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Appendix A2.2 Locations of Existing WTPs Inspected in This Survey 

 

: Existing WTPs inspected in this survey 
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Appendix A3.2 (5) Consumer Meter Reading Data  

 

(1) Wangkhei Yonglan Leirak 

WSZ: Irilbung, WTP: Irilbung & Ningthem Pukhri 

Sr No. 
Consumption 

(L) 
From To 

Term 

(day) 

Heads in 

HH 

Consumption per 

capita (L/day) 

1 552,000 2013/4/27 2014/10/3 524 10 105 

2 469,000 2013/4/27 2014/10/3 524 10 90 

3 191,000 2014/3/4 2014/10/3 213 6 149 

4 153,000 2014/3/4 2014/10/3 213 5 144 

5 147,000 2014/3/4 2014/10/3 213 4 173 

6 248,000 2014/3/4 2014/10/3 213 7 166 

7 177,000 2014/3/4 2014/10/3 213 6 138 

8 220,000 2014/3/4 2014/10/3 213 10 103 

9 179,000 2014/3/4 2014/10/3 213 5 168 

10 390,000 2014/3/4 2014/10/3 213 14 131 

        Average 7.7 137 

Source: PHED MD-II 

 
(2) Sanjenthong Officer Colony 

WSZ: Porompat, WTP: Porompat 

Sr No. 
Consumption 

(L) 
From To 

Term 

(day) 

Heads in 

HH 

Consumption per 

capita (L/day) 

1 242,000 2012/10/1 2013/2/25 147 10 165 

2 244,000 2012/9/1 2013/2/25 177 7 197 

3 427,000 2012/9/1 2013/2/25 177 13 186 

4 434,000 2012/9/1 2013/2/25 177 14 175 

5 147,000 2014/3/4 2014/10/3 213 4 173 

        Average 9.6 179 

Source: PHED MD-II 
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Appendix A3.2 (6) List of Bulk Water Consumers  

 
(1) Maintenance Division I 

No. 
Supply 

(kl/month) 
Month 

Charge 

(Rs/year) 
Bulk Water Consumer 

1 4,540 12 544,800 The additional DIG CRPF Langjing 

2 2,205 12 264,600 The commamdant 13th Bn BSF Koirengei 

3 7,096 12 851,520 The Superintendant JN Hospital Porompat 

4 1,934 12 232,080 The station engineer DDK Imphal Porompat 

5 1,080 12 129,600 The superintendant central jail Imphal 

6 1,362 12 163,440 The manager hotel, Imphal North AOC 

7 4,054.2 12 486,504 New secretariat Imphal 

8 4,221.5 12 506,580 The superintendant RIMS, Lamphel 

9 1,488 12 178,560 The Dean, CAU Iroisemba 

10 1,093 12 131,160 The Deputy secretary( administration Manipur Legislative Assembly, Chingmeirong

  Total   3,488,844   

Source: PHED MD-I 

 
(2) Maintenance Division II 

No. 
Storage 

(kl/month) 
Month 

Charge 

(Rs/year) 
Bulk Water Consumer 

1 7,272 12 872,640  N/A 

2 3,166 12 379,920  N/A 

3 94,372 12 11,324,640 JN Institute of Medical Science, Porompat (Medical college and hospital)φ150 

4 3,043 12 365,160  N/A 

5 11,520 12 1,382,400  N/A 

6 1,050 12 126,000  N/A 

  Total   14,450,760   

Source: PHED MD-II 
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Appendix A3.2 (7) Water Supply by Water Tankers  

 
(1) Maintenance Division I 

No. Capacity Number Trip/day Rate Day Month 
Charge 

(Rs/year) 
Remarks 

1 10,000 2 4 550 30 12 1,584,000 Department 

2 9,000 3 4 500 30 12 2,160,000 Department 

3 4,500 1 5 250 30 12 450,000 Department 

  Total 6         4,194,000   

Source: PHED MD-I 

 

No. Capacity Number Trip/day Rate Day Month 
Charge 

(Rs/year) 
Remarks 

1 8,000 25 3 450 30 12 12,150,000 Department 

2 2,500 60 3 250 30 12 16,200,000 Private 

3 10,000 40 2 550 30 12 15,840,000 Private 

  Total 125         44,190,000   

Source: PHED MD-II 
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Appendix A3.3 Details of Chemicals used in WTPs  

Chemicals Description Packing Price 

Coagulant Aluminium 

sulphate 

Standard: IS 299/1989 Grade-II 

Soluble iron compounds: 0.7% 

Soluble aluminum compounds（Al2O3）: 

15.0% 

Type: solid 

25kg block Rs.13,400/t 

Alkali 

Agent 

Slaked lime Standard: N/A 

Type: powder 

18kg、30kg 

Plastic bag 

Rs.10,600/t 

Disinfection Calcium 

hypochlorite

(Bleaching 

powder) 

