No.

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
NATIONAL RIVER CONSERVATION DIRECTORATE (NRCD)
MINISTRY OF ENVIRONMENT AND FORESTS

THE STUDY
ON
WATER QUALITY MANAGEMENT PLAN
FOR
GANGA RIVER
IN
THE REPUBLIC OF INDIA

FINAL REPORT

VOLUME IV FEASIBILITY STUDY FOR PROJECT CITIES

VOLUME V-2 FEASIBILITY STUDY FOR KANPUR CITY
PART | SEWERAGE SCHEME

JULY 2005

TOKYO ENGINEERING CONSULTANTS CO., LTD.

CTI ENGINEERING INTERNATIONAL CO., LTD. GE

JR

05-038




JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
NATIONAL RIVER CONSERVATION DIRECTORATE (NRCD)
MINISTRY OF ENVIRONMENT AND FORESTS

THE STUDY
ON
WATER QUALITY MANAGEMENT PLAN
FOR
GANGA RIVER
IN
THE REPUBLIC OF INDIA

FINAL REPORT

VOLUME IV FEASIBILITY STUDY FOR PROJECT CITIES

VOLUME V-2 FEASIBILITY STUDY FOR KANPUR CITY
PART | SEWERAGE SCHEME

JULY 2005

TOKYO ENGINEERING CONSULTANTS CO., LTD.
CTI ENGINEERING INTERNATIONAL CO., LTD.



Foreign Exchange Rate:

Master Plan
US$ 1 =JPY 109.09
US$1=Rs 4533
(As of March 2004)

Feasibility Study
US$ 1 = JPY 103.66
US$1=Rs 43.70
(As of February 2005)




FINAL REPORT
ON

WATER QUALITY MANAGEMENT PLAN FOR GANGA RIVER

JULY 2005

GENERAL TABLE OF CONTENTS

VOLUME | SUMMARY

VOLUME II RIVER POLLUTION MANAGEMENT PLAN

VOLUME Il MASTER PLAN FOR PROJECT CITIES
VOLUME IlI-1 ~ SEWERAGE MASTER PLAN FOR LUCKNOW CITY
VOLUME IlI-2  SEWERAGE MASTER PLAN FOR KANPUR CITY
VOLUME III-3 ~ SEWERAGE MASTER PLAN FOR ALLAHABAD CITY
VOLUME IlI-4 ~ SEWERAGE MASTER PLAN FOR VARANASI CITY
VOLUME 1I-5 NON-SEWERAGE SCHEME
VOLUME II1-6 ~ SOCIAL CONSIDERATION AND HYGIENE EDUCATION

PLAN

VOLUME III-7 RECOMMENDATIONS ON SOLID WASTE MANAGEMENT
VOLUME III-8  GIS DATA MANAGEMENT
VOLUME I111-9 INSTITUTIONAL DEVELOPMENT PROGRAMME
VOLUME 111-10  FINANCIAL AND ECONOMIC EVALUATION
VOLUME 111-11  (SUPPORTING REPORT) CASE STUDY OF SEWAGE

TREATMENT PLANTS



VOLUME IV FEASIBILITY STUDY FOR PROJECT CITIES
VOLUME IV-1 FEASIBILITY STUDY FOR LUCKNOW CITY

PART I SEWERAGE SCHEME
PART II NON-SEWERAGE SCHEME
PART I11 PUBLIC PARTICIPATION AND AWARENESS PROGRAMME

PART IV INSTITUTIONAL DEVELOPMENT PROGRAMME
PART V ECONOMIC AND FINANCIAL EVALUATION
PART VI STAKEHOLDER MEETING

PART VII DRAWINGS

VOLUME V-2 FEASIBILITY STUDY FOR KANPUR CITY

PART I SEWERAGE SCHEME
PART II NON-SEWERAGE SCHEME
PART 11 PUBLIC PARTICIPATION AND AWARENESS PROGRAMME

PART IV INSTITUTIONAL DEVELOPMENT PROGRAMME
PART V ECONOMIC AND FINANCIAL EVALUATION
PART VI STAKEHOLDER MEETING

PART VII DRAWINGS

VOLUME V-3 FEASIBILITY STUDY FOR ALLAHABAD CITY

PART I SEWERAGE SCHEME
PART II NON-SEWERAGE SCHEME
PART I11 PUBLIC PARTICIPATION AND AWARENESS PROGRAMME

PART IV INSTITUTIONAL DEVELOPMENT PROGRAMME
PART V ECONOMIC AND FINANCIAL EVALUATION
PART VI STAKEHOLDER MEETING

PART VII DRAWINGS

VOLUME V-4 FEASIBILITY STUDY FOR VARANASI CITY

PART | SEWERAGE SCHEME
PART II NON-SEWERAGE SCHEME
PART 11 PUBLIC PARTICIPATION AND AWARENESS PROGRAMME

PART IV INSTITUTIONAL DEVELOPMENT PROGRAMME
PART V ECONOMIC AND FINANCIAL EVALUATION
PART VI STAKEHOLDER MEETING

PART VII DRAWINGS

VOLUME V PILOT PROJECT FOR SANITARY IMPROVEMENT OF
MANIKARNIKA GHAT



VOLUME IV-2

PART | SEWERAGE SCHEME

Table of Contents
List of Tables

List of Figures
Appendix
Abbreviations
Glossary of Terms

TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION .....oitiiiiiiiiiiisieite sttt 1-1
1.1 PROJECT BACKGROUND ......cceitiiiiiiiisi sttt 1-1

1.2 DELIVERABLES SUBMITTED ....cccoiiiiiiiiiiieicecees s 1-2

1.3 ABOUT THIS REPORT .....oiiiiiiiieiieiei ittt 1-2
CHAPTER 2 PLANNING BASIS ...t 2-1
2.1 REVIEW/COLLECTION OF EXISTING DOCUMENTS .......ccccoiiiiiieiieieeseses 2-1

2.2 GENERAL ENVIRONMENT ...ttt 2-1
S o) T | o] YRS 2-1

A € 1-To ] (a0 PSR 2-1

2.2.3 CHIMALE ...ttt bt e et 2-2

2.2.4 WWALET RESOUICES .....eueeeiireiiee ittt ettt r e ar e nr et n e enenn e nrennes 2-2

2.3 PROJECT AREA ..ottt 2-2

2.4 POPULATION AND POPULATION PROJECTIONS ..o 2-4

2.5 EXISTING WATER SUPPLY SCHEMES.........ccociiiiiiiiiceees e 2-4

2.6 EXISTING STORM WATER DRAINAGE SYSTEM .....cccoiiiiiiiieieeee e 2-5

2.7  EXISTING SEWAGE GENERATION .....ociiiiiiiiiiieinee e 2-6
2.7.1 SEWAQE GENEIATION. ...cciiitiiiie ettt ettt ettt e e see et e tesre e e e tesneeseeseeaneeneeeees 2-7

2.8 PRIORITY PROJECTS (COMPONENT AND DISTRICT WISE) ....ccocooviiiiiiiiiiiene 2-7
CHAPTER 3 DESIGN BASIS ... .ottt 3-1
3.1 INTRODUCTION ....ciitiitiiteteieeee sttt b e 3-1

3.2 DESIGN YEARS ... ottt bbbt 3-1

3.3 DESIGN BASIS FOR SEWERAGE NETWORK .......cccoiiiiiiiiise e 3-1



3.3.1 HydrauliCs OF SEBWELS .....ouiiiiiiiieieieeee e 3-1

3.3.2  SEWET APPUIENANCES ....eveerieitietiete sttt ettt sttt bbbt bbbt e e e sr e nrenneenes 3-3
3.3.3 Structural Design of BUIEd SEWETS .........cciiiiiiiieieiiese e 3-4
3.3.4 TYPE OF BEAUING ...ttt e 3-6
3.3.5 FOICE IMIBIN ...ttt ettt 3-6
3.4 DESIGN BASIS OF SEWAGE PUMPING STATIONS ..ot 3-6
3.4.1 DeSIGN APPIOACH ....veiiiitiitiete e 3-6
3.4.2 Design Criteria for Sewage Pumping StatioNnS ............ccovrerireneieiininise e 3-9
3.5 DESIGN BASIS FOR SEWAGE TREATMENT PLANTS ....ooiiiiireneese e 3-11
3.5.1 Criteria for Selection 0f STP SIte ........ccciiiiiiieeee e 3-11
3.5.2 Raw Sewage Characteristics Considered for Design PUrpOSE ..........cccoevvrieiineriennen. 3-12
3.5.3 DisCharge STaNQardS..........cceoveiiiiineiiiieeee e 3-12
3.5.4 Approach for Selection of Sewage Treatment SChemeS.........cccccevvveierieviverenescee e, 3-13
3.5.5 Treatment Options for Use of Treated Water for Irrigation PUrpose............cccccevnen. 3-13
CHAPTER 4 PRELIMINARY DESIGN OF SEWERAGE NETWORK ........ccccoiiiiiiiiins 4-1
4.1 SEWERAGE DISTRICT Ittt s 4-1
4.1.1 Review /Collection of EXiSting DOCUMENTS .........cceiveiiiiiriiineieeeeeee e 4-1
4.1.2 Need of Domestic Sewer fOr JAJMau ATCa .........ccooviiiirirerieieee s 4-1
4.1.3 MaSter PIan PrOVISIONS........cciiiiiiiiiieiiisiisie sttt 4-2
4.1.4 SUIVEY WOTK EXECULEA .......eouiieiiiiiiiite et 4-2
4.1.5 Design ENgIiNeering WOTKS..........ccuiiiiiiiieieieise sttt 4-2
416 COSEESTIMALES .....cuviuieiiiietiiieite ettt bbb 4-6
4.1.7 Need for the Scheme for Replacement of Broken / Choked Existing 60” Trunk Sewer
from Golf Club (Near Panchghari Ghat) to Chhabile purwa ...........c.ccoceoviiiiniinnne 4-11

4.1.8 MaSter PIan PrOVISIONS.......ccooiiiiiiiiiiiiieieieise sttt 4-11
4.1.9 SUrvey WOIKS EXECULEM ........coiuiriiiiiiieiicisie e 4-11
4.1.10 Need for the Scheme for Tapping Facility of Bhagwatdas Ghat Nala and Pumping
STALION .ttt 4-11

4.1.11 MaSter Plan PrOVISIONS.......cccoiuiiiiiiiiinieiteieeees sttt 4-12
4.1.12 SUurvey WOrKS EXECULEA. .......ccooiriiriiiiiiieieise et 4-12
4.1.13 Design ENGINeering WOTKS..........ccuiiiiiiieieisisesesie et 4-12
4.1.14 Need for Tapping of Sisamau Nala to Parmat PS...........ccccooeieiiiininiinnc e 4-13
4.1.15 Mater PIan PrOVISIONS ........ccoiiiiiiiieiieieieisesie sttt 4-13
4.1.16 SUrvey WOIKS EXECULEM. .......ccooiriiiiiiiiiieieeses sttt 4-13
4.1.17 Design for Sisamau Nala Tapping FacCility...........ccccooiiiiiiiiniiiceeesse e 4-13
4.1.18 COSt ESTIMALES ...ttt bbbt 4-15

4.1.19 Need for the Replacement of Existing Trunk Sewer from Rawatpur (13a) to Hudson
School Crossing (H) and Relief Trunk Sewer from Hudson School to Cantonment .. 4-16



4.1.20 SUrVey WOIKS EXECULEM ........cviuiiiiiiiiiiiiiieieesee st 4-16

4.1.21 Design ENgIiNeering WOTKS..........cccuiiiiiiieieisisise sttt 4-17
4.1.22 Trenchless Options fOr TrUNK SEWET .........ccciiiiiiiiiiiieie e 4-18
4.1.23 Abstract of Cost Estimates: Trenchless StretChes ... 4-19
4.1.24 COSE ESTIMALES .....c.viuiiieiiietisieit ettt bbb 4-22
4.2  SEWERAGE DISTRICT H.ioiiiiiiiiiiiiieieeiee e 4-24
4.2.1 Need for the Scheme for Duplication and Replacement of Existing Sewer from Kidwai
Nagar Police Station to Munshi Purwa Pumping Station............ccccoeeevvininincnene, 4-24

4.2.2 MaSEr PIan PrOVISIONS.......c.cciiiiiiiiiiieiieiieieise sttt 4-25
4.2.3  SUIVEY WOIKS EXECULEA .......oouiiiiiiiiiiiieieiieeie et 4-25
4.2.4 Design ENgINeering WOTKS.........couiiiiiiieieisieise et 4-25
4.2.5 COSEESTIMALES .....coviiiiiiiiitiiiit ettt 4-28
4.3 SEWERAGE DISTRICT T .ottt 4-30
4.4 TRENCHLESS OPTIONS FOR TRUNK SEWER IN DISTRICT Hl..ccoeoveiiiiiiee 4-31
4.4.1 Need for the Scheme for Installation of Proposed Trunk Sewer in District I11............ 4-31
4.4.2 MaSEr PIan PrOVISIONS.......ccccoiiiiiiiiiiiieiieieiees ettt 4-32
4.4.3 SUIVEY WOIKS EXECULEA .......ocviiiiiiiiiiiiiiiicie et 4-32
4.4.4 Design ENgIiNeering WOTKS.........cccuiiiiiiieieieisise et 4-33
45 OPERATION & MAINTENANCE ASPECTS.......ooiiiiiieie et 4-43
4.5.1 OPerational ASPECTS. .....c.ceiiiriiitiriiieiei ettt bbb 4-43
4.5.2 ULilitieS REQUITEMENT ...c.viuiiiiiiitiiiiteie et 4-45
4.5.3 EQUIPMENT COS.....eiuiiiiiiiitiiiiite ittt ettt 4-46
4.5.4 Operation and MaintenanCe COSES..........ccererieieiriiniseriesi et 4-46
CHAPTER 5 PRELIMINARY DESIGN OF PUMPING STATIONS......ccccoiiiiiiicincie, 5-1
51 PUMPING STATIONS IN SEWERAGE DISTRICT I ...cceiiiiiiiiiiieie e 5-1
5.1.1 Review / Collection of EXiSting DOCUMENTS ........ccvevriiriiriiriirieiieieesesese e 5-1
5.1.2 Need for the Scheme for Tapping of Bhagwatdas Ghat Nala Pumping Station............ 5-1
5.1.3  MaSter PIan PrOVISIONS. ........couiiiiiiiiriiiie ittt 5-1
5.1.4 SUIVEY WOIKS EXECULEM .......cveiiieiiiiiiiicie sttt 5-1
5.1.5 Scheme for Bhagwatdas Ghat Nala Sewage Pumping Station............cccoovevevncrenennns 5-1
5.1.6 Design Engineering Works for Bhagwatdas Ghat Nala Pumping Station..................... 5-2
5.1.7  COSt ESTIMALES ......viititiieieieiee ettt n e 5-3
5.1.8 Abstract of Costs for Bhagwatdas Ghat Nala Pumping Station .............c.ccoceeeveiiiinnne 5-5
5.1.9 Operation & Maintenance Cost of Bhagwatdas Nala Pumping Station...............c........ 5-5
52 SEWAGE PUMPING STATIONS FOR SEWERAGE DISTRICT Il ....ccccocoveiviiiiiinnn 5-5
5.2.1 Review / Collection of EXiSting DOCUMENTS ........ccueiririiriinierieieeeesese e 5-5
5.2.2 Need fOr the SChEME ........oiiie e 5-6
5.2.3  MaSter PIan PrOVISIONS. ........coueiiiiiiiiriiiie ettt 5-6



5.2.4 SUIVEY WOIKS EXECULEM .......cveiiieiieiiiiicie ittt 5-6

5.2.5 Design ENGINEEriNG WOTKS.........coveiiiiiiiiiiiiie ettt 5-6
5.2.6 DESIGN FIOW ...ttt 5-7
5.2.7 Panka Main PUMPING STAION ........ccoiiiiiiiiiicce e 5-7
5.2.8 Panki PUMPING SEATION ......oviiiiiieisii e 5-10
CHAPTER 6 PRELIMINARY DESIGN OF NEW SEWAGE TREATMENT PLANT ........... 6-1
6.1 REVIEW/COLLECTION OF EXISTING DOCUMENTS .......ccccoiiiniiiiiieisecee s 6-1
6.2 NEED FOR THE SCHEME ........ccooiiiiiiiiiect e 6-1
6.3  MASTER PLAN PROVISIONS ..ottt 6-1
6.4 SURVEY WORKS EXECUTED ......coiiiiiiiiiieies et 6-1
6.5 DESIGN ENGINEERING WORKS. .......ccoiiiiiiiicinisee e 6-2
B.5.1 DESIGN FIOW ...ttt 6-2
6.5.2 Raw Sewage CharaCteriStiCS .........ciuuiririririiieieisiee et 6-2
6.5.3 DisSCharge STaNUArdS..........cccooueiiiiiiiiiiei e 6-2
6.5.4  UNIt DESCIIPTION ....oviiiiiiitiite ettt bbb eb e 6-4
6.5.5 Sludge Dewatering SYSTEIM ........ccuiiiiriierierieieiees e 6-6
6.5.6  SIUAQGE ULHHSALION.......iiiiiiiiiiieieicie et 6-7
6.5.7 Bi0gas ULHHSALION.........cciiiiiiiiieieiei e 6-7
6.6 DESIGN CRITERIA .. ..o bbbt 6-7
6.7  UNITS SIZES.... .ottt 6-8
B.7. 1 CIVIIWWOTKS. ...ttt ettt 6-8
6.7.2  MEChANICAI WOTKS ..ottt 6-9
6.7.3 Electrical & InStrumentation WOIKS.............cocoieiriiiiiiineie e 6-10
6.8  CAPITAL COST .ottt bbbttt b e 6-11
B.8.1  CHVII COSE ..ttt 6-11
6.8.2  MECNANICAI COSL.......cuiitiiiieiieie et 6-11
6.8.3 Electrical & INStrumentation COSt..........ccoooiiiiiiiiiieieieisese e 6-12
B.8.4 LGN COS ...ttt bbb 6-12
6.9 OPERATION & MAINTENANCE .....cooiiiiiieieee s 6-13
B.9.1  GENEIAL ...t 6-13
B.9.2  SCIBENS ...ttt e E e R E e r e re s 6-13
6.9.3 Gt ChAMDET ... 6-14
6.9.4 UASB REECION ..ottt sr e sr e sneeneas 6-14
6.9.5 SIUAQE DIyiNG BEAS ....ceeveiiiiieiiciisiisie st 6-15
6.9.6 Biogas Collection & FIaring SYSIEM..........ccoiieiiiiiiiiieree e 6-16
6.9.7  ChIOriNAtiON SYSTEM .......oiviiiiiieiei st 6-16
6.9.8  SIUAGE PUMIPS ...ttt 6-16
6.9.9 ManpPOWEr REQUITEIMENT.......c..iiiiiiiteitiit e 6-16



6.9.10 Operation and Maintenance CoSt EStIMALES..........cccvvererivereerieeiese e 6-18

CHAPTER 7 INSPECTION, CLEANING AND REHABILITATION OF SEWER................. 7-1
7.1 BASICS OF SEWER REHABILITATION PLAN ....occiiiiiiiiiiieisesee e 7-2

7.2 REHABILITATION OF EXISTING SEWERAGE SYSTEM ....ccoccviiiiiiicieeie 7-2
7.2.1 General MethodolOgy ........ccooveieiiiiiiiiesee e 7-2

7.2.2 Recommended aPPrOACH .........oiviiiiiiiieie it 7-4

7.2.3 Options for Rehabilitation TeChNOIOGY: ........ccoeiviiiiiiiiie e 7-8

7.3 MANHOLE REHABILITATION ..ottt 7-11

7.4 FLOW DIVERSION ..ottt 7-12

7.5  COSTESTIMATES ..ottt bbbttt 7-12

CHAPTER 8 PRELIMINARY DESIGN OF AUGMENTATION REHABILITATION OF OLD

SEWAGE PUMPING STATIONS ...ttt 8-1

8.1 PARMAT PUMPING STATION ....ooiitiiitiieieieie sttt 8-1
8.1.1 Results of Inspection, Equipment (INVENtOry) SUIVEY .........ccocerveiveiiiinininenieieeieias 8-1
8.1.2 Preliminary Inspection of PUMpPING StationS............cooivireiiiiieieisisese e 8-2
8.1.3 Observations of Parmat PUMpPINg STation ...........cccooiiiriiiniieiecsee e 8-2
8.1.4 Proposed Rehabilitation Programme For Parmat SPS ............ccocooiiiiiiniiiiiceees 8-2
8.1.5 Additional Pumping Station at Parmat............cccceeeiriiiiieieeecesese e 8-3
8.1.6 Cost Estimates for New Pumping Station at Parmat.............ccccoceverineniininiencnees 8-4
8.1.7 Operation & Maintenance Cost of additional PS at Parmat...............ccccocvneneiciniinnnns 8-6
8.1.8 Abstract of Costs for Additional PS at Parmat............cccccocvviiiiiiiiiiiinsee e 8-6
8.2 NAWAB GANJ PUMPING STATION ...oiiiiiiiiieiieisie e 8-6
8.2.1 Results of Inspection, Equipment (INVENLOry) SUIVEY .........cccevveiieviinininenieseeeeeias 8-7
8.2.2 Observation of Nawab Ganj Pumping Station ............ccoceveiiieieiiiiinieeeeeens 8-7
8.2.3 Proposed Rehabilitation Programme For Nawab Ganj SPS ..........c.ccccvviiiiiiinenenn, 8-8
8.2.4 ADStract of COSt ESTIMALES ......cveviiiiriiiii e 8-8
8.3 MUIR MILL SPS ...t bbbttt 8-8
8.3.1 Results of Inspection, Equipment (INVENTOry) SUIVEY .........ccoceivereviiinienesene e 8-8
8.3.2 Observations of Muir Mill PUmpIng Station:...........ccoovviieiineiiiseseseseeeeei 8-9
8.3.3 Proposed Rehabilitation Programme For Muir Mill SPS.............ccccoviiviiiniie, 8-9
8.3.4 ADStract of COSt ESTIMALES .........cviiiiiiiieiee e 8-10
8.4 GUPTAR GHAT PUMPING STATION.......eiiiiiriirieiiiiee ettt 8-10
8.4.1 Results of Inspection, Equipment (INVENtOry) SUIVEY .........cccevveviinieninenieneeeeeee 8-10
8.4.2 Observations of Guptar Ghat Pumping Station:...........c.ccocerereieieiininise e 8-11
8.4.3 Proposed Rehabilitation Programme For Guptar Ghat SPS............cccccooiiiiicicienn 8-11
8.4.4 ADStract of COSt ESTIMALES .........ciiiiiiiiie e 8-11
8.5 LAKHANPUR PUMPING STATION ....ciiiiiitiiiiiisie it 8-11



8.5.1 DESIGN TIOW ..ot 8-12

8.5.2 Unit sizes for Lakhanpur Pumping Station ...........ccccovvveriniieiinineeseseeeee e 8-12
8.5.3 AN BUITAINGS ...t 8-12
8.5.4 Capital Cost for Lakhanpur PUumping Station ...........c.ccocevereiiininiinene e 8-13
B.5.5  CHVII COSE ...ttt 8-13
8.5.6  MECNANICAI COSL.......cuiiiiiieieieest bbb 8-13
8.5.7 Electrical and InStrumentation COSt...........ccociiireierieiieieisce e 8-14
8.5.8 RISING MAIN.....oiiiiiiiiiiieie bbbt 8-14
8.5.9 Abstract of Costs for Lakhanpur Pumping Station.............cccccveviiininiiencncc 8-14
8.5.10 Operation & Maintenance Cost for Lakhanpur Pumping Station ............cc.ccceevennnene. 8-15

CHAPTER 9 PRELIMINARY DESIGN OF AUGMENTATION/ REHABILITATION OF

EXSITING JAJMAU SEWAGE TREATMENT PLANT ...ooiiiiiiiiiiciecns 9-1

9.1 EXISTING CAPACITY AND CONDITION OF EQUIPMENT ......ccoooviiiiiiiencicneenes 9-1
9.2 MASTER PLAN PROVISIONS ..ottt 9-1
9.3  SURVEY WORKS EXECUTED .....ociiiiiiiieiiiiisie et 9-1
9.4 SEWAGE STRENGTH AND QUANTITIES ......ocoiiiiiieieieesee e 9-2
9.5 PERFORMANCE OF EXISTING TREATMENT PROCESS.......ccccoviiiiiiiineeee 9-2
9.6 EQUIPMENT REPLACEMENT NEEDS .......ccoiiiiiiiiisereeees e 9-2
9.7 PROPOSED PROCESS MODIFICATIONS: LIQUID AND SOLID STREAM............... 9-3
9.8 DESIGN ENGINEERING WORKS- 43 MLD ADDITIONAL STREAM ......ccccocvruennne. 9-3
9.8.1  DESIGN FIOW ...ttt bbbt 9-3
9.8.2 Raw Sewage CharaCteriStiCS .........couriririririeierieieise st 9-3
9.8.3  DisCharge STaNUArdS...........cceiueiiiiiiiniieses e 9-4
9.8.4 TreatMent SCREME ..o 9-4
9.8.5  UNIt DESCIIPTION ....viviiteiteete ettt bbbttt nbe e 9-5
9.8.6  SIUAQGE ULHHISALION........iiuiiiiiiieieieieee et 9-7
9.9  DESIGN CRITERIA ...ttt 9-8
9,10 UTILITIES ..ottt bbbttt en s 9-10
9.10.1 WaLET SUPPIY ..ottt 9-10
9.10.2 Waste Collection and DiSPOSAl..........ccccuriiiiiiinieieieisieese e 9-10
9.10.3 INEEINAI ROAAS .......eviveieieeie ettt 9-10
9.10.4 PIANT LIGNTING .....citiitiiteieieieiee ettt 9-11
9.10.5 GrEEN BT ...t 9-11
9.10.6 BYPASS AITANGEMENT .....ecveeiiirieeieitesee sttt sttt sr e sr e en e s reenennesnee e 9-11
9. 11 UNITS SIZES......o oottt bbbt 9-11
9,111 CHVIEWWOTKS. ...ttt 9-11
9.11.2 MECNANICAI WOTKS ..ottt et 9-11
9.11.3 Electrical & INStrumentation WOIKS.............ccoceieriiiiiiiienese e 9-12

Vi



0.12 CAPITAL COST ittt bbbt b e b et nn e abe e nreeneas 9-13

I 0 R O Y | I o] RSSO 9-13
0.12.2 MECNANICAI COSL......cueeiiiieieie ettt sttt e st steeseesresreeaesneeneas 9-14
9.12.3 Electrical & INStrumentation COSE...........cociririeiiieisiie e 9-14
0,124 ULHITIES .evveee ettt ettt sttt et e e s te et e besteene e besneestesbeaneeneeareeneenneas 9-15
9.13 OPERATION & MAINTENANCE ......ceiiiiiiiitieeiee e 9-15
TN T R €= T - | OSSR PSRIN 9-15
0.13.2 SCIBENS ..ottt ettt ettt ettt b she e s b e s bt s e et e e be e be e sbb e e nte e be e nreeneeenraennbenrae s 9-15
0.13.3 GIit ChAMDET ......eiiiieee ettt e e e naenaeene s 9-16
9.13.4 SIUAQE DIyiNg BEAS ....cueiviiiiiieieiisiisie sttt 9-16
9.13.5 ChIOriNAtiON SYSTEM .......oiviiiieieieiei sttt 9-17
9.13.6 SIUOGE PUMIPS ...ttt bbbttt 9-17
9.13.7 ManpPOWET REQUITEIMENT .........cciiiiiiiteitiiteieeeee sttt 9-17
9.13.8 Operation and Maintenance CoSt EStIMALES..........cccvveiviirerierieeiere e se e 9-18
9.14 ABSTRACT OF COST ESTIMATE FOR 43MLD ADDITIONAL STREAM............... 9-18
9.15 REHABILITATION OF 5 MLD UASB AND130 MLD STP......cccosoiiiiiririneisenniens 9-18
9.15.1 Proposal for Improvement Works in the above Mentioned STPS: -.......cccocvecvererrnen. 9-18
9.15.2 5 mld UASB Sewage Treatment PIant ...........ccooereiiiiiiinineccse e 9-19
9.15.3 130 mld Domestic Sewage Treatment PIant.............ccocoveriieriiniiniense e 9-20
9.15.4 CSPS QL JAJMAU ...ttt bbb et b e 9-21
9.15.5 Results of Inspection, Equipment (INVENTOry) SUIVEY .........ccoeovvieineniniesieseeeeee 9-22
9.15.6 Observation of CSPS Pumping Stations at Jajmau: ..........cccceverereiniininenese e 9-22
9.15.7 Proposed Rehabilitation Programme for CSPS at Jajmau...........ccccovvvvviienenenienenan 9-22
CHAPTER 10 ENVIRONMENTAL IMPACT ASSESSMENT .......coiiiiiiiiiicicce 10-1
10.1 INTRODUCTION ...ttt ettt bbbt bbb 10-1
10.1.1 Justification Of the PrOJECT.........cccoiiriiiiiiiis e 10-1
10.1.2 Objective and Need for the Environmental Impact Assessment (EIA) Study............. 10-1
10.1.3 EIA MEENOUOIOQY ...ttt 10-2
10.2 POLICY, ADMINISTRATIVE AND LEGAL FRAMEWORK .......cccccooviiiiriiieinens 10-4
10.2.1 POLICY ...t 10-4
10.2.2 AdMINIStrative FrameWOIK .........ccveveiiieeieiise et sre e 10-4
10.2.3 Legal FramEWOIK ........coiiiiiiriiieieie et 10-8
10.2.4 Emission Standards for Water, Air, Noise and Effluent ...............ccocooniiiiiicncnnn, 10-14
10.2.5 AmDient NOISe StANAAITS.......cceiviiiiiiii e 10-16
10.2.6 JBIC’s Environmental GUIEIINES ..........ccoiiiiiiiieiiiii e 10-17
10.3 BASELINE ENVIRONMENTAL STATUS ....ooiiiiieiieiieese e 10-18
10.3.1 STUAY AT ...ttt bbbttt bbbttt bttt b e 10-18
10.3.2 Physical ENVIFONMENT ......cc.oiiiiieieieeis s 10-18

Vil



10.3.3 Climate and MEeteOrOlOgY .........ecueruerieieieiiisie st 10-18

10.3.4 SUMTACE WALET .......ociiiieeieieeet ettt 10-19
10.3.5 GIOUNTWALET ......cueeiiiietieie etttk b bbbttt eb b 10-21
10.3.6 AMDIent Air QUANITY ........oiiiiiiece e 10-22
10.3.7 AMDIENT NOISE ...t 10-24
10.3.8 Waste Water CharaCteriStiCS ........cuiiiierieieieisiesie sttt 10-24
10.3.9 Existing Sludge Quality at Different STP SIteS........ccocviiirineieieeseece s 10-28
10.3.10 Chromium Detection in Domestic and Tannery Wastewater ............c.cccccoervereennnn. 10-28
10.3.11 Common Chrome Recovery Plant (CCRP) ........ccccooiiiiieiiniiisesieeieee e 10-29
10.3.12 Hazardous Waste Management Facility at Rooma, Kanpur ............ccccoeeveiiinnne. 10-29
10.3.13 Solid Waste ManagemeNt ..........ccoiueieiriiisisiesie e 10-29
10.3.14 Biological ENVIFONMENT........coiiiiiiiieiiiiise st 10-30
10.3.15 Socio-Cultural ENVIFONMENT........coiiiiiiiiiiiesiesereeee s 10-31
10.3.16 Existing Situation of Sewerage System in Kanpur..........ccoovviienenencneisienees 10-36
10.4 ANALYSIS OF ALTERNATIVES.......cot ittt 10-36
10.4.1 Project Benefits and POSItive IMPACTS..........ccviiiiriiiiiiice e 10-36
10.4.2 With and Without Prop0Sed PrOJECT ...........cceiirieiiiiiiisie e 10-37
10.4.3 AITEINALIVES ..ottt sttt nn e 10-38
10.5 PREDICTION OF IMPACTS: CONSTRUCTION PHASE.......cccccoiiiiniineieeres 10-41
10.5.1 GBNEIAL ..ottt bttt 10-41
10.5.2 Beneficial Impacts of the Project during the Construction Phase..........c.ccccocvvvenee. 10-41
10.5.3 Sewerage and Pumping Station Impacts: Construction Phase ............ccocevvvvivennene 10-42
10.5.4 Sewage Treatment Plant Impacts: (Construction Phase)..........ccccccvovrvininincicnennn, 10-44
10.6 PREDICTION OF IMPACTS: OPERATION PHASE .......ccccooiiitiiiieiee e 10-47
10.6.1 GBNEIAL ..ottt ettt 10-47
10.6.2 Beneficial Impacts of the Project during the Operation Phase...........cc.cccccveveiennnn. 10-47
10.6.3 Sewerage and Pumping Station Impacts (Operation Phase) ...........ccccoevereicinnnn. 10-47
10.6.4 Sewage Treatment Plant Impacts (Operation Phase) .........c.cccceveiiiniineninenicieennns 10-48
10.7 ENVIRONMENTAL MITIGATION PLAN .....oiiiiiiiiiiieinesese s 10-50
10.7. 1 INTFOUUCTION ...ttt bbbt b et nn e 10-50
10.7.2 General Mitigation MEASUIES ..........couiireieieieisiesie et 10-51
10.7.3 Mitigation Measures for Sewerage and Pumping Stations............c.ccocverereiieieennn. 10-51
10.7.4 Mitigation Measures for Sewage Treatment Plant ............ccccooviviiininencieiceen, 10-57
10.8 ENVIRONMENTAL MANAGEMENT, TRAINING, AND MONITORING PLAN ...10-67
10.8.1 GBNEIAL ...t ettt 10-67
10.8.2 Environmental Management Cell............coviiiiiiiiiiiee s 10-67
10.8.3 MONITONING PIAN ..ttt 10-68
10.8.4 EnVIironmental TraINING.......ccoreirerierieieisini st 10-69
10.8.5 COSES OF EIMP ...t 10-70



10.9 RISK ANALYSIS & CONTINGENCY PLAN......ccoiiiiiieitiieie e 10-71

10.9.1 GBNEIAL ......ieiiiee bbbt 10-71

10.9.2 POWET SUPPIY ettt 10-71

10.9.3 E&M EqQUIPMENE DISTUPTIONS. ......oviieiieiieiieiisiisie sttt 10-72

10.10 CONCLUSIONS ..ottt bbbttt 10-76
10.10.1 OVErAll IMPACES. ....ccuiiuiiiiitiiteiteiesiei ettt 10-76
10.10.2 CONCIUSION ...ttt ettt en e 10-76
CHAPTER 11 COST ESTIMATION AND IMPLEMENTATION PROGRAMME.................. 11-1
11.1 CAPITAL COST ESTIMATION OF THE PRIORITY PROJECTS ......cccooviiiririniees 11-1

11.2 IMPLEMENTATION PROGRAMME .......c.coiiiiiitiiiiiiieet st 11-1
11.3 OPERATION & MAINTENANCE COST ESTIMATION ......cccoviiiiiiiieiniec e 11-2



Table 1.1
Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 4.9
Table 4.10
Table 4.11
Table 4.12
Table 4.13

Table 4.14

Table 4.15

Table 4.16
Table 4.17

LIST OF TABLES

LiSt OF DEIVEIADIES ...ocvviieieiee sttt ettt enes 1-2
District Wise Population ProjeCtioNS ..........coereiiiiiiiii e e 2-4
Estimated Per Capita Water CONSUMPLION........coviiiiiiieieeeeesese e 2-4
Guideline Values for Future Per Capita Water SUpplY ..., 2-5
FIOWS IN EXISTING NAIA ...t 2-6
Per Capita Wastewater Generation RAES ............cooereiriiiiinineecee e 2-7
Components of FEasiDIlity STUY.........ccoiiiiiiii e 2-8
Peak Factors Considered for Sewerage DeSigN ........ccocviererieieiiininene s 3-2
Guideline for Selection of Pipe Class for Sewers with B-class Bedding ...........c.ccoccevenee. 3-6
Raw Sewage Characteristics Considered for Design PUIrPOSE..........cccovrverveiiiinneneniennes 3-12
Treated Wastewater QUAITLY ..........ooviiiiiiiiieeiee e 3-12
Area Statement for Waste Stabilization Pond SYStem ..., 3-14
Design Parameters for ASP with Chlorination SYStem............ccccevviiiiininenencceeee 3-16
Design Parameters for UASB followed by AL with Chlorination ............cccccceeviininenes 3-18
Design Parameters for AL Followed by Maturation Pond with Chlorination ................. 3-21
Cost Comparison of Treatment Alternatives for STP at Panka...........ccccccocveeveievveeennne 3-23
Catchment Details of Domestic Sewer for Jajmau Ara..........ccoovvvrererieieieeiesisesesieeas 4-3
Pipe Length Details of Domestic Sewer for Jajmau Area, Lateral Sewer .............c.cc..c..... 4-3
Pipe Length Details for Jajmau Area, Trunk SEWET .........cccooeviiiinineneieeeese e 4-3
Hydraulic Design of Domestic Sewer for Jajmau Ar€a..........cccevvvveriererieereseereseseennens 4-4
Cost estimation of Domestic Sewer for Jajmau Area -Trunk SEWEr ..........cccccvvvrvrerienen. 4-6
Cost Estimation of Domestic Sewer for Jajmau Area-Lateral SEWer ...........ccccccvevrvrienen. 4-9
Capital Cost for the Replacement of Damaged 60 EXiSting SEWer ...............cc.co.eeuen.... 4-11
Catchment Details for Bhagwatdas Ghat Nala Catchment.............ccccocvevviiiievienncienns 4-12
Pipe Length for Rising Main for Bhagwatdas Ghat Nala............c.ccccoovinininiiiicnce, 4-12

Pipe Length for Details for Sisamau Nala Tapping .........cccceeveerienininieneneneeeceeees 4-13

Hydraulic design for Sisamau Nala ... 4-14

Cost Estimation of Sisamau Nala Tapping Facility ..........c.ccoceeireiiiniiiiiieccee, 4-15

Catchment Details and Flows for Replacement of Existing Trunk Sewer from Rawatpur
(13a) to Hudson School Crossing (H) and Relief Trunk Sewer........cccccecvveveveivivenenne. 4-17
Details of Pipe for the Replacement of Existing Trunk Sewer from Rawatpur (I13a) to
Hudson School Crossing (H) and Relief Trunk SEWer.........cccooveeveiiveieneiiese e 4-18

TreNChIESS SLIEICNES .....viieieiee et 4-19

Diameter wise Unit Rate for Trenchless Technologies...........cccovvvviiiniieiiiiiiciee, 4-20

Abstract of Cost Estimates for Trenchless Technology ...........ccccoovviiiieieieiniiciene, 4-20



Table 4.18

Table 4.19

Table 4.20
Table 4.21
Table 4.22
Table 4.23
Table 4.24
Table 4.25
Table 4.26
Table 4.27
Table 4.28
Table 4.29
Table 4.30
Table 4.31
Table 4.32
Table 4.33
Table 4.34
Table 4.35
Table 4.36
Table 4.37
Table 5.1

Table 5.2

Table 5.3

Table 5.4

Table 5.5

Table 5.6

Table 5.7

Table 5.8

Table 5.9

Table 5.10
Table 5.11
Table 5.12
Table 5.13
Table 5.14
Table 5.15

Hydraulic Design for Replacement of Existing Trunk Sewer from Rawatpur (13a) to
Hudson school crossing (H) and Relief trunk Sewer from Hudson School to Cantonment

Cost Estimation for Replacement of Existing Trunk Sewer from Rawatpur (13a) to
Hudson School Crossing (H) and Relief Trunk Sewer from Hudson School to Cantonment
........................................................................................................................................ 4-22
Catchment Details of Duplication and Replacement of EXisting Sewer ...............c....... 4-26
Pipe Detail for the Duplication and Replacement of EXisting SEwWer............c.ccceevvenee. 4-26
Hydraulic Design for Duplicate and replacement of existing SEWer ........c..cccccvvcveriernns 4-27
Cost Estimation for Duplicate and Replacement of EXisting SEWer ..........c.cccceeveeveenne. 4-28
Trenchless Stretches for Sewerage DiStriCt H1 ..o 4-31
Diameter wise Unit Rate for Trenchless Technology ..........ccccovovviiiniicieiiiiinenens 4-31
Abstract of Cost Estimates for Trenchless Technology Used.............ccoceoeveiiiiiiniennen. 4-31
Catchment Details of Trunk Sewer from Makrikhera Nala............ccccoooeveiiiiiiincnnn. 4-33
Pipe Length Details for Makrikhera Nala to Panka STP.........cc.ccocviiiiiiiiiineees 4-34
hydraulic design of Trunk sewer from Makrikhera nala to Panka Bahadur Nagar STP 4-35
Cost Estimation for Trunk Sewer from Makrikhera Nala to Lakhanpur PS.................. 4-36
From Lakhanpur Pumping Station to Panki Pumping Station.............cc.cceeevviviiinnne. 4-38
From Panki PS 10 Panka MPS ..........cooiiiiiiiiece e 4-41
Abstract of Cost Estimates for SEWEr LiNeS ..o 4-43
Labour Force Estimated for Sewerage SYSIEM.........ccovieriieiniinine e 4-45
MANPOWEE COSE.....c.eeieeitiieiee ettt b e e bbb st be st en e e 4-45
Capital Costs of Maintenance EQUIPMENT ..........cooiiiiiiiieieieeeee s 4-46
Summary Operation and Maintenance CoOSt..........ccvvveiiiiereneneee s 4-46

Design Flow of Bhagwatdas Ghat Nala Pumping Station ............ccccoeeveieneicinincncnne 5-2
Details of Bhagwatdas Ghat Nala Pumping Station ...........c.cccceeenininiienecee e 5-3
Details of Allied BUIIAINGS ........coviiiiiiiicee s 5-3
Capital CoSt OF CIVIl WOTKS.........coueiiiiiiiiiisss e 5-4
Capital Cost of MechaniCal WOTKS ..o 5-4
Capital Cost of Electrical and Instrumentation WOrKS ............ccocoorineninineisiscce e, 5-4
Capital Cost OF RISING MAIN ......oiiiiiiiiici e 5-5
Abstract of Cost of Bhagwatdas Ghat Nala Pumping Station ............c.ccocvevviiniivinnn. 5-5
Operation and Maintenance Cost of Bhagwatdas Ghat Nala Pumping Station................. 5-5

Design Flow of Sewage PUumping Stations............ccoceiereriiiininicreseeeees e 5-7
Details of Panka PUmpPIing SEation ...........ccooiiiiiiiiiiies e 5-8
Details of Allied BUIlAING.........cooiiiiiiiiii s 5-8
Capital Cost of Civil Works at Panka MPS ... 5-9
Capital Cost of Mechanical Works at Panka MPS..............ccocoiiiiiniicce 5-9
Capital Cost of Electrical and Instrumentation Works at Panka MPS.............c..ccocovenen. 5-9

Xi



Table 5.16
Table 5.17
Table 5.18
Table 5.19
Table 5.20
Table 5.21
Table 5.22
Table 5.23

Table 5.24
Table 5.25
Table 5.26
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8
Table 6.9
Table 6.10
Table 6.11
Table 6.12
Table 6.13
Table 6.14
Table 6.15
Table 6.16
Table 6.17
Table 6.18
Table 6.19
Table 6.20
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 7.5
Table 8.1
Table 8.2

