chemical treatment [6,7], in
particular with regard to Jow transportation costs of Al
from Al-electrodes which is nearly 10 times lighter than
Al from AL(SO,), 18HLO. The availability of cheap electric-
ity and /or the addition of seawater to wastewater treated
by EC could reduce the costs associated with this method
(8-10]. Such an approach has already been tested in Nor-
way by Foyn [11]. Surprisingly, Al-Zuhair et al. [12] noted
a 10-15% increase in £C efficiency when the temperature
of treated wastewater was decreased by 15°C, which may
suggest that this method is more suitable for cold climate
regions. Similarly to coagulation, the main stages of EC
are destabilization and Aocculation of the colloidal system
[13-15]. Electrochemical treatment of sewage [16-19] and
other types of wastewater, such as baker s yeast [20], chips
[21]), pulp and paper [22,23], has been widely researched.
Under these conditions, wastewater disinfection [24)
also by chlorine evolution at the anode [10,19] may be an
important part of the electrocoagulation process. During
laboratory experiments, a variety of practical improve-
ments have been suggested for the EC process to lower
the coagulant dose, including: a) wastewater recirculation
[25], b) the use of electrodes that are specifically shaped to
account for the unique parameters of treated wastewater
and c) changes in the direction of current flow [26] for elec-
trode self-cleaning [27].

In this study, selected innovative solutions for sewage
EC, which had been previously tested only in a laboratory
setting, were analysed in semi-industrial conditions. The
following unique solutions were applied in a pilot experi-
ment: a) sewage flow during recirculating EC was enforced
by the shape of the electrodes and the electrolyser, and the
electrolyser can be easily adapted to process large quanti-
tes of wastewater, b) electrode self ing was induced
by changes in the direction of current flow on the electrodes,
¢) the optimized frequency of changes in the direction of
current How on the electrodes (every 256 s) was sufficient
for electrode polarization. In view of the unique and inno-
vative nature of the pro d procedures and solutions, EC
can be regarded not only as a preliminary purification step,
but also as a comprehensive alternative to other wastewater
treatment methods.

2. Materials and methods

Sewage from Reszel (Poland, S000pe) was used in this
pilot test. Raw sewage was characterized by the following
average parameters: pH = 6.89-6.97; Turbidity TU = §7.5-
149 mg /1, Suspended Solids S5 = 250-340 mg /L; Chemical
Oxygen Demand COD = 609-737 mg/L; Total Phosphorus
P = 10.0-10.7 mg/L. A pilot system for EC of municipal

waslewater, equipped with Al-electrodes, was designed
and constructed specifically for this test. The diagram of a
recirculation system for sewage EC is shown in Fig. 1.

350 g NaCl was dissolved in 100 L of sewage to increase
its specific conductance « to 2.2.107 Q-.cm™". Then, 26 mL
of concentrated HCI (36%) was added to decrease pH and
dissolve the passive layer of the anode [28]). According
to some researchers [10,19,24], disinfectant chlorine can
be generated electrochemically under the above condi-
tions. Next, 100 L of sewage was recirculated at 200 L/h
between the small electrolyser and the large container
for 1 h {(Fig. 5) or 2 h (Figs. 3 and 4). Nine Al-electrodes
with the width of 46 cm, height of 16 ¢cm and thickness of
0.3 cm each, spaced at 2.3 cm, were installed in the glass
chamber. This unique arrangement contributed to max-
imum contact between the electrodes and wastewater
(Fig. 1, “6"). The pH in the contamer was maintained at
6.0 by adding small amounts (14-19 mL) of concentrated
(36%) HCI during the process.

EC was conducted at constant current. Changes in volt-
age were registered continuously (Fig. 2), and the mean
value of U was determined for controlling and calculat-
ing energy consumption. Programmable power supply for
the electro-coagulator and the microcomputer controlling
the system (10 and 11 in Fig, 1) changed the direction of
the current on the electrodes every 256 seconds (based on
the results of previous laboratory tests [27]) to: a) facilitate
“sophisticated” self-cleaning of the cathode which became
a soluble anode after every 256 s, b) minimize polariza-
tion loss, The electro-coagulant dose was proportional
to the time of electrolysis according to Faraday's law,

Fig. 1. Diagram of a recirculation system for sewage EC. 1 -
wastewater reservoir, 2 - trealed sewage tank, 3 - pump for £ll-
ing the tank, 4 — volume counter, 5- valve for draining the tank,
6 - electro-coagulator (including the top view), 7 - recirculation
pump, 8 ~ volume counter, 9 - power supply for the recircula-
tion pump, 10 - programmable power supply for the electro-co-
agulator, 11 = microcomputer controlling the system.

116



664

164 L. Smoczyikshi et al. / Desalination and Water Treatment 72 (2017) 162-168

um

&

Fl

3

1T P r-rjﬂ;"'

1L L] e

0 | L i "

1 ‘lz |:mh-i3nﬂ]5|;4um
|

: i | 1 | '
‘I U W AL
Fig. 2. Example of registration of changes in voltage.

mt = k-i-t, where the electrochemical equivalent of alumin-
ium is k = 27/(96500-3) = 9.3-10"* g-A"'s7, al re-
vious research [29] demonstrated that it could be hi
Samples for analysis were collected from the supematant
every 10 min. Colour, turbidity (TU), suspended solids
(55), total phosphorus and COD were measured in the
DR 2800 HACH-Dr Lange system, and pH was controlled
with the Hanna Instruments Hl 8424 pH-meter. After EC,
treated sewage was sedimented for 30 min, and three final
samples were collected from the supernatant for analysis.
The mean values of parameters describing treated waste-
water are given in Figs. 3-5, and the error ( %)
of S5, F and COD values is presented in Table 1. In Polish
wastewater treatment plants, the maximum concentration
of phosphorus in purified wastewater is 5 mg/L. Initial

concentration in the analysed sewage was
close to 10 mg/L. Therefore, the common denominator
for comparing the obtained purification results was the
removal of 50% P.

1:1 Colour removal (70.2 %)
50
EQ
40 . * *
rit iy - ¥
. ¥
so-t o LI time [s]
a 2000 4000 S000 SO0
%
100 | SSremoval (74.3%)
B0
&0
o A
A
| A
20 & A
A i A A
ul-—'-." time [s]
0 2040 4000 6000 s000

3. Results and discussion

The purification of re-circulated sewage treated by EC
wﬂhmlechndﬁu:huummﬁga.ﬂ-ﬁnﬂmhﬂ:rwmg
relationship:

irpurity removal [%] = f (time of electrolysis)

The first run of EC was performed at I = 10A during f =
2 h (Fig. 3).

During EC, aluminium ions formed by electrolytic dis-
solution of the aluninium anode are transferred to waste-
waler [Eq. (1)]. anhvely—durged colloidal [AOH),) in
sewage [Eq. (3)) is gradually bound to wastewater :mpuriﬂ
ties (responsible for the values of TU, S5, F and COD). After
aggregation, agglomeration, focculation and sedimenta-
tion of the mﬁt sludge, the liquid phase of treated waste-
water is gradually separated from impurities by
thi!valuesﬂ-f'l'U E P and COD. After 2 h of EC, the ini-
tial colour (2520) was finally removed in 70.2%, turbidity
:’:Ig} - iﬂmmﬁemﬁﬂﬂ? Eiﬂ} - in 74.3%, and phos-

s - in 79.1%. electro-coagulant dose
required to achieve the above results was:

m=93-10%g-A" s 10 A- 72005 =67¢ Al /10L (5

According to the data in Fig. 3, less Al (ap
ﬁZ.EmgAI;’L}wasmqmmd{t-ﬁ?Eﬂﬂmrmetﬂﬁm

sewage treatment standards with regand to (-50%) phos-
phorus removal. Unfortumately, theﬁnalEDDuii‘EgmgIL
(up to 60.8%) did not conform to the Polish requirements,
i.e. 150 mg/L. The energy consumption associated with the
introduction of 6.7 g of Al to 100 L of treated sewage was:

E=265V-10A 2h = 53Wh /100L ©

=053 kWh per tonne of sewage
%
T TU removal (98 %)
H -
@ o9
,ﬂ i
% e ®a 9
1 T
a .
i . time [s]
0 2000 #000 Bod 2000
%
s P removal (79.1 %)
H 4
“ i
- | ]
W [ |
20 1 "l .
ol : time [s]
0 2000 4000 6000 5000

Fig. 3. Pusification of sewage treated by ECat /=10 A, U =265V, t = 7200 5, pH, = 693 4+ 15 mL HCL, P, = 10,0, Colour, = 2520,
TU, = 148, S8, = 350, COD, —~ COD, = 609 — 326 mg/L (~46.5%).
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% Colour removal (99.5%) % TU removal {100%)
100 - 500 "N
r
:l . * AD ®
; i 60
i) &0 o ®
. . .+ o |
g0 b o ¢ time [s} co-0®emg® time [s]
0 1000 w0m 000 poCC 4 3000 4000 8000 #o00
% s5 removal (88.5%) % P removal (94.5%)
104 00 -
aa - . 80 & "B
& A 0 "
40 A a0 - : L
20 A AA 20 -
& 4 A L
ok N time [s] BB " time [s]
o 2000 4000 000 8000 o 2000 4000 000 8000

4. Purification of sewage treated by ECat [= 13 A, U= 28 V, t = 7200 5, pH_ = 652 + 14 mL HC, P = 107, Colour, = 2140,
=875, 55 =260, COD — COD, =737 — 289 mg/L (-60.8%).

%% Colow removal (86%) % TU removal (10094)
160 - 100 - "N
™
* | *
&0 . " B0 - .
&0 *l-ﬂF mJ
+
0 40 - .
Niee, A »leoe®e®
e time [s] time [s]
o+ . 0
0 2000 4000 6000 8000 0 2000 4000 6000 8000
%% S&removal (91%) Yo P removal (96%)
100 A oo -
80 A A g0 l...
AL ]
€0 - A & .
£0 40 -
0 A, A . "
At : » . :
e
0 & 5] nl—l—l—. the 5]
0 2000 4000 4000 8000 0 2000 4000 000 500D

Fig, 5. Purification of sewage treated by EC at I =15 A, U= 32V, ¢ = 7200 5, pH_ = 689 + 15 mL HCl, P, = 10.7, Colour, = 2570,
TU, = 149, §5_ = 340, COD, — COD, = 737 — 269 mg/L (-63.5%).

mmani results of pilot EC of municipal wastewater
No. of run Al-dose Energy consumption 55 P QoD
g/tonne KWh/tonne [%] remowal
1 67 0.530 M3x12 791 =44 465+ 50
0.728 85+15 45+ 4.5 608 =55
0560 9.0+17 9.0+43 635+ 16
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Therefore, energy consumption required to remove 50%
of P was 0.49 kWh per tonne of sewage (62.5 mg Al/L was
consumed). Al-anode dissolution and energy consumption
are the main costs associated with EC maintenance.

The second rum of EC was atl=13Ad
t =2 h (Fig. 4). Those parameters (I and ) were selected
on numerous laboratory experiments and trials [29-31].

After 2 h of EC, the initial colour (2140) was removed in
99.5%, turbidity (87.5) in 100%, suspended solids (250)- in
88.5%, and phosphorus (10.7 mg/L) in 94.5%. The electro~co-
agulant dose required to achieve the above results was:

m=93-10"g-A" 57 13 A-72005=8.7g Al/100L (7

According to the data in Fig. 4, less Al (approx.
58.6 mg Al/L) was required (t = 4850 s) to meet the Polish
sewage treatment standards with regard to (-50%) phos-
phorus removal. Unfortunately, the final COD = 289 mg/L
(60.8% removal) did not conform to the requirements, i.e.
150 mg/L. The energy consumption assocated with the
intmoduction of 8.7 g of Al to 100 L of treated sewage was:

E=28V-13A-2h=728Wh/100L

=0728 kWh pertonneof sewage ©

Therefore, energy consumption required to remove 50%
of F at 58.6 mg Al/L was 0.49 kWh per tonne of sewage. It
means that energy consumption red to remove 50% of
Pisthe same at I = 13 Aand I = 10 A, although less Al was
consumed at I =13 A

In: the third run of EC (Fig. 5), current was increased to
I=15A.

After 2 h of EC, the initial colour (2570) was removed in
86%, turbidity (149) - in 100%, suspended solids (340) - in
91%, and phosphorus (10.4 mg/L) - in 96%. Due to higher
I =15 A, the electro-coagulant dose required to achieve the
above results was:

m=93-10%g- A7 ¢ 15 A-7200s=10g Al /100 L (9)

According to the data in Fig. 5 and according to expec-
tations (Figs. 3 and 4), less Al (approx. 55.5 mg Al/L) was
required to meet the sewage treatment standards with
regard to (-50%) phosphorus removal. However, the final
COD of 269 mg/L (up to 63.5% removal after EC) did not
fulfil the Polish requirements, Similar or even worse results
were obtained in numerous laboratory experiments and
trials [29-31]. The energy consumption associated with the
introduction of 10 g of Al to 100 L of treated sewage was:

E=32V-15A-Zh=9%Wh / 100L
=096 kWh per tonne of sewage

Therefore, energy

(10)

consumption required to remove 50%

of P (at 55.5 mg Al /L) was 0.53 kWh per tonne of sewage. It
meansé that energy consumption required to remove 50% of
P at I = 15 A was slightly higher thanat [ =10 Aand 1 = 13,
but less Al was consumed at [ = 15 A. Considering the final
results of purification (final removal of Colour, TU, S5 and
P, Fig. 5), a compromise between Al-anode dissolution and
energy consumption has to be reached.

As expected, a higher electrocoagulant dose at higher
energy consumption improved the efficiency of waste-
water purification. The data presented in Table 1 indicate
that the improvement in the purification degree of elec-
trocoagulated waste may not be cost-effective in prac-
tice. When energy consumption is increased by 45% and
aluminium consumption (Al electrodes) is increased by
33%, the co ding increase in removal efficiency
(5SS, P and C"D‘DE is only around 17%. However, operat-
ing costs (consumption of Al electrodes and energy) can
be adapted to local needs and requirements. One of the
greatest advantages of the pro EC method is that it
Is easy to control by changing the current flowing through
the electrolyser,

As mentioned in the Introduction, EC and chemical
coagulation involve the aggregation, agglomeration and
flocculation of impurities wath cofloidal particles of alumin-
ium hydroxide and other aluminium in the sys-
tem after the hydrolysis of aluminiwm cations [32].

The diagram in Fig. 6 presents a simple model for the
aggregation and flocculation of phosphates and COD
with colloidal {Al(OH),) . From the physicochemical
point of view, this process involves bridging of posi-
tively-charged, colloidal [Al(OH),). adsorbents by nega-
tively-charged sewage impurities, and the adsorption of
other wastewater impurities (such as phosphate anions)
by colloidal {Al{OH),], adsorbents [30]. in industrial
practice, this lgregatiﬂn mechanism is known as sweep
flocculation [15,32]. Sewage impurities are agglomerated
in sludge, and sludge is separated to produce treated
wastewalter.

In the fourth run (Fig. 7), in order to validate the data
from purification trials 1, 2 and 3, the duration of the exper-
iment was reduced to 1 h of EC at the current of | = 15 A
(Fig. 3).