Standard：IS 1065/1989 Grade-I 

Effective chlorine: 34.0% (minimum) 

Stability：1/15 

Type: Powder 

25kg 

Plastic bag 

Rs.28,350/t 

Source: PHED 
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Appendix A3.9 (1) Annual Operation and Maintenance Cost 
 
(1) Chemical Cost 

Present Chemical Cost 

Designed
Capacity

Present
Output

Aluminium
Sulpahte

Slaked Lime
Bleaching

Powder
Aluminium
Sulpahte

Slaked Lime
Bleaching

Powder
Total

(mld) (mld) (t/yr) (t/yr) (t/yr) (Rs lacs/yr) (Rs lacs/yr) (Rs lacs/yr) (Rs lacs/yr)

1 Kangchup 14.53 11.62
2 Kangchup (Extension) 9.08 6.81
3 Minuthong 1.14 0.57 17.7 5.9 2.8 2.4 0.6 0.8 3.8
4 Khuman Lampak 2.00 2.00 31.1 10.4 4.8 4.2 1.1 1.4 6.6

MD-I Total 26.75 21.00 545.6 259.3 40.0 73.1 27.5 11.3 111.9

5 Canchipur-I 4.54 3.10
6 Canchipur-II 6.81 6.81
7 Koirengei 2.27 0.91
8 Potsangbam - I 6.81 2.72
9 Potsangbam - II 6.81 6.81

10 Ningthempukhri 4.54 2.27
11 Old Thumbuthong 3.66 2.00
12 Porompat (old) 2.27 1.10

MD-II Total 37.71 25.72 290 151 59 38.9 16.0 16.7 71.6

13 Singda 18.16 16.34 254 85 40 34.0 9.0 11.3 54.4
14 Chinga 1.14 0.70 42.81 14.3 6.7 5.7 1.5 1.9 9.2
15 Moirangkhom 2.24 1.00
16 Porompat-1 6.81 4.77
17 Porompat-2 6.81 4.77
18 Irilbung 6.81 6.81 105.2 35.2 16.6 14.1 3.7 4.7 22.5

PCD Total 41.97 34.39 549.0 183.5 86.3 73.6 19.5 24.5 117.5
PHED Urban Circle Total 106.43 81.11 1,384.6 593.8 185.3 185.5 62.9 52.5 301.0

13,400 10,600 28,350
Unit Cost (2013-14) Rs/t

Annual Cost (2013-14)

101.5496.8 243 32.4 66.6 25.8 9.2

5.2147 49 23 19.7

Maintenance Division - II

Project Construction Division (PCD)

Annual Chemical Consumption (2013-14)

No. WTP

Maintenance Division - I

6.5 31.4

Production

 
Source：PHED 
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(2) Power Cost 

Present Power Cost 

Amount in INR Amount in INR
Per Month Per Annum

Maintenance Division 1
1 Kangchup treatment plants 400.0 340.0 192,780 2,313,360
2 Nepra Menjor pumping station 100.0 30.0 10,614 127,368
3 Sangaiprou pumping station 100.0 30.0 10,614 127,368
4 Irom Pukhri pumping station 100.0 22.5 10,316 123,792
5 Chingthamleikai pumping station 250.0 25.0 33,250 399,000
6 Keishampat pumping station 100.0 85.0 18,700 224,400
7 Langol pump house -1 258 3,096
8 Langol pump house -2 258 3,096

9
Khwairanband bazaar Assembly Secretariat
pumping station

100.0 40.0 5,450 65,400

10 Babupara pumping station 100.0 85.0 56,950 683,400
11 Minuthong WTP and pumping station 100.0 67.0 36,194 434,328
12 Khuman Lampak WTP and pumping station 400.0 113.0 51,980 623,760

Total (Maintenance-I) 1,750.0 837.5 427,364 5,128,368
Maintenance Division 2

1 Canchipur Intake (Kiyangei) 200.0 170.0 280,160 3,361,920
2 Canchipur Intakes (Lilong) 250.0 212.5 328,950 3,947,400
3 Canchipur Treatment Plants 400.0 340.0 560,320 6,723,840
4 Lilando Lampak PS (Pheijaleitong) 100.0 85.0 140,080 1,680,960
5 Potsangbam-I Intake and WTP 100.0 85.0 140,080 1,680,960
6 Potsangbam-II Intake and WTP 400.0 340.0 560,320 6,723,840
7 Koirengei Intake and WTP 250.0 235.0 72,869 874,428
8 Mahabali Intake (for Ningthem Pukhri) 100.0 80.0 25,000 300,000
9 Thangapat pumping station (Ningthempukhri) 100.0 80.0 25,000 300,000
10 Ningthem Pukhri WTP and PS 150.0 120.0 32,000 384,000
11 Thumbuthong WTP and PS 250.0 212.5 328,950 3,947,400
12 Laiwangma PS 100.0 85.0 25,000 300,000
13 Sajor Leikai PS 100.0 45.0 155,180 1,862,160