Capital Cost of Rising Main at Panka MPS............ccccooiviveiiniin e 5-10
Abstract of Cost Estimates for Panka MPS ... 5-10
Operation and Maintenance Cost Estimates for Panka MPS...........c.ccccoceviiiiinienenne 5-10
Details of Panki PUMPING SEAtION..........ooiiiiiiiiiiei e 5-11
Details of Allied BUIIAINGS ........ccoiiiiiiieiie e 5-11
Capital Cost Estimates of Civil Works at Panki Pumping Station..............c.cccceeeinnne. 5-12
Capital Cost Estimates of Mechanical Works at Panki Pumping Station ...................... 5-12
Capital Cost Estimates of Electrical and Instrumentation Works at Panki Pumping Station
........................................................................................................................................ 5-12
Capital Cost Estimates of Rising Main at Panki Pumping Station .............ccccccvcvnennne. 5-13
Abstract of Cost Estimates of Panki Pumping Station ............ccccoovviiinenenciciine 5-13
Operation and Maintenance Cost Estimates of Panki Pumping Station..............c......... 5-13
Design FIOW at Panka STP ........coiiiiiiiiiee e s 6-2
Raw Sewage Characteristics Considered for Design PUrPOSE..........ccccoerereiveinieiinenienns 6-2
Treated Wastewater QUAITTY ........c.oveiiiiiiieceee e 6-3
Design Parameters for Panka STP........cccoooviivieiiiici e 6-8
I TS 1 P A g 1 (OSSP 6-9
List OFf MeChaniCal WOTKS..........ccvoiiiiiiee e 6-9
List of Electrical & Instrumentation WOIKS...........cccocviveiiiiiireesecece e 6-10
Capital CoSt OF CiVIl WOTKS........cccveiiiieiiie et 6-11
Cost 0f MeChaniCal WOIKS..........ccoiiiiiiiieiiece st 6-11
Cost of Electrical & Instrumentation WOIKS............ccccooieiiiiiiiieneceese s 6-12
COSt OF UTHILY TTEBMS ... 6-12
I a0 0] SRR 6-13
Operation and Maintenance ASPECtS OF SCIEENS.........covviririiereee s 6-14
Operation and Maintenance Aspects of Mechanical Grit Removal............c..ccccccevenee. 6-14
Operation and Maintenance AsSpects 0f UASB ... 6-15
Operation and Maintenance Aspects of Sludge Drying Beds...........cccccovreneneicninnnn. 6-16
Proposed Staffing for Sewage Treatment Plant ............ccccooevviiiievniinene e 6-17
(@] 0T oL o] I O 0 USSR 6-18
MAINTENANCE COST ....vevviiiiieiteeiiee ettt esteeteesbesaeeneebesreeneenreneeens 6-18
TOAl O&IM COSE .....viiiiiieieceee sttt sttt saesteenaesteane e benneens 6-18
Sewer Stretches Proposed for Rehabilitation..............cooviviiiiiiiiiieice e 7-1
Preliminary Assessment of Sewers to be Rehabilitated............c.cccoevvviiviiiiii i, 7-7
Sewer Manhole Rehabilitation OPLioNS..........ccoeveiiiiiiiieeeeee e 7-12
Technology wise Cost Estimate for Rehabilitation..............cccccevvviiiiinviciie s, 7-13
Total Cost Estimate for Rehabilitation Of SEWErS..........ccocvviiiiineiiic e 7-13
Specifications of the Parmat PUmping Station ...........cccceoeieiiiiiiineneeeces e 8-1
Pumping Station Details for Additional Pumping Station at Parmat..............cc.ccocvvereennen. 8-4

xii



Table 8.3
Table 8.4
Table 8.5
Table 8.6
Table 8.7
Table 8.8
Table 8.9
Table 8.10
Table 8.11
Table 8.12
Table 8.13
Table 8.14
Table 8.15
Table 8.16
Table 8.17
Table 8.18
Table 8.19
Table 8.20
Table 8.21
Table 8.22
Table 8.23
Table 8.24
Table 8.25
Table 9.1
Table 9.2
Table 9.3
Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 9.8
Table 9.9
Table 9.10
Table 9.11
Table 9.12
Table 9.13
Table 9.14
Table 9.15
Table 9.16

Allied Buildings for Parmat PUmping Station ...........cccocvviininineneieceeseesese e 8-4
Capital Civil Cost for Parmat Pumping Station............ccoceeerereiniiineneseseseee e 8-4
Capital Mechanical Cost for Parmat Pumping Station .............ccoceeevininiininenenceeeins 8-5
Capital Electrical and Instrumentation Cost for Parmat Pumping Station ....................... 8-5
Capital Rising Main Cost for Parmat Pumping Station............ccccceviviininineninciccns 8-5
Operation and Maintenance Cost for Parmat Pumping Station.............ccccecevviiiinenienns 8-6
Abstract of Cost Estimates for Parmat Pumping Station............ccccocevviiineneneneieene, 8-6
Cost Estimates for Rehabilitation of Existing Parmat Pumping Station.............c.cccoe..... 8-6
Specifications of the Nawab Ganj Pumping Station...........ccccovevviiineneneieincsesesiees 8-7
Cost estimates for Rehabilitation of Nawab Ganj Pumping Station.............cccccecevennnnne. 8-8
Specifications of the Muir Mill Pumping Stations ..o 8-8
Cost Estimates for Rehabilitation of Pumping Station ..o 8-10
Specifications of the Guptar Ghat Pumping Stations ............ccccevevviniinienineneeeeee 8-10
Cost Estimates for Rehabilitation of Guptar Ghat Pumping Station ...............cccceeeenne. 8-11
Design Flow of Lakhanpur Sewage Pumping Station ............cccceovvvininenencicincins 8-12
Details of Lakhanpur PUMpPINgG STation...........ccooviiiiiiiinecceseee e 8-12
Details of Allied Buildings at Lakhanpur Pumping Station ............ccccoeeveieiiiiininniens 8-12
Capital Cost of Civil Works at Lakhanpur Pumping Station .............c.ccocvvieiviiinnnn. 8-13
Capital Cost of Mechanical Works at Lakhanpur Pumping Station ............ccccccevvenne. 8-13
Capital Cost of Electrical and Instrumentation WOrKS ...........cccccevvvviinivsineie s 8-14
Capital Cost of Rising Main at Lakhanpur Pumping Station ............ccccceceeviinininennn. 8-14
Abstract of Cost Estimates for Lakhanpur Pumping Station............c.ccocevevvieiiiniiinene 8-14
Operation and Maintenance Cost Estimates for Lakhanpur Pumping Station............... 8-15
Average Monthly Data for 130 mld Jajmau STP........ccccoviiiiiineiece e 9-2
Design FIOW at JaJMau STP.......ooiiiiiiiiiieiee e 9-3
Raw Sewage Characteristics Considered for Design PUrPOSE..........cccoevereiveiineninenienns 9-4
Treated Wastewater QUAITTY .........ooveiiiiiiiiieieee e 9-4
Design Parameters for 43 mld STP at Jajmau .........ccvevririiiriiieieeeeesese e 9-9
LSt OF PIANT UNIES....c.viiiieieiece ettt sttt nne s 9-11
List of Mechanical WOTKS..........c.ooiiiiiii s 9-12
List of Electrical & Instrumentation WOIKS............cccooieiiiiiiiieeeee e 9-12
L0703 o) B @1V | IR o] o S 9-13
Cost 0Ff MeChaniCal WOTKS............ciuiiiiiiiiiist e 9-14
Cost of Electrical & Instrumentation WOIKS............ccocoviiiiiiiiiinccee e 9-14
COSt OF ULHILY TTBMS ...ttt 9-15
Operation and MaiNteNANCE = SCIEEN.......cueviiiiiereeeeiese s e e se et see e reeseesreenee s 9-16
Operation and Maintenance — Grit Chamber...........ccoovevviieiene e 9-16
Operation and Maintenance — Sludge Drying Beds..........c.ccocoveieniininienenc e 9-17
(@] 0T oL To] I O 0 USSR 9-18



Table 9.17
Table 9.18
Table 9.19
Table 9.20
Table 9.21
Table 9.22
Table 9.23
Table 10.1
Table 10.2
Table 10.3
Table 10.4
Table 10.5
Table 10.6
Table 10.7
Table 10.8
Table 10.9
Table 10.10
Table 10.11
Table 10.12
Table 10.13
Table 10.14
Table 10.15
Table 10.16
Table 10.17
Table 10.18
Table 10.19
Table 10.20
Table 10.21
Table 10.22
Table 10.23
Table 10.24
Table 10.25
Table 10.26
Table 10.27
Table 10.28
Table 10.29
Table 10.30
Table 10.31
Table 10.32

MAINTENANCE COSE ....vivviiiieieiteciee ettt sttt estesteesbesaeeneebesreeseenrenrens 9-18
TOAl O&IM COSL ...ttt sttt sae st enaesaeane e benneens 9-18
ADSEract OF COSt ESHIMALE ......ccveiieiieiecie e 9-18
Cost Estimate for Improvement Works for Existing 5 mld STP at Jajmau ................... 9-19
Estimate for Improvement Works for 130 mld STP at Jajmau .........cccceeevveiviininennens 9-21
Specifications of the Jajmau Pumping Stations...........cccoovvrininineneneesce e 9-22
Estimate for Improvement Works for CSPS at Jajmau...........ccoovvvrinineneneneceeee 9-23
Summary of the Relevant Indian RUIES ...........cccvoviiiiiieii e 10-9
Key Indicators of Inland Surface Water Quality............cccocvvevvieiiiveinve e 10-14
Standards for Different Receiving Water BOIES...........ccoviiiiiiiiiiiieicscee e 10-15
Standards for Treated Wastewater QUAlITY ..........cccceiviiiiiiiiiieseceeei 10-15
Treated Water Quality fOr Irrigation ...........cccooeieiiiiiiiieees s 10-16
National Ambient Air Quality Standards...........cccooveriiirineiee e 10-16
Ambient Air Quality in ReSpect 0f NOISE.........cccviiiiiiiriieeee e 10-17
Climatological Table Based on Observations from 1951 t0 1976..........cccccovevrvernennenn 10-19
Water Quality of Ganga RIVET .........cccooiiiiiiiiricee e 10-20
Water Quality of Pandu RIVET..........ccooiiiiiiiiirieeeees e 10-20
Pollution Load of Drains in KaNPU ...........cciiiiiiiiieesese e 10-21
Groundwater Results of Villages near Kanpur ..o 10-22
Analysis Report of Underground and SW of Naurayakhera Village, ..............c......... 10-22
Ambient Air Quality Data (1999 — 2003) .......ccvevririiriinierieieieesese s 10-23
Ambient Noise Levels in KanpUI ..o 10-24
Parameters Proposed and Achieved for 5 mld STP ... 10-25
Analysis Results for 5 mld Domestic Wastewater Treatment Plant..............c..c......... 10-25
Parameters Proposed and Achieved for 36 mld STP ..o 10-26
Analysis Results for 36 mld UASB Tannery Waste Water Treatment Plant.............. 10-27
Parameters Proposed and Achieved for 130 mId STP........cccccovvivviievivn i 10-27
Analysis Results for 130 mld ASP Domestic Wastewater Treatment Plant............... 10-28
NPK Values in Sludge Samples of 5 mld and 130 mId STP’S.......ccocevvvvevececiene, 10-28
Analysis of Total Chromium in Sludge Samples of 5 mld and 130 mld STP’s.......... 10-28
Results of Total Chromium (mg/l) in Tannery Wastewater ..............ccocevererverinnnncnn. 10-29
Total/ Hexavalent Chromium Contents (mg/l) in Domestic Effluent........................ 10-29
Population of Kanpur in the Last 4 Decades ..........cccccveveveiieeieneseeese e 10-31
Workers Category in Kanpur (2001 CENSUS) .......ccvvrverierrerieieeieisiesiesiesie e 10-31
Schedule Caste and Schedule Tribe Population in Kanpur...........cccccceeeiiiniicnenen. 10-32
Literacy Rate in KANPUF .......cooiiiiiiiiiicees s 10-32
Demography of Panka Bahadur Nagar and Chitepur .........ccccccevvvieeienvicneie e 10-32
Schedule Caste Population in Panka Bahadur Nagar and Chitepur............ccccccevnen. 10-32
Literacy Rate in Panka Bahadur Nagar and Chitepur...........cccceovviinineneneiceen, 10-33

Xiv



Table 10.33  Facilities Available in Panka Bahadur NAgGar ..........c.cccereiiiriininineeeeeeeeee 10-33
Table 10.34  Landuse Pattern in KaNPUL .........cooiiiiiiii s 10-33
Table 10.35 Trend of Water Borne Diseases in Kanpur ..o 10-34
Table 10.36 Health Disorders Associated with Water Supply and Sanitation Projects ................. 10-34
Table 10.37  Trend Analysis 0f Malaria Cases..........ccccviririiirineieriee e 10-34
Table 10.38  Water SUPPIY IN KANPUT ....oviiiiiiiie e 10-35
Table 10.39 Comparison of With and Without Project in the year 2015...........ccccviviniiiiiinnnn 10-38
Table 10.40 Analysis of Alternative Sewage Treatment Technologies (based on 100 mld Capacity) at

Proposed Panka SITE .........ccuoiiiiiiiieieeise e 10-40
Table 10.41 Summary of Environmental Impacts and Environmental Mitigation Plan................ 10-60
Table 10.42  Scoping Matrix for Project COMPONENTS .........c.oiverieiiirininiesie e 10-65
Table 10.43 Analysis of Siting of the Panka Sewage Treatment Plant Drainage District 111 — 120,000

m%d in 2015, 200,000 M%/d iN 2030 .......ccurvrmrrerrrereeseesseesseseessssssssesssssssessessnens 10-66
Table 10.44  Environmental Monitoring Plan ...........ccooeeiiiiiiiieeieeesse e 10-70
Table 10.45 BIOCK COStS TOr EIMIP .......c.oiiiiiiiiiiceeiee et s 10-70
Table 10.46  Recurring COStS TOr EIMP ........cooiiiiiiiiiiie s 10-71
Table 10.47 Risk Assessment and Contingency PIan ... 10-73
Table 11.1 Abstract of Project Cost EStIMAatioN...........ccocuviiiiiiiniieiise e 11-4
Table 11.2 Implementation Schedule of Priority ProjectS ..........covvviiiiininiieeeecse e 11-5
Table 11.3 Operation and Maintenance Cost EStIMAtion ...........ccocooeiiiiinineneneseesesee e 11-6

XV



Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4

Figure 3.5

Figure 7.1

Figure 8.1

Figure 10.1
Figure 10.2
Figure 10.3
Figure 10.4
Figure 10.5
Figure 10.6
Figure 10.7
Figure 10.8
Figure 10.9

LIST OF FIGURES

Pumping Station Design PrOCEAUIE .........ccccuiiiiierieieeieeee e 3-7
Schematic Flow Diagram for Waste Stabilisation Pond .............cccoceviviviiinienniienne 3-26
Schematic Flow Diagram for Activated Sludge Process with Chlorination System...... 3-27

Schematic Flow Diagram for UASB Process Followed by Aerated Lagoon with

ChIOMNALION SYSTEIM ...ttt 3-28
Schematic Flow Diagram for Aerated lagoon Followed by Maturation Pond with
CRIOMINALION. ...t 3-29
Stages in Sewer Rehabilitation .............ccooviiiiiiiiiii e 7-3
Average Monthly Discharge from Parmat SPS............cccooiiiiiniiiiecee e 8-1
Schematic Diagram for Approach and Methodology Of EIA..........ccccoiiiniiincice, 10-3
Revenue Map 0f Panka STP ... 10-46
Greenbelt for Lakhanpur Pumping Station ..o 10-53
Greenbelt for Bhagwatdas Ghat Nala Pumping Station.............cccceeevviniieneiciennn 10-54
Greenbelt for Panki PUMPING STAtioN ..........ccooiviiiiiieeeee e 10-55
Greenbelt for Panka Pumping Station...........cccooeieriiiiiisise e 10-56
Direct and Indirect Use of Treated EFflueNt............cccooiiiiiiiiiii e 10-57
Greenbelt Plan for Proposed STP at Panka...........ccccovvirineieneiesiscse e 10-59
Environmental Management Cell ...........cooiiiiiiiiiiieeee e 10-68

XVi



APPENDIX

Appendix A3.1  Technical Evaluation for Selection of PUMPS..........c.ccocviiiiieiinine e A-1
APPENUIX AL bbbt bbb e bt ere s A-10
APPeNdiX AB.1  STP DESIGN SPEC ....oviieieiieiiiiieiesie ettt ene s A-18
Appendix A10.1  ESTIMATED PARAMETER VALUE OF THE SOIL SAMPLES COLLECTION

ON DECEMBER 6, 2004.........ccocoiiiiiiisieinienisie et A-48
Appendix A10.2 ESTIMATED PARAMETER VALUE OF THE SURFACE WATER SAMPLES

COLLECTION ON DECEMBER 6, 2004.........cccoeiiiiinieinenieie s A-49
Appendix A11.2 ESTIMATED PARAMETER VALUE OF THE GROUND WATER SAMPLES

COLLECTION ON DECEMBER 6, 2004.........cccoeiiiiiniininenieenisiesiee e A-50
Appendix A10.3  Owners List at Panka Bahadur STP Village Panka Bahadur Nagar .................. A-52

XVii



AD/MM
ADF
ADWF

AIWSP

AL
AS
ASR

Avg

AWT
BOD
Cl
CMS
CO,
CPCB
CWR
DLW
DO
DPR
ES
FAB
F/S
FSA
GAP
GOAP
GIS
gpd
GOl
GOJ
GWI
HDR
HP
I/l
ISC
JICA
JS

KVA

LDR
Ipcd

Ips
MC
MDR
mg/I

ABBREVIATIONS

Average Day / Max Month
Average Daily Flow
Average Dry Weather Flow

Advanced Integrated Wastewater
Stabilization Ponds

Aerated Lagoon
Activated Sludge
Aquifer Storage and Recovery System

Average

Advanced Wastewater Treatment
Biochemical Oxygen Demand
Cast Iron

Cubic Meter per Second
Carbon Dioxide

Central Pollution Control Board
Clear Water Reservoir

Diesel Locomotive Work
Dissolved Oxygen

Detailed Project Report
Equalization/Storage

Fluidised Aerated Bioreactor
Feasibility Study

Future Service Area

Ganga/Gomti Action Plan
Gomti Action Plan

Geographical Information System
Grams per day

Government of India
Government of Japan

Ground Water Infiltration
High-Density Residential

Horse Power

Infiltration/Inflow

Indian Standard Code

Japan International Cooperation Agency
Jal Sansthan

Kilo Volt Ampere

Low-Density Residential
Litres per capita per day
Litres per minute

Litres per second

Municipal Corporation
Medium-Density Residential
Milligrams per Litre

ML
mid
MLSS

M/P

MPN
MPS
MPS
MUD
MoEF
N/A
NBC
NH;-N
NRCD
NSA
0&M
PDWF
PFR
PS
PSC
RAS
SMF
SPs
ss

SSO

STP
TDS
TKN
TMDL
TN

TP
TSS
UASB
UFW
UPJN
UPPCB

USAID

uv
VCP
WAS
WRF
WSP
WTP
YAP

xviii

Million Litres
Million Litres per Day
Mixed Liquor Suspended Solids

Master Plan

Most Probable Number per 100ml
Main Sewage Pumping Station
Meter per Second

Ministry of Urban Development
Ministry of Environment and Forests
Not Available

National Building Code
Ammonia-Nitrogen

National River Conservation Directorate
Non Sewerage Area
Operations and Maintenance
Peak Dry Weather Flow
Project Feasibility Report
Pumping Station
Pre-Stressed Concrete
Return Activated Sludge
Sankat Mochan Foundation
Sewage Pumping Station
Suspended Solids

Sanitary Sewer Overflow

Sewage Treatment Plant

Total Dissolved Solids

Total Kjeldahl Nitrogen

Total Maximum Daily Load

Total Nitrogen

Total Phosphorus

Total Suspended Solids

Up flow Anaerobic Sludge Blanket
Unaccounted for Water

Uttar Pradesh Jal Nigam

Uttar Pradesh Pollution Control Board

United States Agency for International
Development
Ultra Violet

Vitrified Clay Pipe

Waste Activated Sludge
Water Reclamation Facility
Waste Stabilization Pond
Water Treatment Plant
Yamuna Action Plan



GLOSSARY OF TERMS

Aerated Lagoons: Like WSPs but with mechanical aeration. Oxygen requirement mostly from aeration and
hence more complicated and higher O&M costs requires less land than WSP.

Activated-Sludge Process: A biological wastewater treatment process in which a mixture of wastewater and
biologically enriched sludge is aerated to facilitate aerobic decomposition by microbes.

Advance Wastewater Treatment: Treatment process designed to remove pollutants that are not adequately
removed by conventional secondary treatment processes.

Aeration: The addition of air or oxygen to water or wastewater, usually by mechanical means, to increase
dissolved oxygen levels and maintain aerobic conditions.

Anaerobic Digestion: Sludge stabilization process in which the organic material in biological sludge is
converted to methane and carbon dioxide in an airtight reactor.

Assimilative Capacity: The ability of a water body to receive wastewater and toxic materials without
deleterious effects on aquatic life or the humans who consume the water.

Average Daily Flow: The total flow past a physical point over a period of time divided by the number of days
in that period.

Biochemical Oxygen Demand (BOD): A standard measure of wastewater strength that quantifies the oxygen
consumed in a stated period of time, usually 5 days and at 20°C.

Biological Process: The process by which the metabolic activities of bacteria and other micro organisms break
down complex organic materials to simple, more stable substances.

Bio solids:  Solid organic matter recovered from municipal wastewater treatment that can be beneficially used,
especially as a fertilizer. Bio solids are solids that have been stabilized within the treatment process, whereas
sludge has not.

Chlorination: The addition of chlorine to water or wastewater, usually for the purpose of disinfection.

Coliform Bacteria: Rod shaped bacteria from intestinal track of man used as an indication that pathogenic
organisms may also be present.

Collection System: In wastewater, a system of conduits, generally underground pipes, that receives and
conveys sanitary wastewater and/or storm water. In water supply, a system of conduits or canals used to capture
a water supply and convey it to a common point.

Composting:  Stabilization process relying on the aerobic decomposition of organic matter in sludge by
bacteria and fungi.

Dechlorination: The partial or complete reduction of residual chlorine by any chemical or physical process.

Design Storm: The magnitude of a storm on which the design of a system and/or facility is based; usually
expressed in terms of the probability of an occurrence over a period of years.

Diffused-Air Aeration: The introduction of compressed air to water by means of submerged diffusers or nozzles.
Digester: A tank or vessel used for sludge digestion.

Disinfection: The selective destruction of disease-causing microbes through the application of chemicals or
energy.

Diurnal: A daily fluctuation in flow or composition that is of similar pattern from one 24-hour period to another.

XiX



Effluent: Partially or completely treated water or wastewater flowing out of a basin or treatment plant.

Fine-Bubble Aeration: Method of diffused aeration using fine bubbles to take advantage of their high surface
areas to increase oxygen-transfer rate.

Fixed Film Process: Biological wastewater treatment process whereby the microbes responsible for
conversion of the organic matter in wastewater are attached to an inert medium such as rock or plastic material.
Also called attached-growth process.

Force Main: The pipeline through which flow is transported from a point of higher pressure to a point of
lower pressure.

Friction Factor: A measure of the resistance to liquid flow that results from the wall roughness of a pipe or
channel.

Gravity Thickening: A process that uses a sedimentation basin designed to operate at high solid loading rate,
usually with vertical pickets mounted to revolving sludge scrapers to assist in releasing entrained water.

Grit Chamber: A settling chamber used to remove grit from organic solids through sedimentation or an
air-induced spiral agitation.

Head Loss: The difference in water level between the upstream and downstream sides of a conduit or a
treatment process attributed to friction losses.

Headworks: The initial structure and devices located at the receiving end of a water or wastewater treatment
plant.

Infiltration: Water entering a sewer system through broken or defective sewer pipes, service connections, or
manhole walls.

Influent:  Water or wastewater flowing to a basin or treatment plant.
Invert: The lowest point of the internal surface of a drain, sewer, or channel at any cross section.
Land Application: The disposal of wastewater or municipal solids onto land under controlled conditions.

Lift Station: A chamber that contains pumps, valves, and electrical equipment necessary to pump water or
wastewater.

Methane: A colourless, odourless combustible gas that is the principal by-product of anaerobic decomposition
or organic matter in wastewater. Chemical formula is CHs,.

Mixed Liquid Suspended Solids (MLSS): Suspended solids in the mixture of wastewater and activated sludge
undergoing aeration in the aeration basin.

Nitrification: Biological process in which ammonia is converted first to nitrite and then to nitrate.
Nutrient:  Any substance that is assimilated by organisms to promote or facilitate their growth.
Pathogen: Highly infectious, disease-producing microbes commonly found in sanitary wastewater.

Peak Flow: Excessive flows experienced during hours of high demand; usually determined to be the highest
2-hour flow expected under any operational conditions.

Preliminary Treatment: Treatment steps including screening, grit removal, preparation, and/or flow
equalization that prepare wastewater influent for further treatment.

Pump Station: (see lift station)
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Primary Clarifier: Sedimentation basin that precedes secondary wastewater treatment.

Primary Treatment: Treatment steps including sedimentation and/or fine screening to produce an effluent
suitable for biological treatment.

Rising Main :  (see force main)
Reclaimed Wastewater: Wastewater treated to a level that allows its reuse for a beneficial purpose.

Return Activated Sludge (RAS): Settled activated sludge that is returned to mix with raw or primary settled
wastewater.

Sanitary Sewer Overflow (SSO): Overloaded operating condition of a sanitary sewer that results from
inflow/infiltration.

Screening: (1) A treatment process using a device with uniform openings to retain coarse solids. (2) A
preliminary test method used to separate according to common characteristics.

Scum: Floatable materials found on the surface of primary and secondary clarifiers consisting of food wastes,
grease, fats, paper, foam, and similar matter.

Secondary Clarifier: A clarifier following a secondary treatment process and designed for gravity removal of
suspended matter.

Secondary Treatment:  The treatment of wastewater through biological oxidation after primary treatment.

Sludge: Accumulated and concentrated solids generated within the wastewater treatment process that have not
undergone a stabilization process.

Sludge Dewatering: The removal of a portion of the water contained in sludge by means of a filter press,
centrifuge, or other mechanism.

Sludge Stabilization: A treatment process used to convert sludge to a stable product for ultimate disposal or use
and to reduce pathogens to produce a less odorous product.

Suspended-Growth Process: Biological wastewater treatment process in which the microbes and substrate are
maintained in suspension within the liquid.

Thickening: A procedure used to increase the solids content of sludge by removing a portion of the liquid.

Trickling Filters: Sewage passes down through a loose bed of stones, and the bacteria on the surface of the
stones treats the sewage. An aerobic process in which bacteria take oxygen from the atmosphere (no external
mechanical aeration). Has moving parts, which often break down.

Total Suspended Solids (TSS): The measure of particulate matter suspended in a sample of water or wastewater.
After filtering a sample of a known volume, the filter is dried and weighed to determine the residue retained.

Waste Activated Sludge (WAS): Excess activated sludge that is discharged from an activated-sludge treatment
process.

Wetlands Treatment: A wastewater treatment system using the aquatic root system of cattails, reeds, and
similar plants to treat wastewater applied either above or below the soil surface.

Waste Stabilization Pond: Large surface area ponds that provide treatment essentially by action of sunlight,
encouraging algal growth which provides the oxygen requirement for bacteria to oxidize the organic waste.
Requires significant land area, but one of the few processes that is effective at treating pathogenic material.
Natural process with no power/oxygen requirement. Often used to provide water of sufficient quality for
irrigation, and very suited to hot, sunny climates.

UASB: Anaerobic process using blanket of bacteria to absorb polluting load. Suited to hot climates. Produces
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little sludge, no oxygen requirement or power requirement, but produces a poorer quality effluent than processes
such as ASP. (NOTE: other anaerobic processes exist, but UASB is the most common at present).

Collection System Terminology

Interceptor_Sewer: A sewer that receives flow from a number of other sewers or outlets for disposal or
conveyance to a treatment plant.

Manhole: An opening in a vessel or sewer to permit human entry. Also called manway.

Trunk Sewer: Trunk sewers are large sewers that are used to convey wastewater from main sewers to treatment
or other disposal facilities or to large intercepting sewers.

Main Sewer: Main sewers are used to convey wastewater from one or more lateral sewers to trunk sewers or to
intercepting sewers.

Lateral Sewer: Lateral sewers form the first element of a wastewater collection system and are usually in streets
or special easements. They are used to collect wastewater from one or more building sewers and convey it to
main sewers.

Bwlding (such as mdrdual
farnily dwelling)

Bouilding
Sewer Lateral
Serers
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" Sewrer
L 3
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CHAPTER 1
INTRODUCTION



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part I, Sewerage Scheme

PART | SEWERAGE SCHEME
CHAPTER 1 INTRODUCTION

In response to a request from the Government of India, Japan International Cooperation Agency
(JICA) has undertaken “The Study on the Water Quality Management Plan for Ganga River in the
Republic of India” by formulating JICA Study Team comprising of Tokyo Engineering Consultants
Co., Ltd. in association with CTI Engineering International Co., Ltd. The Study started in February
2003 and has concluded in March 2005.

The objectives of the Study are:

e To formulate the Master Plan for water quality management for Ganga River with the target
year of 2030, focusing on Kanpur, Allahabad, Varanasi and Lucknow
e To carry out Feasibility Study (F/S) for the priority projects identified in the Master Plan

The Master Plan for Kanpur has been prepared by the JICA Study Team, which encompasses the basic
planning framework while identifying the priority projects for F/S.

11 PROJECT BACKGROUND

The consultancy services and survey activities for the F/S components were to be sub- contracted to a
Local Consultant. Subsequently JICA Study Team issued “Request for Proposal” on September 7,
2004 to carry out the F/S comprising engineering services and the required survey activities for the
priority projects for Kanpur city. In response to the Request for Proposal, MWH India Private Limited
(MWH), Mumbai submitted their Technical and Financial Offer on September 15, 2004 for the
required services.

JICA Study Team, after scrutinising technical proposal of various local consultants, adjudged MWH
technical proposal best and had invited MWH for the discussions on their Technical and Financial
Proposals on September 23, 2004. After the detailed discussions and the financial negotiations.

Tokyo Engineering Consultants, on-behalf of JICA Study Team, entered into an agreement with MWH
India Pvt. Ltd, Mumbai to carry out the Feasibility Study for Kanpur on 21% October 2004. As
required by the JICA Study Team, MWH has mobilized their team swiftly, for preparation of
Feasibility Study Report for Kanpur.

The scope of the F/S assignment of Kanpur includes engineering services along with the required
survey activities i.e. topographical survey and geo-technical survey.

The scope of the F/S includes:

Review/ collection of existing documents,

Review of Master Planning framework and proposals,

Assessing capacities of existing facilities,

Evaluation of design alternatives and determination of planning framework for F/S,
Detailed field survey for the F/S covering Topographical survey and soil investigation,
Preliminary design and cost estimation for priority projects of sewerage scheme,
Implementation planning and procurement of the machinery and material,
Organisation, operation & maintenance and human resource development plan,
Environmental Impact Assessment, and

Overall evaluation of the project for F/S
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1.2 DELIVERABLES SUBMITTED
As per agreement, MWH was to prepare and submit following reports during the assignment.

Table 1.1 List of Deliverables

Sr. Deliverable Details

Initial understanding of the project and detailed work
plan based on the proposal

Progress Report Brief explanation of the study progress

All the survey results as specified in the technical
specifications for the survey work

Draft Feasibility Report All the study results

All the study results including the comments of JICA
Study Team on the draft report

Inception Report

Survey Report

g & w b

Final Feasibility Report

MWH mobilised their team of experts, headed by Team Leader, at site to start the work and submitted
Inception Report, Progress report, Survey report and Draft Feasibility Report as per agreed schedule.

1.3 ABOUT THIS REPORT

This report, the Volume 1V-2, Part-1 Sewerage Scheme of Kanpur, titled “ Final Feasibility Report”,
under series of deliverables, provides details of scope of work, and the corresponding work carried out,
covering review of collected data and Master Plan.

This report is divided into twelve sections describing the various components of this feasibility study.
The planning basis adopted for the feasibility study is explained in the second section; similarly the
design basis is presented in Section 3.

The preliminary design of the sewerage network is presented in section 4. For the ease of
understanding the design sections of the report are structured district wise. Similarly, the preliminary
design of the pumping stations and sewage treatment plant are discussed in Section 5 and 6,
respectively.

The rehabilitation of the sewers is discussed in Section 7, while the augmentation/rehabilitation of old
sewage pumping stations is discussed in Section 8. Similarly, the rehabilitation of the exiting treatment
plant is described in Section 9.

The existing state of the institutions involved and the capacity building strategy of these institutions
are discussed in another volume in part 1V of the F/S Report titled as Institutional Development
Programme.

As a part of the study the impact of the feasibility components on the environment has been assessed
and the same is presented in Section 10 of the report.

The implementation strategy for the feasibility components are discussed in Section 11, while the
abstract cost estimates are presented as concluding section of the report in Section 12.

1-2
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CHAPTER 2 PLANNING BASIS

As a first step of the feasibility study MWH collected various documents, from the JICA Study
Team and reviewed all these documents to understand the existing situation. Based on this review
and subsequent discussion with the concerned organisations, a planning basis has been formulated
for the F/S. The formulated planning basis along with the understanding of the city and components
of the F/S is presented in this section of the report.

2.1 REVIEW / COLLECTION OF EXISTING DOCUMENTS

The various documents, listed below, have been collected from the JICA Study Team along with
the Master Plan, prepared by JICA Study Team.

¢ Influent and effluent wastewater characteristics for Jajmau treatment plants

e UPJN Preliminary Estimate for water supply for east district of Kanpur Nagar through
Ganga Barrage, August 2003.

e UPJN Preliminary feasibility report for 1600 mld water supply scheme through Ganga
Barrage

e UPJN Detailed project report for laying trunk sewer along COD nala

e Rapid environmental impact assessment report, 200 mld UASB STP, Kanpur South, may
16,2001, under Indo-Dutch assistance.

e UPJN addendum to detailed project report Intermediate sewage pumping station at
Munshipurwa 1999-2000

e UPJN addendum to detailed project report Intermediate sewage pumping station at
Rakhimandi

e UPJN Kanpur Sewerage Reorganisation Master Plan 1979-2001

e Census data 2001 for wards administered by Kanpur Municipal Corporation

e UPJN feasibility report for integrated pollution abatement & river management for Ganga
basin at Kanpur, March 2003.

¢ Jal Sansthan drawings of existing trunk, lateral and branch sewers

2.2 GENERAL ENVIRONMENT
The general environment of Kanpur city and the Kanpur district is presented in this subsection.
2.2.1 Topography

The topography of Kanpur city is generally flat and a ridgeline divides the town in two parts, one
sloping towards river Ganga and the other towards river Pandu in the south.

2.2.2 Geology

Geologically the district exposes quaternary sediments differentiated into older alluvium consisting
of oxidized, brown, yellow and khaki coloured sediments. Geomorphologically, the terrain of
Kanpur is differentiated into lowland and upland. The upland lies in Yamuna-Ganga interfluve with
elevations of 125 to 141m above Mean Sea Level (MSL). The lowland with elevations of 110 to
135m above MSL consists of older flood plain (terraces T1 and T2) and active flood plain.

The soils of this zone are alluvial, highly productive and constitute one of the most fertile belts of
India. Salt affected soils (user lands) are found in patches in Kanpur with medium to strong salinity
and very high alkaline soil reaction. They have a poor nutrient status i.e. they are low in organic
matter, low to medium in available phosphorous (P) and potash (K) and critical in zinc and copper.
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2.2.3 Climate

Climate of Kanpur is tropical in nature and the city encounters seasonal variation of climate
throughout the year with high temperatures during summer, cold weather during winter and
sufficient rain during monsoon.

Calm wind conditions prevail during winter between November-February with an average wind
speed of 5 to 10 kmph from N/NW direction during this period. Occasional dust storms prevail
with high wind speeds in summer. Winds are relatively stronger during monsoon from S/SW with a
velocity of around 10 to 30 kmph.

The hottest months are May and June with mercury levels touching 40 °C to 45 °C. Usually
summers are dry with 35 to 70% relative humidity. Temperature falls to 6.5 to 10°C during
December and January. There are instances of temperatures reaching as low as 1°C during peak
winter and maximum temperature as high as 48°C during peak summer.

Onset of monsoon starts during late June and continues till October. The annual rainfall is in the
range of 420 to 1300 mm per year with average being 821 mm per annum. Sporadic rains may be
seen during winter from northwest monsoon.

2.2.4 Water Resources

The main source of surface water in Kanpur is river Ganga and river Pandu. The water flow in the
Ganga varies between a mean minimum of 72.6 m*/s and a mean maximum of 8.860 m®/s. After
tapping water for the Upper and Lower Ganga Canals, minimum water flow of 6m?/s is maintained
in the Ganga near Kanpur.

At Kanpur the Ganga river course has shifted from the right bank to the left bank from 1920.
Therefore, a channel from the river course to Bhaironghat was made for the main water supply
intake of Kanpur.

The quality of Ganga water intake point has been satisfactory between the years 1997 and 2001
with DO ranging from 7.5 mg/l to 9.1 mg/I.

The Pandu river is meandering river and it flows into Ganga at a point of 25 km downstream of
Kanpur. The highest water level in the river is 119.6 m above MSL and the mean water level is
114.5 m above MSL. The Pandu river is polluted by the discharge of fly ash from the power station
in Panki causing grey colour and high turbidity, and by the discharge of wastewater from Kanpur
via the COD nala, the Ganda nala and the Halwa khanda nala.

The main causes of pollution of river Ganga and Pandu are

e Discharge of the city’s untreated sewage into the river through different drains and nalas
e Discharge of industrial wastewater

2.3 PROJECT AREA

Kanpur is the largest of the five major cities in Uttar Pradesh and its municipal limits have grown
from 21.45 sqg. km from 1959 to 261.59 sg.km in the year 1991. Kanpur city also accommodates
number of industries, especially it has major clusters of Tanneries and Textiles.

Kanpur is geographically located at 26° 28’ East longitude and 80°12” North latitude at a distance of
89 km south west from Lucknow, 435 km south east from Delhi, 192 km north west from
Allahabad and 1,007 km north west from Kolkatta. The general topography of the city is flat. The



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part I, Sewerage Scheme

historical Grand Trunk road connecting Kolkatta and Delhi bisects the town forming a ridgeline of
reduced level of about 126.80 m. The area lying to the north of this road slopes towards River
Ganga and that in the south towards River Pandu.

The sewerage system in Kanpur was first laid in the year 1904 for serving the civil line area.
Further this system was extended to cover other parts of the city by providing trunk, main and
branch sewers. Due to the growth of the city these facilities turn out to be inadequate to serve the
demands of the city’s growth, which forced the Kanpur Development Authority to formulate and
implement a sewerage reorganisation plan. However, the Central Pollution Control Board’s, 1984,
report on Pollution of the River Ganga found that the pollution level in River Ganga was alarming
and needs immediate attention.

To check the increasing pollution of River Ganga, Ganga Action Plan — Phase | (GAP- 1) was
launched in the year 1985-86. The main aim of GAP- | was abatement of pollution of the River
Ganga through interception, diversion and treatment of about 160 mld of municipal sewage. The
various works executed under the GAP- | are

Cleaning of trunk and main sewers

Interception and diversion of 16 nalas

Construction of 160 mld capacity main pumping station at Jajmau, Kanpur

5 mld Treatment Plant under Indo — Dutch Assistance

36 mld UASB combined effluent treatment plant for tannery wastewater along with tapping
of 4 nalas of Jajmau area under Indo Dutch Assistance

e 130 mld domestic Sewage Treatment Plant

In total GAP —I was to treat 170 mld, which is around 47 % of the total sewage generation in the
city. In order to treat the rest of the sewage Ganga Action Plan — Phase Il was proposed under the
Indo — Dutch bilateral agreement and the major works of this second phase include:

e Interception and diversion of Sisamau nala, carrying 120 mld domestic wastewater,
discharging directly to River Ganga and other 3 nalas flowing in southern part of Kanpur
city and discharging to River Pandu, which ultimately meets River Ganga about 25 km
down stream of Kanpur.

¢ Relieving sewers of about 8 kms

e Two intermediate sewage pumping stations at Munshipurwa and Rakhimandi to pump
about 170 mld wastewater

e Construction of 200 mld UASB sewage treatment plant

UPJN is responsible for pollution prevention and planning capital projects for sewerage. UPJN also
operates and maintains large pumping stations and the treatment plant. Jal Sansthan is responsible
for maintenance of trunk sewers, lateral sewers and collection of revenue from house connections.

The execution of GAP — 11 works will significantly reduce the, present, pollution in River Ganga.
However, the city experiences an exponential growth. Furthermore, the feasibility report for
pollution abatement and river basin management for Ganga basin at Kanpur reveals that the city's
population is projected to triple, from 2.5 million in 2001 to 7.3 million by 2030. To cater to the
needs of this growth a project “Integrated Pollution Abatement and River Basin Management for
Ganga Basin” aided by Government of Japan was conceived.

As stated earlier, the scope of this study is limited to the improvement in the sewerage system in
the city of Kanpur.
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2.4 POPULATION AND POPULATION PROJECTIONS

The infrastructure demand of a city is determined by the strategic and social consideration but often
fallen short of the demands of the expanding city. To uphold such an eventuality, it is necessary to
estimate the population of the city in the future.

Population projection forms an important part in infrastructure planning, which essentially makes
provision of infrastructure in the city. JICA Study Team has carried out a detail ward-wise
population projection. The population projection adopted in the Master Plan was reviewed for
adoption of the same in the feasibility report. The sewerage district wise projected population,
adopted from the Master Plan is presented in Table 2.1.

Table 2.1 District Wise Population Projections

Year of 2003 Year of 2015 Tear of 2030
District | (City Central) 694,517 802,336 869,853
District I (City East) 310,349 461,718 585,168
District Il (City Central) 843,469 1,072,781 1,172,659
District 11 (South) 547,771 934,330 1,172,711
District 111 (West) 335,790 801,640 1,283,484
District IV (East) 87,931 269,226 545,206
Total 2,819,827 4,342,031 5,629,081

2.5 EXISTING WATER SUPPLY SCHEMES

As per the JICA Master Plan the estimated water production from all sources from Kanpur in the
year 2002 was 502 mld. This water is produced to serve a population, projected for the year 2002
based on 2001 Census Data, of about 2,756,865, thus the per capita production of water (Table 2.2)
workout to be 140 Ipcd.

Table 2.2 Estimated Per Capita Water Consumption

Population served 2,756,865 (in 2002)
Production capacity per capita* 182 Ipcd
Less leakage losses estimated at 30%* 140 Ipcd

Source: JICA Study Team

However, the CPHEEO Manual on Water Supply and Treatment, published by the Ministry of
Urban Development and Poverty Alleviation, Government of India, recommends the values
presented in Table 2.3, for planning municipal water supply system for domestic and non-domestic
purposes:
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Table 2.3 Guideline Values for Future Per Capita Water Supply

Recommended
Sr. Classification of towns/cities maximum net per
capita water supply
(Ipcd)
1 Towns provided with piped water supply but without 70
sewerage system
Cities provided with piped water supply where sewerage
2 L 135
system is existing or contemplated
3 Metropolitan and mega cities provided with piped water 150
supply where sewerage system is existing or contemplated

Thus the production figures reported by UPJN and the present estimated per capita consumption is
approximately 140 Ipcd, which is slightly lower than 150 Ipcd proposed by CPHEEO.

On the other hand the Master Plan prepared by JICA study Team has adopted the following values
for domestic water consumption (including allowance for commercial/institutional (C/I) and minor
industries estimated by UPJN):

2003: 140 Ipcd + 30% UFW allowance = 182 Ipcd

2015: 145 lpcd + 20% UFW allowance = 174 Ipcd

2030: 150 Ipcd + 15% UFW allowance = 172.5 Ipcd

After detail discussion it was decided to adopt the provisions of JICA Master Plan for ascertaining
the feasibility of the various proposed schemes.