After 1 h of EC, the initial colour (2170) was removed
in 63%, turbidity (102) - in 100%, suspended solids (270)
- in 71%, and phosphorus (10.7 mg/L) - in 51%. Since the
fourth run of EC was twice chorter, the electro-coagulant
dose required to achieve the above results was also twofold
lower (50 mg Al/L). In such conditions purification results
were not sati , except for the final removal of P after
0.5 h of additional sludge settling, Therefore, EC has to last
longer under practical conditions,

The results obtained during EC of wastewa-
ter indicate that EC can pose a viable alternative to other
wastewater treatment methods and can be seriously con-
sidered as an initial process of municipal wastewater puri-
fication.

coD
COD

Fig. 6. Aggregation and flocculation of tes and COD in
wastewater electrocoagulated with Al electrodes.
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Fig. 7. Purification of treated by ECat I=15A, U=3.0V, # = 3600 s, pH_=6.97 + 19 mL HCl, P, = 10.7, Colour,_= 2170, TU =102,

55, =270, COD,— QOD, =737 — 304 mg/L (-58.7%).

4. Conclusions

Municipal wastewater treated by the pilot electrocoag-
ulation method (EC) is purified equally or more effectively
than sewage treated in a laboratory. The costs of the main
components of the EC system are determined by the prices of
aluminium and . Therefore, a certain compromise has
to be reached to match the spedfic requirements of a waste-
water treatment plant. In the described pilot test: a) the max-
imum energy consu associated with 55.5 mg Al/L
was 0.53 kWh per tonne of sewage and b) the minimum
energy consumption associated with 62.5 mg Al/L was 0.49
kWh per tonne of sewage. Sewage cation results seem
promising, and they fulfil Polish effluent quality standards,
excluding COD where higher efficency is required, which is
caused by the dissolved fractions. tion alone
can a viable alternative to other wastewater treatment

in most cases and will be an im t initial step,
where biological processes are required to remove dissolved

COD during municipal wastewater purification.
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Abstract — Treatment of sewage wastewater has become an
absolute necessity becanse sewage is main point source
pollutant on global scale. An innovative, cheap and effective
method of purifying and cleaning wastewater before
discharging into any other water system is needed. Wide
ranges of wastewater treatment techniques are known which
include biological process and physicochemical process.
Study has been made to replace the biological treatment of
sewage by electrochemical process with consideration to
achieve desired water quality. Present study was conducted
to investigate the applicability of the electro-coagulation
technique for the treatment of sewage wastewater. In this
study lab-scale electro-coagulation was carried out for the
treatment of raw sewage wastewater at different operating
time i.e 15min, 20min, 25min, 30min using Aluminum as
Cathodeand Mild steel as a Anode; with 15mm and 10 mm
electrode spacing, supplying 24v and 10amp. It is observed
that  the-batch which is operated.at 10Amp for 30 min has
maximum removal efficiency of COD & S.§ ie 95% &
86% respectively at optimum pH 8.3.
Keywords: Sewagey Electro-Coagulation, COD removal

ey ;

. INTRODUCTION
Sewage is the main point source pollutant on a global scale
[5]. So, direct discharge of raw n;ﬁmpm}erly treated sewage
into the watet'body is one of the main sources of pollution
(3]. Sewage normally consists of biological, chemical and
physical constituents which usually high in Bio-chemical
Oxygen demand (BOD), Chemical Oxygen Demand (COD)
and Suspended Solids (SS). There are two main objectives
of wastewater treatment, one is protecting the environment
and other is conserving fresh water resources [1].
Nowadays, many treatment plants use the biological process
in treating sewage water but there are also di es for
that process. Besides, this Conventional biological treatment
needs aeration for days and growth of bacteria. To enhance
the removal efficiency of Suspended Solids (SS) in
conventional treatment, chemical coagulant such as alum,
ferric chloride, ferric sulfate and lime are usually used
resulting in suspended solid removal cfficiency ranging
between 80% to 90%. The major disadvantages of chemical
precipitation process for the removal of SS and COD are
that it involves the addition of chemicals which can be
costly and result in the increase of Total Dissolve solids
(TDS), Research in the past few decades, have shown that
the Electro-Coagulation is a2 promising treatment method
and have potential to treat variety type of wastewater
including sewage.
Electro-coagulation treatment offers an alternative to the use
of chemical coagulant such as metal salts or polymer for

®
2 - - LS -\‘\"lu

breaking the pollutants because during the Electro-
coagulation process, the electrode can generate the metal
hydroxides that destabilized and aggregate the suspended
particles and precipitates. [t is a complex process involving
chemical and physical mechanism operating simultaneously
to remove the orgamics from the sewage wastewater. It
involves 3 successive stages
1) Formation of coagulants by Electrolytic oxidation
of the sacrificial electrode such as mild steel.
2) Destabilization of contaminants, particulate
suspension and breaking of emulsion.
3) Aggregation of destabilized phase to floc
formation. (Mollah et al., 2014)
Main aim of the study is to investigate the potential of
Electro-Coagulation process using Mild Steel electrodes in
the removal of COD and SS from Domestic wastewater. The
effect of electrolysis time, inter electrode distance for the
removal of parameters are discussed.

IL MATERIALS AND METHODS

A Sewage Water Samples

Raw sewage wastewater samples were collected from the
Pirana 106 MLD sewage ftreatment plant located in
Ahmedabad, Gujarat. The composition of sewage
wastewater then characterized to identify the pH, SS, COD,
TDS.

B. Experimental Set-up

The batch experimental set-up shown in Fig. 1. The
Electrochemical unit consists of an Electrocoagulation cell,
a DC power supply and the electrodes (4 Aluminum as
cathode and 3 Mild Steel as anode). A Monopolar electrode
having same dimensions (230mm X 170 mm X 3mm) as an
anode and cathode which spacing of 10mm and 15 mm
(depending on the experiment) between each other. The total
cffective area of electrode was 78200 mm2. All the
clectrodes were washed with dilute HCl before every
experiment conducted.

+
'—-Il- e Ty oo pameel (D]
I :'lnnmﬁ'l-
Fi
o (2] O
5 °°

Fig. 1: Schematic diagram of experimental set-up
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 d Specifications of lab-scale model

Sr No | Physical Features Dimensions

1 Reactor Dimensions E;x 235 X 255
2 Liguid Depth 210mm

3 Width of Baffle 50mm

4 Volume of Reactor 221

5 No of Electrode 4 Al+3MS

& Electrode Dimensions 230mm x 170mm
7 Electrode Arca 78200mm"

8 Thickness of Electrode 3mm

9 Distance between Electrode | 15 mm & 10mm

Table 1: SPECIFICATION OF LAB-SCALE REACTOR

D. Electrodes for Lab-scale Model

In the present work Aluminum used as Cathode and Mild
steel used as Ancde. Electrode design is one of the most
important factor that affects the Electro-coagulation process.
Electrode design affects the release of coagulants in the
solution and the bubble type.

' Mild Steel
Iﬁg"“f: EIEEITMEIMEI‘:&EI
Y |
E. | Expe mental procedure ‘II

The experiments 'e carried out in a batch mode.
Monopolar electrodes used with electrode distance 15mm
and 10 mm. 10 Ampere and 24 yolt are fixed in power
supply unit."Each run was carried out at time interval of
I5min, 20min, 25 min, and 30 min, once the DC power
supply was started. Experiments were carried out to

Determine the effect of electrode  material,
Electrocoagulation time, interelectrode distance and initial
pH. After the experiment 500ml treated sample was taken
from each plate and then kept undistributed for 60 min in
order to allow the flocs to settle, Subsequently after settling
the sample of supermatant was collected to perform the

analysis of TDS, SS and COD.

Top View

Cosguistion process
. Fig. 3: Electrocoagulation Process

Computer Telephony lntegration (CTH
(LISRD/Vol. | Assue | D2014/0034)

IMI. RESULTS AND CONCLUSION

A Characteristics of raw sewage water

Parameter | Avg Value
COD(mg/L) | 506
SS(mg/l) | 182
TDS(mg/L) | 847
pH 7.1
Table 2: Average raw sewage characteristics of 106 MLD,
Pirana, Ahmedabad
Parameter | Avg Value
COD{mg/L) 506
SS(mg/L) 182
TDS(mg/L) 847
pH 7.1

B. Effect of electrolysis time

As shown in fig 4 as the time of e¢lectrolysis increase
comparable changes in the removal efficiency of COD, S5,
TDS and pH are observed. Reactive time also influence the
trcatment efficiency of Electrocoagulation Process because
the more time consume the more production rate of
hydroxyle and metal ions are produced on the electrodes.

Parameter Raw | 15min | 20min | 25mn | 3Omin
CODIMN) s R 512 % 208
% nmoval . 88 9 a4 o
SsiMaA) 40 | 120 | 10 &0 60
% removal - n n 3 £
TOS{Mg At} 790 | 755 | 748 742 734
% removal - 1) 2] €0 70
ot 76 | 80 81 1 83
Enengy 631 | 8 | 1082 126
wm

Table 3: Effect of Electrocoagulation time on parameters
C. Effect of interelectrode distance

% removal of OO0 for 15 mm and 10mm

sﬂ. -— - ——

. m

L L R B T

L] b -]
e T N S B R
-I-ﬁn—-l:l'.'i-lﬂ :II 1 » -
% ramowal of 55 for 15mm and L0mm
90 -
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3 ol

i "

0
i
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R w - -
wmﬂrﬁﬂ. - m »n =
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Fig. 4: Effect of inter electrode distance on COD
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Compuier Telephony Lsegration (CTI)
(USRD/Vol. 1/1ssue 12/201410034)

and SS removal using MS and Al electrode, current density

42A/m2 and for 15 min, 20min, 25min, 30min Ec time.

The effect of interelectrode distance shows a significant

result in this experiment.
Electrolysis time{min) | COD(% removal) | SS(%removal)
I5mm | 10mm | 1Smm | 10mm
15 23 £8 35 T2
20 30 93 50 72
25 32 94 6l B6
30 50 95 n 86

Table 4: Effect of electrolysis time on COD and SS removal

As shown in fig 4, when interelectrode distance increases
the efficiency of COD and SS removal decreases slightly
because the rate of electron transfer is become slower.
Variations of the percentage removal with inter electrode
distance is shown in figure below.

IV, CONCLUSION

In this study the EC process was found to be an effective
method for the treatment of Domestic wastewater, The
effect of operational conditions such as electrolysis time, pH
and inter electrode distance on removal of COD and SS was
examined. The result showed that the removal of COD and
S8 increase with increase clectrolysis time except for pH
and inter electrode distance. The highest removal efficiency
of COD by 95%, SS by 82% occurred at 42A/m2 current

density, 10mm electrode distance and pH 8.3 in 30min of
operating time by Mild Steel electrode.
perating time by ¢ -
| ACKNOWLEDGEMENT
It is indeed a g eal pleasure for me to eiprﬁs my deep and
= ifla s th F
profound gratitude 10 Dr. N. S. Varandani, Head of

\gineering Department,
LDCE for providing me an Gppnrtmﬁg to work on the
Dissertation _titled . “Cor arative Study of Electro-
Cuagu;%ﬂnjy E%Etmm-%mda!iﬂh for Oxidation of
Organics from Sewage™. Their faith’in my abilitics has led
me to a path of confidence and determination. [ express my
deep gratitude to Prof. Minarva pandya, Prof. Huma Syed
and Prof. Dimpi shah and Mrs Varsha for their stimulating
support in various ways, | am also thankful to Sandip
Parmar Student of L.D college of Engg who helped me in
all way possible to conduct the study and all staff members
of AMC 106MLD and 126MLD who helped me a lot for
collecting fresh sewage whenever 1 needed. I equally
Thanks to my Family members, to all my friends specially
Prashant Thakkar, Monika panchani and other classmates i.e
Nilesh, Harshit , Huzaifa, Dharmesh, Ketan, mitul for
belping me to complete my work. Last but not the least; 1
am deeply thankful to all the known and unknown persons
who have helped me a little or more towards completion of
my task.To those 1 am sure to miss out, my sincerest

apologies.

REFERENCES

[1] Bukhari, A, A. Investigation of the Electrocoagulation
treatment process for the removal of TSS from municipal
Wastewater, bio resource technology, (2008), 99: 914-21

[2] C.sarala, domestic  wastewater ftreatment by

electrocoagulation with Fe-Fe electrodes, International

.f.

Journal of engineering trends and technology, 31(4):
330-33, (2012),

[3JESSEE 4 4th European summer school of
electrochemical engineering.

[4] Gauha CHEN, Electrochemical technologies in
wastewater freatment, Eco asia conference, pp 1-30,
(29/10/2008)

(5] Gijzen, H, Anaerobic digestion for sustainable
development: a natural approach. Water science and
technology,vol 45, pp 321-28, (2002),

[6] Guohua Chen,1 Xueming Chen,2 and Po Lock Yue,
Electro-coagulation and electro Flotation of Restaurant
wastewater, JOURNAL OF ENVIRONMENTAL
ENGINEERING, vol 126, pp,858-863, SEPTEMBER
(2000)

[ 7] Kaan yetilmezsoy, decolorization and COD reduction of
UASB pretreated poultry manure wastewater by
electrocoagulation process: A post treatment study,
joumnal of hazardous matenial), vol 162: pp 120-32, 2009

[8] Nasrullah et al., energy and environmental engineering
journal, vol 1(1): 27-3, (2012)

[9] Nikolai P. Shapkin, Eugene K. Papynov, Irina G.
Halchenko, Nellie N. Zhamskaya, Perfection of the
Electrochemical Method of Sewage Treatment, J. Water
Resource and Protection, pp 739-741, 2010

[10JNiraj S topare, sewage wastewater technologies, vol
1(1), pp18-24, 2011

[11]Polish. J of environmental student, (2011), 20(1): 173-
79 |

WERB LINKS

[1] http:/fwww.pjoes.com

[2] http:/iascelibrary.org

[3] http://www.ijettjournal.org
[4] http//www.sciencedirect.com
[5] www.wikipedia.com

All rights reserved by www.ijsrd.com. 2688

124



672 125

International Journal of Applied Chemistry.

ISSN 0973-1792 Volume 13, Number 4 (2017) pp. 825-843
© Research India Publications
http://www.ripublication.com

Studying the effectiveness of treating waste water
using the electro coagulation process at Sewage
Treatment Plants

Stuart Sibanda’, Bothwell Nyoni!, Clever Mpofu!,
Bobby Naidoo?, Haleden Chiririwa®*

! Department of Applied Chemistry, National University of Science & Technology,
P.O Box AC939 Ascot Bulawayo, Zimbabwe.
*Biosorption and Water Research Laboratory Department of Chemistry, Vaal
University of Technology, Private Bag X021, Vanderbijlpark, 1911, Andries Potgieter
- Blvd, South Africa.
* Corresponding author

Abstract

Sewage has become a major point-source pollutant on a global scale. The
management and treatment of wastewater is important to ensure that it is
processed to a safe quality before re-use or disposal. The purpose of this study
is to investigate the effectiveness of the electrocoagulation process in treating
wastewater as an alternative to conventional methods to treat sewage. A 2 litre
batch electrocoagulation unit was set up consisting of 4 monopolar electrodes
connected to a DC power supply and the process was investigated for
chemical oxygen demand, ammonia, and phosphates reduction. Iron and
aluminium were comparatively used as the treatment electrodes, and effects of
operating conditions like applied voltage and treatment time were investigated.
Voltage was varied from 5V, 10V and 15V for 30 and 60 minutes treatment
duration and aluminium gave better results than iron. The optimum conditions
were experimentally determined to be 15V at 30 minutes treatment using
aluminium, to give 92% COD removal, 100% phosphate removal and 61%
ammonia removal using DC current converted to alternating pulse current by
use of a circuit. The experimental results showed electrocoagulation to be a
feasible process in the treatment of wastewater.

Keywords: electrocoagulation; wastewater treatment; applied voltage; COD
removal; phosphate removal; ammonia removal; monopolar electrodes.
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INTRODUCTION

Sewage is the main point-source pollutant on a global scale [1]. The biological and
chemical composition of sewage is usually high in Biological Oxygen Demand
(BOD), Suspended Solid (SS) and Chemical Oxygen Demand (COD). So, direct
discharge of raw or improper treated sewage into the water body is one of the main
sources of pollution on a global scale [1]. Wastewater treatment serves two main
objectives, protecting the environment and conserving fresh water resources [2).