Total (Maintenance-II) 2,500.0 2,090.0 2,673,909 32,086,908
Project Construction Division

1 Chinga Intake 150.0 127.0 116,406 1,396,872
2 Chinga WTP and PS 100.0 85.0 80,380 964,560
3 Moirangkhom WTP and PS 250.0 212.5 200,950 2,411,400
4 Singda WTP 100.0 40.0 30,140 361,680
5 Porompat Intake 250.0 212.5 171,625 2,059,500
6 Porompat WTPs 400.0 340.0 274,600 3,295,200
7 Irilbung Intake 250.0 200.0 190,600 2,287,200
8 Irilbung WTP 250.0 200.0 190,600 2,287,200

Total (PCD) 1,500.0 1,217.0 1,064,701 12,776,412
Total 5,750.0 4,144.5 4,165,974 49,991,688

Name of office KVA KWSI No.

 
Source：PHED 
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Appendix A3.9 (2) Annual Budget for Operation and Maintenance Works in Each Division 
 

MD-I

2013-14 2014-15
Chemical N/A 80.00
Repair/Restration/Rep
lacement

N/A 72.00

Maintenance N/A N/A

Power Nil Nil
Charged to state government from electricity dept. and
PHED pays afterward

Manpower Nil Nil Paid by state government
Total N/A 152.00
Source: PHED MD-I

MD-II

2013-14 2014-15
Chemical 70.00 N/A
Maintenance 36.00 N/A Minor repairs (parts and materials), spare parts

Power Nil Nil
Charged to state government from electricity dept. and
PHED pays afterward

Manpower Nil Nil Paid by state government
Total 106.00 N/A
Source: PHED MD-II

PCD

2013-14 2014-15
Chemical 94.00
Repair/Restration/Rep
lacement

50.50

Maintenance 36.00 56.30 Spare parts, fuel, small repair parts etc.

Power Nil Nil
Charged to state government from electricity dept. and
PHED pays afterward

Manpower Nil Nil Paid by state government
Total 466.00 200.80
Source: PHED PCD

Note: Chemical and repair for 2013-14 includes some construction works

NoteItem

Item Note

Budget (Rs. Lakhs)

Budget (Rs. Lakhs)

Item Note

430.00

Budget (Rs. Lakhs)
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Appendix A3.10 (2) PHED’s Water Billing System 

 

Example of Consumer List 

 
Example of Consumer Information 
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Appendix A3.10 (3) Present Data Management relevant to MIS in PHED 

No. Item 
Present 

Section/person Work Data Update 

1 Chemical Use WTP supervisor 

Record the consumption 

based on number of 

chemical bags at WTPs 

Notebook Daily 

    AE/SO 
Prepare MAS: Material at 

site account 
Notebook Timely 

    AE 
Record the monthly 

consumption at WTPs 
Excel Monthly 

    AE 
Prepare the procurement 

order 
Excel 

Timely (every 

3 months in 

general) 

    AE 
Prepare the annual 

procurement plan 
Word Yearly 

    AE Record supply order Excel Timely 

2 
Construction material/Spare 

parts 
AE/SO Count the required number by hand 

Every time if 

necessary 

    

Large: 

CE/ACE/SE 

Small: EE 

Procurement order Word 
Every time if 

necessary 

  (Pipe) Store Division 
Count the numbers and 

register, report to CE 
Excel Monthly 

3 Equipment         

  Equipment List 
MD-I, MD-II: Nil

PCD: AE 
Prepare list (HP, kW) Excel No update 

  Equipment Status - Nil Nil - 

4 Human Resource         

  
Name/Position/Salary of 

staff 
Head clerk/UDC Prepare and revise list By hand 

3 or 4 times 

per year 

  Annual total salary - Nil Nil - 

  Attendance record - Nil Nil - 

5 
Water production & supply 

record 
        

  
Power supply hour & 

Pumping hour at intake 
Intake operator Report the hour to SO By hand Daily 

    AE Record in the table Excel Daily 

 Water production record WTP supervisor Record the assumed volume by hand Daily 

    SO Input the daily volume Excel Every 15 days

  Water supply hour PCD No record (fixed hour) Nil - 

    AE (only MD-II) Prepare reports 
by hand on the 

format 
Daily 

    EE (only MD-II) Keep the reports - Daily 

6 Water quality record     
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No. Item 
Present 

Section/person Work Data Update 

  Raw water at dam and river - Nil Nil - 

  
Influent and effluent water 

from WTP 
State Laboratory 

Examine and prepare report 

(send to divisions) 
Word Monthly 

    EE Keep the reports Hard copy Monthly 

  
Quality at distribution 

points 
State Laboratory 

Examine and prepare report 

(quite rare) 
Word Seldom 

  
Summary table with annual 

average 
- Nil Nil - 

7 Maintenance Record         

  Equipment Maintenance WTP supervisor Record (2 to 3 lines) 
Notebook Daily 

  Pipe failure & fitting Lineman Record 

    AE keep the notebook - 
Every around 

3 months 

  
Area wise sum of pipe 

failures 
- Nil - - 

8 
Consumer Connection, 

Billing & Metering 
        

  
Consumer Name, Date of 

Connection 
AE Record Notebook Timely 

    AE 

Update of consumer 

information on PHED 

website 

Website Timely 

  Number of connection AE 
Check from PHED website 

(need password) 