2.6 EXISTING STORM WATER DRAINAGE SYSTEM

In total, as per UPJN, there are around twenty-three nalas in Kanpur city. The quantity of storm
water/wastewater flowing in these nalas, measured by UPJN in 1997, is presented in Table 2.4.
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Table 2.4 Flows in Existing Nala

Sr. Name of the Nala Quantity (mld)
1 Jageshwar Nala 3.88
2 Jewra Nala 1.46
3 Ranighat Nala 1.42
4 Tafco Nala 0.42
5 Parmat ghat Nala 0.49
6 Muir Mill Nala 4.54
7 Police Line Nala 0.40
8 Jail Nala 0.48
9 Golf Club Nala | 0.08
10 Golf Club Nala Il 0.47
11 Kesa Colony Nala 1.71
12 Roadways Colony Nala 0.10
13 Kheora Nala 0.19
14 Nawabganj Nala 4.34
15 Sisamau Nala 138.33
16 Guptar ghat Nala 13.74
17 Dubka Nala -
18 Buriahghat Nala -
19 Wazidpur Nala -
20 Bangalighat Nala -
21 Halwa Khanda Nala 2.50
22 COD Nala 3.84
23 Ganda Nala 56.00
Total Flow 213.25

Among these nalas, Tafco nala, Parma ghat nala, Police line nala and Jail nala are intercepted under
the GAP-1. Similarly, under the GAP-II, Sisamau nala, the largest nala in Kanpur city, presently
carrying a flow of around 138 mld will be diverted for treatment. Out of 138 mid, 80-100 mld will
be tapped upstream and diverted to Bingawan STP. The remaining 30-50 mld will be tapped down
stream at Parmat pumping station and diverted to Jajmau STP. Thus this flow from Sisamau nala
has to be considered while finalizing the capacity of the Parmat pumping station.

2.7 EXISTING SEWAGE GENERATION

As stated earlier, the city of Kanpur can be divided into two parts sloping towards Ganga and
Pandu rivers respectively. The city sewerage network laid in the year 1904 is being administered
under five different zones. The total amount of wastewater measured in drains and at the STPs in
1997 was about 370 mld of which 160 mld was intercepted under GAP-I. At present, average
inflow to the treatment plants is 63 mld, only 17% of the total wastewater generated.

The major zone of sewerage system 'City Drainage District' with its underground sewerage system
covers around 15 lakhs population and generates 260 mld of wastewater with its out-fall into river
Ganga at Jajmau. In the 'South Drainage District' only some pockets are covered under the
sewerage system and rest is disposed into open nalas. The industrial effluent from Panki area meets
the river Pandu separately through industrial drain. A new sewage treatment plant has been
proposed under GAP-I1.

The 'West Drainage District' has no sewerage facilities and the wastewater flows in to Pandu river

through open nalas. The 'East Drainage District', which is primarily comprises of developing areas
has also no sewerage network.
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2.7.1 Sewage Generation

The JICA Master Plan reveals that the per capita sewage generated is calculated using the proposed
per capita water supply rates as basis and the same is presented in Table 2.5.

Table 2.5 Per Capita Wastewater Generation Rates

2003 2015 2030
Per capita water consumption (Ipcd) 182 174 172.5
Return factor 0.70 0.75 0.80
Per capita wastewater discharge (Ipcd) 127 131 138
+infiltration allowance (10%) 140 144 (say 145) | 152 (say 155)

Source : JICA Study Team

The Master Plan estimates the return ratio as 0.7, by comparing total water production to measured
wastewater flows. It also states that water distribution will be improved to serve a larger percentage
of the population. In parallel with water supply improvements, sewerage coverage will be extended
to more households and hence it is expected that a higher percentage of the population will be able
to use flush toilets. Therefore the return factor will increase gradually from 0.7 to 0.8 to reflect
larger amounts of wastewater from improved sanitation facilities and water supply conditions. This
is a reasonable justification, thus the return factor and per capita sewage generation presented in
Table 2.5, is adopted in the F/S.

2.8 PRIORITY PROJECTS (COMPONENT AND DISTRICT WISE)

As an initial part of the project, JICA Study Team started their study in February 2003 to prepare a
Master Plan for water quality management for Ganga river for a design horizon of 2030 for Kanpur
city. Another important focus of the JICA Study Team is to identify priority projects to undertake
the Feasibility Study. The methodology of the study has been to determine the least cost approach
in meeting Kanpur city’s sewerage and pollution control needs. This involves the consideration of
existing infrastructure and proposal by UPJN for GAP-I11, alternative service coverage, alternative
technologies, and alternative wastewater treatment and disposal methods.

With this concept JICA Study team identified the priority projects that should be implemented as
soon as possible to reduce the pollution in River Ganga and appointed MWH for carrying out the
F/S of the same. The description of the various, district wise, components of the F/S are presented
in Table 2.6.
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Table 2.6 Components of Feasibility Study

Sewage District Component Description Refer Section
District | Sewer (Old) Inspection of existing Section 7
main trunk sewer for
cleaning and

rehabilitation planning.
(replacement)

Sewer (New) Installation of new Section 4
domestic lateral sewers in
tannery industrial area

Rehabilitation Investigation for Section 7
rehabilitation of old
SEeWers

Pumping station (New) Ascertain the feasibility Section 5
of constructing a pumping
station at Bhagwatdas
ghat nala

Pumping station (OId) Physical condition and Section 8
capacity of mechanical
equipment, rising main
and sump structure and
identify repair for Parmat
PS, Nawab ganj PS, Muir
Mill PS, Guptar ghat PS,
and CSPS at Jajmau

STP (Old) Physical condition and Section 9
capacity of mechanical,
electrical equipment, and
process units, and identify
repair or replacement-
augment to 173 mid
(average) in the year 2015

District 11 Rehabilitation Investigation for Section 7
rehabilitation
District 111 Sewer (New) Field survey to confirm Section 4

alignment and invert
levels of existing pipes
that needed to be crossed.
Determine the feasibility
of installing pipes or
develop a plan for
installation in another
alignment.

Pumping station (New) Construct a pumping Section 5
station at Panki and a
main pumping station at
Panka STP site

Pumping station (OId) Investigation and strategy | Section 8
for rehabilitation of
Lakhanpur pumping
station

STP (New) Determine the feasibility | Section 6
of constructing a
proposed Panka Bahadur
Nagar S TP
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CHAPTER 3 DESIGN BASIS
31 INTRODUCTION

MWH has received and studied the Sewerage Master Plan of Kanpur city, which is prepared by JICA
Study Team. MWH has also studied and reviewed PFRs and DPRs prepared by various agencies in
Kanpur, which are relevant to this project. A list of reports prepared by UPJN, KNN, KJS, and the
JICA Study Team, which were collected, studied and reviewed by MWH and the results of the review,
is presented in Section 2.

MWH has specific comments and suggestions for further improvements in the design of specific
project components, which are presented in the relevant sections of this report. The details on design
basis developed by MWH for assessing the feasibility of the various components are presented in this
section. The design basis has been developed based on the current practices and past performance of
the relevant components in the region, guidelines provided in Manual on Sewerage and Sewage
Treatment Plants prepared by CPHEEO and the guidelines prepared by National River Conservation
Directorate (NRCD)

3.2 DESIGN YEARS

In the Master Plan, design years for various schemes, are considered as per the agreement between
Govt. of India and the Govt. of Japan. The Sewerage Master Plan has been prepared for the year 2030
with phased implementation occurring in 5-year intervals.

As stated earlier, Master Plan has identified a set of priority projects, which are proposed to be
executed within five years after the adoption of Master Plan. Following design years have been
adopted in line with the agreement between the two Governments and the provisions in Master Plan.

e For all gravity sewer lines, the design year adopted is year 2030.

e For all pumping station, civil structures are designed to satisfy the requirements of year 2030
whereas the installation of electrical, mechanical, instrumentation, automation and rising mains
are designed for their requirements of year 2015.

e For all sewage treatment plants, civil structures, mechanical, electrical, instrumentation,
automation works are designed for year 2015 whereas land shall be acquired for the capacities
to be designed for year 2030.

3.3 DESIGN BASIS FOR SEWERAGE NETWORK
The design basis of sewerage network adopted in this Feasibility Study is described in this section.
3.3.1 Hydraulics of Sewers

For design purposes, the flow of sewage in pipes is presumed to be steady and uniform flow. The most
popular equation for calculating the velocity and head loss for flow conditions in gravity sewers is
Manning formula, which is used in this feasibility study for designs of gravity sewers.

V= EXRZISXSUZ
n

Q=AxV
Where V = \Velocity, m/s
n = Manning’s coefficient of roughness of the pipe
(0.013 for design purpose, 0.015 for old sewers for RCC pipes)
R = Hydraulic radius of pipe, m
S = Slope of the energy gradient line
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Q = Flow rate, m%s
A = Cross sectional area, m?

@ Peak Factors

Based on the recommended values of peak factor as per CPHEEQO's Manual on Sewerage and Sewage
Treatment, the peak factors adopted for contributory populations of drainage area are given in
Table:3-1. Depending on the contributory population, the peak factor changes - it being higher for less
population and low for high population.

Table 3.1 Peak Factors Considered for Sewerage Design

Contributory Population IZ:GSEEF;(SOKAZZE:
Up to 20,000 3.00
20,000 - 50,000 2.50
50,000 - 750,000 2.25
Above 750,000 2.00

(2) Depth of Flow

The sewerage system for the ultimate design year has been designed to utilise 80% of the full bore of
the pipe at peak flows. It is proposed to select an optimum size of sewer considering that the pipes will
utilise less than 80% of the full bore in the design year and will also achieve self cleaning in early
years. This will result in cost savings and also help in achieving the reduced operation and
maintenance.

3 Velocities

It is necessary to size the sewer to have adequate capacity to carry peak flow at the end of design
period, so as to avoid steeper gradients and deeper excavations. It is desirable to design sewers for
higher velocities wherever possible. This is done on the assumption that although silting might occur
at minimum flow, the silt would be flushed out during the peak flows. However, the problem of silting
may have to be faced in the early years, where the depth of flow during early years is only a small
fraction of the full depth. Similarly, upper reaches of laterals pose a problem as they flow only partly
full even at the ultimate design flow because of the necessity of adopting the prescribed minimum size
of sewer. In such situations, flushing arrangements may be provided in the initial years. The sewerage
system has been designed for a minimum velocity of 0.8 m/sec. for design flow i.e. peak flow at
design horizon.

4) Sizing of Pipes and Slopes

The size of pipes and slope is calculated for contributory population based on the contributory area of
the individual administrative wards and the projected population of the respective Administrative
Wards for the design horizon year 2030. The pipe diameter is selected by considering (d/D) ratio of 0.8
(80% bore utilisation). The corresponding flattest slope is provided so as to achieve the minimum
required self cleaning velocity with an aim to minimise sewer depth thus ensuring reduced cost. In
cases where (i) the topography does not permit to have the calculated gradient for full bore utilisation
and/or (ii) the proposed sewer is to be connected to an existing line, which is at a shallow depth, a
higher size pipe is selected to match the crown of connecting sewers.

5) Minimum Pipe Size

The interceptor sewers and secondary sewers have been designed considering the minimum size of
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sewer as 500 mm and 300 mm respectively.
(6) Minimum Depth of Cover

The minimum depth of cover of 1.5m has been considered. The actual depth of cover may vary, as
most of the sewers are planned on proposed roads. While finalising the depth of initial manhole, care
shall be taken so that the secondary sewer lines, when laid, shall be connected to these priority main
intercepting sewers.

@) Maximum Depth of Sewer

The sewerage system has been designed such that the maximum cover of sewer will be about 10
meters below ground level. In many areas construction of sewers below 10 meters becomes very
difficult. This shall increase the cost of construction and maintenance. Hence as per the prevailing
practice it is proposed to lift the sewage by the proposition of a Sewage Pumping Station once the
sewer depth reaches around 10 meters.

3.3.2 Sewer Appurtenances
D Manholes

Standard circular manholes have been recommended for pipe diameter up to 1200-mm. However,
rectangular manholes should be provided for shallow depths. General arrangement drawing is
presented in drawing No KAN-TYP-1 “Typical Details of Ordinary Manholes and Vent Shafts.

2 Scraper Manholes

For sewers of diameter 600 mm and above, scraper manholes shall be provided at major junctions and
at an interval of every 150 m. Scraper manhole openings will range from 900 to 1200 mm size to
permit lowering of sewer cleaning equipment. It is very important to construct scraper manholes as the
sewers are designed to serve for long term, which shall run with quite less flow during the initial years
resulting into silting.

3 Drop Arrangement

The drop arrangement consists of a pipe that drops the invert of the incoming sewer to that of the main
sewer in the manhole. The diameter of the drop pipe should be at least as large as the incoming pipe.
Theoretically drop arrangements are provided where the drop of an incoming sewer in manhole
exceeds 600 mm. Drop arrangements are provided in manhole for the following reasons:

To convey the sewage to bottom of the manhole without splashing

To minimise the scouring action of the sewage falling from a height on the cement concrete floor of
the manhole

For the safety of the personnel who enter the manhole

(G)) Receiving Manhole at Pressure line Discharge

A 2 m x 2 m receiving sump with the provision of PVC splash pad is proposed for chamber-type
manhole into which pressure line is discharged prior to joining the gravity sewer.

5) Vent Shafts
Ventilation shafts will be provided at the head end of every sewer and along the sewers at about 150-m

interval as well as at junctions. General arrangement drawing for the typical Vent Shaft is presented in
drawing No KAN-TYP-1 “Typical Details of Ordinary Manholes and Vent Shafts.
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(6) Pipe Selection

The materials used extensively for sewerage in most Indian cities are glazed stoneware / vitrified clay
and reinforced concrete pipes for gravity sewers whereas cast iron / ductile iron pipes are employed
for rising / force mains of pumping stations. Concrete pipes conforming to 1S :458-1988 of appropriate
strength with proper anti-corrosive lining may even last for about 50-60 years. Considering the capital
cost, durability and availability of the pipes, RCC pipes, preferably, NP3/NP4 class as per 15:458-1988,
have been proposed. Concrete S/S type RCC sewer pipes are usually used

The class of concrete pipes is decided on the basis of analysis of design loads likely to be imposed
upon on the sewer depending upon its depth.

3.3.3 Structural Design of Buried Sewers

Any sewer line buried into the ground should have adequate strength to withstand the stresses imposed
not only by the internal pressure but more importantly, by the stresses induced by external loads. There
are two types of external loads, one is due to the backfill material known as backfill load and other is
due to superimposed loads. Besides these external loads, the sewer line is also subjected to the load of
water in the pipeline, especially during surcharge conditions.

@ Load on Conduit due to Backfill

The load on a buried conduit is equal to the weight of the prism of earth directly over the conduit plus
the frictional shearing forces transferred to the prism by the adjacent prism of earth. The most widely
used method for determining the vertical load due to backfill on buried conduit is Martson’s Formula,
the general form of which is

W = C.w.B?

where,

W:Vertical load in kg per meter length acting on the conduit due to gravity loads

W: Unit weight of earth, kg/m®

B: Width of trench or conduit depending upon type of installation condition, m

C: Dimensionless coefficient that measures the effect of ratio of height of fill to width

of trench or conduit
The value of C for various types of installation and depending on the height / width ratio is given in
the Manual of Sewerage and Sewage Treatment (CPHEEO) published by the Ministry of Urban
Development and Poverty Alleviation, New Delhi. The C-value for 'Ordinary maximum for clay' has
been considered for design purposes.
The unit weight of earth varies from 1600 kg / m® for dry sand to 2100 kg/ m? for saturated clay.
2 Load on Conduit due to Superimposed load

Superimposed loads may be either concentrated or distributed loads. The formula for load due to
concentrated load such as truck wheel is given by Boussinesq’s formula

W, = C5(PF/L)

where,

Wsc: load on the conduit, kg/m

P: concentrated load acting on the surface, kg

F: impact factor (1.0 for air field runways, 1.5 for highway traffic and air taxi ways,
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1.75 for railway traffic) and

Cs: load coefficient, which is a function of B¢/2H and L/2H, where
H: the height of the top of conduit to ground surface, m

Bc: the outside width of conduit, m and

L: effective length of the conduit to which the load is transmitted, m.

For distributed superimposed loads, the formula for the conduit is given by

Wsd = Cs.p.F.Bc
where,
Wsd: load on conduit, kg/m

P: intensity of distributed load, kg/m2

F: impact factor

Bc: width of conduit, m

Cs: load coefficient, a function of D/2H and L/2H

H: height of the top of conduit to the ground surface, m and D and L are width and length
respectively of the area over which the distributed load acts, in meters.

For class AA IRC loading in the critical case of 6.25 tonnes wheel load, the intensity of distributed
load with wheel area 300mm x 150mm is given by P = 6.25/(0.3x0.15) T/m*.

3 Supporting Strength of Rigid Conduit

The ability of a conduit to resist safely the earth load depends on its inherent strength as well as the
distribution of vertical load, bedding reaction and on the lateral pressure acting against the sides of the
conduit. The inherent strength of a rigid conduit is usually expressed in terms of the three edge bearing
test results, the condition of which are however different from the field load conditions. For strength
calculations of NP class precast RCC pipes, 1S:458-1988 is used.

4 Field Supporting Strength

The field supporting strength of a rigid conduit is the maximum load per unit length, which the pipe
will support while retaining complete serviceability when installed under specified conditions of
bedding and backfilling. The field supporting strength however does not include any factor of safety.
The ratio of the strength of a pipe under any stated condition of loading and bedding to its strength
measured by the three edge-bearing test is called the load factor. The load factor does not contain a
factor of safety. Load factors have been determined experimentally and analytically for the commonly
used construction condition for both trench and embankment conduits.

The basic design relationships between the different design elements are:
Safe supporting strength,
W = Field supporting strength/Factor of safety
= (Load factor x three edge bearing strength)/Factor of safety
A factor of safety of at least 1.5 should be applied to the specified minimum three edge bearing
strength to determine the working strength for all the rigid conduits. The class of bedding
considered is B type, whose load factor as per the CPHEEO Manual is 1.9.

Based on the above consideration, a general guide for selecting the class of pipe from 200 to 600-mm
diameter is given in Table: 3-2. However, in our case we have carried out the structural designs for all
pipes above 300mm.
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Table 3.2 Guideline for Selection of Pipe Class for Sewers with B-class Bedding

Diameter NP2 NP3 NP4
200 1.2t07.0m - -
250 1.2t07.0m - -
300 1.2t04.2m 4.2t06.0m 6.0t010.0 m
350 12t02.7m 27t03.5m 3.5t010.0m
400 1.2t02.7m 27t035m 3.5t010.0m
450 12to2.7m 27t03.5m 35t095m
500 - 15t03.5m 3.5t085m
600 - 15t03.5m 35t07.5m

Note: For larger diameters of 700-mm and above, pipe class cannot be generalised and has
to be calculated on a case to case basis.

3.34 Type of Bedding

The type of bedding provided for pipes will be selected from granular bedding, concrete (M20) cradle
bedding or concrete encasement (M20) and the choice will depend on the depth at which the sewer is
laid, three edge bearing strength of pipes used, load due to backfill and superimposed vehicular traffic
loads. Technical suitability of such bedding, as per the guidelines of CPHEEO, is studied and adopted
as found acceptable.

3.35 Force Main

Sewage may have to be carried to higher elevations through force main. The size of the main should
be determined by taking into account the initial cost of pipeline and cost of operation of pumping for
different sizes. The size of pressure main has been calculated for velocity of 1.1 to 1.5 m/sec for
design peak flows with a maximum velocity up to 2.0 m/sec.

Losses in valves, fittings, etc. are dependent upon the velocity head V2/2g. Loss in bends, elbows
depend upon the ratio of absolute friction factor to pipe diameter, besides the velocity head. Loss due
to sudden enlargement depends upon the ratio of diameters.

Each individual case needs to be studied from various aspects such as operation of pumps, the
specified limits, availability of land required for duplicating the main in future, etc.

Cl pipes conforming to 1S:1536-1989 and DI pipes as per 1S: 8329-1994 are corrosion resistant with
an expected life of about 100 years. CI pipes will be jointed either by rubber gaskets suitable tyton
joints or by lead joint.

3.4 DESIGN BASIS OF SEWAGE PUMPING STATIONS
34.1 Design Approach

The design and selection of pumps for a sewage pumping station involves a multi-disciplinary team of
experts who have to work out every detail of the civil, electrical and mechanical aspects in order to
obtain a satisfactory design and operation of the pumping station. Different types of pumps have their
own purposes and characteristics. There are a series of decisions that have to be taken while selecting
and designing the pumps. The various factors considered while designing the pumping station are:

Determine location and purpose

Determine the required discharge (average and peak flows)

Determine the required lift or pressure increase, including the variations therein, as well as
the transport distance

Determine the type of liquid

Determine in and outflow conditions, etc.

YV VYVY
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> The outline of design procedure can be best laid out in the following Figure 3.1

Determine location
and purpose

.

Determine average
and peak flows

'

Trial lavout

v

— ] — | Confirm or alter
Sump Desian design

v

Risina Main Desian

v

Pump Desian
Draft drawinas i
L Final and detail desian
Consult Suppliers _ i
Published data
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' I

Commissionina

Figure 3.1 Pumping Station Design Procedure
@ Location and Purpose

Pumping Stations are normally located at the lowest point of the area they are intended to serve. They
will frequently, therefore be found alongside the watercourses that drain the area as they are at the
natural lowest level.

Proper location of the pumping station requires a comprehensive study of the area to be served to
ensure that the entire area can be adequately drained. Special considerations have to be given in
undeveloped or developing areas to the probable future growth, as the location of the pumping station
will, in many cases, be determined by the future overall development of the area. The site should also
be aesthetically satisfactory. The pumping station shall be located and constructed in such a manner
that it will not be flooded at any time. The station should be easily accessible under all weather
conditions.
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2 Determination of Flows

Having decided the location of the pumping station, its purpose and the contributory area, the next
stage is to calculate average and peak flows for the present day and a point in the future at a set
"design horizon'. Whilst in the structural sense, concrete structures are designed for 30-50 years, they
are normally sized to deal with the peak flow at a 30 year horizon.

3 Layout

The layout of pumping stations will primarily depend upon the local conditions. In general, it can be
said that the layout of a pumping station is logic fit of all functions of the station, with sufficient room
to move between machinery for erection and maintenance purposes, but without unnecessary empty
spaces neither in a horizontal plane nor in vertical direction. In principle, flow lines shall be as short as
possible and no unnecessary bends shall be present in the piping.

Spaces are required for the following units.

Inlet chamber

Screen chamber

Main Collection Sump
Valve chamber/ Dry well
Transformer station
Electrical panel room
DG set room

Operations Office

VVVVVVYY

Two type of pump house layout is considered based on type of pumps:

> Dry well and wet well for horizontal centrifugal pumps
> Wet well and valve chamber for submersible pumps

All spaces should be well lighted. Also, outside lighting may be required. Proper railings are required
along stairs or on platforms. Sufficient space shall be available for future expansion of the station.

4 Design of Pumping Station

Pump sizing is carried out with reference to manufacturer's catalogues, as these are the most reliable
guides.

Sump Design
a)  WetWell
Capacity of wet well sump is decided based on CPHEEO Manual and NRCD guidelines
depending on the selection of either submersible or horizontal centrifugal type of pumps. The
well must be self-cleansing and hence benching is provided on the floor of the sump.
b) Dry Well/ valve Chamber
Sizing of Dry well (for horizontal centrifugal pumps) or Valve chamber (for submergible
pumps) has been designed considering common header diameter, fittings, valves, working

space and operating space.

5) Rising main Design
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The concept of rising main design is to meet following criteria:
The main must be self cleaning with minimum flows
> velocities shall not be excessive at design peak flows
> Techno-economic diameter of rising main is calculated considering capitalised cost of pumps
and rising main for 15 years
Technical evaluation for selection of pumps is presented in Annexure A3.1

3.4.2 Design Criteria for Sewage Pumping Stations

D Design Year
For the design of civil structures 2030
For the design of mechanical and electrical items 2015
For the design of rising main 2015

2 Wet well Capacity

Detention time of wet well at peak flow 5 minutes for horizontal centrifugal pumps
3.75 minutes for submersible pumps

3 Dry Well/ Valve Chamber Size

Based on number of pumps and clear spacing requirement for pumps, pumps dimension, valves,
fittings and working space requirement.

(@) Rising Main

The pump capacity together with rising main diameter shall be calculated considering pump cost,
rising main cost and annual operation & maintenance cost. Lesser diameter rising main may be
cheaper in initial cost but the operation cost may be high due to increased pump head.

The most economical size of the rising main should be selected after analysing following factors:

> The different diameter of pipes for different head losses, which can be considered for the
guantity of sewage intended to be transported.

The design period and the quantum of flow to be carried out for design period.

The pipe and its relative cost including cost of laying and jointing.

The cost of pump and its installation against the various diameters of pipes.

The annual and capitalised cost of electric charges.

Minimum required velocity self cleansing in pipe line (should be 0.6 m/sec) during non-peak
condition.

Maximum allowable velocity in pipe line (should not be more than 2.0 m/sec)

YV VVVVYVY

5) Pumps

The design criteria for ascertaining the number of pumps and the pumping capacity are presented in
this sub-section.

Number of pumps for small capacity pumping stations
i) When rising main is long a) 3 nos. pumps of half-peak flow

b) 2 nos. pumps of non-peak flow
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ii) When rising main is short a) 5 nos. pumps of one-fourth peak flow
Number of pumps for large capacity pumping stations
Equal capacity pumps (6 to 8) + 50% standby on peak flow

Above criteria is basic NRCD guideline for selection of number of pumps. However, the final decision
on pump configuration is taken based on availability of pump capacity in market.

Moreover, a technical evaluation of various types of pumps has been done and the same is presented in
Annex A3.1. Based on the technical evaluation, considering advantages, disadvantages, and also the
past experiences of UPJN officials on existing installations, it was decided and recommended that for
the various sewage pumping stations in Kanpur, submersible pumps shall be opted only up to 150 HP
capacity and horizontal centrifugal pumps shall be opted for higher (>150 HP) capacities.

Pump capacity and power charges

Pump capacity in kW 9.81*H*Q/(Ep * Em)

where, H = working pressure, m
Q = pump discharge, m3/sec
Ep = pump efficiency
Em = motor efficiency

Electrical power charges Rs. 3.25 per unit
Capitalised energy charges CC=CR*{[1-(@A+nN"(-nm)]/r}
where, CR = annual energy charges

n = period in years = 15 or 30

r = rate of interest = 10% or 5%
Forn=15&r=10%; CC=7.61 CR and
Forn=30 & r=5%; CC =15.37 CR

(6) Screens & Screen Channel
Screening of incoming sewage is required for the removal of large floating materials, which can

damage the pumps. This will be carried out in two stages, viz. 40 mm opening manually cleaned bar
screen followed by a 20 mm opening mechanically cleaned bar screen.

Standby Units 100 % (normally)
Stage - |

Clear spacing between screen bar 40 mm

Thickness of screen bar 10 mm

Type of working screens Manual screen

Stage - 11

Clear spacing between screen bar 20 mm

Thickness of screen bar 10 mm

Type of working screens Mechanical screen
Type of standby screen Manual screen
Minimum approach velocity @ avg. flow 0.3 m/sec
Minimum velocity through screens 0.6 m/sec
Maximum velocity through screens 1.2 m/sec
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@) Electrical Load Capacity

Main Transformer and other electrical equipments are designed for peak flow electrical load
requirement.

8) Standby Power Supply Source

In case of electrical power failure, Diesel Generator sets of average flow load capacity are proposed
for sewage pumping stations with auto exchanger arrangement from grid power to DG power.

35 DESIGN BASIS FOR SEWAGE TREATMENT PLANTS
351 Criteria for Selection of STP site
The main criteria governing the choice for the location of STP site are,

Topography of the contributing area (sewerage zone)

Usage of existing sewerage system

Proximity to the discharge point for the treated sewage

Location of discharge of the treated sewage from intake of water works
Availability and accessibility of site for the STP

Location of the selected site for STP vis-a-vis the City

Availability of other utilities like power, roads, communications etc.
Capitalized Operation and Maintenance costs

VVVVVVYY

In Kanpur, under priority sewerage projects, a STP of 200mld capacity has been proposed at Panka
and Augmentation of an existing STP of 130 mld at Jajmau has been considered.

Topography of the contributing area (sewerage zone)

The Kanpur City is divided into various sewerage districts considering topography and natural
drainage system. These sewerage zones are marked on the base map and is presented in the drawing
no. KAN-BASE MAP-1.

Usage of existing sewerage system

Proposed STP at Panka will have capacity to treat sewage generated in Sewerage District-111 for year
2015. Whereas the augmentation of existing STP at Jajmau has been proposed to treat excess flow
received at MPS from Sewerage District I.

Proximity to the discharge point for the treated sewage

It is necessary to locate the proposed plant at a suitable site from where the treated sewage can be
safely discharged. The treated sewage from the Panka STP will be used for irrigation purpose in the
surrounding area and the excess sewage will be safely disposed off in river Pandu that is passing near
the STP site. Treated sewage from Jajmau STP will also be used for irrigation purpose and the excess
flow will be disposed off in River Ganga.

Location of discharge of the treated sewage from intake of water works
It is very essential that the location of discharge point of treated sewage into receiving body is on the
downstream side of the water intake points for water supply system. The discharge point envisaged for

the proposed STPs is far away from the raw water intake points and on the downstream side of the
city.
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Availability and accessibility of site for the STP

It is essential to have proper access roads to the STP location. The site identified for the proposed
Panka STP, which is accessible from the GT road. A road already exists from GT road up to the STP
site.

Availability of other utilities like power, roads, communications etc.

The STP sites proposed under the Master Plan is easily approachable. The site is located on a proper
road network, which ensures that other utilities such as power, communication facilities can be made
available.

Capitalised Operation and Maintenance Costs

Looking at the existing sewerage facilities, all above factors which have influence on the selection of
STP locations do not have any adverse impact on the capital costs as well as on the operation &
maintenance costs and the existing facilities will be utilised to fullest possible extent.

After the detailed discussions it is found that the locations identified for the proposed STPs is most
suitable.

3.5.2 Raw Sewage Characteristics Considered for Design Purpose
The wastewater characteristics for the proposed sewage treatment plant at Panka is based on the
projected wastewater characteristics presented in the Table 3.3.

The following wastewater characteristics are used for design of sewage treatment plant.

Table 3.3 Raw Sewage Characteristics Considered for Design Purpose

Sr. Parameter Average Value
1. Minimum temperature, °C 20

2. pH 6.0-85

3. Biochemical oxygen demand (BODs), mg/I 230

4. Total suspended solids, mg/I 500

5. Faecal coliform count, MPN/100ml 1x10°

3.5.3 Discharge Standards

The sewage treatment plant shall be designed so as to achieve treated wastewater of equal or better
quality as mention in the table 3-4 hereunder.

Table 3.4 Treated Wastewater Quality

Value (Irrigation
Sr. Parameter Field/River)
1. pH 55-9.0
2. Biochemical oxygen demand, mg/I <30
3. Total suspended solids, mg/I <50
. Desired <1,000
4, Faecal coliform count, MPN/100ml Permissible <10,000

NRCD have conveyed the recommendations of the Expert Committee through their letter no DO. No.
A-33013/1/99-NRCD dated 5th October 1999, suggesting that the maximum permissible value for
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Faecal Coliform in treated water should not exceed 10,000 MPN per 100 ml sample irrespective of its
mode of disposal in river or its use for irrigation to grow either restricted or unrestricted crops.
However the STP is designed to meet the discharge guideline of NRCD for <1000 MPN/100 ml
sample. It is also mentioned in NRCD guidelines that BOD and TSS concentration less than 30 mg/I
and 50 mg/l, respectively.

354 Approach for Selection of Sewage Treatment Schemes
(1) Power Supply Situations in India and in Uttar Pradesh

Power Supply Situations in Uttar Pradesh

UP has currently possesses power generation capacity of 4,693 MW: 4,192 MW by thermal generation
and 501 MW by hydraulic power. In addition, UP has a share of 2,855 MW in central sector generation
in the northern region. The peak power demand for 2004-2005 was 7,877 MW out of which 5,268
MW could be met, indicating the peak power shortage was 21 %. The shortage is expected to decrease
to 5 % by various measures described below. When the new projects such as Rihand Il, Tehri,
Dhauliganga and Unchatar Il are commissioned, some 3,200 MW capacity will be added.

Beside the new installation of power plants, four measures have been taken to enhance power supply
in UP: renovation and modernization of existing plants, more effective transmission and distribution
network, organizational reforms and introduction of non conventional energy sources.

Renovation and modernization of existing plants

Unit new installation cost is said to be Rs. 4 crore/MW, while the unit cost to renovate and modernize
old power plants is said to be Rs. 0.5 — 1.5 crore/MW, which implies that renovation and
modernization is more cost effective depending upon how long the plants have been operated and how
they are maintained. Some of the old plants were already renovated and some others are expected to
follow them.

More effective transmission and distribution network

The transmission and distribution losses in UP were 35% in 2003, the highest in India. The losses are
attributed to inadequate investment, metering inefficiencies and theft. To solve the problems, the
investment will concentrate on highly densely networks leading to quick and visible results, 100%
feeder metering and as well as consumer metering are targeted, and transformation capacity will be
enhanced.

(2) Approach for Selection of Sewage Treatments Scheme
The requirements of a feasible sewage treatment system are as following:

Simple to construct and operate,

Ability to handle strong sewage within short detention time,
Minimum capital and operation cost, Possibility of cost recovery,
Minimum land requirement,

Ability to treat up to the prescribed discharge standards,
Minimum odour, flies and other nuisance, and

General acceptance to the people in the vicinity of the STP.

355 Treatment Options for Use of Treated Water for Irrigation Purpose

The techno-economic treatment option should take into consideration the site-specific constraints and
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the inlet characteristics of the sewage. Further, for a city of Kanpur, which is fast growing, and with
huge quantum of sewage being generated every day with high organic load, the treatment option
should not be separately looked into without considering the land costs.

Following four options have been evaluated for finalising the sewage treatment scheme:

a) Alternative 1 : Waste Stabilisation Pond System consisting of Anaerobic Pond followed
by Facultative pond followed by Maturation pond,

b) Alternative 2 : Activated Sludge Process with Chlorination System,

c) Alternative 3 : Upflow anaerobic sludge blanket (UASB) Process followed by Aerated
lagoon with Chlorination System,

d) Alternative 4 : Aerated lagoon followed by Maturation Ponds with Chlorination System,

Alternative 1 : Waste Stabilisation Pond System of Anaerobic Pond + Facultative + Maturation
Pond

Stabilisation ponds are open, flow through earthen basins specially designed and constructed to treat
sewage and biodegradable industrial wastewater. Stabilisation ponds provide long detention periods
extending to several days. In ponds the organic waste is stabilised through symbiotic relationship
between the algae and bacteria. Oxygen is provided by photosynthesis of algae or by mechanical
aeration in some cases.

The treatment process will consist of inlet chamber, screen channel, and an anaerobic pond having
hydraulic retention time of 2 days. The facultative pond having a detention time of 16 days will follow
the anaerobic pond. Subsequent to the facultative pond, there shall be maturation ponds having
detention time of 1 days. The waste stabilization ponds are designed for ambient temperature of 20
degree Celsius.

Table 3.5 Area Statement for Waste Stabilization Pond System

. Detention time
Sr. Unit Depth (m
1 Anaerobic lagoon 2 3.0
Facultative pond 16 2.0
3 Maturation pond 1 1.2

The schematic flow diagram of this Alternative is presented in the Figure 3.2.
Alternative 2 : Activated Sludge Process with Chlorination System

An activated sludge process (ASP) is a type of aerobic suspended growth system. The ASP plant
essentially consist of the following:

Aeration tank containing microorganisms in suspension in which biological degradation of organic
matter takes place aerobically,

Activated sludge recirculation system to maintain the sufficient microorganisms in aeration tank,
Excess sludge wasting and disposal facilities,

« Aeration system to transfer oxygen, and

« Secondary settling tank to settle the suspended solids,

« Thickener to thicken activated sludge,

« Digester for sludge digestion,

« Gasholder for gas storage resulting from sludge digestion,
« Chlorination system for disinfecting treated sewage.
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This Alternative consists of the following treatment units-

« Inlet chamber,

« Fine screen channel,

e Gritremoval,

« Primary settling tank,

« Aeration tank,

« Secondary clarifier,

«  Chlorination system,

« Sludge pumping station,
« Filtrate pumping station,
« Sludge thickener,

« Sludge digester,

« Gasholder and

« Sludge drying beds.

The design parameters for this alternative is presented in Table 3.6.
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Table 3.6 Design Parameters for ASP with Chlorination System

Sr. | Parameters | Value | Unit
1. Inlet Chamber
| Hydraulic retention time (minimum) | 30 | sec
2. Fine Screen Channel
Clear opening through screen 6 mm
Minimum approach velocity at average flow 0.3 m/sec
Minimum velocity through screen at peak flow 0.6 m/sec
Maximum velocity through screen at peak flow 1.2 m/sec
3. Grit Chamber
Particle size 0.15 mm
Specific gravity of grit at 20° C 2.65
Efficiency 75 %
4, Primary Clarifier
Surface overflow rate at average flow 35 cum/sgm/day
Detention time 2.05 hours
5. Aeration Tank
F/IM 0.30
MLSS 2,500 mg/I
MLVSS/MLSS 0.8
O, provided 1.2 Kg Oo/kg BOD
removed
6. Secondary Clarifier
Surface overflow rate at average flow 25 cum/sgm/day
Detention time 3.07 hours
7. Chlorine Mixing Tank
| Detention time | 2| mins
8. Chlorine Contact Tank
| Detention time | 30 | mins
9. Sludge Thickener
| Rate of solids surface loading | 50 | kg/sqm/day
10. Primary Sludge Digester
SRT 15 days
Ratio of diameter to depth 3.74
11. Secondary Sludge Digester
SRT 10 days
Ratio of diameter to depth 3.75
12. Gas Holder
Detention time 6 hours
Pressure 0.03 kg/sqcm

Raw sewage will be received in the inlet chamber and then passed to the screen channel and
subsequently to the grit removal. In screen channel floating matters are trapped and removed whereas
in grit chamber, grit is removed. After screening and grit removal the wastewater is taken into a
primary Clarifier. This is provided for the removal of suspended matter before taking wastewater for
further biological treatment. The sludge generated as a result of primary settling is taken for thickening
and subsequently for digestion. A sludge digester and pumps are provided for this purpose.

After primary settlement of the suspended matter, the wastewater is taken to aeration tank containing
microorganisms in suspension in which the biological degradation takes place. Further, a secondary
clarifier is provided to separate the activated sludge. A part of the incoming flow is re-circulated
upstream of the aeration tank. A tapping is provided on this line to lead the excess sludge to the sludge
sump.

A two-stage digestion system is provided for sludge digestion. The detention time in the digester is
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about 20 days. Mixers are provided to operate in a completely mixed regime in the digester. It is
proposed to use sludge-drying beds for sludge dewatering prior to sludge disposal.
The schematic flow diagram of this Alternative is presented in the Figure 3.3.

Alternative 3: UASB Process followed by Aerated lagoon with Chlorination
The UASB process followed by aerated lagoon with chlorination essentially consist of the following:

« Primary treatment consisting of screening and grit removal,

« UASB reactor for anaerobic degradation of sewage,

« Aerated lagoon having aeration system to transfer oxygen,

« Chlorination system for further reduction of faecal coliform and disinfecting treated
sewage.

« Gasholder for gas storage and Gas utilisation system, and

« UASB Sludge wasting and dewatering facilities,

The treatment process will consist of the following treatment units:

« Inlet Chamber,

« Fine Screen Channel,

«  Grit chamber,

« UASB Reactors

« Aerated lagoon,

« Chlorination System,

« Sludge Pumping Station,

« Filtrate Pumping Station,

« Gas Utilisation System, and
« Sludge Drying Beds.

The design parameter of this alternative is presented in Table 3.7.
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Table 3.7 Design Parameters for UASB followed by AL with Chlorination

Sr. | Parameter Value Unit
Average flow 1.157 cum/sec
Peak factor 2.0
Peak flow 2.315 cum/sec
Sewage Treatment Plant:
1. Inlet Chamber
| Hydraulic retention time (minimum) | 30 | sec
2. Fine Screen Channel
Clear opening through screen 6 mm
Minimum approach velocity at average flow 0.3 m/sec
MmlTchj)vmv velocity through screen at peak 06 m/sec
Maximum velocity through screen at peak 12 m/sec
flow
3. Grit Chamber
Particle size 0.15 mm
Specific gravity of grit at 20° C 2.65
Efficiency 75 %
4. UASB Reactor
Solids retention time, SRT 38 days
Sludge bed concentration 65.0 kg TSS/cum
Maximum sludge bed height 90.0 % of Ht to gas
collector
Average upflow velocity 0.5 m/hr
Maximum upflow velocity 1.0 m/hr
| Average aperture velocity | 2.5 | m/hr
Maximum aperture velocity 5.0 m/hr
| Angle of gas collector | 50.0 | degree
Settling zone surface percentage > 75.0 % of total surface area
| Settling zone detention time  (minimum) | 1| hr
Feed inlet point distance (maximum) 2.0 m
| Overlap | 0.15 | m
5. Aerated lagoon
| Aeration zone | |
Detention time 0.5 day
| Depth | 3.0 | m
Quiescent zone
| Detention time | 1.0 | day
Depth 15 m
| Sludge depth | 0.3 | m
6. Chlorine Mix Tank
| Detention time | 2 | min
7. Chlorine Contact Tank
| Detention time | 30 | min
8. Gasholder
| Detention time | 6.0 | hr
Pressure 0.0 kg/sg.cm
UASB Technology

The development of the UASB reactor dates back from early 1970’s. Pre sedimentation, anaerobic
wastewater treatment and final sedimentation including sludge stabilisation are essentially combined
in one reactor making it most attractive high-rate wastewater treatment alternative. It produces high
value by-products viz.
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o  Treated wastewater usable for gardening purpose or for pisci-culture after a simple post
treatment,

e  Methane enriched biogas having high calorific value is converted into a usable energy
resource like heat energy, electricity etc., and

e  Mineralised excess sludge produced in UASB reactor for its usage as manure for
agricultural purpose.

UASB initially was developed for the anaerobic treatment of industrial wastewater with a moderate to
high COD and BOD concentrations. The basic idea is flocculent or granular sludge developed in the
reactor depending on the wastewater characteristics and operational parameters will tend to settle
under gravity when applying moderate upward velocities in the reactor. In this way no separate
sedimentation basin is necessary. Anaerobic bacteria are developed in the reactor and are kept in the
biological reaction compartment for sufficient time. Organic compounds present in the wastewater are
absorbed or adsorbed on the sludge particles in the reaction zone during its passage through the sludge
bed. Organic compounds there after get anaerobically biodegraded converting it into methane-enriched
biogas and a small part into the new bacterial mass. Biogas consists of methane CH,4, carbon dioxide
CO,, hydrogen H, hydrogen sulphide H,S and traces of ammonia NH; and nitrogen N,. This biogas
can be used as energy source and for this reason is collected in gas collectors.
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A typical cross section of UASB Reactor

A gas, liquid and solids separator (GLSS) is provided below the gas collectors in order to provide an
opportunity to the sludge particles to which biogas bubbles are attached to lose biogas and settle back
into the reaction compartment. In between two gas collectors a settling zone is provided where
virtually no gas bubbles are present in the liquid. The sludge particles carried with the wastewater flow
are settled in the settling zone and slide down into the biological reaction zone. Wastewater enters the
UASB reactor from the bottom and travels through the reactor in the upward direction. In order to
ensure sufficient contact between the incoming wastewater and the anaerobic bacterial mass present in
the reactor, the wastewater is fed uniformly all over the bottom of the reactor. Further mixing in the
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reaction zone is achieved by the production of the biogas travelling in the upward direction, settling
velocity of the sludge particles and the density currents in the sludge mass.