Treated municipal wastewater is considered, in many major cities of the world, as a
supplementary water source for several uses such as agricultural irrigation,
landscaping, industrial activities (cooling and process needs), groundwater recharge,
recreational and other uses. The continued dependence on treated municipal
wastewater for the previously mentioned uses coupled with emerging stricter
policies/guidelines for such uses prompted scientists and researchers to concentrate in
improving current freatment technologies and to come up with innovative ideas to
treat municipal wastewater in an efficient and cost effective manner [3].

The most common conventional methods of treating sewage include Activated Sludge
Process, Aerated Lagoons (Oxidation Ponds), Biological Trickle Filtration systems
and Anaerobic Digesters. The major disadvantages of most of the conventional
methods is that they consume a lot of space and require long periods to process
sewage. Simple and efficient sewage water treatment systems are urgently needed in
developing countries [4].

Electrocoagulation is one of a simple method to treat wastewater efficiently [5].
Electrocoagulation (EC) is an emerging technology that combines the functions and
advantages of conventional coagulation, flotation, and electrochemistry in water and
wastewater treatment [6]. It is a complex process involving chemical and physical
‘mechanisms operating simultaneously to remove pollutants from wastewaters [2)].
Therefore the potential of electrocoagulation to treat multiple contaminants must be
studied. Wastewater is the main cause for imeversible damages to the
environment and also contributes to the reduction of fresh water reserves,
creating threats to the next generation [7]. Sewage treatment plants are then setup to
manage wastewater disposal from the sewer systems and processing this wastewater
to safe quality before re-use or disposal,

The purpose of this study is to investigate the treatment of wastewater using
electrocoagulation and study its effectiveness as an alternative treatment system to
already existing methods. Eyvaz et al. (2014) states that electrocoagulation (EC) has
gained many interest due to providing simple, reliable and cost effective operation for
the treatment of wastewaters without and need for additional chemicals, and thus the
secondary pollution [8].

Research, in the past few decades, have shown that electrocoagulation is a promising
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treatment method and effectively potential to treat variety type of wastewaters
including dyes wastewater, tannery wastewater, restaurant wastewater, palm oil mill
effluent, food wastewater, potato chip manufacturing wastewater, urban wastewater,
and removing heavy metals [9-10]. Hence a multiple contaminant treatment system
couid prove very beneficial for municipalities and this could lead to advancement in
water treatment technology.

METHODS AND MATERIALS

A schematic diagram of the experimental set-up is depicted in Figure 1. The
electrochemical circuit unit consists of an electrocoagulation cell, a D.C power supply
and the electrodes (aluminum and iron) and is shown in Figure 2. A magnetic stirrer
was put in place to keep the composition the sample homogeneous throughout the
treatment and set at 100 rpm. All the electrodes were washed with 5% HC] before
every experiments conducted. At the beginning of each experiment, 2000 mL of
Municipal wastewater was fed into the electrocoagulation cell and current was applied
to the circuit for 60 min. The amount of voltage that were applied to the system were
5, 10 and 15 V with maximum treatment time of 60 minutes. Every experiment was
performed at room temperature and experimental samples were taken at 5 minute
intervals of each run for COD, phosphate and ammonia measurements. Reagent grade
of chemicals were used without further purification in every experiment. The pH
value was determined by a pH meter (HACH HQI1d). The COD values were
measured using a Double Beam UV/VIS Spectrophotometer (PERKIN — ELMER).
Conductivity measurements were obtained using a Conductivity meter (Eutech CON
5100). Phosphates and ammonia measurements were obtained using a Single Beam
Ultra-Violet Visible Spectrophotometer (HACH-LANGE DR 6000). The system's
current was provided by a regulated D.C power with maximum 30V and 3A output

Figure 1: Electrocoagulation unit setup
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Figure 2: Circuit diagram of electrocoagulation reactor setup

Effect of electrode material

Aluminium and iron were compared for their treatment efficiency. The varied
parameters were voltage and treatment time for each electrode.

Effect of Applied Voltage

Voltage was varied from 5V, 10V to 15V. Each voltage was run on a fresh sewage
sample. The electrodes were washed with 5% HCI and rinsed with water before and
after each treatment in order to remove all dirt from the electrodes [11-12].

Effect of treatment time

50 ml samples were taken after 30 minutes and 60 minutes treatment time. These

were filtered and preserved with concentrated H28Os at 4°C for analysis. The amount

of electrode material used up in the treatment was determined using Faraday’s Law
itM |
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RESULTS AND DISCUSSION
pH and conductivity

The effect of pH and conductivity were not subjects of this study, but were analyzed
before treatment was carried out to ensure that their values could suffice
electrocoagulation. From literature near neutral pH and conductivity in the range
>50mS/cm was adequate for electrocoagulation. Domestic wastewater has a fairly
good concentration of dissolved salts like NaCl which enable the conduction of
current.

Treatment using iron

The EC process was first applied using iron electrodes and the results shown in Table
1.

Table 1: Characteristics of raw and treated wastewater for iron at 5, 10 and 15 volts

S VOLTS Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 346 242.2 215
Phosphates (mg/L) 10.8 13 0.11
Ammonia (mg/L) 56.4 50.1 49.3

10 VOLTS Pre-Treatment J0-Minutes 60-Minutes
COD (mg/L) 470 222 153
Phosphates (mg/L) 7.51 0.12 0.00
Ammonia (mg/L) 58.6 374 30.8

15 VOLTS Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 481 154 96.1
Phosphates (mg/L) 10.33 0.00 0.00
Ammonia (mg/L) 41.7 23.2 19.13

Removal Efficiency was calculated from equation 1:

Taking COD at 5 Volts, Removal efficiency (R %) was calculated from equation 1:

345-241.2}{
346

=30%
(Tables showing Removal efficiencies are in the Appendix)

R% (30minutes) = 100 (1)
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Figure 4: Effect of time on removal efficiency at 10 volts
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Figure §: Effect of time on removal efficiency at 15 volts
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Figure 6: Effect of applied voltage on removal efficiency after 30 minutes treatment
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Figure 7: Effect of applied voltage on removal efficiency after 60 minutes treatment

Table 1 shows the results obtained for iron at different voltages and different
treatment times. The best result was obtained at 15 volts after 60 minutes treatment.
COD, phosphates and ammonia were reduced from 481 mg/L, 10.33 mg/L, and 41.7
mg/L to 96 mg/L, 0.00 mg/l. and 19.13 mg/L. Conversely, the lowest result was
obtained at 5 volts. Figures 3 to 5 show that increasing treatment time increases
removal and Figures 6 and 7 show that increasing voltage had a positive effect on
removal efficiency of all pollutants because of the increase in anode dissolution per
unit time. 80%, 100% and 54% removal efficiencies were obtained for COD,
phosphates and ammonia respectively.

Using iron electrodes, the treating solution began to change into a greenish color after
5 minutes and then switched into brownish color a few minutes later during treatment.
These particles are extremely fine and very hard to precipitate, the color was also hard
to wash from the vessels. Therefore all subsequent treatments were carried out using
aluminum.

TREATMENT USING ALUMINUM

Because of the problems associated with using iron, the results are associated with
aluminium
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Table 2: Characteristics of raw and treated water at 5 volts

Experiment 1 Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 431 2433 231.7
Phosphates(mg/L) 5.82 0.33 0.01
Ammonia (mg/L) 41.82 32.46 32.10
Experiment 2 Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 300 178 162
Phosphates(mg/L) 15.3 0.8 0.01
Ammonia (mg/L) 59.9 48 46
Experiment 3 Pre-Treatment 30-Minutes 60-Min utes
COD (mg/L) 365 207 197
Phosphates(mg/L) 6.71 0.3 0.02
Ammonia (mg/L) 41.34 32.35 31.20
Table 3: Charactenistics of raw and treated water at 10 volis
Experiment 1 Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 315.1 98.3 52.7
Phosphates(mg/L) 5.65 0.13 0.00
Ammonia (mg/L) 6.37 3.81 2.35
Experiment 2 Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 537 197 95.4
Phosphates(mg/L) 10.34 0.00 0.00
Ammonia (mg/L) 3.99 2.47 1.56
COD (mg/L) 481 168.3 60.2
Phosphates(mg/L) 7.6 0.00 0.00
Ammonia (mg/L) 45.7 2742 20.15
Table 4: Characteristics raw and treated wastewater at 15 volts
Experiment 1 Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 360 21.6 2.2
Phosphates(mg/L.) 3.70 0.00 0.00
Ammonia(mg/L) 2.75 2.11 1
Experiment 2 Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 438 24.6 14.6
Phosphates(mg/L) 8.60 0.00 0.00
Ammonia (mg/L) 38.2 22.50 15.10
Experiment 3 Pre-Treatment J0-Minutes 60-Minutes
COD (mg/L) 2733 17.3 0.00
Phosphates(mg/L) 13.1 0.00 0.00
Ammonia (mg/L) 11.4 6.56 4.22

The tables show that initial concentration is also an important factor to be considered
in electrocoagulation. From Table 2, comparing COD removal, it can be seen that a
higher initial COD loading meant a relatively higher COD loading in the final treated
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solution. The same is true with ammonia, which exhibits the same trend as COD,
Phosphate conversely did not seem to be affected by this factor. COD was in the blue
zone, ammonia red and phosphate blue according after 60 minutes treatment at 15
volts. 30 minutes treatment produced similar results.

Effect of Time:
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c 88 8 8 8 8 383 8B &

Figure 8: Effect of treatment time on removal efficiency at 5 volts
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Figure 9: Effect of treatment time on removal efficiency at 10 volts
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Figure 10: Effect of treatment time on removal efficiency at 15 volts

Figures 8-10 show pollutant reduction to be a function of time. An increase in
treatment time results in a subsequent increase in removal efficiency. The best COD
reduction was observed after 60 minutes. The same is true with ammonia. 100%
phosphate removal efficiency just after 30 minutes at 15 volts, and at all voltages,
excellent phosphate removal was observed after 30 minutes.

Effect of Applied Voltage
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g ©
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& 60
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5 @ new
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5 10 15

Voltage (v)

Figure 11: Effect of applied voltage after on removal efficiency 30 minutes treatinent
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Figure 12: Effect of applied voltage on removal efficiency after 60 minutes treatment

Pollutant removal is observed to also be in accordance with Faraday's law in terms of
increase in voltage. Removal efficiencies reached 46%, 84%, 99% for COD at 15
Volts in 60 minutes respectively. High removal efficiency for phosphate was obtained
at 5 volts reaching 98% in 60 minutes and 100% at 10 and 15 volts respectively. 23%,
60% and 63% removal efficiencies were obtained for ammonia at 5, 10 and 15 volts,

Effect of passivation

The effects of electrode passivation started developing afier the electrodes were used
for several different treatments. The effect of the formation of a passive layer was not
initially considered but was only noted as afier repeating the experiments three or
more times.

Table 5: Characteristics of wastewater before and after treatment using passivized
aluminium electrodes

5 VOLTS Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 631.7 554.9 534.9
Phosphates(mg/L) 572 0.34 0.10
Ammonia (mg/L) 40.5 39.3 36.2
10 VOLTS Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 691 550.9 500.1

Phosphates(mg/L) 553 0.13 0.00
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Ammonia (mg/L) 39.2 36.5 34.5
15 VOLTS Pre-Treatment 30-Minutes 60-Minutes
COD (mg/L) 7 543.5 466.7
Phosphates(mg/L) 6.82 0.06 0.00
Ammonia (mg/L) 41.3 32.2 314
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Figure 13: Effect of passivation on removal efficiency after 30 minutes with varying
voltage
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Figure 14: Effect of passivation on removal efficiency after 60 minutes with varying
voltage
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A decrease in removal efficiency was observed over time as seen in Table 5 and
represents the final results using the passivized electrodes, Figures 13 and 14 show
that the lowest removal for COD was 12% at 5 volts after 30 minutes treatment and
the highest was 24% after 60 minutes treatment for COD. Ammonia removal
reduction was also significantly affected by passivation recording such low removal
efficiencies as 22% at 5 volts after 30 minutes and 24% was the highest at 15 volts
after 60 minutes. Phosphate removal was unaffected by passivation and high removal
of 100% was still maintained.

This passivation phenomenon occurred during the process and impeded the
oxidation/reduction reactions. The oxide layer reduced the ionic transfer between the
anode and the cathode directly, hindering the metal dissolution and indirectly
preventing metal hydroxide formation [8].

Application of alternating pulse current

Note should be taken that this method of analyzing the effects of passivation is a
novel process. Conductivity of the electrodes is decreased by the formation of the
oxide layer, which increases the resistance to the flow of current in the cell.

Table 6: Analysis of conductivity of aluminium before and after treatment using an
APC system

Before Treatment After Treatment

- CURRENT VOLTAGE CURRENT

0.01 2 01

2

3 0.03 3 0.3
4 0.04 4 0.4
3 0.05 5 0.5

The notion of application of alternating pulsed current was brought about to reverse
the effects of passivation. At first, manual changing of polarity of electrodes was done
after 30 minutes of treatment. From literature passivation must decrease the
electrodes’ current conductivity, and this is observed in Table 6, the electrodes used
had lower conductivity before APC was applied to them. They had a little passivation
owing to the treatments they had performed. However, after electrocoagulation with
APC their conductivity was observed to increase.
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Figure 15: Effect of electrocoagulation on wastewater at 15 volts for 30 minutes
using altemating pulse current

According to Figure 15 the rate of pollutant removal is high in the first 5 minutes and
the rate decreases as time progresses. As time approaches 30 minutes, rate of pollutant

removal decreases and reaches a monotonic state. This may be due to existence of
excess colloids for adsorption

CONCLUSION

Electro coagulation was successfully applied for the treatment of municipal
wastewater. The study was performed to evaluate the influence of different
operational parameters on the reduction of COD, phosphates and ammonia in
wastewater. Effects of type of electrode material, treatment time and applied voltage
were investigated and the following observations were made:

e Aluminium and Iron were compared and Aluminium gave better results.
Aluminium gave 99%, 100% and 62% removal efficiencies for COD,
ammonia and phosphates respectively while Iron gave 80%, 100% and 54%
removal efficiencies for the same parameters after 60 minutes treatment at 15
volts.

e Applied voltage was varied between 5, 10, 15 Volts. Pollutant removal
increased with increasing voltage because of the increased coagulant
generation per unit time.l5 Volts gave the best results

¢ Application of alternating pulsed current was effective in reducing the effects
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passivation, with the conductivity of the already passivised electrodes
increasing after applying alternated pulsed current. This also had the effect of
increasing ammonia removal, At 15 volts, 30 minutes without the automated
alternating pulsed gave 40% removal while after alternating pulsed current
system gave 62% removal at the same time

Phosphate was the most efficiently reduced pollutant, with 100% reduction
being recorded at all voltages, then COD 99% and ammonia 63% at 15 volts.
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APPENDIX
Removal Efficiency Tables:
AI: Removal efficiencies of COD, phosphates and ammonia using Iron at 5, 10, 15
volts
[RON 5 VOLTS | 10 VOLTS 15 VOLTS
COD 30 53 68
30 Minutes | Phosphates 88 98 100
Ammonia 11 36 44
COD 53 67 80
60 Minutes | Phosphates 99 100 100
Ammonia 13 47 54

A2: Removal efficiencies of COD, phosphates and ammonia at 5 volts with varying

freatment fime
5 VOLTS Experiment | Experiment | Experiment | Average
] ) 3
COD 43 41 43 42
30 Minutes | Phosphates 94 95 96 95
Ammonia 22 20 21 21
COD 46 46 46 46
60 Minutes | Phosphates 99 95 100 98
Ammonia 23 23 24 23
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A3: Removal efficiencies of COD, phosphates and ammonia at 10 volts with

varying treatment time
10 VOLTS Experiment | Experiment | Experiment | Average
1 , 3

CcOoD 69 63 65 66

30 Minutes | Phosphates | 98 100 100 99
Ammonia | 40 38 40 39
COD 83 82 87 84

60 Minutes | Phosphates | 100 100 100 100
Ammonia | 63 60 56 60

A4: Removal efficiencies of COD, phosphates and amumonia at 15 volts with varying

freatment time
15 VOLTS Experiment | Experiment | Experiment | Average
1 2 3
COD 94 94 94 94
30 Minutes | Phosphates | 100 100 100 100
Ammonia |38 41 42 40
COD 99 97 100 99
60 Minutes | Phosphates | 100 100 100 100
Ammonia | 63 60 63 62

AS5: Removal efficiencies of COD, phosphates and ammonia afier treatment using

passivized electrodes
5 VOLTS | 10 VOLTS 15 VOLTS
COD 12 20 26
30 Minutes | Phosphates 94 97 99
Ammonia 3 3 22
COD 15 28 35
60 Minutes | Phosphates 98 100 100
Ammonia 10 12 24
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A6: Removal efficiencies of COD, phosphates and ammonia with varying time

during time optimization experiment
SMinutes | 10Minutes | 15Minutes | 20Minutes | 25Minutes | 30Minutes
COD 64 69 78 82 87 92
Phosphates | 96 98 99 100 100 100
Ammonia | 35 38 46 52 58 61
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Introduction:

Waste Management 1n Kedarnath

Kedarnath, a renowned pilgrimage site nestled in the Himalayan region of Uttarakhand, attracts
millions of devotees and tourists annually. With its resident population of 612 (Census 2011) and a
floating population averaging 9.334 per day (2024), the town faces significant challenges in
managing municipal solid waste. The influx of visitors during peak pilgrimage seasons increases
daily waste generation, necessitating robust and sustainable waste management systems.