Nil (no monthly 

data) 
Timely 

  Number of consumer - - 
Nil (no data on 

numbers in HHs) 
- 

  Ledger 

Only M-I started 

to prepare in some 

areas 

Prepare and update map Adobe filemaker Timely 

  
List of consumers with 

meters 
AE/SO Prepare list   

by hand (separate 

from connection 

list) 

Seldom 

  Metering Record 

MD-I: Meter 

Reader Grade-2 (1 

post) 

MD-II, PCD: 

Lineman 

Prepare records by hand 

Sanjenthong 

Official 

Colony: every 

3 months 

Others: no 

update 

  Billing 
Junior Bill Clerk 

(JBC) 

Prepare bills for each 

connection 

M-I: Excel 

M-II, PCD: by hand 

Every 3 

months 

    
Bill distributor 

(MD-I) 

Distribute bill and receive 

signatures of consumers 
Paper 

Every 3 

months 
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No. Item 
Present 

Section/person Work Data Update 

9 Tariff revenue UDC/LDC 
Record payment on 

connection list 
Notebook Timely 

    AE 
Update of revenue record on 

website 
Website Timely 

    Treasury Office 

Prepare monthly income 

report (Challan) and send to 

Division 

by hand on the 

format 
Monthly 

  Record of total revenue - 
Nil (Check the website if 

necessary) 
Nil - 

10 Cost         

  Personnel expenses Head clerk/UDC Record Notebook Timely 

  Construction UDC/LDC ditto ditto Timely 

  Repair ditto ditto ditto Timely 

  Chemical AE Record the procurements Excel (PCD) Timely 

  Power AE/SO File 

Monthly bill from 

power dept. (by 

hand) 

Monthly 

  Total power cost - 
Prepare annual summary 

table of each facility 

Nil (final claimed 

amount by state 

government would 

be in hand of CE or 

EE) 

Yearly 

  Communication 
UDC/LDC (only 

M-I) 
Record Notebook Timely 

  Other (Fuel, stationery etc.) UDC/LDC Record N/A Timely 

11 Customer Service         

  Claim from customer MD-I File Nil - 

12 Asset management Nil Nil Nil - 

13 Plan (Annual) EE/AE 

Prepare annual budget for 

construction and 

procurement 

Excel Yearly 

14 Plan (3 years) CE/ACE Prepare long term plan N/A 
Every 3 to 5 

years 

15 Progress monitoring sheet         

  Construction Nil 
Just claim to contractor if 

delayed 
Nil - 

  Budget-cost Nil 

Prepare comparison between 

annual budge and actual 

total costs 

Nil - 

Source：JICA Survey Team based on interviews to PHED 
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Appendix A5.3 (1) Status of Thoubal Multipurpose Project - September, 2014 -1 
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Appendix A5.3 (1) Status of Thoubal Multipurpose Project - September, 2014 
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Appendix A5.3 (1) Status of Thoubal Multipurpose Project - September, 2014 
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Appendix A5.3 (1) Status of Thoubal Multipurpose Project - September, 2014 
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Appendix A5.3 (1) Status of Thoubal Multipurpose Project - September, 2014 
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Appendix A5.3 (1) Status of Thoubal Multipurpose Project - September, 2014 
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Appendix A5.3 (2) Commitment for Reservation of Water in Thoubal Dam 
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Appendix A5.3 (2) Commitment for Reservation of Water in Thoubal Dam 
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Appendix A5.3 (2) Commitment for Reservation of Water in Thoubal Dam 
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Appendix A5.3 (2) Commitment for Reservation of Water in Thoubal Dam 
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Appendix A 5.4 (1) Capcity Calculation for Chingkehiching WTP 

 

1. General 
      

1.1 1) Plant Capacity : Q = 46,400 m3/d 
 

     
= 1,933 m3/hr 

 

     
= 32.2 m3/min 

 

     
= 0.54 m3/sec 

 

         

 
2) Production loss : 

 
= 3.0 % 

 

         

 
3) Production capacity : Q = 45,000 m3/d 

 

         
1.2 Flow diagram 
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2. Cascade Aerator 
      

2.1 Design Criteria 
      

 
1) Number of Steps : 

 
= 4 

  

     
to 6 

  

 
2) Head Requirements : 

 
= 0.5 m  

 

     
to 3.0 m 

 

 
3) Space Requirements : 

 
= 0.015 m2/m3/hr 

 

     
to 0.045 

  

 
4) Inlet Velocity : 