With proper seed material available at the time of start-up of the UASB reactor, the microbial
population is developed within three months period. Proper care is taken while designing the UASB
reactor to absorb estimated shock loads in terms of hydraulic and organic contents in the wastewater.
The reactor is having the following zones:

>  Gas collection zone
»  Clarification zone
»  Sludge blanket zone

Effluent from UASB reactor will not meet the discharge standards for BOD and TSS, hence, further
treatment is required. Therefore, post treatment in the form of AL is provided to meet these standards.

Aerated lagoons are generally provided in the form of simple earthen basins with inlet at one end and
outlet at the other to enable the wastewater to flow through while aeration is usually provided by
mechanical means to stabilise the organic matter. The major difference between activated sludge
systems and aerated lagoons is that in the latter, settling tanks and sludge recirculation is absent.

Aerated lagoons can be categorised into two types depending on how the microbial mass of solids in
the system is handled. Aerated lagoons are those in which some solids may leave with the effluent
stream and some settle down in the lagoon since aeration power input is just enough for oxygenation
and not for keeping all solids in suspension. As the lower part of such lagoons may be anoxic and
anaerobic while the upper layers are aerobic, the term facultative is used.

Aerobic lagoons, on the other hand, are fully aerobic from top to bottom as the aeration power input is
sufficiently high to keep all the solids in suspension besides meeting the oxygenation needs of the
system. No settlement occurs in such lagoons and under equilibrium conditions the new (microbial)
solids produced in the system equal the solids leaving the system. Thus, the solids concentration in the
effluent is relatively high and some further treatment is generally provided after such lagoons. If the
effluent is settled and the sludge recycled, the aerobic lagoon, in fact, becomes an activated sludge or
extended aeration type lagoon.

Facultative type aerated lagoons have been more commonly used the world over because of their
simplicity in operation and minimum need of machinery. They are often referred to simply as ‘aerated
lagoons’. Their original use came as a means of upgrading overloaded oxidation ponds in some
countries without adding to the land requirement. In fact, much less land is required compared to
oxidation ponds.

Moreover, chlorination is carried out for disinfecting the wastewater to meet discharge guideline for
faecal coliform as per the latest NRCD norms. Disinfection refers to the selective destruction of
diseases-causing organisms. Diseases caused by waterborne bacteria include typhoid, cholera,
paratyphoid, and bacillary dysentery; diseases caused by waterborne viruses include poliomyelitis and
infectious hepatitis. At present, the most common method of disinfecting wastewater is by the addition
of chlorine.

The schematic flow diagram of this alternative is presented in the Figure 3.4.

Alternative 4 : Aerated lagoon followed by Maturation Pond with Chlorination System

Aerated lagoons are generally provided in the form of simple earthen basins with inlet at one end and
outlet at the other to enable the wastewater to flow through while aeration is usually provided by

mechanical means to stabilise the organic matter. The major difference between activated sludge
systems and aerated lagoons is that in the latter, settling tanks and sludge recirculation is absent.
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Aerated lagoons can be categorised into two types depending on how the microbial mass of solids in
the system is handled. Aerated lagoons are those in which some solids may leave with the effluent
stream and some settle down in the lagoon since aeration power input is just enough for oxygenation
and not for keeping all solids in suspension. As the lower part of such lagoons may be anoxic and
anaerobic while the upper layers are aerobic, the term facultative is used.

Aerobic lagoons, on the other hand, are fully aerobic from top to bottom as the aeration power input is
sufficiently high to keep all the solids in suspension besides meeting the oxygenation needs of the
system. No settlement occurs in such lagoons and under equilibrium conditions the new (microbial)
solids produced in the system equal the solids leaving the system. Thus, the solids concentration in the
effluent is relatively high and some further treatment is generally provided after such lagoons. If the
effluent is settled and the sludge recycled, the aerobic lagoon, in fact, becomes an activated sludge or
extended aeration type lagoon.

Facultative type aerated lagoons have been more commonly used the world over because of their
simplicity in operation and minimum need of machinery. They are often referred to simply as ‘aerated
lagoons’. Their original use came as a means of upgrading overloaded oxidation ponds in some
countries without adding to the land requirement. In fact, much less land is required compared to
oxidation ponds.

A maturation pond is shallow earthen pond, which is provided for polishing of effluent from aerated
lagoons. This is an aerobic pond as the depth of this pond is restricted to 1.2 m. In maturation pond,
BOD and suspended solids are further reduced, aerobically, to meet the wastewater discharge
standards. Table 3.8 contains the design parameter for this alternative.

Table 3.8 Design Parameters for AL Followed by Maturation Pond with Chlorination

Sr. Parameters Value Unit
1. Inlet Chamber
- Hydraulic retention time (minimum) 30 sec
2. Fine Screen Channel
Clear opening through screen 6 mm
Minimum approach velocity at average flow 0.3 m/sec
Minimum velocity through screen at peak flow 0.6 m/sec
Maximum velocity through screen at peak flow 1.2 m/sec
3. Grit Chamber
Particle size 0.15 mm
Specific gravity of grit at 20° C 2.65
Efficiency 75 %
4, Aerated lagoon
Temperature 20 °C
HRT 6 days
D/UL 1.0
Minimum power required 0.75 W/cum
Detention time in settling zone 12.86 hours
5. Maturation Pond
i Detention time 2.0 days
6. Chlorine Mixing Tank
i Detention time 2 mins
7. Chlorine Contact Tank
i Detention time 30 mins

The schematic flow diagram of this Alternative is presented in the Figure 3.5.

Evaluation of Treatment Scheme Alternatives
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As discussed, four treatment alternatives have been considered for the proposed 100 mld capacity, in

phase I, sewage treatment plant at Panka. The cost comparison for the treatment alternatives is
presented in Table 3.9.

For augmentations of STP at 130 mld capacity STP at Jajmau, augmentation is proposed with the same
sewage treatment scheme already existing for the plant.
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Table 3.9 Cost Comparison of Treatment Alternatives for STP at Panka

Alternative 1 : Alternative 2 : Alternative 3 : Alternative 4 :
Sr Units V\_/a_lste_ Activated Sludge | UASB + Aerated | Aerated 'Iagoon +
' Stabilisation Process + lagoon + Maturation Pond
Ponds Chlorination Chlorination + Chlorination
| Qualitative Factors
a. | Location of land At Panka village | AtPankavillage | AtPankavillage | At Panka village
in Kanpur in Kanpur in Kanpur in Kanpur
b. |ls land available at existing site? No Yes Yes No
c. | Ease of Operation Comparatively Moderate Moderate Moderate
easy
d. | Possibility of Biogas No Yes Yes No
Production?
e. | Possibility of Sludge No Yes Yes No
Production?
f. | Treated Sewage Characteristics:
e BOD, mg/l
e TSS, mgll <30 <30 <30 <30
e Faecal coliform, <50 <50 <50 <50
MPN/100ml <10,000 <10,000 <10,000 <10,000
g. | Likely problem areas
e  Odour High Moderate Localized High
e  Seasonal variability Maximum Minimum Minimum Maximum
e Ground water pollution High Minimum Moderate High
e Mosquito nuisance potential High Moderate Minimal High
h. | Potential for meeting Suitable for Suitable for Suitable for Suitable for
WHO Bacteriological unrestricted unrestricted unrestricted unrestricted
guidelines for irrigation irrigation irrigation irrigation irrigation
1l Quantitative Factors
A. |Cost (Rs.)
1. |Capital Cost
Civil cost 384,721,919 268,795,688 235,032,725 170,143,408
Mechanical cost 7,314,000 73,383,763 27,764,505 58,944,000
Electrical & Instrumentation 6,680,496 44,081,060 33,650,403 32,974,220
Total Civil, E & M Cost 398,716,415 386,260,511 296,447,633 262,061,628
2. |STP Utilities 16,790,000 15,765,000 14,580,000 15,340,000
3. |Total Capital Cost (Rs.) 415,506,415 402,025,511 311,027,633 277,401,628
B. [Land Requirement
Avrea required for 100 mid,
ha 101.21 20.24 16.15 55.87
Land Cost (Rs.) (@Rs.
100,000 per Ha) 101,214,575 20,242,915 16,150,000 55,870,445
C. |0 & M Cost per annum
Total O & M Cost 6,025,440 40,765,247 16,158,607 32,172,180
D. |Summary Cost Analysis
Total Capital Cost including 516,720,990 452,268,426 361,027,633 333,272,073
Land Cost
O & M Cost per year 6,025,440 40,765,247 16,158,607 32,172,180
Resource Recovery* 0 6,500,000 6,200,000 0
Capitalized Cost 609,346,771 979,009,257 514,115,831 827,837,335
Ranking Il v I 11
Capitalized Cost ¥ 562,550,966 712,892,619 436,773,590 577,976,232
Ranking I v I 11
Note :

+ Source : Finance & Revenue Dept., Govt. of Uttar Pradesh

(1) : Capitalised Cost calculated for 30 years at interest rate of 5%

(2) : Capitalised Cost calculated for 15 years at interest rate of 10%

: Cost recovered through Resource Recovery is not considered while working out the Capitalised Cost.
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@ Discussion on the Treatment Options

Each treatment alternative has some positive and some negative aspects to it. These are discussed
below with reference to certain key factors.

Process Performance

The treatment schemes proposed under the four alternatives are suitable and technically viable to meet
NRCD guidelines for treated sewage discharge. All the treatment schemes are time tested proven
treatment schemes.

Inference

All four-treatment processes satisfy the Process Performance criteria as these will meet the discharge
standards as stipulated by NRCD for land irrigation as well as for river discharge.

Seasonal Variability

As regards coliform removal, the performance of the ponds considered in the Alternatives nos. 1 & 4
will be reduced substantially in the winter months due to low temperatures. While in summer months,
coliform removal will improve but effluent BOD will increase owing to algae in the effluent. This
effect will not be so pronounced in the alternative of UASB followed by Aerated Lagoon owing to the
dampening effect of the UASB. The third alternative will be least affected by seasonal variations.

Inference

The third alternative namely, UASB followed by Aerated Lagoon with chlorination, is the most
suitable treatment process from the Seasonal Variability aspect as it is least affected by the temperature
variations.

Environmental Impact
Ground Water

There is a possibility of ground water contamination in case of first and fourth alternatives due to
seepage from the holding area of the ponds although as a precaution all the ponds are proposed to be
lined at considerable cost. This possibility is minimum in case of Alternative no. 2 as well as
Alternative no. 3. Since, the aerated lagoon has the least detention time and therefore, least contact
surface with the soil. The aerated lagoon will also be lined

Mosquito

Mosquito breeding in the pond is generally caused due to weed growth and marginal vegetation in
badly maintained ponds. Fly breeding may be another problem if the ponds are not maintained well.
Hence, this problem can occur only in badly maintained ponds, which are more likely, in large size
ponds as in Alternative nos. 1 & 4.

Odour

In summer months, blue green algae may grow vigorously in the pond, giving rise to floating mats of
algae. The algae in the mats may then die and give rise to odours. Some odorous sulphides may also be
generated in warmer months. Due to mechanical aeration in the second and third alternatives, odour
problem is not foreseen, which could occur in the other alternative nos. 1 and 4. The UASB may at
worst give a slight localized odour problem
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Inference

The third alternative of UASB followed by Aerated Lagoon with Chlorination is the most suitable
treatment process as it has minimal adverse environmental impact on the population. No odour and
mosquito problem is envisaged due to aeration. In comparison to the other alternatives, the holding
area of the aerated lagoon, which will also be lined, is very small and there is a minimal possibility of
ground water contamination due to seepage.

Land Availability

The available land of 90 hectares is adequate for the Alternatives nos. 2, 3 & 4. The land requirement
for the alternative no. 1 is higher and found substantially more than the available land.

Inference

The alternative nos. 2, 3 & 4 are feasible treatment process from the Land Availability viewpoint.
However, the alternative nos. 2 & 3 has the least quantum of land requirement.

Resource Recovery

The treatment alternative nos. 2 & 3 only offer the avenue for resource recovery from the sewage
treatment. The by-products of ASP and UASB system are biogas and excess sludge. The biogas
formed can be utilized as an energy source and the sludge as manure. The operation & maintenance
cost can be partly recovered from the sale of these products. This benefit is available with both the
second and third treatment alternatives. The other two alternatives do not offer any resource recovery.
Inference

The second and third alternatives are equally beneficial from the Resource Recovery viewpoint as both
generate biogas and sludge, which can partly reduce the operating costs.

Capitalised Costs

The Capitalized Cost of the treatment alternatives is based on Capital Cost, O&M Cost as well as
Resource Recovery. The costs are annualised for 15 years at an interest rate of 10%.

Inference

The third alternative is the least from the Capitalised Cost viewpoint as it has the lowest Present Worth
in comparison to the other three treatment alternatives.

Recommendation
It can finally be concluded that “Alternative 3: UASB followed by Aerated lagoon with Chlorination
System” is best suited for the proposed 100 mld capacity sewage treatment plant at Panka. The process

will comply with the all the relevant discharge standards as well as being the most economically
viable.
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CHAPTER 4 PRELIMINARY DESIGN OF SEWERAGE NETWORK
4.1 SEWERAGE DISTRICT |

The Sewerage District I, is bounded by the river Ganga to the north, H.B.T.I (Hercourt Butler
Technological Institute) and roadways workshop to the west, Armapur Estate, Dada Nagar, Kidwai
Nagar and COD nala in the south. This area includes the old city core with the old sewerage network
dating back to as early as 1910.

Priority projects defined under Master Plan for this sewerage District I include,

1) Installation of new domestic sewer network for Jajmau tannery industrial area.

2) Tapping facility of Bhagwatdas ghat nala by constructing a new pumping station (the
pumping station is detailed in Section 5 and tapping facility is explained in 4.1.10)

3) Replacement of sewers in District | (replacement of existing trunk sewer from
Rawatpur (I13a) to Hudson school crossing (H) and relief trunk sewer from Hudson
school to Cantonment.

4) Tapping and conveying facility of wastewater from Sisamau nala.

5) Assessment of physical condition by reconnaissance survey as well as assessment of
capacity of existing Jajmau pumping station considering present and future flows.

6) Assessment of physical condition by reconnaissance survey as well as assessment of
capacity of existing sewage treatment plant (ASP) at Jajmau by considering the present
and future flows.

7)  Assessment of physical condition of existing four pumping stations viz Parmat , Nawab
ganj, Muir mill, and Guptar ghat by reconnaissance survey as well as assessment of
capacities of these pumping stations considering the present and future flows.

In addition to above Master Plan priority projects, during field survey and discussion with UPJN
officials, sewer replacement of damaged existing 60” trunk sewer from Golf club (near Panchghari
ghat) to Chhabilepurva has been included in the priority projects.

Designs and cost estimates for the proposed new and replacement sewers including new gravity sewer
for Jajmau tannery area are presented in this section, whereas other proposed components of, pumping
station and sewage treatment plant are presented in relevant sections of the report.

4.1.1 Review /Collection of Existing Documents

JICA Study Team provided the following documents regarding District | waste water collection
conveyance and treatment facilities

Influent and effluent wastewater characteristics for treatment plants at Jajmau

Census data 2001 for wards administrated by Kanpur Municipal Corporation

UPJN Kanpur sewerage reorganisation Master Plan 1979-2001

Drawings having information regarding four-ghat pumping stations and treatments
plants and CSPS at Jajmau.

e  Detailed information regarding projects being executed during Indo-Dutch scheme

These have been reviewed by MWH to understand the concepts and practical situation at the project
site.

4.1.2 Need of Domestic Sewer for Jajmau Area

During implementation of Indo Dutch schemes to convey tannery wastes upto 36 mld industrial waste
treatment plant, surface channels were laid keeping in view that all the tannery wastes form different
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tanneries will be connected to the surface channels only. But as per the ground reality there are quite a
few tanneries whose connections are directly to the 90” domestic trunk sewer. This very fact is causing
problems at 130 mld treatment plant, which is meant for only domestic sewage. Therefore a need to
separate this illegal connection of industrial waste to the domestic wastewater collection and treatment
facilities is felt.

41.3 Master Plan Provisions

The Master plan states that the tannery area should have a separate collection system for its domestic
wastewater so that it could be collected and conveyed directly to the UASB. All the existing
connections to the 90” sewer shall be disconnected and later connected to the new proposed domestic
sewer meant for tanner area only.

4.1.4 Survey work executed

MWH has carried out following survey works on this alignment
Reconnaissance Survey

Topographical Survey

Geo Technical Survey

(D) Reconnaissance Survey

A reconnaissance survey was conducted from September 29" 2004 with the help of UP Jal Nigam
officials. The survey was carried out from PS1 to common sewage pumping station (CSPS) at Jajmau.

(2) Topographical Survey

Topographical survey was carried out throughout the roads from Purani Chungi to combined sewage
treatment plant as well as 150 feet wide road from Chhabile purwa to combined sewage treatment
plant. Topographical survey was also conducted along the connecting internal roads of Jajmau area.
The total distance of survey done is 10.65 km.

3 Geo Technical Survey

In order to know the soil profiles of the alignment, two nos. of 10m deep boreholes were bored, one on
each road (mentioned above) of the Jajmau industrial area.
Soil assessment reports are as under:-

The under laying soil strata is plastic in nature consisting of clayey silt of low plasticity (CL group) up
to 6 to 7 m. The N values in plastic strata are 6 to 17 indicating medium to very stiff consistency. Non
plastic silty sand (SM group) is met from 6to 10 m. The water table has not been met in the boreholes.

4.15 Design Engineering Works

Designs of domestic trunk and lateral sewers for Jajmau area is presented in this section, which falls in
Sewerage District | of Kanpur city

D Design population and flows

Ward-wise population figures finalised under Master Plan for the Jajmau are considered area for
designing the domestic sewerage network. Based on the topography of the project area and the surveys
conducted, the alignment of the gravity sewer has been finalised. Nodal populations contributing to the
flows on the nodes are derived considering the catchment areas considered in the Master Plan and the
general topography.
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A summary table presenting the contributing population for year 2015 and 2030 along with the sewage
conveyed is presented in Table 4.1.

Table 4.1 Catchment Details of Domestic Sewer for Jajmau Area

Year 2015 Year 2030
Gravity Sewer Population Average Flow Population Average Flow
Covered (Nos.) (mld) Covered (Nos.) (mld)
z??;;“;usfr‘g’aer 136,053 19.73 169,358 26.25
@ Design of domestic sewer for Jajmau area

Catchment area of the domestic sewer for Jajmau area has been presented in Drawing
No.KAN-CA-D1-2. The sewer line is designed for year 2030.

The diameter and pipe class wise design summary of the domestic trunk sewer and lateral sewer for
Jajmau area is presented in Table 4.2 and Table 4.3, respectively.

Table 4.2 Pipe Length Details of Domestic Sewer for Jajmau Area, Lateral Sewer

Sr. Diameter (mm) Length o(fnl]\;P3 pipe
1 300 400
2 400 250
3 450 350
4 500 850
5 600 1,060
6 700 975
Total 3,885

Table 4.3 Pipe Length Details for Jajmau Area, Trunk Sewer

Sr. Diameter (mm) Length (z:‘nl;l% pipe
1 800 690
2 900 510
3 1200 330
4 1400 1,050
5 1600 1,950
Total 4,530
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41.6 Cost Estimates

Budgetary cost estimation for the sewer was carried out based on schedule of rates and prevailing
market rates and is tabulated below.

Table 4.5 Cost estimation of Domestic Sewer for Jajmau Area -Trunk Sewer

Sr. Items Units Rate (Rs.) Quantity Az;osu)nt
1 |Excavation
(a) [Excavation for depth up to 1.5 m below G.L for
laying Sewer manholes ordinary soil (earth,
sand loam and clay) including cutting of joints
pits ramming dressing) levelling, refilling of
trenches in 20 cm layer watering and ramming
the same including removal of surplus earth or
other dismantled material up to a distance of 50
m. from the centre of trenches.
(@) 0 to 1.5 m depth Cum 61 17,543 1,070,123
(b) 1.5 to 3 m depth Cum 75 15,669 1,175,175
(c) 3to 4.5 m depth Cum 93 11,685 1,086,705
(d) 4 .5to 6 m depth Cum 107 9,159 980,013
(e) 6.0 to 7.5 m depth Cum 140 7,549 1,056,860
(f) 7.5m to 9.0 m depth Cum 184 4,795 882,280
(9) 9.0m to 10.5 m depth Cum 240 3,084 740,160
(h) 10.5m to 12.00 m depth Cum 312 1,714 534,768
(i) 12.0m to 13.5 m depth Cum 406 125 50,750
(b) |Same as item 1(a) but excavation in soil mixed
with kankar and boulders
() 0 to 1.5 m depth Cum 294 4,386 1,289,484
(b) 1.5 to 3 m depth Cum 338 3,918 1,324,284
(c) 3to4.5mdepth Cum 393 2,922 1,148,346
(d) 4 .5to 6 m depth Cum 452 2,290 1,035,080
(e) 6.0 to 7.5 m depth Cum 541 1,888 1,021,408
(f) 7.5m t0 9.0 m depth Cum 663 1,199 794,937
(9) 9.0m to 10.5 m depth Cum 812.51 771 626,447
(h) 10.5m to 12.00 m depth Cum 995.74 429 427,173
(i) 12.0m to 13.5 m depth Cum 1,005.70 32 32,182
2 [Shuttering
(a) [Provide and fix close timbering in trenches for
the depth up to 3 m 0 3m below G.L consisting
of 40 mm thick approved country wood plank
for polling board 125 x 75 mm Indian Sal wood
walers and 100 mm dia sal wood ballies for
shutting at 1.50m C/C including removal after
laying of sewers (both sides of trenches) will be|
taken as one side for the purpose of payment
and measurement i.e. area equals to Length x
depth of trenches, Dismantled, timbering
material will be the property of the Contractor.
Details of cost for 30 m and 3 m deep trench
i.e. 90 Sq M area of timbering
(@0to3m Sgm 176 6,695 1,178,320
(b)3to6m Sgm 224 4,503 1,008,672
(b) |Same as item no.2 (a) but timbering left in
trenches (unused timbering) 0 to 3 m
(@ 6to9m Sgm 1,392 1751 2,437,392
(b)9to12m Sgm 1,600 704 1,126,400
(c)12to15m Sgm 1,840 19 34,960
(c) [Same as item no.2 but timbering left in
trenches( used timbering) 0 to 3 m
(@)6to9m Sgm 584 1168 682,112
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Sr. Items Units Rate (Rs.) Quantity A?;zosu)nt
(b)9t012m Sgm 670 470 314,900
(c)12to15m Sgm 770 13 10,010

3 [Supply of following sizes of RCC spigotted and
socketed non pressure pipes
(2) 800 mm dia in 1.25 m length m 2,311.75 690 1,595,104
(b) 900 mm dia in 1.25 m length m 2,784.76 510 1,420,229
(c) 1200 mm dia in 1.25 m length m 4,507.84 330 1,487,587
(d) 1400 mm dia in 1.25 m length m 5,926.83 1050 6,223,170
(e) 1600 mm dia in 1.25 m length m 7,651.57 1950 14,920,555
4 |Laying jointing of RCC hume pipe
Carting following sizes of R.C.C Hume pipe
(NP3 Class Socket /spigoted rubber ring jointed
and specials from store to the work lowering
the same in to the trenches in depth up to 1.5m
below G.L true to alignment including
excavation of earth below G.L invert level of
pipe, cost of all jointing material, testing etc,
complete but excluding excavation and refilling
of trenches from ground level to the invert level
of pipe.
800 mm dia pipe
(@)3.0-4.50 m m 747 180 134,460
(b)45-6.0m m 797 150 119,550
(c)6.0-75m m 869 114 99,066
(d)7.5-9.0m m 965 246 237,390
900 mm dia pipe
(@)1.5-3.00m m 827 294 243,138
(b)3.0-450m m 878 54 47,412
(c)45-6.0m m 938 102 95,676
(d)6.0-75m m 1,021 60 61,260
1200 mm dia pipe
(@)1.5-3.00m m 1,315 330 433,950
1400 mm dia pipe
(@) 1.5-3.00m m 1,668 42 70,056
(b)3.0-4.50m m 1,771 189 334,719
(c)45-6.0m m 1,891 93 175,863
(d)6.0-75m m 2,061 297 612,117
(e)75-9.0m m 2,289 75 171,675
(f) 9.0 - 10.50m m 2,563 216 553,608
(9) 10.50- 12.0 m m 2,898 138 399,924
1600 mm dia pipe
(@)1.5-3.00m m 2,010 360 723,600
(b)3.0-450m m 2,135 170 362,950
(c)4.5-6.0m m 2,280 164 373,920
(d)6.0-75m m 2,484 380 943,920
(e)75-9.0m m 2,760 287 792,120
(f) 9.0 - 10.50m m 3,090 300 927,000
(g) 10.50- 12.0 m m 3,493.00 291 1,016,463
5 [Sand filling
Sand filling below ground level including
supply of all materials labour T & P etc
required for proper completion of work
(@) 1.5mto3.0m Cum 204.384 807 164,938
(b)3.0mto4.5m Cum 217.056 517 112,218
(c)450mto6.0m Cum 231.84 319 73,957
(d)6.0mto7.5m Cum 252.576 158 39,907
(e) 9.0 m- 10.50m Cum 314.208 119 37,391
(f) 10.50m- 12.0 m Cum 355.2 198 70,330
6 [PCC ( Plain cement concrete )

Cement concrete work in bedding below
ground level with cement , coarse sand and 20

mm gauge approved stone ballast (1:2:4)
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Sr. Items Units Rate (Rs.) Quantity AH];SU)M
including supply of all materials, labour, T & P
etc, required  for the proper completion of
work
(@) 1.5mto3.0m Cum 2,641.02 9 23,769
(b)3.0mto4.5m Cum 2,804.77 30 84,143
(c)450mto6.0m Cum 2,995.81 55 164,769
(d)6.0mto7.5m Cum 3,263.76 339 1,106,413
(e)7.5mt09.0m Cum 3,625.98 146 529,393
(f) 9.0 m- 10.50m Cum 4,060.16 106 430,377
(9) 10.50m- 12.0 m Cum 4,589.85 45 206,543
7 |RCC (Reinforced concrete cement) Cum 3,988 972 3,876,899
8 [Constructing vent shafts Nos. 16,000 10 160,000
9 [Construction of Scrapper manhole 2.43
mx1.53m
(a) up to depth 4.57m Nos. 80,318 43 3,453,674
(b) upto depth 9.14m Nos. 14,189 105 1,489,845
(c) upto depth 14.0 m Nos. 22,040 23 506,920
10 |Construction of manhole dia 1.52m
(a) upto depth 2.28m ( type B1) Nos. 19,352 29 561,208
(b) upto depth 5.03m  (type B2) Nos. 6,088 56 340,928
(c) upto depth 9.14m (type B3) Nos. 6,747 38 256,386
11 |Construction of manhole dia 1.82m
(a) upto depth 2.28m ( type C1) Nos. 26,914 8 215,312
(b) upto depth 5.03m (type C2) Nos. 8,715 2 17,430
12 |Construction of manhole dia 2.43 mx1.53m
(a) upto depth 4.57m ( type D1) Nos. 68,200 72 4,910,400
(b) upto depth 9.14m  (type D2) Nos. 15,539 227 3,527,353
(c) upto depth 14.00 m(type D3) Nos. 22,136 54 1,195,344
13 |Road restoration
Dismantling of tar road for laying sewer Sgm 1,250 15,363 19,203,750
including shorting out and stacking serviceable
materials and disposal of unserviceable
materials upto distance of 60 m and its rein
statement after filling and proper compaction of
trenches. Based on the nagar Mahapalika,
PW.D , VNS
14 |Shifting of electric and telephone cables
Provision for shifting and reinstatement off LS 200,000
electric and telephone cable etc. during
excavation and laying of sewer lines
15 [Shifting of temporary water supply lines
Provision for temporary shifting of existing LS
sewers and water supply falling in the 200,000
alignment of conveying main during excavation|
and the restoring utilities/ services to its
original condition
99,805,020
Total cost (99,805,000)
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Table 4.6 Cost Estimation of Domestic Sewer for Jajmau Area-Lateral Sewer

Sr. Items Units Rate (Rs.) Quantity Az;osu)nt
1 |[Excavation
(a) [Excavation for depth up to 1.5 m below G.L for
laying Sewer manholes ordinary soil (earth,
sand loam and clay) including cutting of joints
pits ramming dressing) levelling, refilling of
trenches in 20 cm layer watering and ramming
the same including removal of surplus earth or
other dismantled material upto a distance of 50
m. from the centre of trenches.
(@) 0 to 1.5 m depth Cum 61 8,777 535,397
(b) 1.5 to 3 m depth Cum 75 6,835 512,625
(c) 3to 4.5 m depth Cum 93 4,533 421,569
(d) 4 .5t0 6 m depth Cum 107 1,666 178,262
(e) 6.0 to 7.5 m depth Cum 140 599 83,860
(f) 7.5m to 9.0 m depth Cum 184 196 36,064
(b) [Same as item 1(a) but excavation in soil mixed
with kanklar and boulders
(@) 0to 1.5 m depth Cum 294 2,195 645,330
(b) 1.5 to 3 m depth Cum 338 1,709 577,642
(c) 3to 4.5 m depth Cum 393 1,134 445,662
(d) 4 .5to 6 m depth Cum 452 417 188,484
(e) 6.0 to 7.5 m depth Cum 541 150 81,150
(f) 7.5m t0 9.0 m depth Cum 663 49 32,487
2 [Shuttering
(a) [Provide and fix close timbering in trenches for
the depth up to 3 m o 3m below G.L consisting
of 40 mm thick approved country wood plank
for polling board 125 x 75 mm Indian Sal wood
walers and 100 mm dia sal wood ballies for
shutting at 1.50m C/C including removal after
laying of sewers (both sides of trenches) will be
taken as one side for the purpose of payment
and measurement i.e. area equals to Length x
depth of trenches, Dismantled, timbering
material will be the property of the Contractor.
Details of cost for 30 m and 3 m deep trench i.e.
90 Sg M area of timbering
0to3m Sgm 176 5,417 953,392
3to6m Sgm 224 2,496 559,104
(b) [Same as item no.2(a) but timbering left in
trenches( unused timbering) 0to 3m
(@) 6to9m Sgm 1,392 221 307,632
(c) |Same as item no.2 (a) but timbering left in
trenches( used timbering) 0 to 3 m
(@ 6to9m Sgm 584 147 85,848
3 [Supply of following sizes of RCC spigotted and
socketed non pressure pipes
(@) 300 mm dia in 1.25 m length m 358.86 400 143,54
(b) 400 mmdia in 1.25 m length m 847.54 250 211,884
(c) 450 mm dia in 1.25 m length m 979.97 350 342,988
(d )500 mm dia in 1.25 m length m 1,026.72 850 872,713
(e) 600 mm dia in 1.25 m length m 1,512.64 1060 1,603,401
(f) 700 mm dia in 1.25 m length m 1,788.71 975 1,743,993
4 |Laying jointing of RCC hume pipe
Carting following sizes of R.C.C hume pipe
(NP3 Class Socket /spigoted rubber ring jointed
and specials from store to the work lowering the
same in to the trenches in depth upto 1.5m
below G.L true to alignment including
excavation of earth below G.L invert level of
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Sr. Items Units Rate (Rs.) Quantity AH]?OSU)M
pipe, cost of all jointing material, testing etc,
complete but excluding excavation and refilling
of trenches from ground level to the invert level
of pipe. (300 mm dia)
Rate per meter at different depth
(@)0-1.5m m 206.00 280 57,680
(b)1.5-3.00m m 220.00 120 26,400
400 mm dia pipe
(c)45-6.0m m 322.00 100 32,200
(d)6.0-7.5m m 350.00 45 15,750
(€)7.5-9.0m m 389.00 75 29,175
(f) 9.0 - 10.50m m 436.00 30 13,080
450 mm dia pipe
(@) 3.0-4.50 m m 368.00 230 84,640
(b)45-6.0m m 393.00 120 47,160
500 mm dia pipe
()1.5-3.00 m m 395.00 250 98,750
(b)3.0-4.50m m 420.00 500 210,000
(c)45-6.0m m 448.00 100 44,800
600 mm dia pipe
(@)1.5-3.00 m m 492.00 536 263,712
(0)3.0-4.50 m m 523.00 524 274,052
700 mm dia pipe
()1.5-3.00 m m 560.00 70. 39,200
(b)3.0-450m m 595.00 615. 365,925
(c)45-6.0m m 636.00 220. 139,920
(d)6.0-7.5m m 692.00 70. 48,440
5 |Sand filling
Sand filling below ground level including
supply of all materials labour T & P etc required
for proper completion of work
(@)1.5mto3.0m Cum 204.384 280 57,228
(b)3.0mto4.5m Cum 217.056 74 16,062
(c)450mto6.0m Cum 231.840 29 6,723
(d)6.0mto7.5m Cum 252.576 10 2,526
(€)7.5mt09.0m Cum 280.608 16 4,490
(f) 9.0 m- 10.50m Cum 314.208 7 2,199
6 [PCC (Plain cement concrete )
Cement concrete work in bedding below ground
level with cement , coarse sand and 20 mm
gauge approved stone ballast (1:2:4) including
supply of all materials, labour, T & P etc,
required for the proper completion of work.
(@) 1.5mto3.0m Cum 2,641.02 62 163,744
(b)3.0mto4.5m Cum 2,804.77 282 790,945
(c)450mto 6.0 m Cum 2,995.81 14 41,941
7 |RCC (Reinforced concrete ) Cum 3,988.58 155 618,230
8 |Constructing vent shafts Nos. 16,000 10 160,000
9 |[Construction of scrapper manhole 2.43 m
x1.53m
(a) up to depth 4.57m Nos. 80,318 25 2,007,950
(b) upto depth 9.14m Nos. 14,189 9 127,701
10 |Construction of manhole dia 1.22m
(a) upto depth 1.52m ( type Al) Nos. 14,148 14 198,072
(b) upto depth 2.28m (type A2) Nos. 5,417 2 10,834
11 |Construction of manhole dia 1.52m
(a) upto depth 2.28m ( type B1) Nos. 19,352 96 1,857,792
(b) upto depth 5.03m (type B2) Nos. 6,088 209 1,272,392
(c) upto depth 9.14m (type B3) Nos. 6,747 42 283,374
12 |Road restoration
Dismantling of tar road for laying sewer Sgqm 1,250 7,878 9,847,500

including shorting out and stacking serviceable

4-10




Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

Amount

Sr. Items Units Rate (Rs.) Quantity (Rs.)

materials and disposal of unserviceable
materials upto distance of 60 m and its rein
statement after filling and proper compaction of
trenches. Based on the nagar Mahapalika,
P.W.D , VNS

13 [Shifting of electric and telephone cables

Provision for shifting and reinstatement of LS 150,000
electric and telephone cable etc. during
excavation and laying of sewer lines

14 |Shifting of temporary water supply lines

Provision for temporary shifting of existing LS 150,000
sewers and water supply falling in the alignment]
of conveying main during excavation and the
restoring utilities/ services to its original
condition

30,123,616

Total cost (30,124,000)

4.1.7 Need for the Scheme for Replacement of Broken / Choked Existing 60” Trunk Sewer
from Golf Club (Near Panchghari Ghat) to Chhabile purwa

It has been observed that 60” trunk sewer carrying the wastewater load all the way from Phool Bagh to
Chhabile Purwa at Jajmau via Cantonment is broken at Panchghari ghat and the line beyond this point
is completely choked with solid wastes. Some of manholes are not even structurally fit and sound. All
the wastewater load of 60” at present being discharged directly to river Ganga. Understanding the
urgent need of pollution abatement of river Ganga it is felt and needed to lay a separate line of same
dia and at same slope adjacent to the existing one

418 Master Plan Provisions

As such there is no such proposal of this scheme. However as per the Master Plan conditions of almost
all the major existing sewers are to be surveyed and depending upon existing conditions different
proposals to rectify them are to be suggested.

419 Survey Works Executed

Topographical survey was carried out throughout the proposed replacement stretch. The total distance
of survey done is about 1 km.

Table 4.7 Capital Cost for the Replacement of Damaged 60" Existing Sewer

Sr. Item Unit Rate (Rs.) Quantity A?E{c;u)nt
Dismantling of existing 60” sewer
1 and its replacement with 1600mm m 8,000 1,000 8,000,000
dia RCC NP-3 Pipe

4.1.10 Need for the Scheme for Tapping Facility of Bhagwatdas Ghat Nala and Pumping
Station

Near Guptar ghat Nala an untapped nala called Bhagwatdas ghat nala exists. The flow of this nala is

directly going to the river Ganga near the back of Ordnance factory. To control this polluting nala from
the river Ganga nala intercepting is necessary.
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4111 Master Plan Provisions

The provision made in the Feasibility Report is in accordance with the Master Plan report

4.1.12  Survey Works Executed.

A reconnaissance survey was conducted from September 29" 2004 with the help of UP Jal Nigam
officials. Topographical survey was carried out throughout the proposed alignment i.e. from proposed

pumping station to the Bal Bhavan. Total length of alignment of survey done is 1.2 Km.

Around 0.5 ha of area was surveyed for the construction of pumping station to tap Bhagwatdas ghat
nala.

(1) Geo Technical Survey

In order to access the soil profile of the pumping station site area 20-mt deep boreholes was bored.
Soil assessment report is as under:-

The top 6m soil is filled up in nature underlain by plastic soil, in the full exploration depth of 20 m,
consisting of clayey silt of low plasticity (ClI group). The N values range from 6 to 16 indicating
medium to very stiff consistency. Small percentage of Kankar Chharri are met at various depths. The
water table has been met at 1.75m below ground level.

4.1.13 Design Engineering Works

Design of interception and diversion of Bhagwatdas ghat nala is presented under this section, which
falls in Sewerage District | of Kanpur city.

Q Design Population and Flow

Catchment boundary was marked for Bhagwatdas ghat nala interceptor alignment as per Master Plan
and contributing population and sewage flow for various years were calculated.

A summary table presenting the contributing population for year 2015 and 2030 along with the sewage
conveyed is presented in Table No.4.8.

Table 4.8 Catchment Details for Bhagwatdas Ghat Nala Catchment

Year 2015 Year 2030
Bhagwatdas ghat Population Average Flow Population Average Flow
nala catchment Covered (Nos.) (mld) Covered (Nos.) (mld)
55,860 8.10 58,640 9.09

Table 4.9 Pipe Length for Rising Main for Bhagwatdas Ghat Nala

S Diameter, Length of ClI pipe
r.
(mm) (m)
1 400 1,210
Total 1,210

The plan and profile of rising mains are presented in drawing no. KAP-PP-BD-1and 2.
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4.1.14 Need for Tapping of Sisamau Nala to Parmat PS

Sisamau Nala is the largest nala of Kanpur city whose maximum flow is 138 mld. It has been proposed
that under GAP (Ganga Action Plan), 100 mid of flow shall be taped at the upstream side and diverted
to proposed Bingawan STP and the remaining 30 to 50 mld has already been taped at down stream
side and provision to convey it through 36 inch line up to Parmat Pumping Station has been made. But
as per the current ground reality, this scheme is not a success as the waste water of Sisamau nala is not
reaching Parmat pumping station. There could be two reasons behind this. Either the carrying capacity
of the existing sewer is less or there is a structural failure of the pipe. Provision of improper slope
could also be one the reason.

4.1.15 Mater Plan Provisions

According to the Master Plan, new rising main has been proposed from the Parmat pumping station to
Hudson School crossing to discharge in to a new relief sewer and also up gradation of existing
pumping station has been proposed to meet the additional tapping of Sisamau nala.

4.1.16  Survey Works Executed.

A reconnaissance survey was conducted from September 29" 2004 with the help of UP Jal Nigam
officials. Topographical survey was carried out along the proposed alignment. The total length of
survey carried out is 1.6km.

4.1.17  Design for Sisamau Nala Tapping Facility

Catchment area for Sisamau nala area has been presented in Drawing No.KAN-CA-D1-2. The sewer
is designed for year 2030.

The diameter and pipe class wise design summary of the Sisamau interception nala is presented in
Table 4.11.

Table 4.10 Pipe Length for Details for Sisamau Nala Tapping

Diameter, Length of NP3 pipe
Sr.
(mm) (m)
1 1600 1,450
Total 1,450
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41.18 Cost Estimates

Budgetary cost estimation of sewers are carried out based on schedule of rates and prevailing market
rates and is tabulated below.

Table 4.12 Cost Estimation of Sisamau Nala Tapping Facility

Sr. Items Units Rate (Rs.) Quantity Ag]qosu)nt
1 |Excavation
(@) [Excavation for depth up to 1.5 m below G.L for laying
Sewer manholes soil (earth, sand loam and clay)
including cutting of joints pits ramming dressing)
levelling, refilling of trenches in 20 cm layer watering
land ramming the same including removal of surplus
learth or other dismantled material upto a distance of
50 m. from the centre of trenches.
() 0 to 1.5 m depth Cum 61 5,835 355,935
(b) 1.5 to 3 m depth Cum 75 5,313 398,475
(c) 3to 4.5 m depth Cum 93 4,777 444,261
(d) 4 .5to 6 m depth Cum 107 3,281 351,067
(e) 6.0 to 7.5 m depth Cum 140 757 105,980
(b) [Same as item 1(a) but excavation in soil mixed with
kankar and boulders
() 0 to 1.5 m depth Cum 294 1,459 428,946
(b) 1.5 to 3 m depth Cum 338 1,329 449,202
(c) 3to 4.5 m depth Cum 393 1,195 469,635
(d) 4 .5t0 6 m depth Cum 452 821 371,092
(e) 6.0 to 7.5 m depth Cum 541 190 102,790
2 [Shuttering
(a) [Provide and fix close timbering in trenches for the
depth up to 3 m below G.L consisting of 40 mm thick
approved country wood plank for polling board 125 x
75 mm Indian Sal wood walers and 100 mm dia sal
wood ballies for shutting at 1.50m C/C including
removal after laying of sewers (both sides of trenches)
ill be taken as one side for the purpose of payment
and measurement i.e. area equals to Length x depth of
trenches, dismantled, timbering material will be the
property of the Contractor. Details of cost for 30 m
and 3 m deep trench i.e. 90 Sq M (M2) area of
timbering
(@0to3m Sgm 176 2,175 382,800
(b)3to 6 m Sgm 224 1,887 422,688
(b) [Same as item no.2 (a) but timbering left in trenches
(unused timbering) 0 to 3 m
(@6to9m Sgm 1,392 115 160,080
(c) [Same as item no.2 (a) but timbering left in trenches
(used timbering) 0 to 3 m
(@)6to9m Sgm 584 77 44,968
3 Supply of following sizes of RCC spigotted and
socketed non pressure pipes
(a) 1600 mm dia in 1.25 m length m 7651.57 1,450 11,094,772
4 |Laying jointing of RCC hume pipe
Carting following sizes of R.C.C hume pipe (NP3
Class socket /spigoted rubber ring jointed and specials
from store to the work lowering the same in to the
trenches in depth upto 1.5m below G.L true to
alignment including excavation of earth below G.L
invert level of pipe, cost of all jointing material,
testing etc, complete but excluding excavation and
refilling of trenches from ground level to the invert
level of pipe.
Rate per meter at different depth
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Sr. Items Units Rate (Rs.) Quantity A?;)Su)nt
1600 mm dia pipe
(@) 3.0-4.50 m m 2,135 410 875,350
(b) 45-6.0m m 2,280 940 2,143,200
(c)6.0-75m m 2,484 100 248,400
5 |Sand filling
Sand filling below ground level including supply of
all materials labour T & P etc required for proper
completion of work
() 3.0mto4.5m Cum 217.056 751.31 163,076
(b)4.50mto 6.0 m Cum 231.84 810.86 187,990
6 |PCC (Plain cement concrete)
Cement concrete work in bedding below ground level
with cement, coarse sand and 20 mm gauge approved
stone ballast (1:2:4) including supply of all materials,
labour, T & P etc, required for the proper completion
of work.
(2)4.50mto6.0m Cum 2,995.81 419 1,255,243
(b) 6.0mto 7.5 m Cum 3,263.76 121 394,914
7 |Constructing vent shafts Nos. 16,000 3 48,000
8 |Construction of scrapper manhole 2.43x1.53
Up to depth 4.57m Nos. 80,318 13 1,044,134
Upto depth 9.14m Nos. 14,189 37 524,993
9 |Construction of manhole dia 2.43 m x1.53 m
(a) Upto depth 4.57m (type D1) Nos. 68,200 38 2,591,600
(b) upto depth 9.14m  (type D2) Nos. 15,539 37 574,943
10 |Road restoration
Dismantling of tar road for laying sewer including Sgm 1,250 5,81 6,351,250
shorting out and stacking serviceable materials and
disposal of unserviceable materials upto distance of 60
m and its rein statement after filling and proper
compaction of trenches.
11 |Shifting of electric and telephone cables
Provision for shifting and reinstatement of electricand LS 100,000
telephone cable etc. during excavation and laying of
sewer lines
12 |Shifting of temporary water supply lines
Provision for temporary shifting of existing sewers LS 100,000
land water supply falling in the alignment of
conveying main during excavation and the restoring
utilities/ services to its original condition
32,185,784
Total cost (32,186,000)

4.1.19 Need for the Replacement of Existing Trunk Sewer from Rawatpur (13a) to Hudson
School Crossing (H) and Relief Trunk Sewer from Hudson School to Cantonment

It has been observed that (18” to 48”) Trunk sewer carrying the wastewater load all the way from
Rawatpur railway station to Hudson school via Shani Dev temple (District 1) is completely choked
with solid wastes. Some of manholes are not even structurally fit and sound. Understanding the urgent
need of pollution abatement of river Ganga it is felt and needed to lay a replacement sewer along the
existing sewer alignment, i.e., from Rawatpur railway station to Hudson school.