Currently, the total waste generated in Kedarnath is estimated at 0.147 TPD on average basis while
on the basis of highest footfall of 38682 on a single day it may reach upto 1.191 TPD in 2024,
projected to rise to 3.049 TPD by 2050 due to population growth and increasing tourist activity.
Approximately 60% of the waste 1s wet (organic), while 40% 1s dry (recyclables and inert). with
varying moisture content impacting processing efficiency.

To address these challenges. a Material Recovery Facility (MRF) has been designed, optimized for
the region's limited space and hilly terrain. This facility, spread across 160 m?* of ground area
incorporates advanced waste segregation and processing systems to handle the wet and dry waste
streams effectively. The MRF aims to process wet waste through composting and potential biogas
generation, while dry waste 1s segregated into recyclables like plastics, paper, metals, and glass for
further recycling.

This initiative represents a critical step towards sustainable waste management in Kedarnath,
promoting environmental conservation and enhancing the town’s capacity to handle the demands of
its growing population and tourism. The facility’s design ensures scalability and integration of
innovative waste-to-energy solutions for a cleaner and greener Kedarnath.

General Information

e ULB - Nagar Panchayat - Kedarnath
¢ Current Population - 612
¢ Floating Population - 9334 Per day average (Total 1652076 tourist

visited till 03-11-2024 in current tourism session with highest footfall of 38682 on 21-05-2024)

Status of Human Resource

e Total number of Parvavaran Mitra - 50
e Permanent Paryavaran Mitra - 01
¢ Environment Supervisor - 01
Status of SWM/PWM
e Total processed plastic waste - 8.6 tonne(approx.)
e Total income by selling plastic - Rs. 0.51 Lacs

o Solid Wast Collection Vehicle 01 (mini tractor with trolly)

¢ Processing Facility - 01 MRF and 01 Bailing machine
(for segregation of dry waste)

Status of Sanitation/Toilets

e 22 (20 + 02 Smart Toilets Newly Constructed)

e (2 smart toilets (6 female seat and 6 male seat) have been constructed by Kedarnath
Development Authority within Nagar Panchayat Kedarnath area.

e (Construction work of 20-Seater and 22-seater public toilets 1s also in progress.

182
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e Disposal Mechanism- 20 toilets with Soak Pits and 02 Toilets with Soak pit as well as with

septic tank.

e Operation and Maintenance- All toilets are maintained by Sulabh International and 04

Paryavaranmitra are deployed for thecleaning of all 20 toilets in 04 location/cluster.
Status of New Initiatives Deposit Refund System (DRS)

The town 1s a famous tourist spot with high footfall every year. The demographic consists of a
significant number of tourists and local businesses, making it an ideal location for implementing

innovative waste management solutions like the digital DRS.

Focusing on this urban locality, digital DRS aims to address the waste management challenges in a
rapidly growing city. It ensures efficient collection and recycling of PET bottles and other recyclable
materials. The initiative also engages the local community, promoting responsible waste disposal

practices and environmental awareness.

DRS Progress Status —
e Total QR provided on plastic bottle/tetra pack is 172100
e Out of above 139838 Bottles/Tetra Pack (81%) with QR returned for recycling.

Population Growth
»  Considering Annual Population Growth Rates:
e Resident Population: 1.2% per year.

¢ Floating Population: Estimate not directly available; assumed proportional to
user-provided 2024 data (9,334 for 2024, 3% annual growth).

Pi=Pox (14r)™
Where:

P:: Population in the target vear

Po: Current population

1. Growth rate (decimal)

n: Number of years
Year Resident Population Floating Population (Average)
2011 612 ~6,774
2024 735 9334
2034 735x%(1.012)"Y =687 9.334%(1.03)Y =12,556
2044 735%(1.012)°° =772 9,334x(1.03)* =16,887
2050 735%(1.012)*° =878 9,334x(1.03)°° =20,246

Waste Generation
» Resident: 0.35 kg/person/day in 2024, increasing by 1% annually.
» Tourist: 0.10 kg/person/day in 2024, increasing by 1% annually.
We=Wox (14"

Where:
W : Waste generation rate in the target year
Wo: Current waste generation rate
r : Growth rate (decimal)
n : Number of years

183
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Year Resident Waste Generation Rate Tourist Waste Generation Rate
(kg/person/day) (kg/person/day)
2011 0.30 0.05
2024 0.35 0.10
2034 0.35 % (1.01)!°= 0.386 0.10 % (1.01)°=0.110
2044 0.35 x (1.01)*°= 0.427 0.10 x (1.01)*=0.122
2050 0.35 x (1.01)°= 0.444 0.10 x (1.01)*=0.129
Total Waste Generation
The formula for total waste is:
Total Waste = Population x Waste Generation Rate
Year Resident Waste (TPD) Floating Waste (TPD) Total Waste (1PD)
2011 612x0.30=183.6kg= 6,774x0.05=1,693.5kg= 0.184+0.3387=
0.184TPD 0.3387 TPD 0.5227 TPD
— 735%0.35=257.25kg= 9,334x0.10=2,800.2kg= 0.257+0.9334=
0.257TPD 0.9334 TPD 1.1904 TPD
5034 822x0.386=317.29kg= 12,556%0.110=4,155.03kg= 0.317+1.3811=
0.317TPD 1.3811 TPD 1.6981 TPD
2044 919%0.427=392.91kg= 16.887x0.122=6,183.64kg= 0.393+2.0602=
0.393TPD 2.0602 TPD 24532 TPD
2050 985x0.444=437.34kg= 20,246x0.129=7,716.73kg= 0.437+2.6117=
0.437TPD 2.6117 TPD 3.0487 TPD
Final Summary:
Year | Resident Floating Resident Waste Floating Waste Total Waste
Population Population (TPD) (TPD) (TPD)
2011 612 6,774 0.184 0.338 0.522
2024 733 9.334 0.257 0.934 1.191
2034 822 12,556 0317 1.381] 1.698
2044 919 16.887 0.393 2.060 2.453
2050 985 20,246 0.437 2.612 3.049

Waste Composition:

e Wet Waste: 60% of total waste (kitchen waste, food scraps, etc.).
o Dry Waste: 40% of total waste (plastics, paper. metals, efc.).

Moisture Content:

»  Wet Waste: 70% moisture.
» Dry Waste: 10% moisture.

Dry Waste Segregation:

» Plastics: 40%
Paper/Cardboard: 30%
Metals: 10%

Glass: 10%

YV VY

Other (Rubber, textiles, etc.): 10%
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Wet and Dry Waste with Moisture Content

195

Lo WbWERS: | Dy e Wet Waste (After Dry Waste (After
Year Waste (60%) (30%) Moisture) (TPD) Moisture) (TPD)
(TPD) (TPD) (TPD)
2011 0.522 0.313 0.209 0.313x(1-0.7)=0.094 | 0.209%(1-0.1)=0.188
2024 1.191 0.715 0.476 0.715x(1-0.7)=0.215 0.476%(1-0.1)=0.429
2034 1.698 1.019 0.679 1.019%(1-0.7)=0.306 0.679x%(1-0.1)=0.611
2044 2.453 1.472 0.981 1.472x(1-0.7)=0.442 0.981x(1-0.1)=0.883
2050 3.049 1.829 1.220 1.829x%(1-0.7)=0.549 1.220%({1-0.1)=1.098
Dry Waste Partwise Segregation
Total Dry
| Waste (After | Plastics | Paper/Cardboard Metals Glass S
Year | »roisture) (40%) (30%) (10%) (10%) OYREPLI09)
(IPD)
0.188x0.4 ¥ 0.188x0.1 | 0.188x0.1= B
2011 0.188 —~0.075 0.188%0.3=0.056 ~0.019 0.019 0.188%0.1=0.019
0.429=0.4 ™ 0.429x0.1 | 0.429x0.1=
2024 0.429 —0.172 0.429%0.3=0.129 —0.043 0.043 0.429%0.1=0.043
0.611x0.4 L 0.611x0.1 | 0.611x0.1= N
2034 0.611 —0.244 0.611x0.3=0.183 ~0.061 0.061 0.611x0.1=0.061
0.883x0.4 0.883x0.1 | 0.883x0.1=
- "1 =
2044 0.883 ~0.353 0.883x0.3=0.265 —0.088 0.088 0.883x0.1=0.088
1.098x0.4 1.098x0.1 | 1.098x0.1=
5 =().32 =
2050 1.098 ~0.439 1.098x0.3=0.329 —0.110 0.110 1.098x0.1=0.110

« Objective: Design a facility capable of handling 1 TPD (including future scalability).
o Available Area: Total Area 0.30 hectare

Proposed Design

The facility will adopt a compact and efficient layout tailored for hilly terrain with modular
machinery.

Wet Waste Processing:

¢ Organic Waste Composter: Suitable for food and organic waste
(1 Nos. of 500 Kgs in MRF and 8 Nos. of 50 Kgs in Route to Kedarnath)

e Biogas Generation: Option for future integration.
Dry Waste Processing:
e Segregation: Focus on plastics, paper, metals, glass, and other materials.
e Baling/compactor: Compact packaging for recyclables.
e Magnetic Separator: For metal waste.
¢ Manual Sorting: For finer segregation where needed.
Dry Waste Segregation Process (Partwise Breakdown)
e Plastics (40%): Recyclable plastics processed, sorted, and sent for baling or direct sale.
e Paper/Cardboard (30%): Sorted. compacted into bales for recycling.
e Metals (10%): Separated using magnetic separators; compacted for sale.
e Glass (10%): Collected separately for recycling, handled with care due to fragility.

e Other (10%): Textiles, rubber, and other recyclable materials sorted and processed
accordingly.
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1. Facility Layout
MRF Centre (160 m?)

Nos./ Area
Section Qty. | Allocation Description
(m?)
Receiving Area & 1 20 For unloading and initial segregation of dry waste
Tipping Area from collection vehicles.

Manual sorting area with flat sorting conveyor belts

Sorting/Processing l 90 Includes OWCs, conveyor belts, ballistic separator,

Area )
and magnetic separator.
. 1 15 For storing compressed bales of recyclables like
Bale Storage/ :
; plastics, paper, and metals. And ready to move for the
Dispatch Area
recycler.

Office with toilet 1 10 Includes supervisor's office, rest area, and hygiene
facilities with Separate facilities for male and female
workers.

Security Cabin 1 10 Located near the entry for weighing incoming and
outgoing waste loads.
Weigh l 5 At the main entrance to monitor entry and exit of

Balance/Machine vehicles.

Miscellaneous Space/ | 1 10
(Pathways and For pathways, circulation, and additional storage.

emergency exits)

2. Machinery and Equipment

Essential Machinery

Machinery Specifications Quantity
Weigh Balance/Machine 1 Ton I
Ballistic Separator Capacity: 5-10 TPD, adjustable paddles 1
Magnetic Separator High-intensity, auto-cleaning 1
Conveyor Belts Flat type, 7.8 m & 4 m lengths (2 units) 2
Hydraulic Compactor Machine | Vertical, Single Cylinder, 25 Tonne (Jack force) 1
HDPE Wheeled Bins Capacity: 100 Liters 10

. . Capacity: 50 Kg 8
Organic Composter Machine Capacity: 500 Kg I
Pallet Truck Manual, 1 T capacity 1

Proposed Sites (8 Locations) for the Installation of 50 Kg capacity Organic Waste Composter
and HDPE Wheeled Bins-
1) Sitapur, 2) Sonprayag, 3) Gaurikund, 4) Jungle chatti, 5) Bhim bali, 6) Choti lincholi, 7)
Badi lincholi, 8) Base camp



3. Operational Plan

Workflow:

704

1. Receiving and Sorting:
e Waste unloaded into receiving area.

 (Conveyed to sorting conveyor for manual segregation.
2. Mechanical Processing:

4. Dispatch:

e Ballistic separator separates 2D (plastics. paper) and 3D (bottles, cans) materials.

e Magnetic separator removes ferrous materials.
3. Baling and Storage:
e Sorted materials compressed into bales.
¢ Bales stored in basement storage area.

e Processed materials dispatched to recyclers periodically.

Workforce Requirements:

Role Number Responsibilities
Supervisor 1 Oversee operations, manage records.
Sorting Workers 6 Manual segregation of waste.
Baler Compactor Operator 1 Operate baling machine.
Security Personnel 2 Monitor entry/exit, manage weighbridge.

Suggested Placement of Equipment:

Weight Balance Machine: Place in the Weighing Area to align with its purpose. This ensures
incoming and outgoing materials are properly weighed before or after processing.

Ballistic Separator: Place in the Sorting Area as it is critical for segregating lightweight and heavy
materials during sorting.

Magnetic Separator: Place adjacent to the Ballistic Separator in the Sorting/Processing Area to
separate ferrous metals efficiently after initial sorting.

Conveyor Belts: 4m Conveyor Belt: Place between the Receiving/Tipping Area and the Sorting
Area to transport materials for processing.

8m Conveyor Belt: Place between the Sorting/Processing Area and the Bale Storage/Dispatch Area
to move processed materials for storage or dispatch.

Hydraulic Compactor Machine: Place in the Bale Storage/Dispatch Area as it compacts
recyclable materials into bales ready for dispatch.

Organic Waste Compactor Machine: Place near the Sorting/Processing Area or along the
Pathways, close to where organic waste is sorted, to handle organic material efficiently.