 
= 1.5 m/sec 

 

         
2.2 Design 

      

 
1) Units : 

 
= 1 

  

 
2) Number of Steps : 

 
= 5 

  

 
3) Diameter of Inlet Pipe : 

 
= 0.90 m 

 

 
4) Area of Inlet Pipe : 

 
= 0.64 m2 

 

 
5) Area (required) : 

 
= 58.6 m2 

 

 
6) Area : 

 
= 38.5 m2 

 

 
7) Width : 

 
= 7.00 m 

 

 
8) Height : 

 
= 5.20 m 

 

         
3. Inlet Chamber 

      
3.1 Design Criteria 

      

 
1) Detention Time : 

 
≥ 1.5 min 

 

         
3.2 Design 

      

 
1) Units : 

 
= 1 

  

 
2) Length : 

 
= 4.10 m 

 

 
3) Width : 

 
= 4.10 m 

 

 
4) Depth : 

 
= 3.00 m 

 

 
5) Effective Capacity : 

 
= 50.4 m3 

 

 
6) Detention Time : 

 
= 1.57 min ;OK 

         
4. Distribution Chamber 

      
4.1 Type 

      

  
Flow mixing 

      

       
4.2 Design Criteria 

      

 
1) Detention Time : 

 
= 0.5 min 

 

     
to 1.0 min 

 

 
2) Ratio of Impeller Diameter to Tank Diameter: = 0.2 
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to 0.4 

  

 
3) Ratio of Tank Height to Diameter : 

 
= 1:1 

  

     
to 3:1 

  

 
4) Speed of Rotation : 

 
≥ 100 rpm 

 

 
5) Tangential Velocity : 

 
≥ 3.0 m/sec 

 

 
6) G value : 

 
≥ 300  /sec 

 

        
4.3 Design 

     

 
1) Units : 

 
= 1 

  

 
2) Length : 

 
= 3.20 m 

 

 
3) Width : 

 
= 3.20 m 

 

 
4) Depth : 

 
= 3.20 m 

 

 
5) Effective Capacity : 

 
= 32.8 m3 

 

 
6) Detention Time : 

 
= 1.02 min ;OK 

 
7) Impeller Diameter : 

 
= 1.20 m 

 

  
Ratio of Impeller Diameter to Tank Diameter: = 0.38 

 
;OK 

 
8) Speed of Rotation : 

 
= 100 rpm ;OK 

 
9) Tangential Velocity : 

 
= 6.30 m/sec ;OK 

 
10) G value (G=(P*ƞ / V*µ)1/2) : 

 
= 318  /sec ;OK 

  
P : 

 
= 3700 W 

 

  
ƞ : 

 
= 0.9 

  

  
V : 

 
= 32.8 m3 

 

  
µ (at 20 deg.C) : 

 
= 1.01E-03 kg/m/sec 

 

         
5. Horizontal Flow Baffled Flocculator 

      
5.1 Type 

      

  
Horizontal Flow with Baffle channels 

      

         
5.2 Design Criteria 

      

 
1) Detention Time : 

 
= 20 min. 

 

     
to 40 min. 

 

 
2) G value : 

 
= 10  /sec 

 

     
to 75  /sec 

 

 
3) GT value : 

 
= 23,000 

  

     
to 210,000 

  

 
4) Water Velocity : 

 
= 0.15 m/sec 

 

     
to 0.30 m/sec 

 

         
5.3 Design 

      

 
1) Units : 

 
= 3 units 
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2) Unit flow : 

 
= 10.7 m3/min 

 

 
3) Number of stages of the Baffle 

channel 

: 
 

= 6 stages 
 

        

 
4) Effective capacity of Baffle Channels : 

 
= 422 m3 

 

  

 (refer to the Baffle channels 

caluculation)      

 
5) Detention Time : 

 
= 39.4 min ;OK 

 
6) G value : 

 
= 30.2  /sec ;OK 

  

 (refer to the Baffle channels 

caluculation)      

 
7) Gt value : 

 
= 74,313 

 
;OK 

  

 (refer to the Baffle channels 

caluculation)      

         
6. Sedimentation Tank 

      
6.1 Type 

      

  
High-rate clarification by using upflow plate settlers 

   

         
6.2 Design Criteria 

      

 
1) Surface Load of plate settlers : 

 
= 7 mm/min 

 

     
to 14 mm/min 

 

 
2) Upward flow velocity : 

 
< 80.0 mm/min 

 

 
3) Effluent Weir Load : 

 
< 350 m3/d/m 

 

         
6.3 Design 

      

 
1) Sedimentation Tank 

      

 
- Units : 

 
= 6 units 

 

      
(2 units/tank x 3 tanks) 

 
- Unit flow : 

 
= 5.37 m3/min 

 

 
- Length : 

 
= 22.0 m 

 

 
- Width : 

 
= 5.80 m 

 

 
- Depth : 

 
= 4.00 m 

 

         