To relieve the over load of existing of 60” sewer, a new relief sewer is proposed along the same
alignment i.e. from Hudson school to Cantonment area.

4120 Survey Works Executed

A reconnaissance survey was conducted from September 29" 2004 with the help of UP Jal Nigam
officials. Topographical survey was carried out along the proposed alignment of replacement sewer
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and relief sewer from Rawatpur railway station to Hudson school and from Hudson school to
Cantonment respectively. The total length surveyed is 9.6 Km.

@ Geo Technical Survey
In order to access the soil profile of the alignment 10-mt deep boreholes was bored.

The soil strata up to 3.80 m are sandy silt of low plasticity (CL group) underlain by non plastic silty
sand (SM group) up to 7 m. The soil from 7 m to full exploration depth of 10 m is silty clay of
medium plasticity (CI group). The N value in plastic strata ranges from 10 to 18 indicating stiff and
very stiff consistency. The water table has not been met.

4.1.21 Design Engineering Works

Designs of replacement and relief sewer from Rawatpur railway station to Hudson school and from
Hudson school to 84" existing sewer at Cantonment respectively is presented under this section which
fall in Sewerage District | of Kanpur city. As per the Master Plan there should be a provision of relief
sewer from Hudson school to 78”but since the carrying capacity of 78” is lesser than the calculated
flow, it has been decided to lay the relief sewer up to 84 existing sewer.

@ Design Population and Flows

Catchment boundary was marked for Rawatpur railway station to Cantonment (84”) for replacement
and relief sewer (I13a) to Hudson school crossing (H)], as per master plan and contributing population
and sewage flow for various years were calculated.

A summary table presenting the contributing populations for year 2015 and 2030 along with the
sewage conveyed is presented in Table 4.13.

Table 4.13 Catchment Details and Flows for Replacement of Existing Trunk Sewer from
Rawatpur (13a) to Hudson School Crossing (H) and Relief Trunk Sewer
from Hudson School to Cantonment

Year 2015 Year 2030

Gravity Main Population Average Flow Population Average Flow

Covered (Nos.) (mld) Covered (Nos.) (mld)

Rawatpur to
84 Existing sewer 357,334 51.81 419,029 64.95
at Cantonment

2 Design for Replacement of Sewer from Rawatpur (13a) to Hudson School Crossing (H) and
Relief Trunk Sewer from Hudson School to Cantonment

Designs of the replacement of sewer for from Rawatpur (13a) to Hudson school crossing (H) and relief
trunk sewer from Hudson school to Cantonment is presented in Table 4.14.

Catchment area of the replacement sewer has been presented in Drawing No.KAN-CA-D1. The sewer
line is designed for year 2030.
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Table 4.14 Details of Pipe for the Replacement of Existing Trunk Sewer from Rawatpur (13a) to
Hudson School Crossing (H) and Relief Trunk Sewer
from Hudson School to Cantonment

. Leng_th of NP3 Length of NP4
Diameter pipe for ) .
Sr. pipe for Relief
(mm) Replacement stretch (m)
stretch (m)
1 700 600
2 800 1,350
3 1200 550
4 1400 1,050
5 1600 1,800
6 2200 4,516
Total 5,350 4,516

4.1.22  Trenchless Options for Trunk Sewer

The selection of a trenchless option for the construction of a part of the proposed trunk sewer will
avoid much of the disruption associated with traditional open cut construction. Trenchless construction
involves access to the construction works at discrete points along the pipeline route rather than the
disruption of a continuous corridor along the route with the requirement for temporary reinstatement
and pavement patching. Site management of trenchless process involves the delivery of essential
materials to these discrete intervention points in a timely fashion as opposed to the stringing out along
the route of pipe and pipe bedding materials. Similarly the removal of spoil material can be managed
in a timely fashion with the attendant avoidance of disruption. However it should be mentioned here
that site management is the key to successful trenchless construction; a poorly organised site and bad
practice can be immensely disruptive and damaging to the public interest causing damage to the
perception of the implementing authority in a magnitude not dissimilar to open cut construction.

The selection of access points through specially constructed access shafts is important to minimize
public disturbance, these access points can be 100-250 mm apart and the adjacent working areas if
well managed can be minimized to the order of 30-70 square meters. Damage to adjacent buried
infrastructure such as other utility services is always a risk. Careful survey and attention to local
information can minimize this risk. Cooperation with other utility providers and the traffic authorities
is an important contribution to successful installation. Careful selection of appropriate technology and
materials will minimize future maintenance requirements. Trenchless methods can be expected to
deliver better built quality for the most part, free from settlement and reinstatement problems.

There are a number of practical problems in the delivery of the trenchless option. Amongst the most
important of these is the requirement for specialist product and equipment, much of which is not
currently, available in India. Accordingly planning and selection place special burdens on the client,
consultant and contractor. Sufficient time for detailed planning, discussion and programming is
essential, detailed method statements and specifications are useful to the achievement of an
understanding of all the key issues between the parties. This section of the report seeks to set out key
issues for consideration to inform the selection process. The proposed trunk sewer involves both
trenched and trenchless components; the section identified for trenchless construction (Table 4.15) is
ideally suited being a deep sewer 3-10m to invert, located under a busy road where open trench
construction would be enormously disruptive. Also the crossing of railway line could be possible with
this method only .The open trench component involves a lot of special measures to avoid settling of
the dug trenches in the case of deep sewer, like in this stretch. These special measures include uses of
modern practice of closed sheeting or trench boxes to minimize trench width, which ensure worker
safety.
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Table 4.15 Trenchless Stretches

Length Physical Diameter Depth of

Sr. Name of the stretch Chainage (m) Condition (mm) cover (m)

Near Mall road, Phoolbagh
crossing, Rail way crossing

Rail way crossing

and traffic 2200 6.85

9,550-7,350 | 2,200

Provision of trench-less technology is made at above-mentioned stretches where open cut excavation
was found not feasible. The stretch of these locations where trench-less technology is to be provided is
presented in Drawing No.KAN_TRENCH_LOC-1.

Open cut construction can be accomplished with reduced disruption using a trench box or drag box
method so that regardless of the depth to formation, that is, below the pipe bedding the trench can be
excavated safely without battering back the trench sides, to a minimum width. Close sheeting can also
be used to control trench width and maintain safe working conditions but is more time consuming to
install and requires closer supervision; the trench sheets are liable to damage and may be regarded as
project consumables whereas trench or drag boxes can be regarded as capital items and maintained as
such. Careful use of a trench box not only restricts the width of the trench and hence the work site but
also the length of pipeline open at any one time to about 6-8 meters. Temporary reinstatement of the
pavement after backfill and consolidation can minimize the length of road closure necessary.

With good site management the activity zone of the narrow trench construction outlined above can
approximate to the scale of a pipe-jacking site, though the site footprint is larger and cannot be
selected at optimum points along the pipeline for minimum disruption. Traditional trenching practice
usually involves the temporary storage of excavated material and pipe bedding on site, although this
inevitably makes the site area larger and more disruptive. Coordinated truck movement to ship in
bedding and product pipe can minimize the area required.

41.23 Abstract of Cost Estimates: Trenchless Stretches

The Indian Society of Trenchless Technology Schedule lists rates for various diameter ranges installed
by various techniques: the rate of Microtunnelling in soft soil is Rs. 73,000/m for the size range 600 —
900 mm diameter, Rs. 80,500/m for the size range 900 —1200 mm and Rs. 88,000/m for the size range
1200 — 1500 mm. These figures suggest a projection range up to 2400 mm of about Rs. 110,500/m.
However, these schedules are for guidance only and the rates are not yet based on actual
implementation in India. there is very limited experience of these techniques in India.

Such information as is available results from the experience of M/S AJECT, Michigan Engineers and
Cherrington. AJECT have undertaken microtunnelling works in Mumbai; approximately, 4 km of
trenchless work is carried out with at an average price of Rs. 80,000/m plus Rs. 11,000 for product
pipe. Michigan has undertaken one project with an Iseki Uncle Mole in Calcutta and may use soft soil
auger bores. Cherrington have installed 900 mm steel pipe in soft soil as sewer for Delhi Jal Board at
about Rs. 55,000/m.

Interpolating between these data points would suggest a rate as shown in Table 4.16
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Table 4.16 Diameter wise Unit Rate for Trenchless Technologies

Sr. Diameter of sewer Rate (Rs./m)
1 < =1000 mm 73,000

2 1400 mm 96,800

3 1600 mm 100,000

4 1800 mm 107,800

6 2200 mm 116,050

Based on this unit cost, the total cost for trenchless stretch has been estimated and the same is
presented in Table 4.17

Table 4.17 Abstract of Cost Estimates for Trenchless Technology
Used for Relief Trunk Sewer of Sewerage District |

Length Diameter Rate Amount
Sr. Name of the stretch for m) (mm) (Rs./m) (Rs.)
1 Near Mall road, fly over 2,200 2200 116,050 255,310,000
Total 255,310,000
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41.24 Cost Estimates

Budgetary cost estimation of the sewers was carried out based on schedule of rates and prevailing
market rates and is tabulated below.

Table 4.19 Cost Estimation for Replacement of Existing Trunk Sewer from Rawatpur (13a) to
Hudson School Crossing (H) and Relief Trunk Sewer from Hudson School to Cantonment

Sr. Items Units (I-;;zzte) Quantity Amount (Rs.)
1 Excavation
(@) |Excavation for depth up to 1.5 m below G.L for laying
Sewer, manholes (earth, sand loam and clay) including
cutting of joints pits ramming dressing) levelling,
refilling of trenches in 20 cm layer watering and
ramming the same including removal of surplus earth or
other dismantled material upto a distance of 50 m. from
the centre of trenches.
(2) 0 to 1.5 m depth Cum 61 43,130 2,630,930
(b) 1.5 to 3 m depth Cum 75 39,481 2,961,075
(c) 3to 4.5 m depth Cum 93 31,811 2,958,423
(d) 4 .5t0 6 m depth Cum 107 25,820 2,762,740
(e) 6.0 to 7.5 m depth Cum 140 19,934 2,790,760
(f) 7.5m to 9.0 m depth Cum 184 12,202 2,245,168
(9) 9.0m to 10.5 m depth Cum 240 9,505 2,281,200
(h) 10.5m to 12.0 m depth Cum 312 6,771 2,112,552
(i) 12.0m to 13.5 m depth Cum 406 688 279,328
(b) |Same as item 1(a) but excavation in soil mixed with
kankar and boulders
(2) 0 to 1.5 m depth Cum 294 10,783 3,170,202
(b) 1.5 to 3 m depth Cum 338 9,871 3,336,398
(c) 3to 4.5 m depth Cum 393 7,953 3,125,529
(d) 4 .5to 6 m depth Cum 452 6,455 2,917,660
(e) 6.0 to 7.5 m depth Cum 541 4,984 2,696,344
(f) 7.5m to 9.0 m depth Cum 663 3,051 2,022,813
(9) 9.0m to 10.5 m depth Cum 812.51 2,377 1,931,341
(h) 10.5m to 12.0 m depth Cum 995.74 1,693 1,685,788
(i) 12.0m to 13.5 m depth Cum 1,005.70 172 172,980
2 [Shuttering
(@) [Provide and fix close timbering in trenches for the depth
up to 3 m o 3m below G.L consisting of 40 mm thick
approved country wood plank for polling board 125 x
75 mm Indian Sal wood walers and 100 mm dia sal
wood ballies for shutting at 1.50m C/C including
removal after laying of sewers (both sides of trenches)
will be taken as one side for the purpose of payment and
measurement i.e. area  equals to Length x depth of
trenches, Dismantled, timbering material will be the
property of the Contractor. Details of cost for 30 m and
3 m deep trench i.e. 90 sgm area of timbering
@0to3m Sgm 176 14,763 2,598,288
(b)3to6m Sgm 224 10,737 2,405,088
(b) |Same as item no.2 (a) but timbering left in trenches
(unused timbering) 0 to 3m
(@) 6to9m Sgm 1,392 3,619 5,037,648
(b)9to12m Sgm 1,600 1,875 3,000,000
(c)12to15m Sgm 1,840 84 154,560
(c) |Same as item no.2 (a) but timbering left in trenches
(used timbering) 0 to 3 m
(@)6to9m Sgm 584 2,413 1,409,192
(b)9to12m Sgm 670 1,250 837,500
(c)12to15m Sgm 770 56 43,120
3 [Supply of following sizes of RCC spigotted and

4-22



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

Sr. Items Units (ngte) Quantity Amount (Rs.)
socketed non pressure pipes
(2) 700 mm dia in 1.25 m length m 1,788.71 600 1,073,226
(b) 800 mmdia in 1.25 m length m 2,311.75 1,350 3,120,856
(c) 1200 mmdia in 1.25 m length m 4,507.84 550 2,479,311
(d) 1400 mm dia in 1.25 m length m 5,926.83 1,050 6,223,170
(e) 1600 mm dia in 1.25 m length m 7,651.57 1,800 13,772,820
(f) 2200 mm dia in 1.25 m length m 16,044.50 4,516 72,456,962
Laying jointing of RCC hume pipe
Carting following sizes of R.C.C Hume pipe (NP3 Class
Socket /spigoted rubber ring jointed and specials from
store to the work lowering the same in to the trenches in
depth upto 1.5m below G.L true to alignment including
excavation of earth below G.L invert level of pipe, cost
of all jointing material, testing etc, complete but
excluding excavation and refilling of trenches from
ground level to the invert level of pipe.
Rate per meter at different depth
700 mm dia pipe
(b) 1.5-3.00m m 560 480 268,800
(c)3.0-450m m 595 120 71,400
800 mm dia pipe
(2)3.0-450m m 747 880 657,360
(b)45-6.0m m 797 390 310,830
(c)6.0-75m m 869 80 69,520
1200 mm dia pipe
(d)6.0-75m m 1,625 460 747,500
(e)7.5-9.0m m 1,805 90 162,450
1400 mm dia pipe
(2)1.5-3.00m m 1,668 250 417,000
(b)3.0-4.50m m 1,771 230 407,330
(c)45-6.0m m 1,891 570 1,077,870
1600 mm dia pipe
(2)1.5-3.00m m 2,010 70 140,700
(b)3.0-450m m 2,135 105 224,175
(c)45-6.0m m 2,280 205 467,400
(d)6.0-75m m 2,484 940 2,334,960
(e)7.5-9.0m m 2,760 480 1,324,800
2200 mm dia pipe
(2)1.5-3.00m m 3,319 490 1,626,310
(b)3.0-4.50 m m 3,524 225 792,900
(c)45-6.0m m 3,764 575 2,164,300
(d)6.0-75m m 4,101 550 2,255,550
(e)75-9.0m m 4,556 120 546,720
(f) 9.0 - 10.50m m 5,101 540 2,754,540
(9) 10.50- 12.0m m 5,767 2,016 11,626,272
Sand filling
Sand filling below ground level including supply of all
materials labour T & P etc required for proper
completion of work
(@) 1.5mto3.0m Cum 204.384 1,114 227,684
(b)3.0mto4.5m Cum 217.056 2,326 504,872
(c)450mto6.0m Cum 231.84 1,957 453,711
(d)6.0mto7.5m Cum 252.576 150 37,886
(f) 9.0 m- 10.50m Cum 314.208 756 237,541
(9) 10.50m-12.0 m Cum 355.2 7,613 2,704,138
PCC (Plain Cement Concrete)
Cement concrete work in bedding below ground level
with cement, coarse sand and 20 mm gauge approved
stone ballast (1:2:4) including supply of all materials,
labour, T & P etc, required for the proper completion of
work.
(@) 1.5mto3.0m Cum 2,641.02 167 441,051
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Rate

Sr. Items Units (Rs.) Quantity Amount (Rs.)
(b)3.0mto45m Cum 2,804.77 307 861,065
(c)450mto6.0m Cum 2,995.81 378 1,132,415
(d)6.0mto7.5m Cum 3,263.76 1,764 5,757,265
(e)7.5mt09.0m Cum 3,625.98 529 1,918,144

7 |RCC Cum 3,988.58 8,777 35,007,764
8  |Constructing vent shafts Nos. 16,000 20 320,000
9  [Construction of scrapper manhole 2.43m x1.53 m

(a) up to depth 4.57m Nos. 80,318 78 6,264,804

('b) upto depth 9.14m Nos. 14,189 178 2,525,642

(c) upto depth 14.0 m Nos. 22,040 42 925,680
10 |Construction of manhole dia 1.52m

(a) upto depth 2.28m ( type B1) Nos. 19,352 52 1,006,304

(b) upto depth 5.03m (type B2) Nos. 6,088 80 487,040

(c) upto depth 9.14m (type B3) Nos. 6,747 13 87,711
11 |Construction of manhole dia 1.82m

(a) upto depth 2.28m ( type C1) Nos. 26,914 15 403,710

(b) upto depth 5.03m (type C2) Nos. 8,715 49 427,035

(c) upto depth 9.14m (type C3) Nos. 11,668 23 268,364
12 |Construction of manhole dia 2.43 mx1.53 m

(a) upto depth 4.57m ( type D1) Nos. 68,200 197 13,435,400

('b) upto depth 9.14m (type D2) Nos. 15,539 511 7,940,429

( c) upto depth 14.00 m(type D3) Nos. 2,2136 128 2,833,408
13 |Road restoration

Dismantling of tar road for laying sewer including Sgm 1,250 37,368 46,710,000

shorting out and stacking serviceable materials and
disposal of unserviceable materials upto distance of 60
m and its rein statement after filling and proper
compaction of trenches. Based on the nagar
Mahapalika, PW.D, VNS

14 |Shifting of electric and telephone cables

Provision for shifting and reinstatement of electric and LS 250,000
telephone cable etc. during excavation and laying of
sewer lines
15 |Shifting of temporary water supply lines
Provision for temporary shifting of existing sewers and LS 250,000

water supply falling in the alignment of conveying main
during excavation and the restoring utilities/ services to
its original condition

16 |Provision of trenchless technology (Ref. Table-4.15) As per 255,310,000
Table 4.17

575,870,723

Total cost (575,871,000)

4.2 SEWERAGE DISTRICT I

Sewerage District 11 is bounded by the city district of District | to the north, Kanpur Jhansi railway line
to the west, and Pandu river to the south. The eastern boundary is surrounded by Hamirpur road.
Priority projects defined under Master Plan for this Sewerage District 1l include,

1) Duplication and replacement of existing sewer from Kidwai Nagar Police Line to
Munshi purwa pumping station

Designs and cost estimates for duplication and replacement of existing sewer from Kidwai Nagar PS
to Munshi purwa pumping station is presented in this section.

4.2.1 Need for the Scheme for Duplication and Replacement of Existing Sewer from Kidwai
Nagar Police Station to Munshi Purwa Pumping Station

After the detailed study, it has been observed that the newly laid sewer line from. Kidwai nagar police
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station to point Z (near to Munshi purwa pumping station) is not carrying the wastewater load of the
catchment area. And also the further old existing sewer line from point Z to A’ has structurally failed.
Hence to convey the desired wastewater load, a duplicate line is necessary to be laid along the existing
sewer line from Z2’ to Z and further the existing line from Z to A’ (Near -Munshi purwa pumping
station) is needed to be replaced.

422 Master Plan Provisions

As per the Master Plan, stretch for the proposed sewer is from S-13 to S-12 where as the stretch for the
replacement of old sewer is from Z” to A .

4.2.3 Survey Works Executed
MWH has carried out following survey works on this alignment.

»  Reconnaissance Survey

»  Topographical Survey

»  Geo Technical Survey
(1) Reconnaissance
A reconnaissance survey was conducted from September 29" 2004 with the help of UP Jal Nigam
officials. Topographical survey was carried out along the proposed alignment. The total length of
survey is 3.8 km.
2 Geo Technical Survey
In order to access the soil profile of the alignment 10-mt deep boreholes was bored.
Soil assessment report:
The strata up to 1 m is filled up in nature. The under laying soil strata is plastic in nature consisting of
sandy silt of low plasticity (ML group), clayey silt of low plasticity (CL group) up to full exploration
depth of 10m.The N values in plastic strata are 9 to 13 indicating stiff consistency. The water table has
not been met in the borehole.

4.2.4 Design Engineering Works

Designs for duplicate and replacement sewer from Kidwai Nagar to Munshi purwa pumping station
area is presented under this section, which falls in Sewerage District Il of Kanpur city.

D Design Population and Flows
Catchment boundary was marked for duplicate and replacement sewer from Kidwai Nagar to Munshi
purwa pumping station alignment as per Master Plan and contributing population and sewage flow for

various years were calculated.

A summary table presenting the contributing population for year 2015 and 2030 along with the sewage
conveyed is presented in Table No.4.20
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Table 4.20 Catchment Details of Duplication and Replacement of Existing Sewer
from Kidwai Nagar to Munshi Purwa PS

Year 2015 Year 2030
Gravity Sewer Population Average Flow Population Average Flow
Covered (Nos.) (mld) Covered (Nos.) (mld)

Duplication and
replacement of Existing
Sewer from Kidwai 480,939 69.74 531,353 82.36
Nagar to Munshi Purwa

Pumping station

D Design for Duplication and Replacement of Existing Sewer from Kidwai Nagar to Munshi
Purwa Pumping Station

Designs of duplication and replacement of existing sewer from Kidwai Nagar to Munshi purwa
pumping station area is presented in Table 4.21.

Catchment area of the duplication and replacement existing sewer from Kidwai Nagar to Munshi
purwa pumping station area has been presented in Drawing No.KAN-CA-D2-1. The sewer line is
designed for year 2030.

Table 4.21 Pipe Detail for the Duplication and Replacement of Existing Sewer
from Kidwai Nagar to Munshi Purwa Pumping Station

. Length of NP3 Length of NP4
Diameter : pipe - for
Sr. pipe- for
(mm) S replacement
duplication (m)
(m)
1 700 1,550
2 900 600
3 1000 500
4 1100 275
5 1600 425
6 1800 250
7 2000 200
Total 3,350 450
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425 Cost Estimates

Budgetary cost estimation for sewer was carried out based on schedule of rates and prevailing market
rates and is tabulated below.

Table 4.23 Cost Estimation for Duplicate and Replacement of Existing Sewer
from Kidwai Nagar to Munshi Purwa Pumping station

Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)

1 Excavation, rock cutting

(@) [Excavation for depth up to 1.5 m below G.L for
laying Sewer manholes ordinary soil (earth, sand
loam and clay) including cutting of joints pits
ramming dressing) levelling, refilling of trenches in
20 cm layer watering and ramming the same
including removal of surplus earth or other
dismantled material upto a distance of 50 m. from
the centre of trenches.

(a) 0 to 1.5 m depth Cum 61 13,089 798,429
(b) 1.5 to 3 m depth Cum 75 11,874 890,550
(c) 3 to 4.5 m depth Cum 93 9,550 888,150
(d) 4 .5to 6 m depth Cum 107 7,947 850,329
(e) 6.0 to 7.5 m depth Cum 140 5,004 700,560
(f) 7.5m t0 9.0 m depth Cum 184 2,498 459,632
(9) 9.0m to 10.5 m depth Cum 240 736 176,640

(h) 10.5m to 12.00 m depth Cum 312 385 120,120

(b) [|Same as item 1(a) but excavation in soil mixed with
kankar and boulders

(a) 0 to 1.5 m depth Cum 294 3,273 962,262
(b) 1.5 to 3 m depth Cum 338 2,969 1,003,522
(c) 3to 4.5 m depth Cum 393 2,388 938,484
(d) 4 .5t0 6 m depth Cum 452 1,987 898,124
(e) 6.0 to 7.5 m depth Cum 541 1,251 676,791
(f) 7.5m t0 9.0 m depth Cum 663 625 414,375
(9) 9.0m to 10.5 m depth Cum 812.51 184 149,502

(h) 10.5m to 12.00 m depth Cum 995.74 97 96,587

2 [Shuttering

(@) [Provide and fix close timbering in trenches for the
depth up to 3 m 0 3m below G.L consisting of 40
mm thick approved country wood plank for polling
board 125 x 75 mm Indian Sal wood walers and 100
mm dia sal wood ballies for shutting at 1.50m C/C
including removal after laying of sewers (both sides
of trenches) will be taken as one side for the purpose
of payment and measurement i.e. area equals to
Length x depth of trenches, Dismantled, timbering
material will be the property of the Contractor.
Details of cost for 30 m and 3 m deep trench i.e. 90
Sq M (M2) area of timbering

(@0to3m Sgm 176 5,700 1,003,200

(b)3t0 6 m Sgm 224 4623 1,035,552

(b) [Same as item no.2 (a) but timbering left in trencheg
(unused timbering) 0 to 3 m

(@) 6to9m Sgm 1,392 1,109 1,543,728

() to12m Sqm 1,600 140 224,000

(c) [Same as item no.2 (a) but timbering left in trencheg
(used timbering) 0 to 3 m

@@6to9Im Sgm 584 740 432,160

(0)9t0 12m Sqm 670 94 62,980

3 [Supply of following sizes of RCC spigotted and|
socketed non pressure pipes

(a) 700 mm dia in 1.25 m length m 1,788.71 1,550 2,772,501
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Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)
(b) 900 mm dia in 1.25 m length m 2,784.76 600 1,670,858
(c) 1000 mm dia in 1.25 m length m 3,267.67 500 1,633,837
(d) 1100 mm dia in 1.25 m length m 3,825.78 275 1,052,090
(e) 1600 mm dia in 1.25 m length m 7,651.57 425 3,251,916
(f) 1800 mm dia in 1.25 m length m 10,034.84 250 2,508,710
(g) 2000 mm dia in 1.25 m length m 12,889.40 20 2,577,880
4 |Laying jointing of RCC hume pipe
Carting following sizes of R.C.C Hume pipe (NP3
Class Socket /spigoted rubber ring jointed and
specials from store to the work lowering the same in
to the trenches in depth upto 1.5m below G.L true to
alignment including excavation of earth below G.L
invert level of pipe, cost of all jointing material,
testing etc, complete but excluding excavation and
refilling of trenches from ground level to the invert
level of pipe.
Rate per meter at different depth
700 mm dia pipe
(3) 3.0-450m m 595 375 223,125
(b) 45-6.0m m 636 775 492,900
(c)6.0-75m m 692 400 276,800
900 mm dia pipe
(3)6.0-7.5m m 1,021 600 612,600
1000 mm dia pipe
(3) 6.0-75m m 1,198 500 599,000
1100 mm dia pipe
(3)6.0-7.5m m 1,409 275 387,475
1600 mm dia pipe
(3) 7.5-9.0m m 2,760 425 1,173,000
1800 mm dia pipe
(a) 9.0 - 10.50m m 3,691 150 553,650
(b) 10.50- 12.0m m 4,172 100 417,200
2000 mm dia pipe
(a) 9.0 - 10.50m m 4,362 160 697,920
(b) 10.50- 12.0 m m 4,931 40 197,240
5 [Sand filling
Sand filling below ground level including supply of
all materials labour T & P etc required for proper
completion of work
(a) 9.0 m- 10.50m Cum 314.208 512 160,874
(b) 10.50m- 12.0 m Cum 355.2 128 45,466
6 [PCC (Plain cement concrete)
Cement concrete work in bedding below ground
level with cement, coarse sand and 20 mm gauge
approved stone ballast (1:2:4) including supply of all
materials, labour, T & P etc, required for the proper
completion of work.
(3)3.0mto4.5m Cum 2,804.77 89 249,625
(b)4.50mto6.0m Cum 2,995.81 183 548,233
(c)6.0mto7.5m Cum 3,263.76 631 2,059,430
(d) 7.5mt09.0m Cum 3,625.98 478 1,733,219
(e) 9.0 m- 10.50m Cum 4,060.16 126 511,580
7 |RCC (Reinforced cement concrete) Cum 3,988.58 640 2,552,691
8 [Constructing vent shafts Nos. 16,000 8 128,000
9  [Construction of scrapper manhole 2.43x1.53
(a) up to depth 4.57m Nos. 80,318 28 2,248,904
(b) Upto depth 9.14m Nos. 14,189 65 922,285
(c) upto depth 14.0 m Nos. 22,040 6 132,240
10 |Construction of manhole dia 1.52m
(a) upto depth 2.28m ( type B1) Nos. 19,352 57 1,103,064
(b) upto depth 5.03m (type B2) Nos. 6,088 157 955,816
(c) upto depth 9.14m (type B3) Nos. 6,747 57 384,579
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Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)
11 |Construction of manhole dia 1.82m
(a) upto depth 2.28m ( type C1) Nos. 26,914 21 565,194
(b) upto depth 5.03m (type C2) Nos. 8,715 58 505,470
(c) upto depth 9.14m (type C3) Nos. 11,668 40 466,720
12 |Construction of manhole dia 2.43 mx1.53 m
(a) upto depth 4.57m ( type C1) Nos. 68,200 24 1,636,800
(b) upto depth 9.14m  (type C2) Nos. 15,539 96 1,491,744
(c) upto depth 14.00 m(type C3) Nos. 22,136 16 354,176
13 |Road restoration
Dismantling of tar road for laying sewer including Sgm 1,250 11,306 14,132,500
shorting out and stacking serviceable materials and
disposal of unserviceable materials upto distance of
60 m and its rein statement after filling and proper
compaction of trenches.
14 |Shifting of electric and telephone cables
Provision for shifting and reinstatement of electric LS 150,000
and telephone cable etc. during excavation and
laying of sewer lines
15 [Shifting of temporary water supply lines
Provision for temporary shifting of existing sewers LS 150,000
and water supply falling in the alignment of
conveying main during excavation and the restoring
utilities/ services to its original condition
68,612,988
Total cost (68,613,000)
4.3 SEWERAGE DISTRICT Il

Sewerage District I11 is bounded by the Pandu river to the south, Kanpur Jhansi railway line to the east
and development Master Plan boundaries to the west and north. Important localities of this district are
as follows:-

To the south of Grand Trunk road the fertilizer factory, Armapur state, Panki power generating station,
Indian institute of technology are located

To the north of Grand Trunk road, Lakhanpur area, Kanpur University and HBIT (Hercourt Butler
Technological Institute) are located.

Priority projects defined under Master Plan for this District 111 include,

1)

2)
3)
4)
5)

Installation of proposed trunk sewers i.e. from Makrikhera nala to Panka Bahadur
Nagar.

Renovation of existing Lakhanpur pumping station

Panki pumping station near upper Ganga canal

Panka MPS

Panka Bahadur Nagar sewage treatment plant for District I11
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44 TRENCHLESS OPTIONS FOR TRUNK SEWER IN DISTRICT Il

Table 4.24 Trenchless Stretches for Sewerage District 111

Sr. Name of the stretch Chainage Length Physical Condition Diameter | - Depth of
(m) (mm) cover (m)
| Near Kagﬁ;‘sf’i‘r"];Ra"Way 4,260-4590 | 330 | Rail way crossing | 1600 6.50
2 Near Tambeshwa}r temple 8,140-8,190 50 Rail way crossing 1800 4.35
railway crossing-1
3 Near Tambeshwa}r temple 8,350-8,400 50 Rail way crossing 1800 4.35
railway crossing-2
4 | Railway crossing near Panki | 1 7650 10860 | 110 | Rail way crossing | 1800 5.50
Railway station
5 |Bypass fly over near Panki road| 11,310-11,410 | 100 Heavy traffic 1800 3.10

Provision of trench-less technology is made at above-mentioned stretches where open cut excavation
was found not feasible. The stretch of these locations where trench-less technology is provided is
presented in Drawing No.KAN_TRENCH_LOC-1.

Table 4.25 Diameter wise Unit Rate for Trenchless Technology

Sr. Diameter of sewer (Rs?rit:ter)
1 <=1000 mm 73,000
2 1400 mm 96,800
3 1600 mm 100,000
4 1800 mm 107,800
5 2200 mm 116,050

Based on this unit cost, the total cost for trenchless technology has been estimated and the same is
presented in Table 4.26.

Table 4.26  Abstract of Cost Estimates for Trenchless Technology Used
for Trunk Sewer of District 111

Length Diameter Rate Amount
Sr. Name of the stretch for (m) (mm) (Rs./m) (Rs.)
‘1 | Near Kalyanpur railway crossing 330 1600 100,000 33,000,000
2 Near Tambeshwar temple 50 1800 107,800 5,390,000
o crossing-1
3 Near Tambeshwar temple 50 1800 107,800 5,390,000
o crossing-2
4 | Railway crossing near Panki 110 1800 107,800 11,858,000
- railway station
5 | Bypass fly over near Panki Road 100 1800 107,800 10,780,000
Total (District 1) 66,418,000

441 Need for the Scheme for Installation of Proposed Trunk Sewer in District 111

The untapped Makrikhera nala, covering the area of Lakhanpur is directly going to the river Ganga.
There is no integrated sewerage system in this area. In order to arrest this nala directly joining the river
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Ganga a trunk sewer is proposed from Lakhanpur area, covering the Kanpur Development Authority
area near Lakhanpur, Kalyanpur Bithoor road, Kalyanpur Panki road Armapur estate and Panki power
generating station.

442 Master Plan Provisions
(1) Renovation of Existing Lakhanpur Pumping Station

This pumping station was commissioned in 1982. However, it is not working now because of the
reasons like clogging of incoming pipes, some where even breakage of incoming pipes and
tremendous increase in the population contributing more waste water generation than the expectation.
Damaged pumps and motors are also one of the reasons. Therefore the pumping station needs to be
rehabilitated. The pumping station collects flow from a colony developed on the north side of the
Grand Trunk (GT) road. At present, wastewater from this colony flows through natural drains up to the
river Ganga The Master Plan proposes to rehabilitate this station. Sewage will be pumped to a new
trunk sewer and conveyed to proposed Panki SP and further to the treatment plant via main pumping
station at Panka near Pandu river.

2 Panki Pumping Station

The Master Plan proposes the Panki pumping station on the northern side of the branch of the Upper
Ganga canal. It is proposed to lay the rising mains across the canal. The rising main will carry sewage
to a gravity sewer — starting from the other side of canal. The pumping station will cater to the flows of
80 mld in the year 2015 and 126 mld in the year 2030. For crossing the canal called Panki canal
construction of a bridge is suggested.

3 Panka Bahadur Nagar Sewage Treatment Plant

Panka Bahadur Nagar Sewage Treatment plant is proposed to treat sewage generated in the Sewerage
District 111, covering the area of Armapur estate, Fertilizer factory, Panki power generating station,
Indian Institute of Technology, Lakhanpur area and Kanpur University. The anticipated flow in the
year 2030 for this STP is 199 mid.

The scheme recommended for this STP in the Master Plan is UASB plus post treatment with aerated
lagoons.

Note: - For further details of different Pumping Stations and Treatment Plants please refer Section
No.5 and No.6 respectively.
Here in this chapter only the sewerage part is discussed.
4.4.3 Survey Works Executed
MWH has carried out following survey works on the alignment of the proposed Trunk sewer.
»  Reconnaissance Survey
»  Topographical Survey
»  Geo Technical Survey

D Reconnaissance Survey

A reconnaissance survey was conducted from September 29" 2004 with the help of UP Jal Nigam
officials.

Topographical survey was carried out along the proposed alignment. The total length of survey is
12.420 km.
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2 Geo Technical Survey

Four bore holes each of 10 m depth were bored along the proposed trunk sewer alignment. The results
of the soil investigation are presented as under.

Soil Assessment Report:-

The top 7.60m soil is plastic in nature consisting of sandy silt of very low plasticity (ML group) and
clayey silt of low plasticity (CL group) with N value of 8 to 18 indicating stiff and very stiff
consistency. Small percentage of Kankar Chharri is also present at few depths. Through out the depth
of borehole no water table was met.

4.4.4 Design Engineering Works

Designs of proposed trunk sewer from Makrikhera nala to Panka Bahadur Nagar STP is presented
under this section, which fall in Sewerage District 111 of Kanpur city.

D Design Population and Flow

Catchment boundary was marked for trunk sewer for Makrikhera nala to Panka Bahadur Nagar STP
area as per Master Plan and contributing population and sewage flow for various years were
calculated.

A summary table presenting the contributing population for year 2015 and 2030 along with the sewage
conveyed is presented in Table No.4.27

Table 4.27 Catchment Details of Trunk Sewer from Makrikhera Nala
to Panka Bahadur Nagar STP

Year 2015 Year 2030
Gravity Sewer Population Average Flow Population Average Flow
Covered (mld) Covered (mld)
(Nos.) (Nos.)
Trunk sewer from
Makrikhera nala to Panka
Bahadur Nagar STP
'-akharlsp“r. Pumping 122,432 17.75 217,978 33.79
tation

Panki Pumping Station 493,445 71.55 714,189 110.70

Panka MPS 754,701 109.43 1,199,315 185.89
D Design of Sewer for Trunk Sewer from Makrikhera Nala to Panka Bahadur Nagar STP

Designs of the trunk sewer from Makrikhera nala to Panka Bahadur Nagar STP is presented in Table

4.28.

Catchment area of the trunk sewer from Makrikhera nala to Panka Bahadur Nagar STP has been

presented in Drawing No. KAN- CA-D3-1. The sewer line is designed for year 2030.
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Table 4.28 Pipe Length Details for Makrikhera Nala to Panka STP

(m)
Diameter To Lakhanpur . To Panka
Sr. (mm) PS To Panki PS STP Remarks
1 600 1,485
2 900 965
NP3
3 1200 1,200
4 1600 1,470
5 1800 1,470 6,660 NP4
6 2000 790 280
Total 2,450 4,930 6,940
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Cost Estimates

Budgetary cost estimation of the sewers was carried out based on schedule of rates and prevailing
market rates and is tabulated below.

From Makrikhera nala to Lakhanpur Pumping station (Cost estimate for trunk sewer).

Table 4.30 Cost Estimation for Trunk Sewer from Makrikhera Nala to Lakhanpur PS

Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)
1 Excavation

(@) |Excavation for depth up to 1.5 m below G.L for
laying Sewer manholes soil (earth, sand loam and
clay) including cutting of joints pits ramming
dressing) levelling, refilling of trenches in 20 cm
layer watering and ramming the same including
removal of surplus earth or other dismantled
material upto a distance of 50 m. from the centre of

trenches.

() 0 to 1.5 m depth Cum 61 8,305 506,605
(b) 1.5 to 3 m depth Cum 75 7,423 556,725
(c) 3to 4.5 m depth Cum 93 6,541 608,313
(d) 4 .5to 6 m depth Cum 107 5,659 605,513
(e) 6.0 to 7.5 m depth Cum 140 4,777 668,780
(f) 7.5m to 9.0 m depth Cum 184 1,940 356,960

(b) [Same as item 1(a) but excavation in soil mixed with|
kankar and boulders

(a) 0 to 1.5 m depth Cum 294 2,077 610,638
(b) 1.5 to 3 m depth Cum 338 1,856 627,328
(c) 3to 4.5 m depth Cum 393 1,636 642,948
(d) 4 .5t0 6 m depth Cum 452 1,415 639,580
(e) 6.0 to 7.5 m depth Cum 541 1,195 646,495
(f) 7.5m t0 9.0 m depth Cum 663 485 321,555

2 Shuttering
(@) |Provide and fix close timbering in trenches for the
depth up to 3 m 0 3m below G.L consisting of 40
mm thick approved country wood plank for polling
board 125 x 75 mm Indian Sal wood walers and 100
mm dia sal wood ballies for shutting at 1.50m C/C
including removal after laying of sewers (both sides
of trenches) will be taken as one side for the
purpose of payment and measurement i.e. area
equals to Length x depth of trenches, Dismantled,
timbering material will be the property of the
Contractor. Details of cost for 30 m and 3 m deep
trench i.e. 90 Sq M area of timbering

(@) 0to3m Sgm 176 3,675 646,800

(b)3to6m Sgm 224 3,675 823,200
(b) [Same as item no.2 (a) but timbering left in trenches
(unused timbering) 0 to 3 m

(@) 6to9m Sgm 1,392 1,561 2,172,912
(c) |Same as item no.2 (a) but timbering left in trenches|
(used timbering) 0to 3 m

(@) 6to9m Sgm 584 1,041 607,944
3 Supply of following sizes of RCC spigotted and
socketed non pressure pipes
(@) 600 mm dia in 1.25 m length m 1,512.64 1,485 2,246,274
(b) 900 mm dia in 1.25 m length m 2,784.76 965 2,687,296
4 Laying jointing of RCC hume pipe
Carting following sizes of R.C.C Hume pipe (NP3
Class Socket /spigoted rubber ring jointed and
specials from store to the work lowering the same in
to the trenches in depth upto 1.5m below G.L true to
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Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)
alignment including excavation of earth below G.L
invert level of pipe, cost of all jointing material,
testing etc, complete but excluding excavation and
refilling of trenches from ground level to the invert
level of pipe.
Rate per meter at different depth
600 mm dia pipe
(@) 45-6.0m m 558 297 165,726
(0)6.0-7.5m m 608 594 361,152
(c)75-9.0m m 676 594 401,544
900 mm dia pipe
() 6.0-75m m 1,021 965 985,265
5 RCC Cum 3,988.58 624 2,488,874
6 Constructing vent shafts Nos. 16,000 5 80,000
7 Construction of scrapper manhole 2.43 mx1.53 m
(a) up to depth 4.57m Nos. 80,318 17 1,365,406
(b) upto depth 9.14m Nos. 14,189 44 624,316
8 Construction of manhole dia 1.52m
(a) upto depth 2.28m ( type B1) Nos. 19,352 66 1,277,232
(b) upto depth 5.03m (type B2) Nos. 6,088 182 1,108,016
(c) upto depth 9.14m (type B3) Nos. 6,747 140 944,580
9 Road restoration
Dismantling of tar road for laying sewer including Sgm 1,250 7,350 9,187,500
shorting out and stacking serviceable materials and
disposal of unserviceable materials upto distance of
60 m and its rein statement after filling and proper
compaction of trenches.
10  [Shifting of electric and telephone cables
Provision for shifting and reinstatement of electric LS 75,000
land telephone cable etc. during excavation and
laying of sewer lines
11  [Shifting of temporary water supply lines
Provision for temporary shifting of existing sewers LS 75,000
and water supply falling in the alignment of
conveying main during excavation and the restoring
utilities/ services to its original condition
Total cost 35,115,477
(35,115,000)
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Table 4.31 From Lakhanpur Pumping Station to Panki Pumping Station
(Cost Estimate for Trunk Sewer)

Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)

1 Excavation

€©) Excavation for depth up to 1.5 m below G.L for
laying Sewer manholes soil (earth, sand loam and
clay) including cutting of joints pits ramming
dressing) levelling, refilling of trenches in 20 cm
layer watering and ramming the same including
removal of surplus earth or other dismantled
material upto a distance of 50 m. from the centre

of trenches.