Cost Estimates

Operational Expenditure (OPEX)

S.No. Component Annual Cost ()
1 Salaries 15,00,000
2 Electricity & Maintenance 5.00,000
3 Water Supply 1.00.000
4 Miscellaneous 3,00,000
Total 124,00,000/year

157
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Capital Expenditure (CAPEX)
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189

Total
S.No. | Component No. at AN/Co GST % iﬁlunl Amonnt
(X in lakhs) | (X in lakhs) (X in 1akhs)
1 Cost of MRF Shed 1 T2.35 72.35 - - 72.35
Cost of Protection
Work & GI Sheet
2 Covering for MRF 1 46.37 46.37 - - 46.37
Centre
Contingencies on item 1 & 2 @ 5 % 5.94 - - 5.94
3 Faectiicity 1 LS. 3.00 : : 3.00
Expenses
4 Water Supply 1 L.S. 1.5 1.50
S Machinery & Equipment
Weigh
= _ 2 2 0 2
5.1 Balance/Machine 1 0.25 0.25 18% 0.045 0.29
5.2 | Ballistic Separator 1 15 15 18% 2.7 17.70
5.3 | Magnetic Separator 1 1 1 18% 0.18 1.18
5.4 C“”‘Tei";'; Belts I 1 I 18% | 0.18 118
5.5 C”“"? ~ Bels 1 1.8 1.8 18% | 0.324 2.12
5.5 Hydmulic 1 3.75 3.75 18% | 0.675 442
Compactor Machine
56 | * EBE:EElEd 20 0.02 0.4 18% | 0.072 0.47
5.7 Pallet Truck 1 0.15 0.15 18% 0.027 0.17
Organic Composter
Machine (Capacity | 8 6.75 70.88 12% 8.49 79.37
58 50KG/Day)
_ Freight& 3 0.95 7.6 18% | 1.36 3.96
installation Charges
Organic Composter
Machine (Capacity 1 33 33 12% 3.96 36.96
5.9 500KG/Day)
i o I 2.1 2.1 18% | 038 2.48
installation Charges
Total X 266.09 X 18.39 < 284.46
6 Transportation/Freight Cost L.S < 25.00
Grand Total < 309.46




160

707
TOPOGRAPHY & CONTOUR MAP i
1400450 % SOLID WASTE MANAGEMENT ACTION PLAN (LAND ALLOTMENT) NAGAR PANCHAYAT KEDARNATH
2 | i
tls 3 8 8 NEE i,
2 lg &8 & $ § 3g8, !
0040 | ¢ & 9 T, 3888,
& ! e "l‘ 3 % g 2
; 2
| | &
3400430 | '
3400420
3400410
3400400
3400390
3400380
3400370
3400360
Ellﬂﬂi!ﬁﬂ
3400340
3400330
3400320
3400310
=
Existing Road =
Foot path =
EIIHHEEID Grid coordinate e
» Contour _500m =l
o Contour 2.00m —]
% Shop
3400290 ‘5'% Camp Site
it &~ ey I B S e e e -
5 g 5 3 i3 & 5 3 3 3 2 2
ml ml = | =1 =l ™l 1>y m| =l il ™ ™
CLIENT - PROJECT: LAND ALLOTMENT PREPARED BY - :
MNAGAR PANCHAYAT SOLID WASTE MANAGEMENT ACTION PLAN| Area = 3000 Sgm DIGITAL LAND SURVEY & SCALE- SHEET
KEDARNATH! KEDARNATH DHAM MAGAR PANCHAYAT KEDARMATH/ Area = 0.300 Hect ENGINEERING 1:500 NO:-- 02
RUDRAPRAYAG (LK) KEDARNATH DHAM Khasra no = 337& 338




161

708
TOPOGRAPHY & CONTOUR MAP i
1400450 % SOLID WASTE MANAGEMENT ACTION PLAN (LAND ALLOTMENT) NAGAR PANCHAYAT KEDARNATH
2 | i
tls 3 8 8 NEE i,
2 lg &8 & $ § 3g8, !
0040 | ¢ & 9 T, 3888,
& ! e "l‘ 3 % g 2
; 2
| | &
3400430 | '
3400420
3400410
3400400
3400390
3400380
3400370
3400360
Ellﬂﬂi!ﬁﬂ
3400340
3400330
3400320
3400310
=
Existing Road =
Foot path =
EIIHHEEID Grid coordinate e
» Contour _500m =l
o Contour 2.00m —]
% Shop
3400290 ‘5'% Camp Site
it &~ ey I B S e e e -
5 g 5 3 i3 & 5 3 3 3 2 2
ml ml = | =1 =l ™l 1>y m| =l il ™ ™
CLIENT - PROJECT: LAND ALLOTMENT PREPARED BY - :
MNAGAR PANCHAYAT SOLID WASTE MANAGEMENT ACTION PLAN| Area = 3000 Sgm DIGITAL LAND SURVEY & SCALE- SHEET
KEDARNATH! KEDARNATH DHAM MAGAR PANCHAYAT KEDARMATH/ Area = 0.300 Hect ENGINEERING 1:500 NO:-- 02
RUDRAPRAYAG (LK) KEDARNATH DHAM Khasra no = 337& 338




162

—

@ ;
-‘m Anyscanner

SRR—

-
- — =

O < Unigy

-
———

S

=\

o

o S
- i
*
-
- ——

, s UL, - fr_‘:jlu_”
o

Jd\o
h— - ey

Y
I

709

——

KAl cf.lmgﬁi_

Y ‘)H}i—r%ﬁ?.'l-{ﬂﬁ.l




L3

L
et
e

<l



T 477 1A :
> ) k ———, —W—_\_ 164
|F-,a_%'n—-s.mq-ti11 AT R PR it ‘EL{_

1 —— A i

TG TR )

-a e

i" " A, I g 1
b S M e TN |
SRTE- FERAT ﬁ

]Eu.u AnvScanner




712

"21'.&*“

.llr ‘ﬂﬂ*l“tffﬂ
" 21 SR

- o -
.-" <Al VS ) )
|I‘
L g b
o L. | y o I - =
=\ :.ﬂ :.'II %ﬂ
o /]
U1 =
I,lh’:]l |
== . __LEJ; A1y ‘|
- L] ] ;
ﬁfﬁ""% . I.
[ )
I
!‘Tll |
|

r}l i 'HTS"‘L}*HW
l; f’#—"'_ﬂﬂit‘iﬂcﬁ "i_:"l

f
,)‘//;/ =TT Ln.—-r'lmr'
f"""—r;ﬂ < a3 L M
i i{'r”
! s
™

1
e i)
Brary 07 -3
— /}fv
L

,r 165

——_—— ——

/A

N “\3
&
‘.; '-“E}l 3
3

AnyScanner



- ' aﬁrﬂnr‘—w ‘
) (3 ) =

5T T D [T eTeTe® G G
SR A O -
( —ede= AN TE S OL TE A9

S

H ' S, - lu:wi*_l R i~ o
B

l-_____.--._d-—--'--___
.ﬁ nﬂ: fﬁ—' l

—

- — —— r B —_— -

- AR s As TRz 4 N
T[] —anE- ﬂlit




167



715 168
Name of work-Construction of Shed,Protection Work and G.I sheet
Covering for MRF centre in Kedarnath.
SUMMARY OF COST
S.N Particular of items Nos |Cost(in lakh)| Amount
I|Cost of Shed.(16 X 10)m | 72.35 72,35
2|Proposed Construction of Protection work &
(.1 sheet Covering for MRF centre in
Kedarnath. 1 46.37 46.37
Total 118.72
Contigencies@5.00% 5.94
Grand Total 124.66
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Name of work: Construction of MRF Shed in Kedarnath .

Bill of Quantity

169

Item of work

Quantity

Unit

Rate

Amount

Earth work in excavation by mechanical means
(Hydraulic excavator) / manual means in foundation
trenches or drains (not exceeding 1.5 m in width or 10
sqm on plan), including dressing of sides and ramming
of bottoms, lift upto 1.5 m, including getting out the
excavated soil and disposal of surplus excavated soil as

directed. within a lead of 50 m.

37.31

cum

737.00

27495.44

Providing and laying in position cement concrete 1:4:8
excluding the cost of centering and shuttering i/c all.

23.83

cum

16678.00

39747427

Providing and laying in position specified grade of
reinforced cement concrete, excluding the cost of
centering, shuttering, finishing and reinforcement -All
work up to plinth level: 1 :1.5:3 (1 cement : 1.5 coarse
sand (zone-I11) derived from natural sources : 3 graded
stone aggregate 20 mm nominal size derived from

29.54

cum

27316.00

806941.96

Centering and shuttering including strutting, propping
etc. and removal of form for Foundations, footings,
bases of columns, ete. for mass concrete i/c all.

79.20

s4m

1572.00

124502.40

Steel reinforcement for R.C.C. work including
straightening, cutting, bending, placing in position and
binding all complete upto plinth level,

3478.45

179.00

622643.04

Steel work in built up tubular (round, square or
rectangular hollow tubes etc.) trusses etc., including
cutting, hoisting, fixing in position and applying

a priming coat of approved steel primer, including

welding and bolted with special shaped washers etc.
complete

10695.40

303.00

3240706.20

Random Rubble stone masonary laid in 1:6 cement and
sand mortar i/c all.

6.18

cum

13056.70

80721.74

Filling available excavated earth (excluding rock) in
trenches, plinth, sides of foundations etc. in layers not
exceeding 20cm in depth, consolidating each deposited

layer by ramming and watering, lead up to 50 and for all
lift.

52.10

cum

580.00

30215.68
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Providing corrugated G.S. sheet roofing including
vertical I curved surface fixed with polymer coated J or
L. hooks, bolts and nuts 8 mm diameter with bitumen and
G.L limpet washers or with G.1. limpet washers filled
with white lead, including a coat of approved steel
primer and two coats of approved paint on overlapping
of sheets complete (up to any pitch in horizontal/ vertical
or curved surfaces), excluding the cost of purlins, rafters
and trusses and including cutting to size and shape
wherever required.

0.63 thick with zinc coating not less than 275 gm/m2

228.42

sqm

1695.00

387165.12

10

Providing ridges or hips of width 60 cm overall width
plain G.S. sheet fixed with polymer coated J or L. hooks,
bolts and nuts 8 mm dia G.I. limpet and

bitumen washers complete. 0.80 mm thick with zinc
coating not less than 275 gm/m2

16.60

1083.30

17982.78

11

Providing and fixing 15 cm wide, 45 ¢m overall semi-
circular plain G.S. sheet gutter with iron brackets 40x3
mm size, bolts, nuts and washers etc., including making
necessary connections with rain water pipes complete.
(.80 mm thick with zinc coating not less than 275

33.20

1029.65

34184.38

12

Providing and fixing 1 mm thick M.S. sheet door with
frame of 40x40x6 mm angle iron and 3 mm M.S. gusset
plates at the junctions and comers, all necessary fittings
complete, including applying a priming coat of approved
steel primer,

12.00

sgm

9937.00

119244.00

13

Providing and laying in position cement concrete of
specified grade excluding the cost of centering and
shuttering - All work up to plinth level: 1 :2:4 (1 cement
: 2 coarse sand (zone-l11) derived from natural sources :
4 graded stone aggregate 20 mm nominal size derived
from natural sources)

20.13

cum

23368.00

470281.00

14

Providing and fixing of Puf pannel to walls as per
required shape and design directed by engineer in
charge including material,labour and all fixing.(Rates

taken as per Gem portal)

15

196.00

3900.00

764400.00

Painting Steel work with Deluxe Multi Surface Paint to
give an even shade. Two or more coat applied @ 0.90

ltr/10 sqm over an under coat of primer applied @ 0.80
Itr/10 sqm of approved brand and manufacture i/c all.

238.90

Sgm

255.00

60919.50

TOTAL=

7184877.51

Add cartage for item no 10,11 & 14 due to rates are
taken from DSR 2023 and Gem portal.

L.S

50000.00

G. Total

7234877.51

Says(lakh)

72.35




718 171
Name of work: Construction of MRF Shed in Kedarnath .
Detail of Measurements
S No. [tem of Work No. | Length | Width | Height Quantity | Unit
| |Earth work in excavation by mechanical
means (Hydraulic excavator) / manual
means in foundation trenches or drains (not
exrpscditio 1.5 m inaith ar 10
Fd. 10 1.45 1.45 1.65 34.69|cum
Plinth beam Long side 2l  16.00f 0.60 0.10 1.92|cum
Plinth beam S.side 2 8.80] 0.60 0.10 1.06|cum
Ded -10 0.60] 0.60 0.10 -0.36|cum
Total 37.31|cum
2|Providing and laying in position cement
concrete 1:4:8 excluding the cost of
centering and shuttering i/c all.
10 1.45] 145 0.15 3.15|cum
Base B/W Long side 2 16.00{ 0.60 0.10 1.92|cum
Base B/W S.side 2 8.80 0.60 0.10 1.06|cum
Ded -10 0.60{ 0.60 0.10 -0.36{cum
Floor | 16.00{ 10.00 0.10 16.00{cum
Apron l 16.00] 0.75 0.10 |.20}cum
Apron | 11.500 0.75 0.10 0.86/cum
Total 23.83|cum
3|Providing and laying in position specified
grade of reinforced cement concrete,
excluding the cost of centering, shuttering,
finishing and reinforcement -All work up to
plinth level : 1 :1.5:3 (1 cement : 1.5 coarse
sand (zone-1ll) derived from natural sources
: 3 graded stone aggregate 20 mm nominal
size derived from natural sources)
footing 10 1.35 1.35 0.60 10.94|cum
fdn. 10 0.90] 0.90 0.90 7.29{cum
Upto Plinth 10 0.60] 0.60 0.60 2.16{cum
Plinth beam Long side 2 16.00] 0.60 0.35 6.72{cum
Plinth beam S.side 2 8.80] 0.60 0.35 3.70|cum
Ded -10 0.60] 0.60 0.35 -1.26/cum
Total 29.54|cum
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Centering and shuttering including strutting,

propping etc. and removal

of form for Foundations, footings, bases of

columns, ete. for mass

concrete i/c all.

footing 40 1.35 0.60 32.40{sqm

fdn. 40 0.90 0.90 32.40|sgm

Upto Plinth 40 0.60 0.60 14.40|sqm

Plinth beam Long side 4 16.00 0.35 22.40|sqm

Plinth beam S.side 2 8.80 0.35 6.16]/sgm
Total 79.20|sqm

Steel reinforcement for R.C.C. work

including straightening, cutting, bending,

placing in position and binding all complete

upto plinth level.

Taking 1.50 % of total Qt. of item no 3 0.015] 29.541| 7850 3478.45275|Kg

3478.45275(|Kg

Steel work in built up tubular (round, square

or rectangular hollow tubes etc.) trusses etc..

including cutting, hoisting, fixing in position

and applying a priming coat of approved

steel primer, including welding and bolted

with

M.S Plate (15 mm thick) 10 0.6 060118 424.8|Kg
kg/sqm

Nuts,bolts, fixtures etc @15% of total wt. of | 63.72|Kg

plate

Vertical square Pipe (180 10 4.00|@ 53 Kg/m 2120|Kg

mm* 180mm* 1 Omm)

Truss base (172 mm*92mm*4.8 mm) E 10 11.5|@ 18.71 2151.65|Kg
Kg/m

Inclined (100 mm*100mm*5 mm) A 20 6.88|@ 14.80 2036.48|Kg
Kg/m

Members ( 60*60*4) B 0

(0.67 + 1.81+1.34+2.13)= 5.95m 200  595|@ 6.97 Kg/m 829.43[Kg

Centre Vertical 10 2.00|@ 6.97 Kg/m 139.4|Kg

purlin member(145*82*4.8) C 8§ 16.00|@ 15.92 2037.76|Kg
Kg/m

Tie runner(60*60*4) D 8| 16.00|@ 6.97 892.16|Kg
Kg/m
Total 10695.4|Kg

Random Rubble stone masonary laid in 1:6

cement and sand mortar i/c all.