 
2) Characteristics of the plate 

      

 
- Length of the plate : 

 
= 1.100 m 

 

 
- Width of the plate : 

 
= 1.000 m 

 

 
- Angle of the tilted plates : 

 
= 60 degree 

 

 
- Spacing of the sloping parallel plates : 

 
= 0.075 m 

 

 
- Horizontal spacing of the sloping  : 

 
= 0.087 m 

 

  
parallel plates 

      



Preparatory Survey on Imphal Water Supply Improvement Project                                      Draft Final Report 

A 5.4-5 

 
- Height of the sloping plates : 

 
= 0.953 m 

 

 
- Effective settling area of the plate : 

 
= 0.550 m2/plate 

 

         

 
3) Number of the plates 

      

 
- Total length of the plate settlers : 

 
= 18.0 m 

 

 
- Total width of the plate settlers : 

 
= 5.00 m 

 

 
- Number of the plates : 

 
= 1,034 plates 

 

         

 
4) Surface load of the plates 

      

 
- Flow rate : 

 
= 5.37 m3/min 

 

 
- Total effective area of the plates : 

 
= 569 m2 

 

 
- Efficiency of the plates : 

 
= 90 % 

 

 
- Surface load of the plates : 

 
= 10.5 mm/min ;OK 

         

 
5) Upward flow velocity 

      

 
- Flow rate : 

 
= 5.37 m3/min 

 

 
- Projected area of the plate settlers : 

 
= 90 m2 

 

 
- Upward flow velocity through : 

 
= 59.7 mm/min ;OK 

  
 projected area of the plate settlers 

      

         

 
6) Effluent Weir 

      

 
- Number of effluent weirs : 

 
= 8 weirs/unit 

 

 
- Length of effluent weir : 

 
= 4.56 m 

 

 
- Diameter of the orifice on the weir : 

 
= 0.03 m 

 

 
- Perimeter of the orifice : 

 
= 0.09 m 

 

 
- Spacing between orifices : 

 
= 0.15 m 

 

 
- Number of orifices : 

 
= 48 

per 

trough  

 
- Total number of orifices : 

 
= 384 per unit 

 

 
- Total length of the perimeter of the orifices 

    

   
: 

 
= 34.6 m 

 

 
- Effluent Weir Load : 

 
= 224 m3/d/m ;OK 

         
6.4 Sludge Production at Average Turbidity 

      

 
1) Dry Solid Sludge 

      

 
- Average turbidity : 

 
= 27.0 NTU 

 

 
- Coefficient converting turbidity to SS: 

  
= 1.00 

  

 
- Amount of dry solid sludge : 

 
= 1.25 t/d 

 

         

 
2) Dry Alum Sludge 
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- Alum dosage as Al2(SO4)3 : 

 
= 32.0 mg/L 

 

 
- Percentage of Al2O3 : 

 
= 15.00 % 

 

 
- Solid alum dosage : 

 
= 1.48 t/d 

 

 
- Amount of dry alum sludge : 

 
= 0.35 t/d 

 

         

 
3) Dry Sludge Production Rate 

      

 
- Sharing Ratio of SS between  

      

  
Sedimentation tank and Sand Filter : 

 
= 0.9 

  

 
- Total amount of dry sludge : 

 
= 1.44 t/d 

 

         

 
4) Wet Sludge Production Rate 

      

 
- Percentage of solids to water : 

 
= 0.5 % 

 

 
- Total amount of wet sludge : 

 
= 288 m3/d 

 

         
6.5 Sludge Production at High Turbidity 

      

 
1) Dry Solid Sludge 

      

 
- 

High turbidity covering 95% of 

annual turbidity fluctuation       

  
turbidity fluctuation : 

 
= 108.0 NTU 

 

 
- Coefficient converting turbidity to SS: 

  
= 1.00 

  

 
- Amount of dry solid sludge : 

 
= 5.01 t/d 

 

         

 
2) Dry Alum Sludge 

      

 
- Alum dosage as Al2(SO4)3 : 

 
= 54.0 mg/L 

 

 
- Percentage of Al2O3 : 

 
= 15.0 % 

 

 
- Solid alum dosage : 

 
= 2.51 t/d 

 

 
- Amount of dry alum sludge : 

 
= 0.59 t/d 

 

         

 
3) Dry Sludge Production Rate 

      

 
- Sharing Ratio of SS between  : 

 
= 0.9 

  

  
Sedimentation tank and Sand Filter 

      

 
- Total amount of dry sludge : 

 
= 5.04 t/d 

 

         

 
4) Wet Sludge Production Rate 

      

 
- Percentage of solids to water : 

 
= 0.5 % 

 

 
- Total amount of wet sludge : 

 
= 1,008 m3/d 

 

         
7. Rapid Sand Filter 

      
7.1 Type 

      

  
Down Flow, Single Media 
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7.2 Design Criteria 
      

 
1) Filtration Rate : 