() 0 to 1.5 m depth Cum 61 23,858 1,455,338
(b) 1.5 to 3 m depth Cum 75 22,083 1,656,225
(c) 3to 4.5 m depth Cum 93 20,308 1,888,644
(d) 4 .5t0 6 m depth Cum 107 18,533 1,983,031
(e) 6.0 to 7.5 m depth Cum 140 16,758 2,346,120
() 7.5m t0 9.0 m depth Cum 184 13,246 2,437,264
(9) 9.0m to 10.5 m depth Cum 240 4,175 1,002,000

(b) Same as item 1(a) but excavation in soil mixed
with kankar and boulders

() 0 to 1.5 m depth Cum 294 5,965 1,753,710
(b) 1.5 to 3 m depth Cum 338 5521 1,866,098
(c) 3 to 4.5 m depth Cum 393 5,077 1,995,261
(d) 4 .5t0 6 m depth Cum 452 4,634 2,094,568
(e) 6.0 to 7.5 m depth Cum 541 4,190 2,266,790
() 7.5m t0 9.0 m depth Cum 663 3,312 2,195,856
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Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)

2 Shuttering

@) Provide and fix close timbering in trenches for the
depth up to 3 m 0 3m below G.L consisting of 40
mm thick approved country wood plank for
polling board 125 x 75 mm Indian Sal wood
walers and 100 mm dia sal wood ballies for
shutting at 1.50m C/C including removal after
laying of sewers (both sides of trenches) will be
taken as one side for the purpose of payment and
measurement i.e. area equals to Length x depth of
trenches, Dismantled, timbering material will be
the property of the Contractor. Details of cost for
30 m and 3 m deep trench i.e. 90 Sq M (M2) area

of timbering
(8 0to3m Sgm 176 7,395 1,301,520
(b)3to6m Sgm 224 7,395 1,656,480

(b) Same as item no.2 (a) but timbering left in
trenches (unused timbering) 0 to 3 m

@6t9m Sqm 1,392 4,072 5,668,224

() 9t0 12 m Sqm 1,600 565 904,000

(c) Same as item no.2 (a) but timbering left in
trenches (used timbering) 0 to 3 m

@6t9m Sqm 584 2,715 1,585,560

@9t 12m Sqm 670 377 252,590

3 Supply of following sizes of RCC spigotted and
socketed non pressure pipes

(a) 1200 mm dia in 1.25 m length 4,507.84 1,200 5,409,407

(b) 1600 mmdia in 1.25 m length 7,651.57 1,470 11,247,803

(c) 1800 mm dia in 1.25 m length 10,034.84 1,470 14,751,215

313(31|3

(d) 2000 mm dia in 1.25 m length 12,889.40 790 10,182,626

4 Laying jointing of RCC hume pipe

Carting following sizes of R.C.C Hume pipe (NP3
Class Socket /spigoted rubber ring jointed and
specials from store to the work lowering the same
in to the trenches in depth upto 1.5m below G.L
true to alignment including excavation of earth
below G.L invert level of pipe, cost of all jointing
material, testing etc, complete but excluding
lexcavation and refilling of trenches from ground
level to the invert level of pipe. (300 mm dia )

Rate per meter at different depth

1200 mm dia pipe Per m

(8) 3.0-4.50m m 1,397 200 279,400

() 45-6.0m m 1,492 100 149,200

(c)6.0-75m m 1,625 900 1,462,500

1600 mm dia pipe

(@ 7.5-9.0m m 2,760 1,470 4,057,200

1800 mm dia pipe

(b) 7.5-9.0m m 3,296 1,370 4,515,520

(b) 9.0 - 10.50m m 3,691 100 369,100

2000 mm dia pipe

(@) 7.5-9.0m m 3,895 640 2,492,800

(b) 9.0 - 10.50m m 4,362 150 654,300

5 PCC (Plain cement concrete)

(Cement concrete work in bedding below ground
level with cement, coarse sand and 20 mm gauge
approved stone ballast (1:2:4) including supply of
all materials, labour, T & P etc, required for the
proper completion of work.

(@ 7.5mt09.0m Cum 3,625.98 1,220 4,423,697

6 RCC (Reinforced cement concrete) Cum 3,988.58 3,041 12,129,271

~

Constructing vent shafts Nos. 16,000 10 160,000

8 Construction of scrapper manhole 2.43x1.53
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Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)
(a) up to depth 4.57m Nos. 80,318 35 2,811,130
(b) upto depth 9.14m Nos. 14,189 141 2,000,649
(c) upto depth 14.0 m Nos. 22,040 1 22,040
9 Construction of manhole dia 1.82m
(a) upto depth 2.28m ( type C1) Nos. 26,914 32 861,248
(b) upto depth 5.03m (type C2) Nos. 8,715 88 766,920
(c) upto depth 9.14m (type C3) Nos. 11,668 81 945,108
10 Construction of manhole dia 2.43x1.53
(a) upto depth 4.57m ( type D1) Nos. 68,200 101 6,888,200
(a) upto depth 9.14m (type D2) Nos. 15,539 606 9,416,634
(b) upto depth 14.00 m(type D3) Nos. 22,136 1 22,136
11 Road restoration
Dismantling of tar road for laying sewer including Sgm 1,250. 20,753 25,941,250
shorting out and stacking serviceable materials and
disposal of unserviceable materials upto distance
of 60 m and its rein statement after filling and
proper compaction of trenches.
12 Shifting of electric and telephone cables
Provision for shifting and reinstatement of electric LS 200,000
and telephone cable etc. during excavation and
laying of sewer lines
13 Shifting of temporary water supply lines
Provision for temporary shifting of existing sewers LS 200,000
and water supply falling in the alignment of
conveying main during excavation and the
restoring utilities/ services to its original condition
14 Provision of trenchless technology (Ref. Table 4 As per 33,000,000
4.24) Table 4.26
192,316,896
Total cost (192,317,000)
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Table 4.32 From Panki PS to Panka MPS
(Cost Estimate for Trunk Sewer from Panki PS to Panka STP)

Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)

1 Excavation

(@) |[Excavation for depth up to 1.5 m below G.L for
laying Sewer manholes (earth, sand loam and clay)
including cutting of joints pits ramming dressing)
levelling, refilling of trenches in 20 cm layer
\watering and ramming the same including removal
of surplus earth or other dismantled material upto a
distance of 50 m. from the centre of trenches.

(a) 0to 1.5 m depth Cum 61 31,038 1,893,318
(b) 1.5 to 3 m depth Cum 75 28,471 2,135,325
(c) 3to0 4.5 m depth Cum 93 25,676 2,387,868
(d) 4 .5t0 6 m depth Cum 107 19,914 2,130,798
(e) 6.0 to 7.5 m depth Cum 140 8,689 1,216,460
(f) 7.5m to 9.0 m depth Cum 184 242 44,528

(b) [Same as item 1(a) but excavation in soil mixed with
kankar and boulders -

(@) 0 to 1.5 m depth Cum 294 7,760 2,281,440
(b) 1.5 to 3 m depth Cum 338 7,118 2,405,884
(c) 3to 4.5 m depth Cum 393 6,419 2,522,667
(d) 4 .5t0 6 m depth Cum 452 4,979 2,250,508
(e) 6.0 to 7.5 m depth Cum 541 2,173 1,175,593
(f) 7.5m to 9.0 m depth Cum 663 61 40,443

2 Shuttering

(@) |Provide and fix close timbering in trenches for the
depth up to 3 m 0 3m below G.L consisting of 40
mm thick approved country wood plank for polling
board 125 x 75 mm Indian Sal wood walers and 100
mm dia sal wood ballies for shutting at 1.50m C/C
including removal after laying of sewers (both sides
of trenches) will be taken as one side for the purpose
of payment and measurement i.e. area equals to
Length x depth of trenches, Dismantled, timbering
material will be the property of the Contractor.
Details of cost for 30 m and 3 m deep trench i.e. 90
Sq M area of timbering

(A0to3m Sqm 176 10,410 1,832,160

(b)3t06m Sgm 224 9,572 2,144,128

(b) [Same as item no.2 (a) but timbering left in trenches
(unused timbering) 0 to 3 m

(@) 6to9m Sgqm 1392 1,237 1,721,904

(c) |Same as item no.2 (a) but timbering left in trenches|
(used timbering) 0 to 3 m

@@6t9m Sgqm 584 825 481,800

3 Supply of following sizes of RCC spigotted and
socketed non pressure pipes

(@) 1800 mm dia in 1.25 m length m 10,034.84 6,660 66,832,034

(b) 2000 mm dia in 1.25 m length m 12,889.40 280 3,609,032

Laying jointing of RCC hume pipe -

Carting following sizes of R.C.C Hume pipe (NP3
Class Socket /spigoted rubber ring jointed and
specials from store to the work lowering the same in
to the trenches in depth upto 1.5m below G.L true to
alignment including excavation of earth below G.L
invert level of pipe, cost of all jointing material,
testing etc, complete but excluding excavation and
refilling of trenches from ground level to the invert
level of pipe. -

Rate per meter at different Depth -
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Sr. Items Units Rate (Rs.) | Quantity Amount (Rs.)
1800 mm dia pipe -
(@) 45-6.0m m 2,723 3,336 9,083,928
(b)6.0-7.5m m 2,967 3,324 9,862,308
2000 mm dia pipe -
(@) 45-6.0m m 3,218 280 901,040
Sand filling
Sand filling below ground level including supply of
all materials labour T & P etc required for proper
completion of work
(@)3.0mto4.5m Cum 217.056 668 144,993
(b)4.50 mto 6.0 m Cum 231.84 5,860 1,358,582
(c)6.0mto7.5m Cum 252.576 1,987 501,869
6
PCC (Plain cement concrete) -
Cement concrete work in bedding below ground
level with cement, coarse sand and 20 mm gauge
lapproved stone ballast (1:2:4) including supply of all
materials, labour, T & P etc, required for the proper
completion of work. -
(@) 450mto 6.0 m Cum 2,995.81 1,445 4,328,942
(b)6.0mto7.5m Cum 3,263.76 2,501 8,162,653
7 Constructing vent shafts Nos. 16,000 14 224,000
8
Construction of scrapper manhole 2.43x1.53 -
(a) up to depth 4.57m Nos. 80,318 48 3,855,264
(b) upto depth 9.14m Nos. 14,189 79 1,120,931
9
Construction of manhole dia 2.43 m x1.53 m -
(a) upto depth 4.57m ( type D1) Nos. 68,200 184 12,548,800
(b) upto depth 9.14m  (type D2) Nos. 15,539 295 4,584,005
10 Road restoration i
Dismantling of tar road for laying sewer including Sgm 1,250 13,087 16,358,750
shorting out and stacking serviceable materials and
disposal of unserviceable materials upto distance of
60 m and its rein statement after filling and proper
compaction of trenches. Based on the nagar
Mahapalika, PW.D, VNS
11 |Shifting of electric and telephone cables
Provision for shifting and reinstatement of electric LS 100,000
and telephone cable etc. during excavation and
laying of sewer lines
12 |Shifting of temporary water supply lines
Provision for temporary shifting of existing sewers LS 100,000
and water supply falling in the alignment of
conveying main during excavation and the restoring
utilities/ services to its original condition
13 . As per 33,418,000
Provision of Trenchless technology (ref. table 4.24) Table 4.26
203,759,955
Total cost (203,760,000)
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Summary of abstract of cost estimates for sewer

Table 4.33 Abstract of Cost Estimates for Sewer Lines

Sewer Provision Section Amount
Districts (Rs.)
District |

1 New sewer In_stallatlon of new domestlc Sewers in 137,929,000
Jajmau tannery industrial area

2 Replacement Sisamau nala to Parmat pumping station 32,186,000

3 Replacement Replacement of existing trunk sewer from
Rawatpur (13a) to Hudson school crossing 575,871,000

(H) and Relief trunk sewer from Hudson
School to Cantonment

District 11
4 Replacement Duplication and replacement of Existing
Sewer from Kidwai Nagar to Munshi 68,613,000
Purwa Pumping station
District 11
5 New sewer Laying of new trunk sewer from
Makrikhera nala to Panka Bahadur STP 431,192,000
6 Purchase of sewer cleaning equipments )
(See Institutional Development Program)
Total Cost 1,245,791,000

4.5 OPERATION & MAINTENANCE ASPECTS
45.1 Operational Aspects
(D) General

For a sewer system to perform up to its maximum capacity it is necessary to have a maximum quality
operation and maintenance with the help of optimum use of latest techniques, labour, equipment and
materials.

The operation maintenance aspects discussed in this section pertain only to the identified priority
projects The Kanpur Jal Sansthan is presently operating and maintaining the existing sewerage system
of the city and it is pre assumed that KJS will continue to do so in the future as well.

2 Types of Maintenance

There are two types of maintenance of a sewerage system - preventive and emergency. It is necessary
that preventive or routine maintenance are carried out to prevent any breakdown of the system and to
avoid emergency operations to deal with clogged sewer lines or over flowing manholes or backing up
of sewage into a house or structural failure of the system. Preventive maintenance is more economical
and provides for reliability in operations of the sewer facilities. Emergency repairs, which would be
very rare if proper maintenance is carried out will also have to be provided for proper inspection and
preventive maintenance is a necessity.

3 Operation and Maintenance of Sewerage System
The organisation responsible for the maintenance of the sewerage system will vary with the size and
type of the sewerage system and the relative age of the system. The larger the municipality, the larger

and more complexes will be its maintenance organisation. The size of the organisation will vary from a
couple of employees to several hundred regular employees. The primary effort of the staff is to
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maintain sewers free flowing and unobstructed.

The sewer system with its components properly designed and installed is handed over to the person in
charge of maintenance who assumes the responsibility to make it function satisfactorily for the benefit
of the community. One should have sufficient experience in the design and construction of the system
to enable him to perform his task efficiently with an understanding and appreciation of the problems
that may arise during maintenance. One has not only to be a technical man but has also to deal with
human relations in order to be successful in his work. In service training shall be imparted to the
maintenance personnel to improve upon the methods adopted based on the latest trends. Failure to
develop a better understanding of human relations and also lack of development of the concept of
service to the community generally results in the maintenance part becoming unpopular. The general
public is also to be made aware of do's and don'ts to help in keeping the sewers free flowing and
unobstructed.

(@) General Practice

General practice used for cleaning of sewers depends upon the diameter of sewer. The methods
suggested are as follows.

Small diameters (150 mm to 400 mm): Jetting machines are used to clean these small diameter pipes.
Larger diameters (400 mm - 1100 mm): Bucket cleaning equipment is used.
Larger Diameters (Above 1100 mm): Manual desilting of sewers is practiced.

5) Manual Cleaning

In manual cleaning method, the silt is collected manually from manholes and large sewers where
man-entry is possible. This is however a very slow and risky operation. Proper artificial ventilation
and adequate safety precautions are required before the men enter the sewers. The depth of most of the
sewers is considerable in some cases; the velocity can also be expected to be low leading to generation
of gases. All personnel entering the manhole should have proper safety equipment. There should be
forced ventilation by using air blowers on manholes upstream of the concerned length. All such
personnel should use safety harness fastened at the other end and another crewmember should monitor
crew who has entered the manhole.

(6) Passing Rope Knots and Discs through Sewers

In this method of sewer cleaning, solid split bamboos are passed through sewers from one manhole to
the other to create a link. Ropes are attached to this link and a rope link is created between two
manholes. A wooden disc with rubber gasket ring or a series of knots of rope are formed and pulled
through the sewer to and fro. The inside of the sewer (sewer fabric) gets scrubbed due to this
procedure and dislocates the encrusted silt. The freed silt flows away downstream and in this way the
sewer can be cleaned from upstream to downstream. This method is labour intensive and hence
expensive. Further such vigorous scrubbing sometimes breaks the joints and damages the sewer fabric.
This method is therefore no longer adopted in modern sewer maintenance practices.

@) Utilizing Bucket Cleaning Equipment

In the method of utilizing the bucket cleaning equipment, two winches are installed on two manholes.
A rope link is established. A bucket is attached to the rope and pulled from one end to the other. The
silt deposited in the sewer is collected in the bucket and is taken out from a manhole. This method can
also cause damage to manholes and sewer fabric due to heavy pulling.

(8) Utilizing Jetting and Suction Equipment

Jetting and suction equipment is mounted on a truck chassis. Water is stored in a tank (usually 6000 |
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capacity) mounted on the truck. This water is jetted in the sewer line using a high-pressure pump and a
nozzle system. Fine jets with high velocity are generated. On the forward and the backward pass of the
jet, the deposited silt is loosened and gets washed down and is collected in the downstream manhole.
From this manhole, it is sucked out in a slurry form to a silt tank mounted on the chassis. Various sizes
of jets and suction can be used to clean various diameter sewers. The Indian equipment available is
usually effective for sewer up to 300mm diameter and can be used up to 450mm diameter with some
modifications. For larger diameter sewers, imported heavy-duty suction and jetting machines can be
used. In the latest sewer maintenance programmes, these machines are preferred by all.

45.2 Utilities Requirement

D Manpower Requirement

Component wise O & M cost is as given below Sewerage Network

Total Length = approx. 70 Kms  in phase |

Generally, in most of the developed countries, the sewers are cleaned after every four to five years.
However, in most of the Indian cities the municipal solid waste finds its way through the sewerage
system. Kanpur, is not an exception and during the site visits it was found that the sewers get chocked
with the municipal solid waste, especially plastics. Thus the duration of the sewer cleaning has to be
shorter than the standard practices followed in developed nations. Therefore, for this priority projects
frequency of sewer cleaning has been proposed as once in two years. Based on this strategy the
number of labours required for sewer cleaning is calculated and the same is presented Table 4.34.

Table 4.34 Labour Force Estimated for Sewerage System

Description Quantity Unit
Total length of proposed sewer lines in Phase-I 70 Km
No of working days in a year 300 Nos.
Length to be covered in a day 100 m
Length that can be cleaned per day by a team of 10 labours 50 m
No of gangs required 2 Nos.
Per gang members 10 Nos.

Note: Number of working days in a year is assumed as 300.

The Table 4.35 given below calculates the manpower requirement. The figures mentioned below are
based on personnel deployment of maintenance crews in other large Indian cities.

Table 4.35 Manpower Cost

Designation No Rate/Year Amount
(Rs.) (Rs.)
Eeﬁggsg\;es}irgggeer exclusive for the maintenance of the 05 500,000 250000
Assistant Engineers per sewerage zone 2 300,000 600,000
Junior Engineers (two per sewerage zone) 4 225,000 900,000
Supervisors (one per labour gang as per table above) 2 100,000 200,000
Mechanics (one per administrative zone) 1 125,000 125,000
Labours 20 75,000 1,500,000
Total Manpower Cost 3,575,000
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453 Equipment Cost

A number of equipment would be required for the maintenance of the sewerage system. These would
be as per Table 4.36 as listed below.

Table 4.36 Capital Costs of Maintenance Equipment

Sr. Equipment Nos. Unit Ra;c;gmt A?;zo;j)nt

1 |Jetting machines 2 Nos. 4,000,000 8,000,000
Suction machine with tankers 2 Nos. 2,500,000 5,000,000
Trolley mounted diesel engine and non clog sewage

3 |pump sets with all accessories like delivery pipe| 2 Nos. 300,000 600,000
suction pipe sluice valve, non return valve etc.
/Air Blower 2 Nos. 300,000 600,000

5 [Maintenance van or equivalent 2 Nos. 750,000 1,550,000
Other operation equipment as per manual Nos. 200,000 200,000

Total (See Institutional Development Programme) 15,900,000

454 Operation and Maintenance Costs

For the equipment which is specifically bought for the operation and maintenance of the sewerage
system, facility for the operation and maintenance would either have to be created in form of garages
or existing garages of the UP Jal Nigam / Municipal Corporation would be used. In the present case
we recommend that existing facilities be used. Also existing personnel be used for the maintenance of
these equipment also.

@ Maintenance Cost

However the actual costs of Operation and Maintenance of the plants and equipment would have
expenditure, which has been provided for here.

Capital cost of equipment Rs. 15,900,000
Considering life as 15 years
Rate of maintenance would be about 5% Rs. 15,900,000 x 5% = Rs. 797,500

Say Rs. 800,000

Table 4.37 Summary Operation and Maintenance Cost

Sr. Particulars Amount (Rs./year)

1 Manpower Cost 3,575,000
Consumables 300,000

3 Maintenance Cost 800,000
Total 4,675,000

4-46



CHAPTER 5
PRELIMINARY DESIGN OF PUMPING STATIONS



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

CHAPTER 5 PRELIMINARY DESIGN OF PUMPING STATIONS

Pumping stations is one of the main components of the sewerage system and the preliminary design of
the proposed pumping stations is presented in this section of the report.

51 PUMPING STATIONS IN SEWERAGE DISTRICT |

A pumping station has been proposed, in the Master Plan, on the right bank of Ganga River at the tail
end of Bhagwatdas ghat nala in Sewerage District I.

5.1.1 Review / Collection of Existing Documents

The Master Plan prepared By JICA Study Team was reviewed to access the feasibility of constructing
a pumping station for tapping of Bhagwatdas ghat nala near Ordinance factory. This pumping station is
provided to pump the sewage from untapped Bhagwatdas ghat nala up to the existing 60” sewer line
near Bal Bhawan.

5.1.2 Need for the Scheme for Tapping of Bhagwatdas Ghat Nala Pumping Station

At present, Bhagwatdas ghat nala carries around 8 mld of sewage, which enters into the river Ganga.
As this site is located in the slope that falls towards the river Ganga, there is a need to lift and pump
the sewage flowing in this nala, thus a pumping station has to be constructed to prevent the sewage
flowing into river Ganga.

513 Master Plan Provisions

As per the Master Plan based on population contributing to this nala the flows are as follows

» 2015 Average 8.10 mld
» 2030 Average 8.00 mid

514 Survey Works Executed

A reconnaissance survey has been carried by MWH along with the JICA Study Team and UPJN
officials.

To facilitate the detailed design, topographical survey in 0.5 hectare, has been carried out. In order to
make a contour plan, spot levels at one-meter interval have also been taken.

Soil investigation has been carried out by, exploring boreholes of 20 m depth and collecting disturbed
& undisturbed soil samples.

The soil assessment report: -

The top of the soil up to 6 m is filled up in nature underlain by plastic soil .In the full exploration
depth of 20 m. Clayey silt of low plasticity (CL group) and silty clay of medium plasticity (CI group)
has been found. The N value ranges from 6 to 16 indicating medium to very stiff consistency. Small
percentage of Chharri and grit are met at various depths. The water table has been met at 1.75m below
ground level.

5.15 Scheme for Bhagwatdas Ghat Nala Sewage Pumping Station

Proposed scheme for Bhagwatdas ghat nala includes:
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a) Construction of intake weir and training of nala,

b) Diversion of flow to grit chambers,

€) Sewage pumping station screen channel, wet well and valve chamber,

d) Main electrical panel (MEP) and Diesel Genset (DG) room

e) Rising main of 1,210 m length from pumping station to existing 60” sewer line near Bal
Bhawan.

5.1.6 Design Engineering Works for Bhagwatdas Ghat Nala Pumping Station

The Bhagwatdas ghat nala pumping station is designed for following design horizon:

a) Civil structures has been designed for year 2030
b) Rising main has been designed for year 2015
¢) All mechanical and electrical equipments have been designed for year 2015.

Detailed designs of pumping station was carried out to calculate the most techno- economical design.
Based on the selection of pumps, discussed in Section 3, submersible pumps are proposed for this
pumping station.

Various components of pumping station include:

a) Screen channel

b)  Grit chamber

c) Wetwell and dry well
d) Arising main

e) MEProom

f) DG room

g) Transformer yard

(D) Design Flow

The sewage flow to be received at this pumping station, as discussed in Section 4, is presented in the
following table.

Table 5.1 Design Flow of Bhagwatdas Ghat Nala Pumping Station

Year 2015 Year 2030
Populatio Average Populatio Average
n Covered f:cet?)l:* Flow n Covered fgcet?)l:* Flow
(Nos.) (mld) (Nos.) (mld)
Bhagwatdas Ghat
Nala Pumping 55,860 25 8.1 58,640 2.5 9.09
station

* As per the CPHEEO Manual

2 Pumping Station

The unit size of various components of proposed Bhagwatdas ghat nala pumping station is presented

in Table 5.2.
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Table 5.2 Details of Bhagwatdas Ghat Nala Pumping Station

Sr. ltem Provision

1. | Pumps for year 2015 3n0s9.11mld @ 33.17 m head (75 HP, where two nos are
working and one is standby) (40HP one nos is. working and one
no is stand by)
| 2 nos 4.05 mld @33.17 m head
Pumps for year 2030 3-10.226 mld at 33.17 m head (2015 pumps to be replaced with
these pump (100 HP, two nos are working and one no is. standby)
(40HP one no is working and one is stand by)
2 —4.54 mld at 33.17 m head (2015 pumps to be replaced with
I these pump
2. | Rising main 1 no — 400 mm dia Cl class B x 1,210 m long
3. | Coarse screen channel (40
i mm clear spacing)
4. | Medium screen (20 mm
clear spacing)

1no.-60mx14m

2n0s.-6.0mx1.4m

5. | Grit chamber 2n0s15.25mx 1.4 m
6. Wet well 1 nos. — 10.00 m x 3.00 m providing a detention time of 3.75 min.
7. | Valve chamber ' 1n0.-10.0mx35m

A layout drawing is presented in KAN-PS-BD-1. General arrangement of the pumping station is
presented in drawing KAN-PS-BD-2.
The plan and profile of this rising main are presented in drawing KAP-PP-BD-1 & 2.

3 Allied Buildings

In addition to the above, following buildings are provided for provision of electrical panels and
generating sets. Also, an open yard is provided for transformer. The sizes are presented in Table 5.3.

Table 5.3 Details of Allied Buildings

Sr. Item Size (m)
1 MEP building 6x4
2 DG room & control room 8x6
3 4- pole structure 8x6
4 Transformer yard 7x5

517 Cost Estimates
Budgetary cost estimation of sewage pumping stations was carried out considering prevailing market

rates and applicable schedule of rates. Estimated capital cost and operation & maintenance cost of the
pumping station is given below.

5-3



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

@ Civil Cost
Table 5.4 Capital Cost of Civil Works
Sr. Item Cost (Rs.)
1 Inlet, screen channels, dry well and wet well, grit chamber 3,820,000
2 MEP building 144,000
3 DG room / control room 288,000
4 Transformer yard 35,000
5 | Staff quarter 1,231,000
Total 5,518,000
2 Mechanical Cost
Table 5.5 Capital Cost of Mechanical Works
Sr. Item Cost (Rs.)
1 Coarse screen 200,000
2 | Screen channel gates 200,000
3 Mechanical screens 850,000
4 Manual screens 60,000
5 | EOT for pumps 250,000
6 EOT for screens 200,000
7 Pumps 3,638,000
8 | Piping and valves 200,000
9 | Conveyor belt 450,000
Total 6,048,000
3 Electrical and Instrumentation cost

Table 5.6 Capital Cost of Electrical and Instrumentation Works

Sr. Item Cost (Rs.)
1 | Provision for grid power supply 6,500,000
2 Power supply equipment & stand by power 9,336,000
3  Cables 1,158,000
4 Earthing and safety equipment 273,000
5 Lighting 141,000
6 Instrumentation 1,023,000
7 Miscellaneous 111,000
Total 18,542,000
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(@) Rising Main

Sr. Item Cost (Rs.)
1 Cl B class pipe 4,767,000
2 Appurtenances 300,000
3 Excavation 183,000
4 Miscellaneous (crossing / encasement) 100,000
. Total 5,350,000
5.1.8 Abstract of Costs for Bhagwatdas Ghat Nala Pumping Station
Table 5.8 Abstract of Cost of Bhagwatdas Ghat Nala Pumping Station
Sr. Item Cost (Rs.)
1 Civil cost 5,518,000
2 Mechanical cost 6,048,000
3 Electrical & instrumentation cost 18,542,000
4 Rising main cost 5,350,000
Total capital cost 35,458,000
5.1.9 Operation & Maintenance Cost of Bhagwatdas Nala Pumping Station

Table 5.7 Capital Cost of Rising Main

Table 5.9 Operation and Maintenance Cost of Bhagwatdas Ghat Nala Pumping Station

Sr. Item Cost (Rs.) per annum

1 Manpower cost 422,000
2 Power cost (20 hrs @ Rs.3.25/kWh) 1,416,000
3 Diesel cost (4 hrs @ Rs. 34/liter) 823,000
4 Maintenance of civil works @ 1.5 % 83,000
5 Maintenance of M&E works @ 3 % 738,000
6 Maintenance of rising main @ 0.25 % 13,000

Total annual O & M cost 3,495,000

Power cost depends on peak flow
5.2 SEWAGE PUMPING STATIONS FOR SEWERAGE DISTRICT 111

The sewage from this district will be collected through the proposed trunk sewer. The sewage will
reach Lakhanpur pumping station by gravity. From this PS, the sewage will be carried to the
intermediate pumping station at Panki near Panki canal by gravity. Again the sewage will reach to the
proposed MPS at Panka (near Pandu river) by pumping and gravity. Finally the sewage will reach
Treatment Plant at Panka Bahadur Nagar by pumping it from MPS at Panka.

5.2.1 Review / Collection of Existing Documents

The Master plan prepared by JICA Study Team was reviewed to assess the feasibility of constructing
the proposed lift pumping station near Panki canal. The sewage from this lift pumping station will be
further pumped through another proposed terminal pumping station proposed at Panka near the
proposed STP site.
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5.2.2 Need for the Scheme

Sewage pumping stations are proposed near Panki canal and at Panka Bahadur Nagar near STP site to
maintain the hydraulics. This pumping station will receive sewage from proposed trunk sewer from
Makrikhera nala near Lakhanpur and convey the same to the inlet of STP at the required elevation.

5.2.3 Master Plan Provisions

Master Plan proposes to construct two new pumping stations one near Panki and another at Panka near
STP site.

524 Survey Works Executed

A reconnaissance survey has been carried out by MWH along with the JICA Study Team and UPJN
officials.

To facilitate the detailed design, topographical survey, has been carried out. In order to make a contour
plan, spot levels at one-meter interval have also been taken. Soil investigation has been carried by
exploring 20 m boreholes and collecting disturbed and undisturbed soil samples.

Soil assessment report (sample taken inside the premises of proposed Panki PS): -

The soil strata are predominantly plastic in nature, in the full exploration depth of 20m, consisting of
sandy silt of very low plasticity (ML group), Clayey silt of low plasticity (CI group) and silty clay of
medium plasticity (CI group). The N values range from 5 to 20 indicating medium to very stiff
consistency. Small percentage of pebbles and grit are met at various depths. Non plastic soil is present
from 0.50 to 1.40m, 4 to 4.60m and 10 to 15 m. The corrected N values in non plastic soil strata range
from 15 to 19 indicating medium relative density. The water table has been met at 2.90 m below GL.
The net safe bearing capacities on shear considerations and allowable bearing pressure on settlement
considerations are computed for 6 and 12 m depths.

The soil strata in the full exploration depth of 20 m are alternatively plastic and non plastic in nature
consisting of clayey silt of low and silty soil of very low plasticity (CL and ML group), Silty clay of
medium plasticity (CI group), silty sand (SM group) and poorly graded fine sand (SM- SP group) .The
N value in plastic strata ranges from 4 to 13 indicating medium to stiff consistency. Small percentage
of Pebbles and Grits is met at all depth. The corrected values in non — plastic strata ranges from 14 to
20 indicating medium relative density. The water has been met at 0.40m below GL. A net safe bearing
capacities on shear considerations and allowable pressures on settlement considerations are computed
for 6 and 12 m depths.

Soil assessment report (Panka main pumping station): -

The soil strata are predominantly plastic in nature, in the full exploration depth of 20m, consisting of
sandy silt of very low plasticity (ML group), Clayey silt of low plasticity (CI group) and silty clay of
medium plasticity (CI group). The N values range from 5 to 20 indicating medium to very stiff
consistency. Small percentage of pebbles and grit are met at various depths. Non plastic soil is present
from 0.50 to 1.40m, 4 to 4.60m and 10 to 15 m. The corrected N values in non plastic soil strata range
from 15 to 19 indicating medium relative density. The water table has been met at 2.90 m below GL.
The net safe bearing capacities on shear considerations and allowable bearing pressure on settlement
considerations are computed for 6 and 12 m depths.

5.25 Design Engineering Works

Three pumping stations are designed for the following horizon:
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a)  Civil structure shall be designed for year 2030

b) Rising main shall be designed for year 2015

¢) All mechanical and electrical equipment shall be designed for year 2015

d) Provision of extra space for pumps, to be installed after the year 2015 shall be made in
the civil structure

Detailed designs of pumping stations were carried out to calculate the most techno- economical design
in combination to various options of pumping. Based on the discussions in Section 3, horizontal type
centrifugal pumps have been provided in these pumping stations as the required capacity of individual
pumps works out to more than 270 HP.

Various components of the above two pumping stations include:

a) Screen channel

b)  Wet well and dry well

¢) MEProom

d) DG room and control room

e) Transformer yard and

f)  Arising main

g) Civil structure shall be designed for year 2030

h)  Rising main shall be designed for year 2015

i)  All mechanical and electrical equipment shall be designed for year 2015

j)  Provision of extra space for pumps after year 2015 shall be made in the civil structure

5.2.6 Design Flow

The projected sewage flow to be received at the pumping stations, as discussed in Section 4, are
presented in the following table.

Table 5.10 Design Flow of Sewage Pumping Stations

Sr. Pumping Station Sewage FEOW (mid)
2015 2030
1 | Panka main pumping station 120 200
Peak factor as per the CPHEEO manual 2.25 2.25
2 | Panki pumping station 80 126
Peak factor as per the CPHEEO manual 2 2

5.2.7 Panka Main Pumping Station
Two possible locations are examined for the location of proposed pumping station at Panka

(1) across the Pandu river, near site of the proposed STP and
(2) on the cis side of Pandu river.

In the first case the river will have to be crossed by a deep sewer but because crossing of river would
be difficult and not cost effective, as well as because procurement of land across the river was not
possible, across the river proper alignment for a sewer line is not available, the alternative (2) has been
selected for siting of the Panka MPS. The proposed site is in the wedge between the bypass road and
the river Pandu near Bhauti, the rising main is proposed to cross the river from below the bed of the
river with provision for encasing.

@ Unit Sizes for MPS at Panka
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Horizontal type centrifugal pumps have been provided at this MPS. Accordingly, a dry well and a wet
well are provided.

Table 5.11 Details of Panka Pumping Station

Sr. Item Provision
1 Pumps for year 2015 9 nos, 40 mld, @22.07 m head (270 HP, where six nos
are working, and three nos are standby)
Pumps for year 2030 6 nos (additional), 40 mld, @22.07 m head (270 HP
where ten nos are working, and five nos are stand by)
2 Rising main 1 no. 1400 mm dia pre stressed concrete pipe, 1,500 m
length (m)
3 Coarse screen _channel (40 210 6.0 M X 6.40 M
mm clear spacing)
4 Medium screen channel (20 8 n0s 6. 0m x1.60m
m clear spacing)
5 Wet well 1 nos 46m x 15 m detention time 5 min.
6 Dry well 1 nos 52m x 10m

A layout drawing is presented in KAN-PS-PKA-1. General arrangement of the pumping station is
presented in drawing KAN-PS-PKA-2

The plan and profile of this rising main are presented in drawing KAP-PP-MP_RM3-1.

2 Allied Buildings

In addition to the above, following buildings are provided for provision of electrical panels and
generating sets. Also, an open yard is provided for transformer. The sizes are presented in the

following table.

Table 5.12 Details of Allied Building

Sr. Item Size (meter)
1 MEP building 10x8
2 DG room & control room 12x8
3 Transformer yard 12x 10
4 4 -Pole structure 8x6
3 Capital Cost Estimates

Budgetary cost estimation of sewage pumping stations was carried out considering prevailing market
rates and applicable schedule of rates. Estimated capital cost and operation & maintenance cost of the
pumping station is given below.
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Civil Cost

Table 5.13 Capital Cost of Civil Works at Panka MPS

Sr. Item Cost (Rs.)
1 Inlet, screen channels, dry well and wet well 52,009,000
2 MEP building 480,000
3 DG room / control room 720,000
4 | Transformer yard 120,000
5 4 -Pole structure 48,000
6 Staff quarter 1,231,000

Total 54,608,000

Mechanical Cost

Table 5.14 Capital Cost of Mechanical Works at Panka MPS

Sr. Item Cost (Rs.)
1  Coarse screen 400,000
2 | Screen channel gates 1,040,000
3 | Mechanical screens 1,700,000
4 | Manual screens 120,000
5 | EOT for pumps 250,000
6 | EOT for screens 200,000
7 | Pumps 10,145,000
8 | Piping and valves 2,000,000
9 | Conveyor belt 450,000

Total 16,305,000

Electrical and Instrumentation cost

Table 5.15 Capital Cost of Electrical and Instrumentation Works at Panka MPS

Sr. Item Cost (Rs.)
Provision for grid power supply from the

1 adjacent 33 kV switch yard at point of 22,135,000
supply in MPS

2 Panels 30,958,000

3 | Cables 5,850,000

4 Earthing and safety equipment 429,000

5 Lighting 195,000

6 Instrumentation 1,082,000

7 Miscellaneous 259,000
Total 60,908,000
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Rising Main
Table 5.16 Capital Cost of Rising Main at Panka MPS
Sr. Item Cost (Rs.)
1 PSC pipe 11,745,000
2 Appurtenances 300,000
3 Excavation 626,000
4 Miscellaneous (crossing / encasement) 100,000
- Total 12,771,000
(@) Abstract of Costs estimates for MPS at Panka
Table 5.17 Abstract of Cost Estimates for Panka MPS
Sr. Item Cost (Rs.)
1 | Civil cost 54,608,000
2 Mechanical cost 16,305,000
3 Electrical & instrumentation cost 60,908,000
4 Rising main cost 12,771,000
Total capital cost 144,592,000
5) Operation & Maintenance Cost of MPS at Panka

Table 5.18 Operation and Maintenance Cost Estimates for Panka MPS

Sr ltem Cost (Rs.) per
annum

1 Manpower cost 198,000

2 Power cost (20 hrs @ Rs.3.25/kWh) 14,336,000

3 Diesel cost (4 hrs @ Rs. 34/liter) 8,332,000

4 Maintenance of civil works @ 1.5 % 819,000

5 Maintenance of M&E works @ 3 % 2,316,000

6 Maintenance of rising main @ 0.25 % 32,000

Total annual O & M cost 26,033,000

Power cost depends on peak flow
5.2.8 Panki Pumping Station

This pumping station to be located on a site before the crossing of the Lower Ganga canal; coming
along the alignment of sewer.

D Unit Sizes for Panki Pumping Station

Submersible type centrifugal pumps have been provided at this pumping station. Accordingly, a wet
well and valve chamber is provided.
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Table 5.19 Details of Panki Pumping Station

Sr. Item Provision

6 nos 47.25 @12.94 m head (150 HP, where four nos are working and

1 Pumps for year 2015 two nos are stand by)

9 nos 47.25 @12.94 m head (150 HP, where six nos working and

Pumps for year 2030 three nos are stand by)

2 Rising main 1 no. 1200 mm dia pre stressed concrete pipe length 260 m

Coarse screen channel 40 mm

3 . 2N0.6mx4.05m

clear spacing

Medium screen channel 20 mm
4 . 4nos6mx4m

clear spacing

Wet well 1 no. 28m x 18 m providing five minute detention time
6 Valve chamber 1 nos 28.0m x 6.0 m

A layout drawing is presented in KAN-PS-PKI-1. General arrangement of the pumping station is
presented in drawing KAN-PS-PKI-2.

The plan and profile of this rising main are presented in drawing KAP-PP-MP-RM2-1.

2) Allied Buildings

In addition to the above, following buildings are provided for provision of electrical panels and
generating sets. Also, an open yard is provided for transformer. The sizes are presented in the

following table.

Table 5.20 Details of Allied Buildings

Sr. Item Size (meter)
1 MEP building 7x5
2 DG room & control room 8x6
3 Transformer yard 8x6
4 4 pole structure 8x6
3 Capital Cost for Panki Pumping Station

Budgetary cost estimation of sewage pumping stations was carried out considering prevailing market
rates and applicable schedule of rates. Estimated capital cost and operation & maintenance cost of the
pumping station is given below.
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Civil Cost

Table 5.21 Capital Cost Estimates of Civil Works at Panki Pumping Station

Sr. Item Cost (Rs.)
1 \I/\r/]l.l,(lalt screen channels, dry well and wet 34,135,000
2 MEP building 210,000
3 DG room / control room 288,000
4 Transformer yard 48,000
5 Staff quarter 1,231,000
6 4 pole structure 48,000

Total 35,960,000

Mechanical Cost

Table 5.22 Capital Cost Estimates of Mechanical Works at Panki Pumping Station

Sr. Item Cost (Rs.)
1 Coarse screen 150,000
2 Screen channel gates 600,000
3 Mechanical screens 1,700,000
4 Manual screens 150,000
5 EOT for pumps 250,000
6 EOT for screens 200,000
7 Pumps 14,191,000
8 Piping and valves 2,000,000
9 Conveyor belt 450,000

Total 19,691,000

Electrical and Instrumentation cost

Table 5.23 Capital Cost Estimates of Electrical and Instrumentation Works at Panki Pumping

Station

Sr. Item Cost (Rs.)
1 Provision for grid power supply 7,850,000

2 Panels 15,531,000

3 Cables 2,633,000

4 Earthing and safety equipment 293,000

5 Lighting 182,000

6 Instrumentation 1,023,000

7 Miscellaneous 117,000

Total 27,629,000

5-12



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

Rising Main

Table 5.24 Capital Cost Estimates of Rising Main at Panki Pumping Station

Sr. Item Cost (Rs.)
1 PSC pipe 1,603,000
2 Appurtenances 300,000
3 Excavation 93,000
4 Miscellaneous (crossing / encasement) 100,000
Total 2,096,000
4 Abstract of Costs for Panki Pumping Station

Table 5.25 Abstract of Cost Estimates of Panki Pumping Station

Sr. Item Cost (Rs.)

1 Civil cost 35,960,000

2 Mechanical cost 19,691,000

3 Electrical & instrumentation cost 27,629,000

4 Rising main cost 2,096,000
Total capital cost 85,376,000

5) Operation & Maintenance Cost for Panki pumping station

Table 5.26 Operation and Maintenance Cost Estimates of Panki Pumping Station

Sr. Item ;;?s;n(r?j%
1 Manpower cost 911,000
2 Power cost (20 hrs @ Rs.3.25/kWh) 5,310,000
3 Diesel cost (4 hrs @ Rs. 34/liter) 3,086,000
4 Maintenance of civil works @ 1.5 % 539,000
5 Maintenance of M&E works @ 3 % 1,420,000
6 Maintenance of rising main @ 0.25 % 5,000
Total annual O & M cost 11,180,000

Power cost depends on peak flow
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CHAPTER 6 PRELIMINARY DESIGN OF NEW SEWAGE
TREATMENT PLANT

6.1 REVIEW / COLLECTION OF EXISTING DOCUMENTS

MWH reviewed the proposal of a new STP at Panka Bahadur nagar under the Master Plan, 2004
prepared by JICA Study Team.

6.2 NEED FOR THE SCHEME

The sewerage District Ill, which is bounded by the Pandu river to the south, development plan
boundaries to the west and north and the Kanpur — Jhansi railway line to the east.

This area is devoid of proper sewerage system with only few lines in this district. Lakhanpur area
towards north of GT road is provided with sewers. A temporary outfall has been provided in the nala
along Kalyanpur road to Naubasta village. Sewage from this area is proposed to be diverted to Panka
MPS and to STP.