Upto Plinth 2 16.00  0.60 0.23 4.42{Cum

172
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8.80

(.60

0.23

2.43|Cum

Ded

0.60

0.60

0.23

-0.66|Cum

Total

6.18|Cum

Filling available excavated earth (exclud ing
rock) in trenches, plinth, sides of
foundations etc. in layers not exceeding
20cm in depth, consolidating each deposited

layer by ramming and watering, lead up to
SO and for oll 1if

14.8

8.80

0.40

52.10{Cum

Total

52.10{Cum

Providing corrugated G.S, sheet roofing
including vertical | curved surface fixed
with polymer coated J or L hooks, bolts and
nuts 8 mm diameter with bitumen and G.I.
limpet washers or with G.I. limpet washers
filled with white lead, including a coat of
approved steel primer and two coats of
approved paint on overlapping of sheets
complete (up to any pitch

in horizontal/ vertical or curved surfaces),

excluding the cost of nurling rafiere and

16.6

6.9

228.4{sqm

Total

228.4|Sqm

Providing ridges or hips of width 60 cm
overall width plain G.S. sheet fixed

with polymer coated J or L hooks, bolts and
nuts 8 mm dia G.I. limpet and

bitumen washers complete.

12.4.1 0.80 mm thick with zinc coating not
less than 275 gm/m2

16.60

16.60

Total

==

16.6

Providing and fixing 15 cm wide, 45 ¢m
overall semi-circular plain G.S.

sheet gutter with iron brackets 40x3 mm
size, bolts, nuts and washers etc.,

including making necessary connections
with rain water pipes complete.

12.7.1 0.80 mm thick with zinc coating not
less than 275 gm/m?2

16.60

33.20

Total

==

33.20




721

12|Providing and fixing 1 mm thick M.S. sheet
door with frame of 40x40x6
mm angle iron and 3 mm M.S. gusset plates
at the junctions and corners,
all necessary fittings complete, including
' Lmi of
Door l 3.00  4.00 12.00
Total 12|sqm
13|Providing and laying in position cement
concrete of specified grade excluding the
cost of centering and shuttering - All work
up to plinth level: 1 :2:4 (1 cement : 2 coarse
sand (zone-I11) derived from natural sources
- 4Eradﬂd_stune_mmm¢_2ﬂ mm nominal
Floor 1 16.00] 10.00 0.10 16.00
Apron 2 16.00] 0.75 0.10 2.40
Apron 2 11.50] 0.75 0.10 1.73
Total 20.13|Cum
14| Providing and fixing of Puf pannel to walls
as per required shape and design directed by
engineer in charge including material,labour
and all fixing.(Rates taken as per Gem
1y
walls 2l 16.00 4.00 128.00
2 10.00 4.00 80.00
Ded Door -1 3.00 4.00 -12.00
Total 196.00{sqm
I5{Painting Steel work with Deluxe Multi
Surface Paint to give an even shade. Two or
more coat applied @ 0.90 Itr/10 sqm over an
under coat of primer applied @ 0.80 ltr/10
sqm of approved brand and manufacture
Vertical square Pipe (180 10 4.00f 0,72 28.8{Sqm
mm* 180mm* 10mm)
Truss base (172 mm*92mm*4.8 mm) E 10 11.5] 0.524 60.26/Sqm
Inclined (100 mm*100mm*5 mm) A 20 6.88 0.40 33.04|Sgm
Members ( 60*60*4) B 0{Sqm
(0.67 + 1.8141.344+2.13)= 5.95m 20 .95 024 28.56|Sgm
Centre Vertical 10 200 0.24 4.8|Sgm
purlin member(145*82*4.8) C 8| 16.00] 0.24 30.72[Sqm
Tie runner(60*60*4) D 8 16.00f 0.24 30.72|Sgm
Total 238.90|sqm
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T
Naume of Work :-Proposed construction of Protection work & G.I sheet covering for
MRF centre in Kedarnath.
—_ > M Atdarnatn,
BILL OF QUANTITY
S.No. ltem of Work Quantity| UNIT Rate AMOUNT
| |Earth work in excavation by mechanical means (Hydraulic
excavator) / manual means in foundation trenches or drains
(not exceeding 1.5 m in width or 10 sqm on plan), including
dressing of sides and ramming of bottoms, lift upto 1.5 m,| 950.00 | Cum 737.00 700150.00
including getting out the excavated soil and disposal of
surplus excavated soil as directed. within a lead of 50 m.
2 |Excavation in foundation for retaining, breast walls etc, in all
types of soils and rocks including all lead, lift and disposal of]
surplus material as per direction of engineer - in - charge, as| 87.00 Cum 1369.00 119103.00
per drawing and technical specifications Clause 305.1 of
MORD Specifiction
3 |Providing concrete for plain/ reinforced concrete in open
foundations complete as per drawings and technical 9.75 Cum | 29368.00 286338.00
specifications Clause 802, 803, 1202 & 1203
4 [Steel work welded in built up sections/ framed work,
including cutting, hoisting, fixing in position and applying a
priming coat of approved steel primer using structural steel| 4776-38| KG 300 1513903.14
etc. as required..
5 |Providing corrugated G.S. sheet roofing including vertical /
curved surface fixed with polymer coated J or I. hooks, bolts
and nuts 8 mm diameter with bitumen and G.I. limpet 339.00 [ Sqm 1695.00 27450500
washers or with G.1. limpet
6 [Random rubble stone masonary laid dry by locally available
approved stone including supply of all material labour, T&P
elc. required for proper completion of work as per detail PWD| 31.05 Cum 7215.70 224047 .49
specification and as per direction of Engineer in charge
7 |Random Rubble Stone Masonry laidl:6, in breast walls,
retaining walls, etc. including supply of all material, labour,
T'&P and royaltiies etc. complete as per drawing and technical 93.33 Cum 13056.70 1218625.33
specifications Clauses 702, 704, 1202 & 1203 of MORD
Specifiction
Total 4636771.96
SAY(in lakh) 46.37
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Name of Work :-Pro osed construction of Protection work & G.I sheet covering for
MRF centre in Kedarnath.
—————=_1 Nedarnath.
DETAIL OF MEASUREMENT
= 2 MLASURBKMENT
S No. Item of Work No, Length| Width Height Quantity| Unit
I |Earth work in excavation by mechanical means ( Hydraulic
excavator) / manual means in foundation trenches or drains
(not exceeding 1.5 m in width or 10 sgm on plan),
including dressing of sides and ramming of bottoms, lift
upto 1.5 m, including getting out the excavated soil and
disposal of surplus excavated soil as directed, within a lead
| 50.00 | 20.00 0.95 950.00 | Cum
Total | 950.00 | Cum
2 |Excavation in foundation for retaining, breast walls etc, in
all types of soils and rocks including all lead, lift and
disposal of surplus material as per direction of engineer - in
- charge, as per drawing and technical specifications Clause
Column 78 10501 050 | 050 | 975 | cum
I |50.00| 127 0.90 57.00 | Cum
114500 060 0.75 2025 | Cum
Total 87.00 | Cum
3 |Providing concrete for plain/ reinforced concrete in open
foundations complete as per drawings and technical
specifications Clause 802, 803, 1202 & 1203
78 | 0.50 | 0.50 0.50 9.75 | Cum
Total 9.75 | Cum
4 |Steel work welded in buijlt up sections/ framed work,
including cutting, hoisting, fixing in position and applying
a priming coat of approved steel primer using structural
steel etc. as required..
Main Post @ 70x70x5 hollow pipe vertical 78 3 10.11 2365.74 Kg |
horizontal pipe @ 50x25x5 hollow pipe 3 226 3.88 2630.64| Kg
Total | 4996.38 Kg
5 |Providing corrugated G.S. sheet roofing including vertical /
curved surface fixed with polymer coated J or L hooks,
bolts and nuts 8 mm diameter with bitumen and G.I. limpet
washers or with G.1. limpet
washers filled with white lead, including a coat of a
1 226 1.50 339.00 | Sgm
Total | 339.00 | Sqm
6 |Random rubble stone masonary laid dry by locally
available approved stone including supply of all material
labour, T&P etc. required for proper completion of work as
per detail PWD specification and as per direction of
I 14500 0.60 1.15 31.05 | Cum
Total 31.05 | Cum
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~ Random Rubble Stone Masonry laid]:6, in breast walls,
retaining walls, etc. including supply of all material,
labour, T&P and royaltiies etc, complete as per drawing
and technical specifications Clauses 702, 704, 1202 &
1203 of MORD Specifiction

I 50.00 | 093 2.00 93.33 | Cum

Total 9333 | Cum
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@}_ Ojﬁci oj: The S uperinteﬂding Engineeer,
7" Circle, P.W.D. Gopeshwar

TER ]

E-mail: supwduupum}rudil’fmull.cum

M/S Raj Construction
A511, Pacific hills Rajpur road
Dehradun.

Subject: ~ Construction work of temporary labour hut/bu nker no.4 between
Saraswati river and Bhairav Mandir road for rest and night stay
convenience of labourers working on reconstruction work of Sh ri
Kedarnath Dham.

Your contract Bond No. .9;5\35:}1 2243 Dated \&\4l,1'°1-?-1 For

the above mentioned work has been accepted by the under signed on behalf of

Government of Uttarakhand. e
Please start the work at once and completed it within .5 5. months

positively. * |
The date of start and date completion of the work is as following:-

| Date of Start . MVANPR AR oo,

2. Date of Completion A \ \o\2023........ /

(Er. Rajesh Chandra Sharma)
Superintending Engineer
7" Circle P.W.D.
Gopeshwar

: : i d necessary action :-
Conv to the following for information A€ .
1. Eie:utive Engineer, Construction division, PWD Guptkashi, Rudraprayag.

\Z Bond Copy- '
3. Office Copy-

Superinten Mrm
D.

7" Circle P.

A i;t;:;,puas.hwsstr
W\

(i



JOR 7491 g% o 11? e
SENEOT 31y ﬁ‘?%‘ﬁ’ﬁ%pé”’aﬁuﬁof&n TR | ( ﬁa
Contract Bond no. Q—.ﬁl.iﬁrlb—n i)

.......... Date]&\‘ﬂlﬁl&

.................

a value of work done:-

LR

lllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllll

Va value of work done:-

llllll +||lllt||-|;¢

llllllllllllllllllllllllllllllllllll

Name of Work- Construction work Of temporary labour hut/bunker no.4 between Saraswali river and
Bhairav Mandir road for rest and night stay convenience of labourers working on
reconstiuction work of Shi Kedarnath Dham.(Size 30.00 m X 6,60 M Capicity 200
Labour),

I. Name of Contractor:- M/S Raj Construction, AS| l, Pacific hills, Dehradun.
2. Estimated Cost:- \, b0,2/,958.4| S '

3. Amount of Bond Rs:-..‘i..:5.9,{.3;‘1?3‘:‘?.'1.:9!.4.....“...
4. Amount of E.M. Rs...»,30900 o»

RSN 39 hS& G 38N 85 500
Vide A¢= U1 396324 iy 3 00 000 oo

Me= B 62R64 l'b-ai'u' l:'-p‘ﬂboa:: g
' Utﬁ-a PRIt~ o of oo 6B
J. Rate of Start: \&\‘#\a ............................. SRIA ‘;4';,?&33 ﬁf,‘ﬂ ’66‘&|‘E’;a;;.a 55
6. Date of Completion:-. \\ k\ﬁ\%'ltb

.............................................. wovmal. B8 Toop o
| Ao 40§45, S 100 0
7. Defect of Liability Permd~ﬂ.$--%5b.-m®

SNo | MB. | Amount | - Stock 5% 2% 1.Tax | Royalty 12% | By Cheque
ofBill | No. | ofBill Machinery | S.D, 2% GST GST

1% L. Cess
Form
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PUF Panel

HomeLland and Buildings and Structures and ThoroughfaresPrefabricated buildings and structures

Prefabricated emergency

T

75 Ask GeMmy

'ruuiu-nn 'I-'l-l'il-lrlllll-l L.

of 6

Product History 4

relief buildings and structure sPUF Panel (Q3 C ategory)

CACTUS PUF Panel use for Wall

CACTUSR
(Cactus PUF Panel)

4 39_00 99% OFF

Trends
T T

Product Details
h‘“

Price For :

MRP/Unit;

Offer Price/Unit:
Availability:

Min. Qty. Per Consignee:
Product id:

Country Of Origin:

Local Content (MII):

*Please Note: Local Content value is as
declared by reseller since OEM is not
registered on GeM

1 square meter
< 3,500.00
< 39.00

7000 In Stock
2400
5116877-166997910
India

100%



C et PUE Tanel use lor Wall online | Government e Mark.

i~ L

Seller Details
h

Sold by:

Reseller not verified by OEM

- Catalogue not verified by OEM

Seller Excellence

Specifications
“

Fascia options

Thickness of fascia sheets

Density of all polyurethane foam

external pattern of panels

frauwdatipe for panels

MATERIAL

Fascia options

Thickness of fascia sheets

2 of 6

Insulation material

Density of all polyurethane foam

743

Resellers

45-5.0

PPGI(Prepainted
galvanized iron steel)
sheet conforming to
1514246 - 2013

0.5 mm

40 % 2 kg/cubic meter
confarming to IS
11239 part 11-1985 as
amended upto date

As per Buyer's
requirement

Building of

friindatine af cira

Insulation core of panel is formed in one piece

Product History 4

https:ffmkp.gem.guv.infpuf-paneh'puf-panelfp-ﬁI [ﬁﬂ?‘Mﬁﬁﬂq‘gg}..

PPGI(Prepainted galvanized iron steel) sheet

conforming to IS 14246 - 2013

0.5 mm

Polyurethane foam

40 + 2 kg/cubic meter conforming to IS 11239 part

I-1985 as amended upto date

Yes

FE_11 ANTA 1.0~
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Product feature

Pariels For

Types of panel

Facility of tongue-n-groove Joinery for wall panels
Fire class
External pattern of panels

Provision of male-female type groove made with
extended wall panel sheets

Provision of cam lock system

Scope of supply(offer price to include all cost
component)

Transportation / freight charges

Foundation for panels

DIMENSION

Ask GeMmy

'rﬂﬂh.-n.-. e b i LR

Product History 4

of 6

4 https://mkp.gem.go v.in/puf-panel/py {-panel/p-5116877-1 66999 7)..

Consist of an insulating layer of rigid polyurethane
foam between two layers of metal sheets

Wall

Single groove panels - for general purpose an
application in building / shelters

Yes
FR grade (fire resistance grade)

As per Buyer's requirement

Yes

No

Supply of Product only

Offer prices are on free delivery at consignee site
basis

Building of foundation at site shall be the
responsibility of the consignee and the seller shall
Install / erect and commission the structure on the

foundation constructed up to plinth level by the
consignee

[AE 1Y mAA e Ly i e i
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Width - Wall panel + 10 mm 1185 mm

- Width - Roof panel + 5 mm 980 mm

- Width - Door panel + 10 mm 900 mm
Width - Floor panel + 5 mm 980 mm
Length - Wall panel + 10 mm 2500 mm
Length - Roof panel + 10 mm 2000 mm
Length - Door panel 1800 mm
Length - Floor panel 2000 mm
Core thickness of PUF panel 30 mm

COLOUR AND FINISH

Grade of Zinc Coating 120 gms/square meter
Surface finish With 50 microns thick PvC guard film
PERFORMANCE
. ¢ Ask GeMmy
OO — i o Product History 4

of 6 N A s



PileDleh, 12098 FW Ballistic Separator Machine For Solid Waste, Electronic at Rs 1500000/piece in Noida

746 199

All India v Enter product / service 1o caarch SHE Get Best Price
=

IRHBMART > Pollubion Cantrol Devices & Machings > Vantn Troatmpet Mants > Sobd Wasse Compost Piang

Ballistic Separator Machine SVM Infraestate Private Limited
For Solid Waste, Electronic — e
! 15,0“,00“!’ Piece Get Latest * H Nagar, Uttar Pradash
Price @ §/5 %k % % % (2)
Usage/Applica - @ GST- ANPCEIIIB 1ZE
tion

Applicable Weriied Supplier Manufacturer
mﬁ stry Wasle Management

Waste Sorting

Power Source  Electronic

Higher thraughput rates,
Low operating costs, ...
Material Municipal Sofid Waste

, i 47 Contact Supplier
[
-8
o

View Mabile Number
Features

Graca Manual

SVM Infraestate Ballistic separstors are
designed for sorling 20 materials (plastic
fim, paper, cardboard and fibres) and 3D
miatenals {containers, plastic botties, cans,
stane, wood, elc.). They can also sort fine
particles that can be coliscied separately
with the optienal variable screen openings,
A ballistic separator is a high load
_ segregating device that separates out
Eroduct Video wastes of different kinds. || consists of
parallel agitating paddies and a deck that
oscilates al high speed so as 1o son a
stream of waste passed through iL

Separales Wasle Into 3 Fractions - They
can aiso sorl fine particles which, with the
optional varlable screen openings, can be
collected separafely.