 
= 115 m/d 

 

     
to 144 m/d 

 

 
2) Filter Area per Unit : 

 
≤ 100 m2 

 

 
3) Ratio of Length to Width : 

 
= 1.11 

  

     
to 1.66 

  

 
4) Depth of Sand Beds : 

 
= 0.60 m 

 

     
to 0.75 m 

 

 
5) Effective Size of Sand : 

 
= 0.45 mm 

 

     
to 0.70 mm 

 

 
6) Uniformity coefficient : 

 
= 1.30 

  

     
to 1.70 

  

 
7) Air Washing Rate : 

 
= 0.60 m3/m2/min 

     
to 0.90 m3/m2/min 

 
8) Backwashing Rate : 

 
= 0.40 m3/m2/min 

     
to 0.60 m3/m2/min 

         
7.3 Design 

      

 
1) Number of Filter Beds : 

 
= 6 Beds 

 

     
= 2 Units/Bed 

 

 
2) Flow Rate of each Bed : 

 
= 7,733 m3/d 

 

     
= 5.37 m3/min 

 

 
3) Flow Rate of each Bed : 

 
= 9,280 m3/d 

 

  
when one Bed is stopped (backwashing) 

 
= 6.44 m3/min 

 

 
4) Length of each unit : 

 
= 6.50 m 

 

 
5) Width of each unit : 

 
= 5.00 m 

 

 
6) Ratio of Length to Width : 

 
= 1.30 

 
;OK 

 
7) Area of each unit : 

 
= 32.5 m2 

 

 
8) Area of each bed : 

 
= 65.0 m2 ;OK 

 
9) Effective Size of Sand : 

 
= 0.6 mm ;OK 

 
10) Depth of Filter bed : 

 
= 0.7 m ;OK 

 
11) Filtration Rate of each Bed    : 

 
= 119 m/d ;OK 

 
12) Filtration Rate of each Bed    : 

 
= 143 m/d ;OK 

  
when one Bed is stopped (backwashing) 

     

 
13) Backwashing Frequency : 

 
= 6 beds/d 

 

 
14) Air Washing rate : 

 
= 0.90 m3/m2/min 

 
15) Backwashing rate : 

 
= 0.60 m3/m2/min 

 
16) Air Washing duration : 

 
= 5.0 min 

 

 
17) Backwashing duration : 

 
= 10.0 min 
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8 . Overhead Tank (for backwashing) 
      

8.1 Design Criteria 
      

 

1) Tank must be large enough to hold 

the backwash water for two filter unit 
: 

 
≥ 390 m3 

 

         
8.2 Design 

      

 
1) Units : 

 
= 1 

  

 
2) Length : 

 
= 13.5 m 

 

 
3) Width : 

 
= 10.0 m 

 

 
4) Depth : 

 
= 3.00 m 

 

 
5) Effective capacity : 

 
= 405 m3 ;OK 

         
9. Master Reservoir 

      
9.1 Design Guidance 

      

 
1) Effective capacity : 

 
≥ 9,000 m3 

 

      
(followed DPR) 

 
9.2 Design 

      

 
1) Units : 

 
= 2 units 

 

 
2) Length : 

 
= 63.5 m 

 

 
3) Width : 

 
= 15.0 m 

 

 
4) Depth : 

 
= 5.00 m 

 

 
5) Effective capacity : 

 
= 4,763 m3/unit 

 

      
9,526 m3 ;OK 

 
6) Detention Time : 

 
= 5.08 hr 

 

         
10. Backwash Waste Tank 

      
10.1 Design Criteria 

      

 
1) Tank must be large enough to hold 

the backwash waste from one filter 

unit. 

      

        

  
: 

 
≥ 450 m3/unit 

 

         
10.2 Design 

      

 
1) Units : 

 
= 2 

  

 
2) Length : 

 
= 11.4 m 

 

 
3) Width : 

 
= 11.3 m 

 

 
4) Depth : 

 
= 3.50 m 

 

 
5) Effective capacity : 

 
= 451 m3/unit ;OK 
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11. Suldge Tank 
      

11.1 Design Criteria 
      

 
1) Tank must be large enough to hold 

the sludge discharge from 

sedimentation tank per day. 

      

        

  
: 

 
≥ 288 m3/unit 

 

         
11.2 Design 

      

 
1) Units : 

 
= 2 

  

 
2) Length : 

 
= 10.0 m 

 

 
3) Width : 

 
= 10.0 m 

 

 
4) Depth : 

 
= 3.00 m 

 

 
5) Effective capacity : 

 
= 300 m3/unit ;OK 

         
12. Thickener 

      
12.1 Design Criteria 

      

 
1) Detention time : 

 
= 24 hr 

 

     
to 48 hr 

 

 
2) Solid Loading rate per surface area : 

 
= 10 kg/m2/d 

 

     
to 20 kg/m2/d 

 

         
12.2 Design 

      

 
1) Units : 

 
= 2 units 

 