This STP will treat the sewage to the desired standards and the treated effluent shall be discharged into
Pandu river. This treated effluent may also be used for irrigation purposes in the close vicinity to the
STP site. This will reduce, to some extent, further exploitation of the ground water in the vicinity.

6.3 MASTER PLAN PROVISIONS

Master Plan has proposed the STP to cater to the sewage generated in District 111. The capacity of this
plant has been planned for ultimate capacity of 200 mld for year 2030.

Master Plan recommends UASB with post treatment by aerated lagoons as the preferred treatment
process based on detailed comparison of various treatment options. The treated effluent can be
discharged into the Pandu river or alternatively to irrigation. Chlorination is preferred for disinfections
against provision of maturation ponds due to large area requirement.

6.4 SURVEY WORKS EXECUTED

UP Jal Nigam has identified a 90 hectares site for the construction of STP, towards the east of Kanpur
city in Panka village. In total, survey of 90 hectares was done by MWH in which 45 hectares has been
identified for the construction of STP.

MWH carried out a reconnaissance survey of the identified site with UP Jal Nigam officials and JICA
Study Team. It was followed by detailed survey at this site.

Also, revenue (khasara) maps of this village were collected to identify the exact plots. The plot
boundary of the proposed STP site was marked by MWH team on the revenue map

Topographical Survey

Topographical and contour survey was conducted at the identified site. Spot levels were been taken by
a grid of 30 m x 30 m to plot contours at 1 m interval.

Geo Technical Survey

Five bore holes, each of 20 m depth, were bored to assess the soil profile at the proposed site. The
results were used while finalizing the design of STP units.
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Soil Assessment Report

The soil strata is predominantly plastic soil, in the full exploration depth of 20 m, consisting of sandy
silt of very low plasticity (ML group), clayey silt of low plasticity (CL group), and silty clay of
medium plasticity (CI group). The N-values range from 5 to 20 indicating medium to very stiff
consistency. Small percentage of pebbles and grit are met at various depths. Non sand silt (ML group),
silty sand (SM group) are inter spread in the plastic soil from 5.50 to 7.0m and 10.0 to 16.50 m.. The
corrected N values in non- plastic soil strata range from 7 to 18 indicating soft to medium relative
density. The water table has been met at 6.10m below GL.

The net safe bearing capacities on shear considerations and allowable bearing pressures on settlement
considerations are computed for 6 and 12m depth.

6.5 DESIGN ENGINEERING WORKS
6.5.1 Design Flow

Table 6.1 Design Flow at Panka STP

Sr. Parameter 2015 2030
1 Average flow (mld) 120 200
Average flow (m*/hr) 5,000 8,333

3 Peak flow (m*/hr) 10,000 16,667

6.5.2 Raw Sewage Characteristics

Raw sewage characteristics differ from one situation to another depending on the level of sanitation,
water usage, return factor, type of collection system, retention time in conveying system and
infiltration. UPJN and JICA Study Team have collected a limited number of grab samples for a limited
period of time (about 4 weeks). The BOD concentration in various nalas varied from 65 to 140 mg/I.

The catchment area of Panka STP is fast developing and the basic amenities like sewers are being
provided in all the new developing areas The water supply rate considered in the Master Plan at user
end is also on much higher side hence actual characteristics of the sewage are expected to be medium
to strong strength. Based on these facts the wastewater characteristics adopted for design of the
proposed STP at Panka are presented in the Table 6.2.

The following wastewater characteristics are used for design of sewage treatment plant.

Table 6.2 Raw Sewage Characteristics Considered for Design Purpose

Sr. Parameter Average Value
1 Minimum temperature, °C 20
2 pH 6.0-8.5
3 Biochemical oxygen demand (BODs), mg/l 230
4 Total suspended solids, mg/l 500
5 Faecal coliform count, MPN/100ml 1x10°

6.5.3 Discharge Standards

NRCD have conveyed the recommendations of the Expert Committee through their letter no DO. No.
A-33013/1/99-NRCD dated 5™ October 1999, suggesting that the desired level for faecal coliform in

6-2



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

treated water should not exceed 1,000 MPN per 100 ml sample irrespective of its mode of disposal in
river or its use for irrigation to grow either restricted or unrestricted crops. It is also mentioned in
NRCD guidelines that BOD and TSS concentration shall be less than 30 mg/l and 50 mg/l
respectively.

The STP is therefore designed so as to achieve treated wastewater of equal or better quality as mention
in the Table 6.3 hereunder.

Table 6.3 Treated Wastewater Quality

Sr. Parameter — Valge .
(Irrigation Field / River)

1 pH 55-9.0

2 Biochemical oxygen demand (BODs), mg/I <30

3 Total suspended solids, mg/I <50

4 Faecal coliform count, MPN/100ml PePrr?iSslsrielfleSifg 800

Treatment Scheme

The capacity of STP at Panka is 120 mld in phase - I. As discussed in the earlier section, a pumping
station is proposed on the north side of Pandu river, which will deliver sewage to the required
elevation through a rising main. Horizontal type centrifugal pumps are provided for pumping of
sewage to the inlet chamber of STP for further treatment. A detailed schematic flow diagram for the
proposed STP is presented in drawing no. KAN-STP-PANKA-3.

STP at Panka will consist of the following units:

1) Inlet chamber

2)  Screen channel

3)  Grit chamber

4) Division box

5)  Distribution box

6)  UASB reactor

7)  Aerated lagoon

8)  Chlorination system

9)  Sludge pumping station
10) Filtrate pumping station
11)  Sludge drying beds

12) Gas holder

13)  Gas utilisation system
14)  Allied buildings

The rising main from MPS will deliver the sewage at the elevated inlet chamber of STP, further
passing through the screen channel and to the grit chambers. In screen channel, floating matters are
trapped and removed whereas grit is separated in grit chamber. After screening and grit removal,
sewage flows into the UASB reactors for biological treatment. The treated wastewater from UASB
reactors is taken to facultative type of aerated lagoons for further treatment and finally, taken for
chlorination for further reduction of faecal coliform content in wastewater. Treated water is disposed
off into Pandu river or alternatively taken for irrigation.

The sludge form UASB reactor is taken to sludge drying beds for dewatering before its disposal. The

biogas generated in the UASB reactor is stored in the gasholder. This biogas is utilised for generation
of electricity using a pure gas engine.
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6.5.4 Unit Description
Q Inlet Chamber

An inlet chamber is provided ahead of screen channel to receive the sewage from the MPS via rising
main.

2 Screen Channel

Screening is an essential step in sewage treatment to remove large size floating materials like rags,
wooden pieces, plastics, tobacco pouches, etc. which, otherwise would damage pumps and interfere
with the operation of various treatment units. Screen channel is provided with bars placed across the
channel to trap the floating material. The spacing of bars is kept depending on the degree of treatment
required. The bars arrest the floating materials, which have to be removed periodically.

Mechanical screens are provided with four units working and two manual screen units as standby unit.
The screening process is undertaken by screen consisting of 50 mm x 10 mm thick flats with 12 mm
clear openings to trap the floating materials.

The mechanically operated screens will be equipped with a mechanism, which will automatically rake
at a pre-set timer control. The screened material will be collected in a hopper located above the water
level such that it can be easily collected in a collection cart.

Each of the standby screen channels will have manually cleaned bar screens with bar clearance of 12
mm. A removable square mesh of 25 mm x 25 mm is provided after 12 mm opening screen to trap any
floating matters that has escaped. Aluminium gates are provided, with RCC platforms and access
staircase, for controlling the flow. Hand railing is provided on all platforms.

3 Grit Chamber

The screened sewage flows through a grit removal system consisting of mechanical grit removal
mechanism in two grit chambers. Grit in sewage consists of coarse particles of sand, ash and clinkers,
eggshells and many inert materials, which are inorganic in nature. Grit is non-putrescible and
possesses a higher hydraulic subsidence value than organic solids. Hence, it is possible to separate the
gritty material from organic solids by differential sedimentation in a grit channel.

Grit removal is necessary to protect the moving mechanical equipment and pumps from abrasion and
abnormal wear and tear. It is separated in a grit chamber with designed detention period. A completely
automatic grit washing and removal mechanism is provided for removal of grit. Also, a stand-by grit
channel, having 50 percent capacity, has been provided keeping in view the maintenance of
mechanical detritor.

4 Upflow Anaerobic Sludge Blanket (UASB) Reactor

After screening and degritting, wastewater flows into UASB reactors for biological treatment. A series
of reactors are provided with a distribution system to ensure equal distribution of wastewater
throughout all the reactors.

The development of the UASB reactor dates back from early 1970's. Pre sedimentation, anaerobic
wastewater treatment and final sedimentation including sludge stabilization are essentially combined
in one reactor making it most attractive high-rate wastewater treatment option. It produces high value
by-products viz.:

o Treated wastewater usable for agricultural and gardening purpose or for pisci-culture after a
simple post treatment
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¢ Methane enriched biogas having high calorific value is converted into a usable energy
resource like heat energy, electricity etc., and

e Mineralised excess sludge produced in UASB reactor for its usage as manure for agricultural
purpose.

The UASB process initially was developed for the anaerobic treatment of industrial wastewater with a
moderate to high COD and BOD concentrations. The basic idea is that flocculent or granular sludge
developed in the reactor depending on the wastewater characteristics and operational parameters will
tend to settle under gravity when applying moderate upward velocities in the reactor. In this way no
separate sedimentation basis is necessary. Anaerobic bacteria are developed in the reactor and are kept
in the biological reaction compartment for sufficient time. Organic compounds present in the
wastewater are absorbed or adsorbed on the sludge particles in the reaction zone during its passage
through the sludge bed. Organic compounds there after get anaerobically biodegraded converting it
into methane-enriched biogas and a small part into the new bacterial mass. Biogas consists of methane
CHy, carbon dioxide CO,, hydrogen gas H,, hydrogen sulphide H,S and traces of ammonia NHz and
nitrogen N,. This biogas can be used as energy source, and is collected in gas collectors for this
purpose.

A gas, liquid and solids separator (GLSS) is provided below the gas collectors in order to provide an
opportunity to the sludge particles to which biogas bubbles are attached to lose biogas and settle back
into the reaction compartment. In between two gas collectors a settling zone is provided where
virtually, no gas bubbles are present in the liquid. The sludge particles carried along with the
wastewater flow are settled in the settling zone and slide down into the biological reactor in the
upward direction. In order to ensure sufficient contact between the incoming wastewater and the
anaerobic bacterial mass present in the reactor, the wastewater is fed uniformly all over the bottom of
the reactor. Further mixing in the reaction zone is achieved by the production of the biogas travelling
in the upward direction, settling velocity of the sludge particles and the density currents in the sludge
mass.

Proper care is taken while designing the UASB reactor to absorb estimated shock loads in terms of
hydraulic and organic contents in the wastewater. The reactor is rectangular in size and modular
approach is used for design.

5) Aerated lagoon (AL)

Design of a proper post-treatment system is important for the success of any project involving
anaerobic treatment. Post-treatment required is given in various forms to meet effluent discharge
standards. The wastewater from UASB reactors will require further polishing in order to meet the
inland water discharge standards of BOD, suspended solids and faecal coliform.

Facultative type aerated lagoons are provided to achieve the desired quality of wastewater. This
lagoon is provided in two zones viz. aeration zone and quiescent zone. A hydraulic retention time of
one day is provided in aeration zone where oxygen is added for biodegradation of organic matter and
oxidation of sulphides. In quiescent zone, an HRT of half a day is provided for settlement of
suspended solids.

(6) Chlorination System

A chlorination system has been provided to meet the faecal coliform standards in case the treated
water from the AL does not meet the faecal discharge standards. The chlorination system, mainly,
includes three units viz. chlorine house, chlorine mixing tank and chlorine contact tank.

@) Chlorine House

Chlorine house will have vacuum type gaseous chlorinator with all accessories and required number of
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chlorine toners.
(8) Chlorine Mix Tank

Chlorine mix tank is provided with slow speed mechanical mixer to mix the chlorine solution with
treated effluent from AL. From chlorine mix tank water will flow to chlorine contact tank.

©)] Chlorine Contact Tank

Disinfection of wastewater will take place in the chlorine contact tank by way of adequate contact time
with chlorine. Baffle walls are provided to ensure proper contact.

6.5.5 Sludge Dewatering System
Sludge Dewatering System will consist of the following:

e Sludge Pumping Station
e Sludge Drying Beds

A sludge pumping station is provided for the transfer of sludge for dewatering. Sludge sump is a
concrete tank adequate to hold sludge wasted from two reactors in a day. Sludge pumps are provided
to pump the sludge from sludge sump to sludge drying beds. The sludge pumping station is provided
with 100 percent standby capacity in case of failure or maintenance of operating pumps.

A 250 micron size LDPE sheet is spread over the floor of the sludge drying beds to prevent the
seepage of the filtrate into the ground as ground water table is found at higher level in this area. A 150
mm thick layer of gravel having a size of 30 - 50 mm is spread over the brick lining, which is followed
by a 150 mm thick layer of gravel having a size of 12 - 30 mm. On top of this layer of gravel, a 225
mm thick layer of sand having 0.30 - 0.75 mm size is laid. When wet sludge is spread on the top of
bed major portion of liquid drains off in few hours after which drying of sludge commences by
evaporation. The dried sludge is transported in trucks for disposal to sanitary landfills for use as
manure on agricultural land.

This filtrate is collected in a sump though open jointed GSW pipe of 200 mm diameter. The filtrate is
taken back to the inlet chamber. Pumps of adequate capacity are provided for conveyance of filtrate
back to the inlet chamber.

(1) Gasholder

Floating type gasholders are provided in a concrete tank with a holding capacity of six hours of biogas
production. Each gasholder is provided with inlet, gas outlet, water drain, pressure and vacuum relief
valves arrangement.

(2) Gas Flaring System

A gas flaring system will be provided consisting of the following components:
Pressure Regulator and water seal

Flame Check

Pilot gas flame and valve along with the electronic lighter

Gas flare at 6m height from ground level, and

Moisture trap

(3) Gas Utilisation System
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Biogas generated in the UASB reactor is stored in the gasholder. This biogas is utilised for generation
of electricity using a pure gas engine. Biogas blowers are also provided to boost the pressure of biogas
to 0.4 to 0.6 kg/cm?® before it is fed to the engines. Provisions for pressure measurement, gas flow
measurement; hydrogen sulphide scrubbers and biogas blowers are provided on the biogas utilisation
system before it is fed to biogas engines.

6.5.6 Sludge Utilisation
The various alternatives available for the disposal of sludge are:
(1) Land Filling

Sludge can be finally disposed off for the purpose of landfill, which is the most common method of
solid waste disposal in India. Sludge disposal in this manner requires additional yearly operation &
maintenance cost in terms of staff & vehicle for loading, unloading, transportation & disposal of
sludge.

(2) Sludge as a Manure

Sludge produced from the UASB reactor will be digested sludge and rich in nutrients (N, P, K), which
are beneficial for plant growth. Digested sludge from STP is now acceptable to local farmers to be
used as manure in the field. By selling sludge at a nominal rate, department can generate yearly
revenue which will help in the operation & maintenance of the plant.

Keeping in view the above two available options, use of sludge as manure is found most
techno-economical alternative.

6.5.7 Biogas Utilisation

The various alternatives available for the disposal of biogas generated in the plant are:

(1) Flaring

Biogas generated from the UASB reactor can be directly flared to the sky in a controlled manner.

(2) As Cooking Gas

Bio- gas can be utilized as a cooking gas in the individual households. Due to psychological reasons,
biogas generated from sewage is not acceptable to consumer in India and, moreover, a complete
infrastructure is required for distribution and supply of large volumes of biogas.

(3) Fuel for Power Generation

Biogas can be used as a fuel for electricity generation, which can be utilised in the plant itself. Use of
bio gas for power generation fulfills the power requirement of plant partially depending upon the
quantity of bio gas generated which reduces the external power requirement and makes the system self
sustainable. Keeping in view the various options available, utilisation of biogas for power generation
seems most suitable alternative and hence adopted in the present scheme.

6.6 DESIGN CRITERIA

The design parameters for STP at Panka have been adopted from Manual on Sewerage and Sewage

Treatment of CPHEEO and the latest NRCD guidelines. The parameters adopted for design are
presented in following table.
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Table 6.4 Design Parameters for Panka STP

Sr. Parameter Value Unit
Average flow 1.389 cum/sec
Peak factor 2.0
Peak flow 2.778 cum/sec
Sewage Treatment Plant:
1.  Inlet Chamber
- Hydraulic retention time (Min) 30 sec
2. Fine Screen Channel
Clear opening through screen 6 mm
Minimum approach velocity at average flow 0.3 m/sec
Minimum velocity through screen at peak flow 0.6 m/sec
Maximum velocity through screen at peak flow 1.2 m/sec
3. Grit Chamber
Particle size 0.15 mm
Specific gravity of grit at 200 C 2.65
Efficiency 75 %
4, UASB Reactor
Solids retention time, SRT 38 days
Sludge bed concentration 65.0 kg TSS/cum
Maximum sludge bed height 90.0 % of Ht to gas collector
Average upflow velocity 0.5 m/hr
Maximum upflow velocity 1.0 m/hr
Average aperture velocity 2.5 m/hr
Maximum aperture velocity 5.0 m/hr
Angle of gas collector 50.0 degree
Settling zone surface percentage >75.0 % of total surface area
Settling zone detention time  (minimum) 1 hr
Feed inlet point distance (maximum) 2.0 m
Overlap 0.15 m
5. Facultative Type of Aerated lagoon
Aeration Zone
Detention time 0.5 day
Depth 3.0 m
Quiescent Zone
Detention time 1.0 day
Depth 15 m
Sludge depth 0.3 m
6. Chlorine Mix Tank
Detention time 2 min
7. Chlorine Contact Tank
Detention time 30 min
8. Gasholder
Detention time 6.0 hr
Pressure 0.03 kg/sg.cm

6.7 UNITS SIZES
6.7.1 Civil Works

The treatment scheme adopted for STP at Panka consists of the following units. A detailed process
design has been carried out and the required sizes are also presented in the following table.
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Table 6.5 List of Plant Units

Sr. Units No. Size (meter)
1 Inlet chamber 1 20x86x50LD+05FB

2 | Screen channel 4+2 50x2.0x1.0LD+05FB

3 | Detritor tank 3 104x10.4x0.7LD +0.6 FB

4 Division box — 1 1 56x5.4

5 | Division box — 2 4 54x3.1

6 | Distribution box 24 2.3x2.25

7 | UASB Reactor 12 32.0x26.0x57LD+05FB

Aerated lagoon
8 | Aeration zone 2 70.8x141.3x3.0LD+05FB
Quiescent zone 2 283.1x141.3x 1.5 LD + 0.3 sludge depth + 0.5 FB

9 | Chlorine mixing tank 1 8.2x82x25LD+05FB

10 | Chlorine contact tank 1 447x224x25LD+05FB
11 | Sludge drying beds 50 28.7x16.9

12 | Sludge pumping station 2 25x4.0

13 | Filtrate pumping station 1 25x4.0

14 | Gas holder 1 10.2diax4.5TD

15 | MEP room 1 10.0x 12.0

16 = Generator room 1 8.0x10.0

17  Transformer Yard 1 10.0x 12.0

A general layout showing the proposed STP at Panka based on the UASB process followed by aerated
lagoon with chlorination system is presented in drawing no. KAN-STP-PANKA-1. The hydraulic flow

diagram for this treatment plant is presented in drawing no. KAN-STP-PANKA-2.

6.7.2

Mechanical Works

Panka STP consists of the following mechanical equipment.

Table 6.6 List of Mechanical Works

Sr. Units No. Rating (HP)
1 Mechanical screen 4 5.0
2 | Conveyor belt 1 5.0
3 Detritor mechanism 3 5.0
4 Aerators 8 50.0
5 | Sludge pumps 2 20.0
6 | Filtrate pumps 4 15.0
7 Gas holder accessories 1 -
8 | Gas flaring system 1 -
9 | Chlorinators 1 5.0
10 : Gates 8 -
11 | EQOT and chain pulley 3 5.0
12 | Generator 1 -
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6.7.3 Electrical & Instrumentation Works
Following components have been considered for electrical and instrumentation works for Panka STP.

Table 6.7 List of Electrical & Instrumentation Works

Sr. Units No.
1 | 4 pole structures 1
2 i 33kV overhead transmission line 2.5km
3 | 48V DC sealed maintenance free battery & battery charger 1
4 | 33kV Vacuum circuit breaker panel 1
5 | Gas engine synchronization and AMF panel 1
6 | 33/0.433kV Dynl1l, ONAN cooled transformer with off circuit tap changer 2
7 | Main electrical panel 1
8 | Screen & grit removal mechanism panel 1
9 | Aerator & chlorine house panel 1
10 | Sludge pump panel 1
11 | Filtrate pump panel 2
12 | Main lighting panel 1
13 | Sub lighting panels 6
14 | 125 kVAr capacitor control panel with APFC relay 1
15 | 33kV & 1.1kV cables, cable terminations & cable carrier system Lot
16 | Indoor & outdoor lighting Lot
17 | Earthing & safety equipment Lot
18 | Instrumentation system Lot
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6.8 CAPITAL COST
6.8.1 Civil Cost

Table 6.8 Capital Cost of Civil Works

Sr. Units Civil Cost (Rs.)
1 Inlet chamber 710,000
2 Screen channel 450,000
3 Grit chamber 2,109,000
4 Division box — 1 656,000
5 Division box — 2 1,230,000
6 Distribution box 11,640,000
7 UASB Reactor 164,037,000

Aerated lagoon
8 Aeration zone 9,004,000
Quiescent zone 20,001,000
9 Chlorine mixing tank 656,000

10 Chlorine contact tank 6,300,000
11 Sludge drying beds 24,252,000
12 Sludge pumping station 171,000

13 Filtrate pumping station 95,000

6.8.2

14 Gas holder 1,544,000
15 MEP room 660,000
16 Generator room 400,000
17 Transformer yard 180,000
18 Interconnecting piping, roads and 6,196,000
pathways
19 Interconnecting channels 4,800,000
20 Treated effluent channel 2,250,000
21 Chlorine room 360,000
Total 247,701,000

Mechanical Cost

Table 6.9 Cost of Mechanical Works

. Mechanical Cost

Sr. Units (Rs)
1 Mechanical screen 5,672,000
2 Conveyor belt 400,000
3 Detritor mechanism 4,500,000
4 Aerators 2,800,000
5 Sludge pumps 300,000
6 Filtrate pumps 400,000
7 Gas holder accessories 350,000
8 Gas flaring system 320,000
9 Chlorinators 2,000,000
10 Gates 800,000
11 EOT and chain pulley 750,000
12 Pure gas engine 22,000,000
Total 40,292,000
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6.8.3 Electrical & Instrumentation Cost

Table 6.10 Cost of Electrical & Instrumentation Works

Electrical &
Sr. Units Instrumentation
Cost (Rs.)
1 Provision for receiving power at point of 8,500,000
supply
2 Panels 6,606,000
3 Cables 4,293,000
4 Lighting 937,000
5 Earthing and safety equipment 608,000
6 Instrumentation 765,000
7 Miscellaneous 219,000
Total 21,928,000

Utilities
The utility items required for operation of STP and its costs are presented in the following table.

Table 6.11 Cost of Utility Items

Sr. Units Utility Cost (Rs.)
1 Administrative building cum laboratory 1,080,000
2 Furniture 500,000
3 Laboratory equipment 1,200,000
4 Tube well and water supply system 680,000
5 Site drainage 350,000
6 Security room 50,000
7 Staff quarter 4,363,000
8 Green belt 150,000
9 Wheel barrow and trolley mounted pump 300,000
10 Fire fighting arrangement 80,000
11 Site development 300,000
12 Bypass arrangement 8,000,000
13 Outfall structure 300,000
14 Boundary wall 7,400,000
15 Vehicle 600,000
16 Site development 1,200,000
17 Miscellaneous 500,000
18 Irrigation Channel 43,750,000
Total 70,803,000

6.8.4 Land Cost

A total of 45 hectares of land is required for construction of STP at Panka. This land provision
includes the requirement for both phases i.e. 120 mld in year 2015 and 200 mld in year 2030.
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Table 6.12 Land Cost

Sr. Particulars Costs (Rs.)
1 Land cost for 45 ha @ Rs. 1,461,000 65,745,000
Total 65,745,000

6.9 OPERATION & MAINTENANCE
6.9.1 General

The detailed operation and maintenance manual of the STP will be submitted at the time of Start-Up
and monitoring phase of the plant. Operation and maintenance of the treatment plant is very much
required for sustainability of the treatment plant and to achieve discharge standards. The operational
aspects include regular checking of the units (which include the electrical and mechanical equipment),
to identify any non-functionality of the units and to evolve the strategic measures to be taken, so as to
run the plant.

All the activities of the treatment plant are scheduled and co-ordinated by the plant manager. The plant
manager will also be responsible for taking steps like shutting down the plant or to bypass the
wastewater in case of emergencies, after having proper deliberations with the management and the
operational staff.

6.9.2 Screens

Screens are provided to remove the large floating material in the raw wastewater. Each of the working
screen channels will have one mechanically cleaned bars screen with bar clearance of 6 mm opening at
STP site and one manually cleaned mesh screen with opening of 25 mm x 25 mm, located on the
downstream of fine screen.

The standby screen channel will have one manually cleaned bars screen with bar clearance of 12 mm

opening at STP and one manually cleaned mesh screen with opening of 25 mm x 25 mm, located
downstream of the manually cleaned 12 mm opening bars screen.
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Table 6.13 Operation and Maintenance Aspects of Screens

Sr. Equipment

Operational

Maintenance

1 Mechanical screens

Hourly Incoming amount of
the screenings should be
clearly recorded in the data
sheet. The type of the
screenings should also be
recorded in the data sheet
A timer should control the
mechanism for removal of the
screenings

Frequent checks of the
mechanical raking
mechanism are required for
every 2 to 3 hours

Regular checks should be
done for proper working of
the rake mechanism

The screens should be painted
for every 3 to 4 months

2 Manual screens

Hourly incoming amount of
the screenings are to be
clearly recorded in the data
sheet, which should also give
details of the type of the
screenings screened

The screens should be cleaned
after every one hours, so that
there will not be any clog at
the screens, and thus leading
to the over flow of the
wastewater

The labourer cleaning the
screens should wear safety
equipment such as gloves and
shoes

The screens should be cleaned
every hour.

The screens should be painted
for every 3 months

A coarse mesh screen is placed after the fine screen. The main function of the mesh screen is to
remove the plastic materials and other small items, which pass through the bar screens. The
operational staff should clean the wire mesh for every hour in order to avoid choking of the mesh. The
staff should wear gloves and boots when they are in operation of cleaning the screens.

6.9.3 Grit chamber
The mechanical grit removal consists of circular tank, which consists of moving scrapper mechanism.
An airlift pipe is provided in the tank along with a bypass line. The following are the operational and

maintenance aspects of the grit chamber.

Table 6.14 Operation and Maintenance Aspects of Mechanical Grit Removal

Operational Maintenance
e The time & amount of grit cleaned from each o All the gates/valves should be cleaned
channel should be recorded in a daily record periodically
sheet. e  The grit channel should be cleaned properly.

6.9.4 UASB Reactor

During the operation of the treatment plant, samples from the reactor should be taken periodically for
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analysis. The operational parameters such as hydraulic retention time can be adjusted depending upon
the sample results. The following illustrates the maintenance aspects of the UASB reactor:

e All the FRP piping and PVC piping should be checked for gas leakage and should be repaired
immediately
e The levels of the inlet gutters of every reactor should be frequently checked
e The floating layer, whenever it forms, should be removed from the gas collectors
e The railing and other metallic works such as valves should be painted
o Forevery 4 to 5 years, the grit accumulated inside the reactor should be removed and the
inside concrete surface should be given a new coat of epoxy paint.
e The sludge pits should be properly maintained

(1) Feed Inlet Boxes

The main problem with the feed inlet box is that the inlet pipes get frequently choked up. In case of
choking, water hosepipe should be introduced so as to build up the pressure. If it so happens, that the
choking of pipe cannot be removed by means of water hosepipe, a flexible rod should be used to clean
up the feed inlet pipe.

(2) Effluent Gutters

The following are the operational and maintenance aspects of the effluent gutters

Table 6.15 Operation and Maintenance Aspects of UASB

Operational Maintenance
e  Care should be taken when fixing up the weir e Levelling and alignment of the weirs and the
plates to the effluent gutters. The weirs should be gutters should be checked properly twice in a
horizontal and all gutters of a reactor should be at year.
one level e The notches should be cleaned frequently

e  Minimal slope should be provided to the effluent
gutters towards the effluent channel

e Frequent sludge removal should be done from
the effluent gutters

e  The sludge should be transported to the dumping
site by means of wheelbarrows.

6.9.5 Sludge Drying Beds

Sludge characteristics should be known at the time of the start up of the plant, as it determines the
average sludge drying time. The sludge applied in shallow depths dewaters at a much rapid rate, but
more frequent discharge from the beds is required. So the optimum sludge height should be evaluated
depending upon the sludge characteristics. The following table shows the operational and maintenance
aspect of the sludge drying beds.
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Table 6.16 Operation and Maintenance Aspects of Sludge Drying Beds

Operational Maintenance
e The sludge should be applied after the dewatered e  Drainpipes should be checked frequently so that
sludge cakes are removed no clogging takes place
e The sludge drying beds should be free from e The sludge piping should be washed, after
vegetation before the application of the sludge application of the sludge
e The sludge cakes should be removed at regular o All the metallic elements such as chequered
interval of time, which depends upon the sludge plates etc. should be painted once in a year

characteristics
e The position of the splash gates and trays should
be checked before applying the sludge on the bed

6.9.6 Biogas Collection & Flaring System

System includes FRP piping for the conveyance of gas, gasholder system for the storage of gas and gas
flaring unit for controlled flaring of gas into atmosphere as and when required. All the piping and
valves should be periodically checked against leakage. If any leakage is found, should be repaired by
isolating the line with the help of valves. Gas dome of gasholder should be epoxy painted, break glass
seal & emergency alarm for vacuum/ excess gas condition should be checked for functioning. Gas
flaring system should be operated & maintained as per manufacturer guideline.

6.9.7 Chlorination System

Chlorination equipment should be properly housed and reserve supply of cylinders, valves, gaskets etc.
should always be available. Valves and piping should be regularly checked for leaks. Leaks should be
attended to as per the instruction in the manufacturer's catalogues. Chlorine cylinders should be kept
on scales and the weight read each day as a check for the amount of chlorine used. Gas mask must be
used while attending to chlorine leaks. Operation record should show the volume of sewage
chlorinated, rate of application of chlorine, residual chlorine in the plant effluent and the amount of
chlorine consumed per day.

6.9.8 Sludge Pumps

Water level in the sludge sump should not be lower than the minimum designed level. Also the water
level in the sump should not reach beyond maximum designed level. Floats and sequence switches
controlling the pumping cycle should be examined at the beginning of each shift. All bearings, water
seal, motors, guide rail and electrical wire & control equipment should be inspected periodically. The
manufacturer's directions for operation & lubrication should strictly be followed. The time interval
between start & stop of any pump should not be less than 5 minutes. All pumps including standby
pumps should be operated in rotation so that the wear and tear is distributed evenly.

6.9.9 Manpower Requirement

The manpower requirement for operation and maintenance for Panka STP is presented in the Table 6.7.
The plant manager, a person at a level of Executive Engineer, will head the team. The Plant Manager
will be assisted by Assistant Engineers, Junior Engineers and other supporting staff.

The organisational set up can be divided into three categories, mainly:

e The management level
e The operational level
e Supporting staff of the treatment plant
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The plant manager, plant engineer and process engineer come under the management level, who
manages the treatment plant. The plant manager is responsible for smooth functioning of the plant. He
is the bridge in between the administration and the treatment plant staff. He co-ordinates all the
activities of the treatment plant. He is also responsible for training of the new personnel. The Plant
Engineer and Process Engineer will support the Plant Manager in all the activities and instructs the
operational staff in operation and maintenance of the plant. They act as a link in between the plant
manager and the operational staff.

The Process Engineer will look after the sample collection, analysis - reporting part where as the Plant
engineer will instruct the operators in maintenance of the electrical and mechanical equipment. The
group of chemist, Plant Supervisors, electrician and a fitter will support the Process and Plant
engineers. Supporting staff comprising of sweepers, casual labourers, watchmen and gardener are
proposed to work under the operational staff, to do the labour intensive works.

Table 6.17 Proposed Staffing for Sewage Treatment Plant
Sr. Function Level Time to be spent Number of
Personnel

1 Plant Manager Executive engineer 6 days/week 1
2 Assistant Manager Assistant Engineer (E&M) 6 days/week 1
3 | Assistant Manager Assistant Engineer (Civil) 6 days/week 1
4 Junior Manager Junior Engineer (E&M) 6 days/week 6
5 Junior Manager Junior Engineer (Civil) 6 days/week 2
6 | Fitter (Mechanical) 1% class 6 days/week 2
7 | Electrician 1% class 6 days/week 3
8 Fitter (Mechanical) 2" class 6 days/week 1
9 | Electrician 2" class 6 days/week 2
10 | Gardener _ 6 days/week 2
11 Driver _ 6 days/week 1
12| Cleaner _ 6 days/week 1
13 | Jr. Accountant _ 6 days/week 1
14 | UDC Senior Assistant _ 6 days/week 2
15 | LDC Junior Assistant _ 6 days/week 3
16 | Peon _ 6 days/week 3
17 Jr. Steno _ 6 days/week 1
18 | Chemist MSc (Chemistry 6 days/week 1
19 | Assistant Chemist BSc (Chemistry) 6 days/week 1
20 Lab Assistant _ 6 days/week 1
21 Lab Attendant _ 6 days/week 2
2 Sweeper _ 6 days/week 2
23| Welder ITI 6 days/week 1
24 Operator ITI 6 days/week 19
25 | Labourer - 6 days/week 73
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6.9.10 Operation and Maintenance Cost Estimates
(1) Operation Cost

Table 6.18 Operation Cost

sr. Particulars Costs ?Fi;.?n”um
1 Power 9,251,000
Manpower 7,458,000
3 Chemical 1,488,000
| Total 18,197,000
2 Maintenance Cost

Table 6.19 Maintenance Cost

Sr. Particulars Costs per annum
(Rs.)
1 Civil @1.5% per year 3,716,000
Mechanical, electrical and
2 instrumentation @ 3% per year 1,867,000
Total 5,583,000

(3) Total Operation & Maintenance Cost 1

Table 6.20 Total O&M Cost

Sr. Particulars Costs per annum
(Rs.)
1 Operation & Maintenance Cost 23,780,000
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CHAPTER 7 INSPECTION, CLEANING AND REHABILITATION OF
SEWER

Sewer systems are an important part of infrastructure and play an essential part of maintaining public
health. Yet they are largely out of sight and in the past this has often been a cause of neglect, leading to
sewer flooding, pollution, collapse and blockage. A sewer normally fails to receive attention till it
starts giving serious trouble.

As stated earlier, the sewerage system for Kanpur city was commissioned in 1910’s. Considering the
importance of existing sewer as a part of overall sewerage system of Kanpur, JICA Study Team
considered the inspection, cleaning and rehabilitation of sewer stretches presented in Table 7.1, under
priority projects.

Table 7.1  Sewer Stretches Proposed for Rehabilitation

Sr. Sewerage District

A. Sewerage District |

1 Company BaGH to Parmat SPS
2 DAV Hostel to Parmat SPS
3 VIP Road to Nawab ganj
4 DIG Bungalow to Parmat
5 Mac Roberts ganj to Sisamau
6 Kamala tower to Phool bagh
7 Phool bagh to Chhabile Purwa meeting point of 84" sewer
8 Pan chakki to meeting point of 78" sewer
9 GT Road to Cantonment
10 Tube well no.5 Cantt to Chhabile Purwa
11 Chhabile Purwa to Jajmau CSPS (Jajmau A line)
B. Sewerage District |1
1 Israuddin clinic to Harihar Nath
2 Chinyot Bhavan Govind Nagar to Harihar Nath Shastri Park
3 Geeta nagar Crossing to ITI Chauraha

Preliminary investigation on trunk sewers was carried out through manhole survey, under Feasibility
Study to propose a structured inspection, cleaning and rehabilitation plan. Based on the preliminary
investigation it is concluded that there is problem of silting, which can be rectified through proper
maintenance in the following stretches.

Company bagh to Parmat SPS

DAV hostel to Parmat SPS

VIP road to Nawab ganj

DIG Bungalow to Parmat

Mac Roberts ganj to Sisamau

Kamala tower to Phool bagh

Chinyot Bhavan Govind Nagar to Harihar Nath Shastri Park
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7.1 BASICS OF SEWER REHABILITATION PLAN

Indian cities show a certain trend of development characterized by rapid unplanned growth of cities,
its population and puts considerable strain on the civic infrastructure. The infrastructure is put to such
a strain that it becomes impossible to adopt conventional but relatively cheaper methods for restoration
of underground infrastructure like sewers and water mains. This leads to delay in taking up actual
rehabilitation work further deteriorating the system. In such cases Trenchless Technology is probably
the only solution to keep the underground assets in satisfactory functioning conditions.

Kanpur is not an exception to such scenario. By virtue of its geographic situation on the banks of
Ganga river and Pandu river the city’s sewerage system discharging in to either Ganga or Pandu river
needs urgent attention for ensuring-

a) Adequacy of sewerage system to meet the population growth,

b) Ensure that the environment is not adversely affected due to deficiencies in wastewater
system at all levels- collection, conveyance, treatment and disposal

¢) Source of potable water for cities, located at the downstream of the river, is not
adversely polluted on account of deficient sewerage.

d) Need to meet the growth of the city- demographic growth as well as geographical
growth

For the sewerage system Master Planning for a city having an old existing system, two distinct tasks
must be taken in to account-

a) Rehabilitation/ Replacement of existing assets
b) Expansion of sewerage system

7.2 REHABILITATION OF EXISTING SEWERAGE SYSTEM

The primary reasons for the sewer rehabilitation is either to enhance the capacity or to increase the
structural stability. The sewer runs through highly congested stretches of the city and for rehabilitation
may requires extensive use of trenchless technology.

Rehabilitation as a process has to be meticulously planned and executed based on established
guidelines so as to achieve end results which are consistent with good practices and ensure long
lifecycle for the system. For this reason defacto standard of WRc shall be adopted to formulate
strategies and implementation plans as well as methods.

Advantages of WRc standards are-

a) Scientific approach to analysis of existing system

b)  Use of proven techniques for condition assessment and system evaluation

¢) Prioritising the implementation plan

d) Selection of appropriate method of trenchless technology.

e) Selection of a system to give durable end result having maximum lifecycle span.
f)  Cost effectiveness

g) Effective planning of available funds

7.2.1 General Methodology

The recommendations for trenchless rehabilitation shall closely follow the WRc recommendations.
The steps involved can be enlisted as under-

i) Initial planning:
This is an initial investigation to establish extent and types of problems in the sewerage
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system and to plan the approach for diagnostic study, which is the next step in the procedure.

i) The diagnostic study shall comprise of various phases like
1.Phase I: Information
2.Phase IlI: Investigations
i. Hydraulic
ii. Environmental
iii. Structural
iv. Operations and Management
3.Phase I11: Develop solutions

iii) Implementation:

This is the final stage which involves actual implementation with appropriate methods identified
consistent with a well-defined O & M plan/ strategy.

Implementation of each phase as given in WRc is reproduced in Figure 7.1

Initial planning I Determine performance requirements |

1
I Assess current parformance I
1
‘Choose approach for diagnostic study

Diagnostic study

I Assess exisling infarmation |

I Update inventory as reguired |

I T T |
HYDRALLIC EMVIROMMEMNTAL ETRUCTURAL JOPERATIONS & MAINTENANCE
INVEETIGATION INVESTIGATION INVESTIGATION INVESTIGATION
. R [E dl il nd . !
eview trade effluant a Review ™ | Ti
I Carry out flow measurement | I ather discharges I Frepara programme | Bvlew Opﬂfa::;lf:' armance |
| |
Build and verify hydraulic .
I n'ludt:I v | I Carry oul survey | I Carry out investigations | I Carry out investigations |
| | | 1
I Assess hydraulic perfarmancel I Assess _en\ununmenLaI | I Assess structural condition | Aasess aperailonal
impact parformance
| i | 1
I Compare with performance criteria |
1 1 1 |
Identify hiydraulic Identify unacceptabla Identify structural TdentiTy cper atons
deficiencies environmental impacts deficiancias maintenance deficiencies |
| | | 1
I Identify causes of performance deficiencies |

———— e == e e
Develop solutions

IDE\'eIup integrated sululmnsl

1
I Agsess solutions |

I Prepare operations & |

Prepare rehatbilitation plan
maintenance plan

—————————— —— e e e m m———— ——————— ===
Implement and manitor |
Carry out work Wonitor structural hydraulic Implement revised Operations |
Ay ol war and envirgnmental performanc & Maintenance Plans

]
I Update rehabilifation plan |

Figure 7.1 Stages in Sewer Rehabilitation

General reconnaissance of the system shows general observations as enlisted below-

1) No information is available in degree of silting in the sewers in a properly quantified
manner. It is learnt from enquiries that the degree of silting in these reaches varies from
three fourths to half.
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11)

12)

No information is available about usual diurnal flow variations

No information is available about ground water fluctuations

Siltation with crown failures are commonly seen as major defects

Some incidents of crown collapse are experienced during last two- three years.

No data on possible alignment shift between individual joints is available with the client
No data is available on settlement of individual pipes

Information on solidified deposits or root intrusions is not available

Systematic cleaning of the system in a planned manner has not been carried out in the
past.

The slopes of the pipelines are reported to be in general satisfactory by UPJN. However
since this affects the hydraulics of the system, it has to be re-ascertained for sample
reaches in a scientific manner.

Previous CCTV inspection history is not known but most likely no CCTV inspection
has been done in the past.

During inspection and rehabilitation work, the flows will have to be diverted through
open drains, which lead to Ganga river. Though this is not advisable, possible means to
overcome the issue of flow diversions shall have to be explored.

These basic observations on the system form the basis for formulation of rehabilitation/replacement

strategy for the existing sewers.

7.2.2 Recommended approach

Systematic approach as enlisted earlier shall have to be adopted.

Stage 1: Initial Planning

As complete survey of sewerage system will be a herculean task and may not be feasible considering
the site conditions, available time, resources etc. Hence a scientifically selected sample must be
selected for detailed conditions assessment for initial planning which shall help the client in
formulating further strategy. As general rule it is recommended to do sample condition assessment
survey for a length of about 10 to 15% of the length of system. Since silting is badly affecting access
to the sewers for direct inspection suitable preparatory steps must be taken to overcome this hurdle. It
is recommended to do visual inspection of the entire system from ground/ road level by opening all
manholes in a phased manner to get a preliminary idea of level of silting in the manhole and general
flow conditions at various hours of the day. However, it must be borne in mind that preliminary visual
observations in the manholes may not represent accurate picture about conditions in the sewer barrel.

These observations would help in short listing
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Stage 2: Diagnostic Study

This stage is spread over sub tasks as mentioned and these need expert attention at every level for
enabling proper strategy formulation.

Information: This component is dedicated to collection of information from all possible sources.
Information is key to successful planning and implementation in trenchless technology. Though
preliminary information collection has been completed, it will be essential to collect further
information through various investigation components as contemplated in second sub task.