* Lighter material which moves
upwards due 0 eccentric motion
supported by a fan which mainly
contalns plastic papers, Wrappers,
cloth, papers etc,

* Heavier/3D material — which is heavy
n weight and slides down on the
paddies to the bollom & gots
separaled which mainly contains
C&D waste, coconut shells, giass,
meials, foolwear & pet bottles

* Minus material which screens down
from the mesh paddling system
nomally contains earth and other
smallor size materia|

‘ Get Latest Price J

Find products similar to Ballistic Separator Machine For Solid Waste, Electronic near Noida

Food Waste Tochnoscreen
Composting... Treatment Plant,... Capacity: 30 Tph... Ballistic Separat...

httpsf.ffm-.rw.mdiamun_cnm#pmddala|Hhaili$lic~aaparatur-machinEdﬂr-sulid-wasf&i#gﬂ1 946033 htmi7srsitid=AfmBOoroIVsS JQTEe-Brp169yNYdRew... 1/7
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o~

U value (heat transfer coefficient) in watt per square 0.15
meter Kelvin

R value (measure of resistance to heat flow through a 9.8
_given thickness of material) British Thermal Units Per
Hour Per Square Feet Degrees Fahrenheit

Thermal conductivity value at 10 degree centigrade (test 0.021 w/nk
method ASTM C 518-98)
Compressive strength at 10 % deformation (Kg per 2.1

square centimetre) (test method ASTM D 1621-94)
Bending strength (Kg per square centimetre) .

Tensile strength (Kg per square centimetre) (test method 3.7

ISO 1926:2005)

Adhesive strength(Kg per square centimetre) - foam to 2.9
steel

Water absorption (volume percent) at 100% RH (test 0.2 %

method ISO 2896:2001)

Closed cell content (%) 94

Vapour permeability at 90% (RH) and 38 degree 0.12
centigrade (gms per Hr[dot] square meter)

CERTIFICATION

Availability of Test Report from Designated AHSP / NABL Yes
/ILAC accredited or Central Government Lab to prove
conformity of products to the specification

Warranty Period in years 1

@i Ask GeMmy
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ST el B

Terms of Use
Website Policies
Document Help
Sitemap

Web Information Manager

NEWS & EVENTS

Newsroom
Gallery
Notifications
CCM Schedule

Forums

TESTIMONIALS

TRAINING

LMS

Training Calendar
Training Module
Facilitators

Download GeMm Logo

o PR Se Tor Wall online | Government e Mark...

748

© 2021 GeM All rights reserved

e
@ Ask GeMmy

’r'ﬂtll..-.-. bt Y LTI

of 6

Site operated and ma

htrps:ffmkpgem.g-:w.im‘pu f-panel/puf-panel/p-5116877-] 660N 0.

Introduction to GeM
Statistics

Right to Infarmation
Analytics

New on GeM

BRAND GeM

RESOURCES

GeM Handbook
OM's/Circulars

Terms and Conditions
Policies/Manuals

Miscellaneous

MOU'S

NEED HELP ?

FAQs
Feedback

Raise a Ticket

Contact Us

Careers
1ndiy s ] e}ﬂmudhrn
Central { Fi a0 fopibe ging

] p O

00000®

Product History 4

Quality Complianea

Certificat s

O Procurem mi 5

yElEm
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11/26/24, 12:58 PM MAGNA TRONIX Double Drum Magnetic Separator, Capacity: 1.5 Ton/Hour at Rs 24000 in Chennali

749 202

All India ¥ Enter product / service to saarch 3 Get Best Price

MAGNA TRONIX Double

g : Magna Tronix
; Drum Magnetic Separator, e
Capacity: 1.5 Ton/Hour B A RN, AR
| pacity: 1. 4.3/5 % % o o & (54)
g < 24.“““ Get Lates| Price 1§ GST- JAANPMZEI0A1TY
Capacity 1.5 TonHour
Type Of TrustSEAL Verifled Leading Supplier
o Magnet Used Fonite Verified Exporios Marutaciur e
f@ EaﬂnE;l: Double Drum Magnetic Company Videa
b E-n:lr.llﬂm Separator
Brand MAGNA TRONIX View Mobile Number
Pharmaceutical & 8% Hesponse Rate
g Applications Biochemical
#;,Pf;;:! e 800 kg [ <7 Contact Supplier J
I‘}\ﬁ MAGNA TRONIX Yiew All Dotails
j T e, T,

et Latest Price ]

Find products similar to MAGNA TRONIX Double Drum Magnetic Separator, Capacity: 1.5 Ton/Hour near Chennai

5 Q0 ETAR Thacy
Magnetic Drum Magnetic Drum Magnetic Wet Magnetic Drum Magpetic Drum Magnetic Drum
Separator,... Separator,... Drum Separator,... Separator,... Separator,.., Separator,...
Star Trace indla Star Trace India Vibromag... Vibromag... Star Trace Privat, . Star Trace Solutio...
HRodhills, Chennai FPadianaliur, Chennal, FtEﬂIhlﬂs_ Chennai, Redhilis, Chennai, Redhilis, Chennal, Redhilis, Chenng|
Tamil Macu Tami| Nadu Tamll Nadu Tamil Nadu Tamil Nadu Tamidl Nady
¥ 1,50,000 ¥1,50,000 ¥ 1,00,000 €1,00,000 ¥ 85,000 < 98,000
View Mobile View Mobile View Mobile View Mobile View Mobile View Mobile
Number Number Number Number Number Number

| A ot Latest Price |

Get Latest Price 0t Lates: Pricy ‘ , Fos fest ) | 1

[ View More + ]

Find related categories near Chennai

Magnetic Magnetic Magnetic : Suspension Magnetic Rall
¥ Separators : ..ﬁﬁ!g- Equipment Coolant... «  Magnet Separator
4 in Chemnnal E - in Chennal in Channai In Chennai in Channai
Get Quote > Get Quote > Get Quote » Get Quote » Gel Quote »

Product Gallery Company Details Send enquiry for Double Drum
. @ Magnetic Separator
Product Image Submit Requirement

https:/fwww.indiamart.com/proddetaildoub le-drum-magnetic-separator-14596786 588.htm|?pos=7&kwd=magnetic separatorlags=A||||8954.051|Price|...  1/4



11/26/24, 1:01 PM High Intensity Roller Type Magnetic EaSaratm at Rs 100000/piecs in Ahmedabad | ID: 21648905455
All India v Enter product [ service to search suarch Get Best Price

IndiahMART > Bar, Neodymium & Permarent Magnaty > Hagnetc Sepamion > Magnatc Roll Separatr

ko ~ - High Intensity Roller Type Kumar Magnet Industries
' ; ; : ' ' MEQ”EIEE Separatﬂl‘ ¥ Cdhav, Ahmedabad

¥ 1,00,000/ Piece Gt Latest o

Erice 4.3/5 % 3 d % (71)
€ GST- 24BMBIPMEIEIP17Y
Diameter 65 mm
" Belt TrusiSEAL Verified Lewding Suppliaer
oller/Be:
Width 1000 mm Vorified Exporior Manufaciures
Type Of ; :
Myainaa_ Useg  N@odymium View Mobile Number
T3'% Rasponse Rals
8 ! B Hfgenﬂ . Double Stage Roll typa
- Separators Magnetic Separator
- W +¥ Contact Supplier
= e Avclication Mina And Mineral
PP s Industry, Caramic And... ,

>
g Gel Latest Price }
| S

Producl Video Product Brochure

Find products similar to High Intensity Roller Type Magnetic Separator near Ahmedabad

High Intensity High Intensity Wet High Intensity MS High Intensity High Intensity
Roller Type... Roller Type... Magnetic... Magnetic Single... Permanent..,
Shrea. ., Sonal Magnetics Linux Magnetics Aanal Magnatic... Excel Magnelics Shree Ambica..
sdreay, Ahmedabad Odhav, Ahmedabad, Kathwada, Ahmadabad. Odhav, Ahmedabad, Kathwada, Ahmeadabad. Khediyamagar
Gujarat Gujaral Guarat Gujarat Gujarat Ahmedabad, Gujarat
< 2,30,000/ ¥ 4,50,000/ Z1,50,000 T 2,75,000/ Unit ¥ 2,00,000/ Ask Price
Piece Piece Piece
View Mobile View Mobile View Mobile View Mobile View Mobile View Mobile
Number Number Number Number Number Number

i J ‘ Lot Latost Prici I [ el Latest Price ’ &l Latest Price ’ [ (sel Lalest Price El Latast Price

[ View More + ]
Find related categories near Ahmedabad

Magnetic Magnatic Magnetic
Drum... Separators o -, Rolls
in Ahmedabad ﬁ:; in Ahmadabad ’J in Ahmedabad

Gel Quote > Get Quote » Get Quote >

Magnetic

. Destoner
in Ahmeadabad
Get Quote »

Magnetic
Filters

in Ahmedabad
Gal Quote »

[\

hitps:/iwww.indiam art.mmuddatailfhIgh-intanslly-mFlar-t}rp&-rrmgnath:-s.aparatm{'15489{]5455.#1 tmi?pos=3&kwd=magnetic separator high intensity ...

203

115
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VEPL Flat Belt Conveyor, For Material Handling, 100kg at Rs 100000/unit in Pimpri Chinchwad

“ | Enler product / service to search

751 204

Searct Get Best Price

indlaMART » Conwryor Systers & Components > Enpllt_"-w.ﬂ:ym > ‘.-'_lill Bdlq;!ﬁ]m

VEPL Flat Belt Conveyor, For

FEAgE

Verticon Equipments Priv ale

Material Handling, 100kg Limited

¥ 1,00,000/ unit Get Latest s ol
Brice ﬂu Maharashitsa
Usage/Applicat VEICIcoN 4.8/5 % % o & % (40)
ion Mot Handlig ' @ G5T- Z7AAGCVEIMPIZE
Brand VEPL

Capacity 100kg TrustSEAL Verifled  Leading Supgber
Materlal Mild Steal Manufacturer

Belt Materlal PVC _

Belt Width 800-1200mm View Mobile Number
Voitage 415y B&% Rasponss Aale

Bell Speed 0-60mirmin

Warranty 1 year </ Contact Supplier
N | VEPLFSC

ETH:::-'!" 3 Made in India

A conveyor belt Is the carrying medium of
a belt conveyor system (often shortenad 1o
belt conveyor). A belt conveyor system |s
ene of many types of conveyor systemsy, A
belt conveyor system consists of two or
more pulleys (sometimes refarred o as
drums), with a closed loop of Crmying
medium—the conveyor belt—thal rotates
sbout tham, One or both of the pulleys are
powered, moving the bell and the materal
on the beflt forward, The powered pulley is
Cilled the drive pulley while the unpowered
pulley is called the idler pulley, There are
two main Industial classes of beil
conveyors, Those in peneral maleral
handling such as those moving boxes along
Inside & factory and bulk material
handling such as those used (o transpon
large volumes of resources and agricultural

malarials, such
as grain, salt, coal, ore, sand, overburden a
nd moee.

Get Latest Price ]

Find proeducts similar to VEPL Flat Belt Conveyor, For Material Handling, 100kg near Pimpri Chinchwad

Rubber Flat Belt Rubber Belt
Conveyor, Load... Conveyor, Materi...

Rudra Industries Techzen. .. Verticon. .,
Hanuman Nagar Deals In Pimpri Chikhall, Pimpri
Tamhane Wasti, Chinchwad Chinchwad .
¥1,20,000/ T 95,000/ Piece ¥ 1,80,000/
Piece Piece

Mild Steel Gravity Material Handling Elat Belt Conveyor,

Roller Conveyor,... Beit Conveyor Eor Pharma,...
Liflocon... Dias Systems MIS Arise...
Deals In Pimpr| Leals In Pimori Daals 11 Pimpn
Chinchwad Chinchwad Chinchwad
¥ 9,000/ Piece ¥ 8,000/ Meter ¥2,10,000/
Piece

hrrps:mw.r.r_indinmarLcnmfpmduatail.fﬁabnﬂlt-cnnvewr-z1 137666791 .html‘?pa#.’!&kwn“—cmvaynr belt flat type lengths&tags=A||||8302.941 |Price|prod. .. 1/6



Lifaigs, 12430 M Multifunction Hand Pallet Truck, Capacity: 1ton, 2ton, 3ton, 4ton, 5tan at Rs 15000/piece in Anmedabad

752 205

All India Get Best Price

v | Enter product / service 1o search

- @ -y InESMART » MtiErar Hand oy Machines §
T @ i i

» Pabel Trock » Had Palla] Trock

Multifunction Hand Pal
Truck, Capacity: 1ton.
3ton, 4ton, Ston

T 15,000/ Piece gt L

Price
Capacity Tton 2ton, Aan
1150mmyas pa
Fork Langth customer requl
850mm /as pa
Fork wikith customes requl
tem Code: 101
Multifunction Hand Pallet Truck
Vit All Detalls

' Get Latest Pric

Equipment

Y 9 Maroda Anenedabe
Gujarat

4:2/5 e de e e
= @ GST- MHAKPPPIA(

TrustSEAL Verfiad

Leading Supplar Varnteqd £

Manufaclume Company Vi
View Mobile Co
Number l Suj

84% Responsa Rate

Find products similar to Multifunction Hand Pallet Truck, Capacity: 1ton, 2ton, 3ton, 4ton, 5ton near Ahmedabad

(EAsT owE
Scale Pallet Truck, Utkal Hand Pallet Patel Godrej Hand Annapurana Battery
Capacity; 3.Ton, 5... Truck, Loading... Pajlet Truck,... Operated Hydraul...