M)

i) Hydraulic Investigations: This will be used to gauge the hydraulic performance of
the existing system to form the basis for diagnostic purpose. The study could involve
use of flow meters at strategic positions and then monitoring them over a period of time
to cover a fair range of fluctuations in diurnal and seasonal variations. However due to
limitations on time (as may be stipulated by the client) full seasonal variation as may
not be possible to be recorded. The actual readings must be correlated with the design
values from the available drawings and other records about the system. This stage is
essentially meant to give in depth idea about

1) Adequacy of existing system with respect to the original designs and projected flows
over design period

2) Need for augmentation of the capacity keeping in tune with the future requirements

3) Likely impact on overall system due to additional components getting appended to
existing system

4) Likely impact of various systems of rehabilitation which may affect the hydraulic
parameters like cross section area, roughness coefficients, and to some extent
modifications in gradients of the system

i) Environmental Investigation: This shall take care of various factors affecting the
environment as a consequence of the rehabilitation plans. Complete system study with
due regards to Environment Protection Act and Rules framed there under shall have to
be taken up so as to ensure consistency with legislative requirements.

iii) Structural Investigations: These key components can be termed as the single most
significant step in the entire systematic approach to trenchless rehabilitation. Some
important steps involved are:

Condition Assessment using
CCTV inspection

In this a waterproof camera having capability to zoom, pan and tilt is introduced in the sewer.
The camera features powerful xenon bulb, which provides illumination of the sewer in front of
the camera. The camera has ultra wide-angle lense, which gives 360 degree fisheye view of
the sewer. The camera differ in capabilities and features but the features mentioned here are
bare minimum to give in depth idea of the condition of the sewer. The camera is connected to
a LCV mounted monitor from where the operator can monitor its movements and guide the
camera. The camera can float/ coast in partial sewage flow or can be crawler mounted for
maneuverability. Camera traverse is tracked in terms of chainage so that the defects detected
can be recorded and logged properly. Zoom feature allows inspection of cracks or other
defects closely. Cameras that can be inserted in pipelines as small as 100mm diameter up to
3000mm are available. However, it is specifically useful for non-man entry sewers where
physical photography or videography is not possible.
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One essential requisite for CCTV inspection is desilting
of the barrel of sewer that the camera can move inside

it.

In case of Kanpur, we recommend thorough desilting
using combined suction and jetting equipment so that
the camera can be introduced inside and the video
recorded properly. The output per day can very but on
an average it can be taken as at least 300m per day of
operations.

CCTV inspection cost can range from Rs. 80/- B o
per meter to about Rs. 125/- per meter besides the cost of desilting of the sewer.

Manual inspection of the system

)

Large diameter sewers can be inspected by sending trained personnel inside the sewer after
thorough desilting and following all safety precaution for working inside sewers. IN case of
man entry inspections SAFETY MEASURES are the essential part and should not be
compromised even to a minor degree. The person can video-graph the stretch traversed and
while recording the video he can have voice narrations describing the conditions inside the
sewer. At the same time, he can record still images of various conditions observed inside the
sewer. One advantage of this type of direct inspection is ability to physically see the defects
and take measurements of cracks, missing bricks or any other features. However, with
improvements in electronic technologies, CCTV cameras are improving which has led to
further developments like SET- Sewer Evaluation Techniques with fuzzy logic and digital
camera imaging. This provides ability to grade the sewers more rationally and at a faster
speed.

Classification of defects and grading.

Based on the data collected from the condition assessment surveys using CCTV inspection as
well as manual video graphs and photographs, the sewers can be classified into various grades
representing their present structural stage. As per WRc manual the sewers are graded into 5
grades in which grade | represents satisfactory condition while grade V means already
collapsed or collapsed imminent at any time. This scientific grading allows the planner to
priorities sewer rehabilitation programme thereby allowing optimum use of the finances.

It is observed that the identified stretches indicates varying degree of structural conditions
from the primary assessment and the grades are most likely to be between grade Il and V
which means they need immediate attention for rehabilitation, especially Phool Bagh to
Chabile Purwa.

A preliminary assessment for the sewers in District | and 11 is shown in Table 7.2.
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Table 7.2 Preliminary Assessment of Sewers to be Rehabilitated

Erom _ Preliminary
Sewerage St To |Diameter Length | remarks on .
L retches Down . Recommendation
District Upstream| (mm) (m) condition/
stream o
accessibility
District I | Phool bagh to Man entry size, | Physical
Chhabile Purwa 1D 1A 1500 5,180 | Silting level inspection by
Meeting Point 84" very high at man entry and
GT road to upstream ends logging of
Cantonment 1€ 1B 2000 2,880 defects.
Tube well no.5 Cantt
to Chhabile Purwa 1B 218 2100 2,920
Chhabile Purwa to
Jajmau CSPS (Jajmau | 1A 23A 2250 4,015
Aline)
District Il | Chinyot Bhavan Non manentry | CCTV
Govind Nagar to size, Silting inspection must.
Harihar Nath Shastri level very high | Desilting
Park MHIL | MH40 850 4,030 at upstream needed to
ends provide access
for the camera.

It must be remembered that this grading is completely preliminary in nature as CCTV or manual
inspection are yet to be carried out. The information provided in the table above is only for

preliminary guesswork and should not be taken as conclusive one.

iv) Develop solutions:

The steps involved formulating various options for rehabilitation replacement or repairs depending
upon the conditions as evaluated under stage iii above. The points to be considered while developing

the solutions are

i Hydraulic factors:

This shall indicate if the existing sewer has adequate capacity to meet the future
requirement at the end of the structural life of the rehabilitated system. If the sewer is
found to be inadequate attempts to augment the capacity must be searched. The
Hydraulic factors would also include physical aspects such as slope, diameter,
roughness, conditions of joints, etc. All these factors collectively affect the Hydraulic
performance and must be taken into account while developing the solutions.

If only Hydraulic performance improvement is intended Type Ill lining would
suffice. However, it will also be governed by other features like physical condition of
joints. If major replacement is observed mere Type Ill lining would not be
appropriate as it would require proper realigning and improvement of grade and

alignment.

Attention must be paid towards requirement of cross section are for the flow and the
limits of reduction in cross section area. In general liner system reduce the cross
section area and impacts the flow capacity of the system. It is common for the clients
to cap the reduction in cross section area to about 10% of existing one. Though in
some cases the reduction in cross section area allow may be as low as 4 to 5%.
However, to achieve this, the liner system gets adversely influence. For example, if
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stand alone system is required, it may not be possible to achieve the limit for the
reduction in cross section area unless the existing pipe reamed to certain depth using
appropriate technology. But this adds to the overall cost of the rehabilitation. The
client must pay proper attention to the reduction in cross section area and capacity
requirement and structural requirement.

V) Operation and Maintenance Factor:

Local organisations have developed their own strategy and system for the Operation and Maintenance
system that largely takes into account the local technology and resources such as manpower. The
solutions developed based on the rehabilitation strategy must provides a seamless change over from
the conventional system to the system intended to be adopted at minimum cost and without
unnecessarily affecting the existing O & M structure. At the same time the legacy system prevailing in
the organisation may continue in operation in case of other sewers, which are not rehabilitated. Thus
the stage may come when the legacy system as well as the advanced system would be working
together and the O & M staff is required to be aware of co-existence of both the system. This demands
capacity building with scientific approach and proper technology transfer.

7.2.3 Options for Rehabilitation Technology:

S

The options for technology for rehabilitation can be classified in to following categories

a. Rehabilitation: Involves structural and hydraulic improvement, existing section retained

b. Replacement: Total replacement of existing pipeline

c. Repairs: Mainly localized in nature and minor in nature, does not necessarily involve structural
requirements.

Various methods in above categories are described below

a. Rehabilitation: It mainly comprises of providing structural lining inside the existing pipeline as
per design requirements. The liners may be Stand Alone (Type 2) or Composite (Type 1) or Type
3- which is a non structural liner.

1) Type 1 design philosophy: It relies on a strong and perfect bond between the parent pipe
wall, liner and the grout injected between annular space between liner and the pipe wall.
This requires that the existing pipe is in a position to withstand certain structural load.
Normally it is suitable for condition grades up to 3. However with some precautions it
can be used for type 4 as well. It is completely unsuitable for Grade 5 sewers.

2) Type Il design philosophy: The philosophy of this type is to install a liner that utilises
the existing sewer & ground support where possible to produce a cost effective
renovation. No bond is required between lining and the grout or existing sewer.

Where the condition of existing sewer is intact (Gr.3 or 2) the lining is to be designed to
resist ground water pressure only as the existing sewer will continue to support ground

7-8



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

and traffic loads.

Where the condition of existing sewer is deteriorated fully or partially (Gr.5 or 4) the
lining will have to be designed to take ground and traffic loads in addition to ground
water pressure also. Such liner is generally called ‘Stand Alone Liners’.

External silica layer
Structural layer
Barrier layer

Pure resin Iayer

#
-
b

(1) Methods of Rehabilitation
The various methods of rehabilitation are:

Sliplining with continuous or discrete pipe lengths
Lining with cured in place pipes

Lining with closed-fit pipes

Lining with spirally wound pipes

Man entry lining with pipe segments

Man entry in situ coating

Non man entry in situ coating

Many of these techniques have been used in India and have been successful. It is therefore
recommended that the methods are selected using their soundness in filed, ease of adaptation in India,
possibility of maximizing local resources/ inputs and cost effectiveness.

In this context, the methods worth considering for Kanpur are described below-
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Lining with reaming (slip lining): This method has been successfully used in Mumbai for
rehabilitation of approximately 8 kms of sewers.

This involves enlarging the existing cross section by reaming scientifically evaluated thickness of
existing shell of the pipe up to a certain depth and then putting GRP liners and then grouting the
annular space so as to provide a composite section. The reaming is a specialized technique, which has
been developed as proprietary method by various specialists.

With this method circular as well as ovoid sewers can be rehabilitated. This is a man entry method
suitable for large size sewers.

In addition to this GRP liners can be provided inside existing sewers without reaming, if the criterion
for reduction in CSA allows for it.

Cured In Place lining: In this method a resin impregnated felt tube is inserted in to existing sewer by
means of hydrostatic pressure through inversion or winched in place method. The water is heated after
the tube is in place and the heat cures the resin forming a tube inside the existing pipe.

The method can take care of slight misalignments in the joints and can be done even if there is some
water in the pipeline.

However, since the process depends on chemical properties of the resin and its pot life or shelf life
which is affected by the hot and humid climate of India. The mixing and impregnation of resin is done
in a specially set up unit for this purpose and resin impregnated tubes need to be kept in temperature
controlled or refrigerated conditions. Further this method shall require huge quantities of water
especially for large sewers and energy to heat cure the resin properly.

Spiral wound lining: In this method a strip having structural profile generally of PVC is wound inside
the existing pipeline to form a tube of spirals. If standalone section is desired, steel stiffeners may also
be provided in the strip.

These are most significant methods in Indian context, but some more variants may also exist.

Selection of system of rehabilitation:

Selection of rehabilitation system is influenced by following factors:
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i.  Analysis of cause of defects
ii.  Structural requirements

iii. Hydraulic considerations

iv. Flow capacity

v.  Flow velocity

vi. Foundation condition

vii. Ground water table

viii. Accessibility of the site

ix. Traffic aspects along the road
X.  Availability of technical know-how
xi. Cost aspects

Liners can be of cementatious nature or polymeric in nature with polymeric liners being preferred due
to their inherent capability to resist corrosive action.

In case of Kanpur city, based on preliminary investigations, it appears that lining with GRP standalone
sections and pipe bursting would be the most appropriate techniques for majority of the sewer network.
Pipe bursting is generally used for small diameter sewers up to 450mm dia and hence GRP stand alone
liners or CIPP seems appropriate for rehabilitation of sewers in Kanpur city. However final
recommendation shall be governed by thorough condition assessment survey.

7.3 MANHOLE REHABILITATION

Manholes are rehabilitated to correct structural deficiencies, to address maintenance concerns, and to
eliminate extraneous flows. Manhole rehabilitation may also minimize or prevent corrosion of the
internal surface caused by sulphuric acid formed when hydrogen sulphide gas is released from the
sewerage into the sewer environment.

Many methods to rehabilitate Manhole are currently available (Table 7.3). New products and
application technologies are continually being developed. The evaluation of each method should
consider:

The type or types of problem

The physical characteristics of the structure such as the construction material

The condition and age

The location of the manhole with respect to traffic and accessibility

The risk of damage or injury associated with the current condition of the structure
The cost/value in terms of rehabilitation performance

o oo0oe

The rehabilitation of Manholes can be divided into the following methods.

Chemical grouting
Coating systems
Structural linings
Corrosion protection
Manhole components

o0 o
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Table 7.3 Sewer Manhole Rehabilitation Options

Sr. Rehabilitation Options Principal Advantages Principal Disadvantages
1 Rehabilitation of manhole | Improve structural condition, Will not rehabilitate badly
structure by plugging, eliminate leakage and provide deteriorated or structurally
patching, and coating and | corrosion protection. Little unsound Manholes
sealant (Both disruption
non-cementitious &
cementitious, with or
without plastic lining)
2 Repair or rebuilding of Rehabilitate badly deteriorated Excavation required
manhole chimney and cone | or structurally unsound chimney
section when excavation is | and cone section
required
3 Step removal and / or Improve access and safety and Installation difficulty
replacement eliminate leakage
4 Replacement of manhole Improve service life and Excavation required
frame and cover alignment, adjust grade, and
eliminate leakage
5 Structural relining Renew structural integrity Reduction of dimension, cost
6 Seal or replace cover, or Eliminates inflow and stop rattle | Raises cover slightly
install insert
7 Chemical grouting of Eliminates infiltration and fills Does not improve or rehabilitate
manhole structure voids in surrounding soil interior or manhole
8 Total replacement New manhole Cost

7.4 FLOW DIVERSION

For most rehabilitation/replacement work, it is necessary to bypass flow around the sewer that is being
rehabilitated. Segmental flow diversion can be achieved by providing portable pumps and temporary
on ground rising main from upstream manhole of the sewer section under rehabilitation to the
downstream manhole. Another important aspect of rehabilitation programme is traffic diversion
planning during rehabilitation.

It must be borne in mind that flow diversion is the crucial process and may be deciding factor about
success of a particular method of rehabilitation rather than the method itself.

7.5 COST ESTIMATES

Budgetary cost estimation of sewer inspection, cleaning and rehabilitation plan for Kanpur has been
calculated based on certain assumptions and feedback from ongoing/ completed similar type of

projects under Delhi Jal Board and Municipal Corporation of Greater Mumbai. The same is presented
in Table 7.4 and 7.5.
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Table 7.4 Technology wise Cost Estimate for Rehabilitation

From Downstream To Upstream Diameter Percent_age of length Recommended method
(Manhole Number) (,L\/Ianhole (mm) Length (m) conad_ered_for for rehabilitation
umber) rehabilitation
District |
1D 1A 1500 5,180 20
1C 1B 1980 2,880 20 GREP liners with or
1B 21B 2100 2,920 20 without reaming
1A 23A 2250 4,015 90
Total 14,995
District 11
1 40 838 4,030 40 Gv';’;hgﬂfrrse ;vn:tlr;];r
Total 4,030
Rate for Amount for Rate_f_or Amour_lt_ for Actual length Rate for Amount for
Desilting Desilting Afscs):silrtr:gzt Ang:sdslrgce)rqt for Rehabilitation | Rehabilitation
(Rs./m) (Rs.) (Rs./m) (Rs.) Rehabilitation (Rs./m) (Rs.)
District |
8,500 : 44,030,000 413 2,139,000 1,036.0 75,000 77,700,000
12,500 | 36,000,000 413 1,189,000 576.0 104,000 59,904,000
13,500 | 39,420,000 413 1,206,000 584.0 118,000 68,912,000
14,800 : 59,422,000 413 1,658,000 3,613.5 130,000 : 469,755,000
Total | 178,872,000 6,192,000 676,271,000
District 11
4,400 : 17,732,000 413 1,664,000 1,612 52,000 83,824,000
Total | 17,732,000 1,664,000 83,824,000
Table 7.5 Total Cost Estimate for Rehabilitation of Sewers
(Rs.)
Sr. Component District | District 11 Total
Amount for desilting 178,872,000 17,732,000 196,604,000
Amount for condition assessment 6,192,000 1,664,000 7,856,000
Amount for rehabilitation 676,271,000 83,824,000 760,095,000
Total 861,335,000 103,220,000 964,555,000
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CHAPTER 8 PRELIMINARY DESIGN OF AUGMENTATION
REHABILITATION OF OLD SEWAGE PUMPING
STATIONS

This section of the F/S report describes the strategy for augmentation / rehabilitation of the old
pumping stations in Kanpur.

8.1 PARMAT PUMPING STATION

Parmat pumping station was constructed under Ganga Action Plan (GAP-I) to intercept wastewater
from the Tafco nala, Parma ghat nala, Police lines nala, Jail nala. Under GAP Il Sisamau the largest
nala in Kanpur city will be diverted for treatment. Out of 138 mid, 80-100 mld will be tapped
upstream and diverted to Bingawan STP. The remaining 30-50 mld will be tapped at Parmat pumping
station and diverted to Jajmau STP.

8.1.1 Results of Inspection, Equipment (Inventory) Survey

Table 8.1 Specifications of the Parmat Pumping Station

Item Provision
There are two sumps viz. 4.8m dia circular sump
1 | Dimensions and with depth 10.65m and other sump of dia
_ 4.8m and depth 6.15
2 | Installed capacity 1,884 Ips
' 3 x1250 HP — 22,000 Ipm @ 10 m head
3 | Installed pumps 2 x 100 HP - 1,440 Ipm @ 10 m head
_ 2 x50 HP — 1,440 Ipm @ 10 m head
4 | Diesel generating sets 1 x 200 kVA and 1x 250 kVA
' 5 | 2 Nos of rising main 600 mm dia and length is 1,000m
250 mm dia and length is 1,000m

The monthly average quantities of sewage pumped from this pumping station during the period
January 2004 to June 2004 are presented in Figure 8.1.

Average Monthly Discharge from Parmat SPS
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8.1.2 Preliminary Inspection of Pumping Stations

All the four pumping stations, located along the bank of the river Ganga were visited to understand the
existing situation of these pumping stations.

8.1.3 Observations of Parmat Pumping Station

As per survey of Parmat pumping station following salient points are given below: -

e All the pumps are very old and need to be replaced. These pumps were installed under Ganga
Action Plan (GAP-I)

Civil structure of pumping station requires minor repairs.

One transformer of 110 KVA is not working which was installed in the year 1937

The capacitor panel to improve the power factor of pumping stations is not available.

Cable laying and support need to be improved.

There is no spare feeder in L.T. panel.

Several indication lamps on panels are either missing or not working.

Earthing system is improper and requires improvements.

There is not a single instrument to measure level, flow, pressure, temperature etc for proper

operation.

There is no mechanized screen (only wire mesh) available to screen the sewage water.
There is no telecommunication provided at pumping station
Skilled operation and maintenance staff is unavailable

8.14 Proposed Rehabilitation Programme For Parmat SPS

1)

2)

3)

4)

5)

6)

Out of two DG sets each of 200kVA and 250-kVA respectively, one DG set of 200kVA
capacity is proposed to be shifted from Parmat PS to Nawab ganj PS. For Parmat PS 2
two new DG sets each of 40kVA with synchronization panel are proposed to meet the
total standby power requirement of the SPS.

Presently there is one main 6.6 kV Oil Circuit Breaker panel which receives the power
from KESA metering panel. This 6.6 kV power is further distributed to three individual
6.6 kV Qil Circuit Breaker panels. These three individual panels feed power to three
6.6kV/0.433kV indoor transformers of different capacities. The rating of the installed
transformers is - 110kVA for pump house # 1,400kVA for pump house #2 and 250kVA
for pump house # 3. Power stepped down to 0.433kV is fed to the Minimum Oil Circuit
Breaker panel (MOCB) installed near the transformers. This power from the MOCB
panel is again fed to the LT panel provided in the individual pump houses for that pump
house load.

The no of switchgears involved in the existing system are very large and all the circuit
breaker panels have served their lifetime service. To maintain these panels further is
very time consuming and costly affair as availability of spares is very poor.

Instead of operating and maintaining so many outdated switch-gears / transformers, one
new 6.6kV Vacuum Circuit Breaker panel, with one incomer and two outgoing
transformer feeders, is proposed which will receive the power from the KESA metering
panel.

The existing transformers of different capacities are proposed to be replaced by two
new outdoor transformers of 800kVA. Each transformer shall be rated for full working
load of the plant. Normally each transformer shall be loaded to about 50 % of its
capacity). This will ensure the running of the stand by pump in addition to normal
working pumps in the event of compensating the loss of pumping, followed by a
prolonged power failure.

Presently there are three Minimum Oil Circuit Breaker panels, whose function is just to
receive the stepped down power from transformers and transmit it to the individual LT
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7)

8)

9)

10)
11)
12)

13)
14)

panel located in the respective pump houses. All these individual panels with MOCB
are proposed to be replaced by new Main Electrical Panel (MEP) with Air Circuit
Breakers with a facility of bus-coupler and adequate interlocking. This new panel shall
feed power to the three LT panels located in three pump houses.

Entire pumping station is running without any power capacitor to compensate reactive
power, which if not compensated by providing adequate power capacitor, will result in
increased power losses in the system and ultimately increased power bills. To
compensate the reactive power, two capacitor control panels (one on each bus of the
MEP) with adequate rating of capacitors and automatic power factor correction relay
are proposed. These two panels shall be located near the MEP in the main panel room.
The existing LT panels provided for each pump house, which cater supply to the pump
starters, are with MOCB/switch fuse units of British make. Availability of spares for
these switch-gears is very poor and hence all these panels as well as oil filled starters
are proposed to be replaced by new LT panels with Air Circuit Breakers / Moulded Case
Circuit Breakers and starter module for each pump in the panel itself.

All the cables from LT starter panel to pump motors are proposed to be replaced by new
cables.

Existing indoor as well as outdoor lighting system is not working; hence entire new
lighting system is proposed.

There is no earthing system provided for the electrical system. Hence the entire new
earthing system with adequate size of earthing conductor is proposed.

Manual screen replacement in existing sumps

New rising main for additional sewage flow (1600 m length dia 1100.00mm)

Minor repairs in civil structure, painting.

8.1.5 Additional Pumping Station at Parmat

In order to take care of additional sewage flow, in addition to existing pumping facility it is proposed
to construct an additional sewage pumping station for the flow of 50 mid.

This proposed pumping station consist of the following units

>
>
>
>

New screen channel
Wet well and dry well
MEP room

D.G room

Submersible type centrifugal pumps have been proposed at this SPS.

(1) Receiving Power Provision for New Proposed PS at Parmat

Power for new pumping station is proposed to be tapped from the proposed new HT VCB panel for
existing plant as 2 points of supply in the same premises are not permitted.

The cost of HT switchgear required to feed HT power to transformers for new PS, is considered in the
rehabilitation cost of existing pumping station.

(2) Pumping station details for additional pumping station at Parmat
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Table 8.2 Pumping Station Details for Additional Pumping Station at Parmat

Sr. ltem Provision

Six nos 28.13 mld, @17.55 m head (120 HP where,
four nos are working and two nos are stand by)

Six nos 28.13 mid, @17.55 m head (120 HP, where
four are working and two are stand by)

One no. 1000 mm dia Pre stressed concrete pipe,
1,600 m length (m)

1 Pumps for year 2015

Pumps for year 2030

2 Rising main

Coarse screen channel

. 2nos2.0mx50m
_ (40 mm clear spacing)
4 Medium screen ch_annel 2 10s 2. 0m X 5.0m
_ (20 mm clear spacing)
_ 5 Wet well 1 nos 18m x 5.5 m, detention time is 3.75 min
6 Valve chamber 1 nos 18m x 6.0m

A layout drawing is presented in KAN-PS-PARMAT-1. General arrangement of the pumping station is
presented in drawing KAN-PARMAT-2.

The plan and profile of the rising main are presented in drawing KAP-PP-PH_1-TO 3.

(3) Allied Buildings

In addition to the above, following buildings are proposed for provision of electrical panels and
generating sets. Also, an open yard is provided for transformer. The sizes are presented in the

following table.

Table 8.3 Allied Buildings for Parmat Pumping Station

Sr. Item Size (M)

1 MEP building 6x4
DG room & control room 8x6

3 Transformer yard 6x8

8.1.6 Cost Estimates for New Pumping Station at Parmat

Budgetary cost estimation of sewage pumping stations was carried out considering prevailing market
rates and applicable schedule of rates. Estimated capital cost and operation & maintenance cost of the
pumping station is given below.

(2) Civil Cost

Table 8.4 Capital Civil Cost for Parmat Pumping Station

Sr. Item Cost (Rs.)

1 Inlet, screen channels, wet well 3,934,000

2 MEP building 144,000

3 DG room / control room 288,000

4 Transformer yard 35,000
Total 4,401,000
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(2) Mechanical Cost

Table 8.5 Capital Mechanical Cost for Parmat Pumping Station

Sr. Item Cost (Rs.)
1 Coarse screen 150,000
2 Screen channel gates 260,000
3 Mechanical screens 850,000
4 Manual screens 75,000
5 EOT for pumps 250,000
6 EOT for screens 200,000
7 Pumps 11,770,000
8 Piping and valves 2,000,000
9 Conveyor belt 450,000
Total 16,005,000

(3) Electrical and Instrumentation Cost

Table 8.6 Capital Electrical and Instrumentation Cost for Parmat Pumping Station

Sr. Item Cost (Rs.)

1 Panels 10,713,000

2 Cables 634,000

3 Earthing and safety equipment 217,000

4 Lighting 151,000

5 Instrumentation 1,023,000
- Total 12,738,000

(4) Rising Main

Table 8.7 Capital Rising Main Cost for Parmat Pumping Station

Sr. Item Cost (Rs.)

1 PSC pipe 7,435,000

2 Appurtenances 300,000

3 Excavation 480,000

4 Miscellaneous (crossing / encasement) 100,000
Total 8,315,000
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8.1.7

Operation & Maintenance Cost of additional PS at Parmat

Table 8.8 Operation and Maintenance Cost for Parmat Pumping Station

Sr. Item pi?satrfr?j%
1 Manpower cost 766,000
2 Power cost (20 hrs @ Rs. 3.25/kWh) 3,921,000
3 Diesel cost (4 hrs @ Rs. 34/liter) 2,469,000
4 Maintenance of civil works @ 1.5 % 66,000
5 Maintenance of M&E works @ 3 % 862,000
6 Maintenance of rising main @ 0.25 % 21,000
Total annual O & M cost 8,105,000

Power cost depends on peak flow

8.1.8 Abstract of Costs for Additional PS at Parmat

Table 8.9 Abstract of Cost Estimates for Parmat Pumping Station

Sr. Item Cost (Rs.)

1 Civil cost 4,401,000

2 Mechanical cost 16,005,000

3 Electrical & instrumentation cost 12,738,000

4 Rising main cost 8,315,000
Total capital cost 41,459,000

Table 8.10 Cost Estimates for Rehabilitation of Existing Parmat Pumping Station

O and M cost
Electrical (panels @15 for Civil
PS L Mechanical AL Total Capital works and @3%,
Sr . Civil cables, lighting .
Location (screens) - Cost (Rs.) for Mechanical
earthing) .
and Electrical
works
Parmat 22,695,336
. (without power charges) 761,000
1 | pumping 60,000 150,000 25 195,336 25,405,000 per annum
station .
(with power charges)
Total cost for pumping station (Rs.) 25,405,000
8.2 NAWAB GANJ PUMPING STATION

Nawab ganj pumping station was implemented under the Ganga Action Plan (GAP-I) to intercept
wastewater from the following nalas: Kesa colony nala, roadways, colony nala, Jageswar nala Jewra
nala, Nawab ganj nala, and Rani ghat nala. The pumping station also collects wastewater from local

SEW

ers. Based on the flow measured in the contributing nalas the Study Team has estimated the

required capacity as 4.2 mld. However, a flow of 12.9 mid was reported by UPJN in 1997. An in
between value is recommended in the M/P and the expected flows are 6 and 8 mld in 2015 and 2030.
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8.2.1

Results of Inspection, Equipment (Inventory) Survey

Table 8.11 Specifications of the Nawab Ganj Pumping Station

Item

Provision

Dimensions

There are two sumps viz 4.8m dia circular sump and
depth is 5.4m and other sump is 6m dia and depth 6.75 m

Installed capacity

350 Ips

Installed pumps

1 x40 HP-6,162 Ipm @ 10 m head
2 x 30 HP - 4,950 Ipm @ 10 m head
2 x 15 HP -2,475 Ipm,@ 10 m head

Diesel generating sets

1x 110 kVA

Rising main

Dia of 450 mm and length is 1,500m

The monthly average quantities of sewage pumped from the pumping station during the period
January 2004 to June 2004 are presented in Figure 8.2.

8.2.2

Average Monthly Discharge from Nawab gunj SPS
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Figure 8.2 Average Monthly Discharge from Nawab Ganj SPS

Observation of Nawab Ganj Pumping Station

As per survey of Nawab ganj pumping station following salient points are given below: -

All the pumps are very old and need to be replaced. These pumps were installed under Ganga

Action Plan (GAP-1)

15 HP pumps are out of order.
Civil structure of pumping station required minor repair.

There is no standby transformer

Alternative power supply (110kVA-Diesel generator) is available. However, there is no

standby generator set.

One outgoing feeder of DG set electrical panel is burned. Therefore both pump houses are
connected with single outgoing feeder.

The capacitor panel to improve the power factor of pumping stations is not available.
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8.2.3 Proposed Rehabilitation Programme For Nawab Ganj SPS

1)
2)
3)

4)

5)

6)

7)

Replacement for manual screens of two existing sumps.

New rising main of dia 450 mm for total length of 1,100 m (plan and profile of this
rising main are presented in drawing KAN-PP-NC-1).

Existing DG set of 110kVA is not adequate to run all the pumps in both the pump
houses. Hence one 200 kVA DG set from Parmat PS is proposed to be shifted to Nawab
ganj PS. This DG set will take care of the entire working load of both the pump houses.

One change over switch is installed which receives power from KESCO metering panel
and 110kVA DG set. Outgoing supply of this changeover switch is fed to two LT panels
installed in each pump house by laying two cables for two panels from the same
terminals. Hence one new Main Electrical Panel is proposed which will receive power
from KESCO metering panel and 200kVA DG set.

Presently there is no provision of power capacitors and hence one new capacitor control
panel with adequate banks of capacitors and automatic power factor correction relay is
proposed in the existing change over panel room.

Existing indoor as well as outdoor lighting system is not working; hence entire new
lighting system is proposed.

Minor repairs in civil structure viz. painting

8.2.4 Abstract of Cost Estimates

Table 8.12 Cost estimates for Rehabilitation of Nawab Ganj Pumping Station

PS
r Location

Nawab
Ganj SPS

O and M cost @1.5
Electrical for Civil works and
Mechanical Rising (panels, Total 3%, for mechanical
Civil (screens) Main cables, Capital and electrical
lighting Cost (Rs) works and for
earthing) rising main @
0.25%
60,000 | 150,000 | 5780,000 | 1613.820 | 7,603,820 68,265
' ' e e A per annum

Total cost for pumping station (Rs.) 7,604,000

8.3 MUIR MILL SPS

This pumping station was constructed under the Ganga Action Plan (GAP-I) to intercept sewage
flowing in Muir mill nala. The flow measured by the Study Team in 2003 was 3.13 mld whereas 4.54
mld was reported by UPJN in 1997.

8.3.1 Results of Inspection, Equipment (Inventory) Survey

Table 8.13 Specifications of the Muir Mill Pumping Stations

Muir Mill SPS
Dimensions Rectangular sump size is 6m.x 4m x 7m
Installed capacity 140 Ips
Installed pumps 3x25HP-2,800 Ipm @ 15 m head
Diesel generating sets 1x 75 kVA
Rising main 400 mm dia and length is 735 m

The monthly

average quantities of sewage pumped from thee pumping station during the period

January 2004 to October 2004 are presented in Figure 8.3.
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Average Monthly discharge from Muir Mill SPS
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Figure 8.3 Average Monthly Discharge from Muir Mill SPS
8.3.2 Observations of Muir Mill Pumping Station:

As per survey of Muir mill pumping station following salient points are given below: -

e All the pumps are submersible and working in good condition.

There is no standby transformer

Alternative power supply (75kVVA-Diesel generator) is available. However, there is no standby
generator set.

The capacitor panel to improve the power factor of pumping station is not available.

Cable laying and supports are OK.

Electrical panel is in good condition.

There is not a single instrument to measure level, flow, pressure, temperature etc for proper
operation.

There is no mechanized screen (only wire mesh) available to screen the sewage water.

There is no telecommunication provided at pumping station

Skilled operation and maintenance staff is unavailable.

8.3.3 Proposed Rehabilitation Programme For Muir Mill SPS

1) The existing panel is in working condition except the required capacitor units of
adequate ratings. Hence one capacitor unit across each motor is proposed, which shall
be connected directly across the feeder terminals inside the panel.

2) The lighting system (indoor as well as outdoor) is inadequate and in non-working
condition. Hence entire new lighting system is proposed.

3) There is no earthing system provided for the electrical system. Hence the entire new
earthing system with adequate size of earthing conductor is proposed.

4)  Provision for mechanical screen.
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8.3.4 Abstract of Cost Estimates

Table 8.14 Cost Estimates for Rehabilitation of Pumping Station

O and M cost @1.5
' Mechanical Electrical. (pa_nels, 'I_'otal for Civil works and
Sr PS Location (screens) cables, lighting Capital cost 3%, form
earthing) (Rs) mechanical and
electrical works
- 14,373
1 Muir Mill SPS 150,000 329,070 479,070
per annum
Total Capital cost (Rs.) 479,000

8.4 GUPTAR GHAT PUMPING STATION

This pumping station was constructed under the Ganga Action Plan (GAP-1) to intercept sewage. The
present condition of this pumping station has been assessed and the same is reported in this section.

8.4.1 Results of Inspection, Equipment (Inventory) Survey

Table 8.15 Specifications of the Guptar Ghat Pumping Stations

Guptar Ghat Pumping Station
Dimensions Circular sump dia 5.0 m dia and depth is 7 m
Installed capacity 167 Ips
Installed pumps 3 x 15 HP - 1,000 Ipm @ 15 m head
Diesel generating sets 1 x50 kVA
Rising Main 150 mm dia and 300 m length

The monthly average quantities of sewage pumped from the pumping station during the period
January 2004 to October 2004 are presented in Figure 8.4.

Average monthly discharge from Guptar Ghat Pumping SPS
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Figure 8.4 Average Monthly Discharge from Guptar Ghat Pumping Station
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8.4.2 Observations of Guptar Ghat Pumping Station:
As per survey of Guptar ghat pumping station following salient points are given below: -

e All the pumps are very old and need to be replaced. These pumps were installed under Ganga
Action Plan (GAP-1)

Civil structure of pumping station require minor repairs.

There is no separate transformer for pumping station.

Alternative power supply (50kVVA-Diesel generator) is available. However, there is no standby
generator set.

The capacitor panel to improve the power factor of pumping station is not available.

Cable laying and support need to be improved.

There is no spare feeder in L.T. panel.

Several indication lamps on panels are either missing or not working.

Earthing system is improper and requires improvements.

Outdoor lighting system is improper and requires improvements.

There is not a single instrument to measure level, flow, pressure, temperature etc for proper
operation.

There is no mechanized screen (only wire mesh) available to screen the sewage water.

There is no telecommunication provided at pumping station

Skilled operation and maintenance staff is unavailable.

8.4.3 Proposed Rehabilitation Programme For Guptar Ghat SPS

1) The existing panel is in working condition except the required capacitor units of
adequate ratings. Hence one capacitor unit across each motor is proposed which shall
be connected directly across the motor terminals.

2) The lighting system (indoor as well as outdoor) is inadequate and in non-working
condition. Hence entire new lighting system is proposed.

3) There is no earthing system provided for the electrical system. Hence the entire new
earthing system with adequate size of earthing conductor is proposed.

4)  Minor repairs in civil structure, painting.

8.4.4 Abstract of Cost Estimates

Table 8.16 Cost Estimates for Rehabilitation of Guptar Ghat Pumping Station

Electrical O and M cost @1.5
. . Total Capital for Civil and 3%,
Sr PS Location Civil (panels, cables, .
N . Cost (Rs.) for mechanical and
lighting earthing) !
electrical works
1 Guptar ghat SPS 60,000 232,195 292,195 7,866
per annum
Total cost for pumping station (Rs.) 292,200

8.5 LAKHANPUR PUMPING STATION

At present the pumping station at Lakhanpur is not utilized and the assets in this pumping station are
obsolete. It is proposed to rehabilitate this pumping station as a whole. Further, the capacity of this
pumping station has to be augmented to take care of additional sewage flow from Makrikhera nala and
a colony located near the existing pumping station at Lakhanpur.
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8.5.1 Design flow

The projected sewage flow to be received at pumping station, as discussed in section 4 is presented in
the following table.

Table 8.17 Design Flow of Lakhanpur Sewage Pumping Station

. . S Fl Id
Sr. Pumping Station ewage Flow (mld)
2015 | 2030
1 | Lakhanpur pumping station 20 40
Peak factor as per the CPHEEO Manual 2.25 2.25

8.5.2 Unit sizes for Lakhanpur Pumping Station
Submersible type centrifugal pumps have been proposed at this pumping station.

Table 8.18 Details of Lakhanpur Pumping Station

Sr. ltem Provision

3 nos. 15 mld @ 16.86m head (100 HP, where two are
working and one is standby), (40 HP, where one is working
and one is stand by)

2 nos. 10 mld @16.86 m head ( 150 HP, where two are
working and one is standby), (75 HP, one is working and one
is stand by)

3 nos. (Additional ), 15 mld @ 16.86m head

2 nos. (Additional ),10 mld @16.86 m head

2 Rising main 1 No. 600 mm dia CI pipe 650 m length

Coarse screen channel (40

1 Pumps for year 2015

Pumps for year 2030

3 . 1 No. 6 x 2.20m
mm clear spacing)
4 Medium screen channel 920 2 No. 6 x 2.20m( 1 mechanical and 1 manual)
mm clear spacing)
5 Wet well 1 no. 15m x 8m and detention time is 3.75 min
6 | Valve Chamber 1no.15mx4.25m

The layout drawing of the pumping station is presented in KAN-PS-LKP-1. General arrangement of
the pumping station is presented in drawing KAN-PS-LKP-2.The plan and profile of the rising main is
presented in drawing KAP-PP-MP-RM1-2.

8.5.3 Allied Buildings

In addition to the above, following buildings are proposed for electrical panels and generating sets.
Also, an open yard is proposed for transformer. The sizes are presented in the following table.

Table 8.19 Details of Allied Buildings at Lakhanpur Pumping Station

Sr. Item Size (m)
1 MEP building 6x4
2 DG room & control room 8x6
3 Transformer yard 7x5
4 4 pole structure 8x6
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8.5.4 Capital Cost for Lakhanpur Pumping Station

Budgetary cost estimation of sewage pumping stations has been carried out considering prevailing
market rates and applicable schedule of rates. Estimated capital cost and operation & maintenance cost
of the pumping station is given below.

8.5.5 Civil Cost

Table 8.20 Capital Cost of Civil Works at Lakhanpur Pumping Station

Sr. Item Cost (Rs.)
1 Inlet, screen channels, wet well 8,532,000
2 MEP building 144,000
3 DG room / control room 288,000
4 Transformer yard 35,000
5 Staff quarter 1,231,000
6 4 pole structure 48,000

Total 10,278,000

8.5.6 Mechanical Cost

Table 8.21 Capital Cost of Mechanical Works at Lakhanpur Pumping Station

Sr. Item Cost (Rs.)
1 Coarse screen 150,000
2 Screen channel gates 260,000
3 Mechanical screens 1,250,000
4 Manual screens 75,000
5 EOT for pumps 250,000
6 EOT for screens 200,000
7 Pumps ( 100 HP) 3,923,000

Pumps ( 40 HP) 1,526,000
8 Piping and valves 2,000,000
9 Conveyor belt 450,000
Total 10,084,000

8-13



Final Report on Water Quality Management Plan for Ganga River
Volume V-2, Feasibility Study for Kanpur City, Part |, Sewerage Scheme

8.5.7

8.5.8

8.5.9

Electrical and Instrumentation Cost

Table 8.22 Capital Cost of Electrical and Instrumentation Works
at Lakhanpur Pumping Station

Sr. Item Cost (Rs.)
1 Provision for grid power supply 5,370,000
2 Panels 9,736,000
3 Cables 1,098,000
4 Earthing and safety equipment 250,000
5 Lighting 170,000
6 Instrumentation 885,000
7 Miscellaneous 114,000

Total 17,623,000

Rising Main

Table 8.23 Capital Cost of Rising Main at Lakhanpur Pumping Station

Sr. Item Cost (Rs.)

1 Cl Class B pipe 4,924,000

2 Appurtenances 300,000

3 Excavation 98,000

4 Miscellaneous (crossing / encasement) 100,000
Total 5,422,000

Abstract of Costs for Lakhanpur Pumping Station

Table 8.24 Abstract of Cost Estimates for Lakhanpur Pumping Station

Sr. Item Cost (Rs.)

1 Civil cost 10,278,000

2 Mechanical cost 10,084,000

3 Electrical & instrumentation cost 17,623,000

4 Rising main cost 5,422,000
Total capital cost 43,407,000
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8.5.10  Operation & Maintenance Cost for Lakhanpur Pumping Station

Table 8.25 Operation and Maintenance Cost Estimates for Lakhanpur Pumping Station

Sr. Item Cost (Rs.) per annum
1 Manpower cost 515,000
2 Power cost (20 hrs @ Rs.3.25/kWh) 1,416,000
3 Diesel cost (4 hrs @ Rs. 34/liter) 823,000
4 Maintenance of civil works @ 1.5 % 154,000
5 Maintenance of M&E works @ 3 % 831,000
6 Maintenance of rising main @ 0.25 % 14,000
Total annual O & M cost 3,753,000

Power cost depends on peak flow

8-15



	COVER PAGE
	GENERAL TABLE OF CONTENTS
	VOLUME IV-2 PART I SEWERAGE SCHEME
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES 
	APPENDIX
	ABBREVIATIONS
	GLOSSARY OF TERMS
	CHAPTER1 INTRODUCTION
	1.1 Projet Background
	1.2 Deliverables Submitted
	1.3 About This Report

	CHAPTER2 PLANNING BASIS
	2.1 Review/ Collection of Existing Documents
	2.2 General Environment
	2.3 Project Area
	2.4 Population and Population Projections
	2.5 Existing Water Supply Schemes
	2.6 Existing Storm Water Drainage System
	2.7 Existing Sewage Generation
	2.8 Priority Projects

	CHAPTER3 DESIGN BASIS
	3.1 Introduction
	3.2 Design Years
	3.3 Design Basis for Sewerage Network
	3.4 Design Basis of Sewage Pumping Stations
	3.5 Design Basis for Sewage Treatment Plants

	CHAPTER4 PRELIMINARY DESIGN OF SEWERAGE NETWORK
	4.1 Sewerage District I
	4.2 Sewerage District II
	4.3 Sewerage District III
	4.4 Trenchiless Options for Trunk Sewer in District III
	4.5 Operation & Maintenance Aspects

	CHAPTER5 PRELIMINARY DESIGN OF PUMPING STATION
	5.1 Pumping Stations in Sewerage District I
	5.2 Sewage Pumping Stations for Sewerage District III

	CHAPTER6 PRELIMINARY DESIGN OF NEW SEWAGE TREATMENT PLANT
	6.1 Review/ Collection of Existing Documents
	6.2 Need for the Scheme
	6.3 Master Plan Provisions
	6.4 Survey Works Executes
	6.5 Design Engineering Works
	6.6 Design Criteria
	6.7 Units Sizes
	6.8 Capital Cost
	6.9 Operation & Maintenance

	CHAPTER7 INSPECTION, CLEANING AND REHABILITATION OF SEWER
	7.1 Basics of Sewer Rehabilitation Plan
	7.2 Rehabilitation of Existing Sewerage System
	7.3 Manhole Rehabilitation
	7.4 Flow Diversion
	7.5 Cost Estimates

	CHAPTER8 PRELIMINARY DESIGN OF AUGUMENTATION / REHABILITATION OF OLD SEWAGE PUMPING STATION
	8.1 Parmat Pumping Station
	8.2 Nawab Ganj Pumping Station
	8.3 Muir Mill SPS
	8.4 Guptar Chat Pumping Station
	8.5 Lakhanpur Pumping Station