Stacker's & Mover... Utkal Enginesrs Palel Material. .. M/s Annapurna... Saideop Industies Sky Industnies
vatva, Ahmedabad, Vilram Nagan, Naroda, Ahmedabad, Vadaj. Ahmedabad, GIDC Maroda, Naroda, Ahmedabad,
Guiarat Ahmedabad, Gujarat Gujarat Gujaral Ahmedabad, Gujarat Gujarat
€ 85,000/ piece T 15,000/ Piece T 15,000/ Piece Ask Price T 12,500/ Piece T 25,000/ Piece

View Mobile View Mabile View Mobile View Mobile View Maobile View Mobile
Number Number Number Number Number Number
1861 Frice 1 el Latest Price | Gat Latest Price [ Got Latest Price [ Get Latost Price Ll.u--l Lalasl Frice

L View More « ]

Find related categories near Ahmedabad

hitps://www.indiamar. com/proddetail/multifun r:.ti::n-hanwpalletnlruﬁt-11&&5554335.hu'nt?pus=3&hwd=paﬂet truck&tags=Al|||8228.275|Price|product|||L. .. 1/4



11726424, 12:27 PM Mild Steel 30-60 ton Hydraulic Vertical Baler In M%nggr. Capacity: 50 Ton, Model Name/Number: Ragnor at Rs 375000 in %6

= AllIndia v Enter product / service o search S e Get Best Price
: g, -_".-'..' 38 3 ey s - S - P, IndEMART > Hydraulic & Prawmate Machines > Hydrayle Baling Peasa » venical Balen
ﬂ : f e S Mild Steel 30-60 ton Bicace ilviiafios
Rl o 1L 1 o Tl g s Hydraulic Vertical Baler In
5 RPN 5 Vs Tty oo i L | SPGB Y Manesar, Gu Y
: AR gl by Manesar, Capacity: 50 Ton, @ o
A 1 ) RIS < Model Name/Number: 4.6/5 ook ek K (24)
Ragnor Wi @ GST. 0SAAUFRBSEINIZA
¥3,75,000 ot Latest Price TrustSEAL Veriled  Star Suppler
m:“f““ 60-50 ton Verified Exportst Wanufactrar
E:n'ﬂ"rw'“ industrial View Mobile Number
Max Load 9% Rasporws fals
Capacity J0-80 ton
Material MILD STEEL L <7 Contact Supplier
Model
Name/Number TAGNOR

Capacity 50 TON
Bail Weight 100-150 KGS

Brand RAGNOR

Automation  automatic

Minimum

Order 1

Quantity

Ragnor Hydraulics® is located in IMT
- Manesar, Gurgaon and the working area Is

10000 sq. feet. Many years of research &
development, vast experience & production
capabliites has samed a reputed name in
the field of High Technology Quality
Products. Our company Is equipped with in-
house computer aided designing and
manufacturing  facilities and  supplying
machines to top indian companies.

A sound establishment of Ragnor Hydraulics
in 2016 has made a rapid growth in the
Indian  market. We are engaged
in  Manufacturing, Suppling &
Exportering a vast assoriment ofCar Lifts,
Dock Leveler, Hydraulic Scissor Lif,
Hydraulic Cutting Machine, Hydraulic
Power Packs, Hydraulic Cylinders,
Container Tilters, Hydraullc Goods Lift,
Hydraulic Presses, Industrial Sheds,
Baler And Baling Press Machine, Drum
Crushers And Compactor, etc.

Our dedicated and highly proficient team of
enginears is constantly involved in the
process of producion. Our  inchouse
production line allows us to underiake
orders as per the specilic requirements of
our esteemed clients. Our products have
established a sound recognition In the
various markets which brings us repeated
orders, Al Ragnor Hydraulics, we have a
separale qualty control depariment who
ensure that every machine is tested for
quality and performance, We guarantee all
our customers that our manufaciured
hydraulic presses pass strict and complats
quality controls. Our timely after-zale
sendces are also dedicated w0 fulfill the
customer's hour of need.

In addition to this, we also render opfimum
quaity Annual Maintenance Contract
Service and Hydraulic Press Job
Work. Under the guidance of "Mr. Ravinder
Kaushik® (CEO), we have baen able lo
provide maximum satisfaction 1o our clients,

htﬁ:s:fﬁ.mwiIndianmmmnﬂprnddataiu'hydraullt:-vm‘tlcal-hahr-inmananar-zaﬁﬂsd1456ﬂ11h!ml 17
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Shop By

Otegory BB |ﬁdu StrYbL!YIHQ

Saarch Products by title, sk, category, brandg etc, Q.

Homa | Testing and Meas uring instruments | Weighing Scoles and Systems /[ Analytical Waig

@ Bulk Discount !li Ships within 4 days

DIGITONE 1000 Kg (1 Ton) Digital Platform
Weighing Scales DGPITON

Visit the DIGITONE Store

EMI starts at 22665/month. No Cost EMI available,
EMI options

AVAILABLE OFFERS View Offers
Use SAVEIS00 & get EIS00* off. Valld for G5T-Registered
E'} Users Only. View

f:} Use SAVEJODD & got £3000" off. Valkd for GST-
Registered Users Only. View

e Use NEW3000 & got 23000* off. Only Vailld an your first

L fr
-

Doty
Request a callback Get customized price FRARionES —
Type of Product Weighing Scales
Dimension 1000x1000
Model No DGPITON
Display Digital
' i roduct
{ ' 9.5cale products
O © B @
T N’
Warranty os per 100% Original Secure 100% Buyer Top
brand Products payments protection Brands
Type of Product Weighing Scoles
Dimension 1000x1000
Moded No DGPITON
Display Digital
Product Sub Type Flatform Welghing Scale
Weighing Copacity (kg) 1 Ten
Country of Origin indio
Name of Manutacturer|Packer /importer DIGITA COMPUTER SERVICE
FREQUENTLY BOUGHT TOGETHER &

M5 wnioa wilkin 04 Firi WG divies wigur 24 fos B Shipe wethin 24 e M crups wilben 34 nra

Nataraj Classic Use &
Throw Ball Pens Blue__

Silverton 85 GSM A4
Copler Paper (Pack of .

Generic 7 MM Glue
Stick length 180 MM.

WD=40 Multipurpose
Cleaning Spray 420 ml

Buy DIGITONE 1000 Kg (1 Ton) Digital F17até:-2]-11 Weighing Scales DGP1TON Online at Best Prices

- Industrybuying. 207

e -

Share -¢

i Ty @

229,999 (Incl. of all taxes)
€25,423 +16% 65T
MRP 830975 1.16% OFF
Quantity
Minirmidrm
p 1 + Order
Quanity- |
Pioce

Bulk quantity Discounts!!

Dlscounted price
Select Quantity per piece(inol of

all taves)
8 2 ?28,955.20
D 3 22869425
O 4 #76,433.30
0 5-mare #27.91.40
AbiaEgal LR T 1 ML
Heed Connect with a

Assistance? product expert

Enter phone mi. CALL NOW

Average Wait: less than |
minute

@ Check Delivery Detalls

Enler Pincode Ct
PR P A Avalioble
Avallable
L Unavailable
Available
RETURN Return period
i 7 days

: =il J4L84400 1 J e

‘——v"-"'

S

hﬁpﬁ:ffmw.industryhuﬂng.mnﬂanalﬂical-weiglﬂnu*mle-digituna—thD.WEl.43[!DEE43?uhn_uuurceﬁungla&uun_medlum=FLA&utm_carnpa[gn=FL... 113



PR Ty e T T Aristo Hdpe 90L Whe%ﬁg %ustbin at Rs 2047 in New Delhi | ID: 20356270033 208

= All India v | Enter product / service 1o search Get Best Price

|nJIﬁ"!'!'|"rIT LR T .,1}.,:_5 i EL"“'*Q'E,ET:

Froduet Brochure * Whealnd Dumibin

Aristo Hdpe 90L Whee

Dustbin

¥ 2,047 Gt Latest price
Capacity 90 L

Black, Blua Ry

Color Groon, Yallow
:}IS:WAFP““ Horme, Office, |
Brand Arigto
Structure Foot Pedal
Material HOPE
Minimum
Ordar 10
Quantity

Yy All Drtaily

L et Latest Prit
Eﬂmﬂlﬂnlymﬂ.[uiumiy,:

9 Ranhim Sactor 15 p

Jr} 4.2/5 % o e S ¥ |

\‘\__,. u' GST.07AR &)= el

TrusiSEAL Verilied

Leading Supphor Manufac

120 Liter Wheeled Elastic Open Top Plastic 40 Ltr swing
Dustbin 240 L Wheeled Du... square Dustbin
Subhash Sales; ., Subhash Sales. ., Prisha Enlerprises Scope Unlimited KC Graen,,, S 5 Enterprises
Naw Delhi New Delh Bawana, Now Daihi Deals In New Delhi Sainik Farms, New Dalhi E::ué:l::ar Fi't,
T 2,050 ¥ 2,850 T 460 T 2,500 < 1,800 ¥ 2,050
View Moblle View Mobile View Mobile View Mobile View Mobile View Mobhile
Number Number Numbar Number Number Number

| [ ot Latest | [ Gor Catest Pric | ]i[ | et Latest pric | [ Get Latest. J

[ View More ‘]
Find related categories near New Delhi

Plastic Bio Medical Nilkamal
l Dustbin l Waste Bins I Dustbins l FIRstc Rins l Ogctinge E_*"
i Defh N Mew Dulhi

Hips:/iwww. indiamart.com/proddetail/ool-wh eeled-dus mmfzuaaﬁz?rmas.mmmms =3&DualProdscaps 1/2
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Com Bm_,n_ als
=g 50 kgs / day Quantity (Nos) Unit Rate (Rs.) GST Amount (Rs.)
Bio Rapid 75 1 675,000 12% % 7,56,000
SubTotal % 7,56,000
Freight,Packing & Insurance % 60,000 18% ¥ 70,800
installation, Commissioning & Training Z 35,000 18% % 41,300
Grand Total % 8,68,100
Terms and Conditions .

. Taxes: GST as applicable

. Freight and Installation 10 be charged extra. The freight charged is up 0 the place where road is available. Any other
expenses for the cartage of machine to the site will be borne by client.

. Delivery Period: Within 60-70 days from the date of PO & Advance
« Payment Terms: 100% Advance prior 1o dispatch
. Warranty: 12 months from the date of installation and commissioning

+ Validity of offer: This offer is valid for acceplance within 30 days.



757

m.ﬁ;mhw |
| —
Commercials
500 kgs / day Qty (Nos) Unit Rate (Rs.) Rate GST Amount (Rs.)
BioRapid 500 2 31,650,000 X 33,00,000 12% X 36,96,000
Sub-Total % 36,96,000
Freight,Packing & Insurance X 150000 18% %1,77,000
Installation, Commissioning & Training % 60,000 18% 372,600
Grand Total % 39,45,600

Terms and Conditions

» Taxes: GST as applicable

-

Freight and Installation to be charged extra. The Freight charged is up to the place where road is available.
Any other expense for the cartage of machine to the site will be borne by Client.

Delivery Period: Within 60-70 days from the date of PO & Advance
Payment Terms: 100% Advance prior to dispatch

Warranty: 12 months from the date of installation and commissioning
Validity of offer: This offer is valid for acceptance within 30 days.
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Waste Inlet =+ Shredder

Components

Vents for aeration

Curing Vessel
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Process

ADD BIOCULUM
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Process

COMPOST

VESSEL 1 — JESSEL2 |
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Specifications

’ Parameters BioRapid 500
a Capacity (kg/day) 500

= Vessel volume (L) 4200

= MOC of Vessel and Shaft MS Painted

G MOC of Quter Cover MS Powder coated
) Electric Supply 3 Phase, 4 Pole
E IMntﬂr {HI;"; '- 12.5 HP

E- Waste shredder Single stage

-E Shredder Eapacﬁy;{per hour) 200 kg

% [ShredderMotor(HP) 20 HP

Overall dimensions {(m) 3. 1x26x2.2

o Space requirement 175 sq. ft.

i Electrical consumption (units/day) 25-30

-g Machine Weight (kqg) 4105
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Commercials
500 kgs / day Qty (Nos) Unit Rate (Rs.) Rate GST Amount (Rs.)
BioRapid 500 2 < 1,650,000 T 23,00,000 12% < 36,96,000
Sub-Total ¥ 36,96,000
Freight,Packing & Insurance ¥ 150000 18% £ 1,77,000
Installation, Commissioning & Training T 60,000 18% X 72,600
Grand Total % 39,45,600

Terms and Conditions

Taxes: G5T as applicable

Freight and Installation to be charged extra. The Freight charged is up to the place where road is available.
Any other expense for the cartage of machine to the site will be borne by Client.

Delivery Period: Within 60-70 days from the date of PO & Advance
Payment Terms: 100% Advance prnior to dispalcn

Warranty: 12 months from the date of installiation and commissioning
Validity of offer: This offer is valid for acceptance within 30 days.
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KEY PLAN

SOLID WASTE MANAGEMENT ACTION PLAN (LAND ALLOTMENT) NAGAR PANCHAYAT KEDARNATH/KEDARNATHDHAM

Legend

Kedamath temple

[ Existing Fool path

Existing House/Shop

Mandakini River

Contour _500m

!. Contour 2.00m

HELIPAD

BHAIRAVANTH TEMPLE e

Boundary

 Eridge

Temple stairs

nEeEnooEEgE
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TOPOGRAPHY & CONTOUR MAP i
1400450 % SOLID WASTE MANAGEMENT ACTION PLAN (LAND ALLOTMENT) NAGAR PANCHAYAT KEDARNATH
2 | i
tls 3 8 8 NEE i,
2 lg &8 & $ § 3g8, !
0040 | ¢ & 9 T, 3888,
& ! e "l‘ 3 % g 2
; 2
| | &
3400430 | '
3400420
3400410
3400400
3400390
3400380
3400370
3400360
Ellﬂﬂi!ﬁﬂ
3400340
3400330
3400320
3400310
=
Existing Road =
Foot path =
EIIHHEEID Grid coordinate e
» Contour _500m =l
o Contour 2.00m —]
% Shop
3400290 ‘5'% Camp Site
it &~ ey I B S e e e -
5 g 5 3 i3 & 5 3 3 3 2 2
ml ml = | =1 =l ™l 1>y m| =l il ™ ™
CLIENT - PROJECT: LAND ALLOTMENT PREPARED BY - :
MNAGAR PANCHAYAT SOLID WASTE MANAGEMENT ACTION PLAN| Area = 3000 Sgm DIGITAL LAND SURVEY & SCALE- SHEET
KEDARNATH! KEDARNATH DHAM MAGAR PANCHAYAT KEDARMATH/ Area = 0.300 Hect ENGINEERING 1:500 NO:-- 02
RUDRAPRAYAG (LK) KEDARNATH DHAM Khasra no = 337& 338




766

N.P.A.[2022- 5] J
Office of Nagar Panchayat Arki,

Teh. Arki, Distt, Solan (H.P.)

Date: Arki, [{ April,2022

To whom it may concern

This is to certify that, we are using OWC 500 KG per day capacity
supphed by M/s, Excel Industries Ltd. for decentralised waste management system in
our town, Arki, District Solan, Himachal Pradesh. Around 500 kg wet waste is treated
by use of Bioculum and Sanitreat and they are working satisfactory without any
operational issues.

The system and use of Bioculum and Sanitreat helping us
dispose off the wet waste with reduced composting cycle to 10 days and eliminating
foul odour during composting process. We place on record our appreciation for the

M/s EXCEL Industries Limited, for making the composting process easier and
efficient.

Se@fétary
Nagar Panchayat Arki.
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mcjsanfie2i— |80 2 0, 12/4/2022

To whom so ever it may concern

We adopted decentralised waste management system in our town in the year
2021. Around 1000 kg wet waste is treated by use of Excel Industries Ltd's OWC

machine along with Bioculum and Sanitreat.
OWC machine shreds, homogenises wet waste with horticulture waste like dry

grass, dry leaves. Bioculumis mixedWet Waste to for accelerate the composting
process and Sanitreat is used to control foul odour. OWC machine and its shredders

are working satisfactorily without any operational issues.
Use of OWC. Bioculum and Sanitreat has brought efficiency in handling wet

waste and reduced the composting cycle to 10 days and eliminating foul odour during
composting process. We place on record our appreciation for the M/s EXCEL Industries

Limited, for making the composting process easier and efficient.

Thanking you,

Yours truly,

Sundernagar Distt.Mandi

L
Himachal Pradseh 3
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