 
2) Diameter 

  
= 10.0 m 

 

 
3) Area : 

 
= 78.5 m2 

 

 
4) Depth : 

 
= 4.00 m 

 

 
5) Effective capacity : 

 
= 628 m3 

 

 
6) Detention Time and Loading rate at Average Turbidity 

   

 
- Thickener units to be used : 

 
= 2 units 

 

 
- Detention time : 

 
= 52.3 hr ;OK 

 
- Loading rate of solids per surface 

area 

: 
 

= 9.2 kg/m2/d ;OK 

        

         

 
7) Detention Time and Loading rate at High Turbidity 

   

 
- Thickener units to be used : 

 
= 2 units 

 

 
- Detention time : 

 
= 15.0 hr 

 

 
- Loading rate of solids per surface 

area 

: 
 

= 32.1 kg/m2/d 
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13. Drying Bed 
      

13.1 Design Guidance 
      

 
1) Solid Loading rate per surface area : 

 
= 40.0 kg/m2 

 

         
13.2 Design 

      

 
1) Total amount of dry sludge : 

 
= 1.44 t/d 

 

 
2) Total amount of wet sludge : 

 
= 36.0 m3/d 

 

 
3) Percentage of Solids to Water : 

 
= 4.00 % 

 

 
4) Units : 

 
= 3 

  

 
5) Length : 

 
= 32.0 m 

 

 
6) Width : 

 
= 22.0 m 

 

 
7) Depth : 

 
= 1.00 m 

 

 
8) Area per unit : 

 
= 704 m2/unit 

 

 
9) Area : 

 
= 2,112 m2 

 

 
10) Effective capacity per unit : 

 
= 704 m3/unit 

 

 
11) Effective capacity : 

 
= 2,112 m3 

 

 
12) Detention time : 

 
= 58.7 d 

 

 
13) Solid Loading rate per surface area : 

 
= 40.0 kg/m2 ;OK 
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Calculation of Chemical Dosing Rate 

 

 

(1) Selection of Chemicals 

① Flocculants 

� Chemical 

Alum (solid) 

� Selection reason 

Currently alum is used at the existing WTP.  It is easier to procure. 

 

② Disinfectant 

� Chemical 

Chlorine gas (liquid) 

� Selection reason 

Calcium hypochlorite is currently utilized at the existing WTP.  If the same chemical is applied, 

mixing work is frequently required because a large scale mixer and lifting device are required.  

Considering this issue, the application of chlorine gas is recommended because i) running cost is 

lower than calcium hypochlorite (see Table-1), and ii) mixing work is not required.  For leakage, 

neutralization equipment by dosing sodium hydroxide is installed.  

Table-1  Comparison of running cost between Chlorine gas and Calcium Hypochlorite  

Item Chlorine gas (Liquid) Calcium-hypochlorite (powder) 

Flow Rate 
Inlet 46,400  m3/d Inlet 46,400 m3/d 

Production 45,000  m3/d Production 45,000 m3/d 

Dosing rate 
(average) 

Pre-chlorination 3  mg/L Pre-chlorination 3 mg/L 

Post-chlorination 1  mg/L Post-chlorination 1 mg/L 

Consumption 

Pre-chlorination 139  kg-Cl2/d Pre-chlorination 139 kg-Cl2/d 

Post-chlorination 45  kg-Cl2/d Post-chlorination 45 kg-Cl2/d 

Amount 184  kg-Cl2/d Amount 184 kg-Cl2/d 

Actual Consumption 184  kg-Cl2/d* Actual Consumption 580 kg-Cl2/d** 

* calculated as 100% purity   ** calculated under the following conditions :  

  
 

   Specification (IS:1065, Grade-I)   

  
 

   Available chlorine : 34.0 % 

       Stability (Loss) : 1/15   

Chemical Cost 

Unit Price 16  Rs./kg Unit Price 28 Rs./kg 

Price 
2,944  Rs./day 

Price 
16,443 Rs./day 

1,074,560  Rs./year 6,001,695 Rs./year 

Note) The unite rate of chemicals such as chlorine gas and calcium hypochlorite are referred from the procurement price in 

Kolkata, and the procurement price by PHED, respectively.  

Source: JICA Survey Team 

 

③ Alkali agent 

� Chemical 
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Lime (solid, powder) 

� Selection reason 

The result of the water quality survey regarding alkalinity of Thoubal River flowing to Thoubal Dam 

is presented in Table 5.14.   

The average of alkalinity is at 62.5 mg/L.  Maximum value of turbidity in recent is 295 NTU 

measured in May 2014.  Against the turbidity of 295 NTU, it is estimated to dose alum of 60 mg/L 

(solid alum: 15% of Al2O3). When this amount is dosed, 27 mg/L (= 0.45 mg/L×60 mg/L) of alkalinity 

is consumed.  Against corrosion of pipe in general, it is recommended that alkalinity remains at 20 

mg/L after flocculation. Alkali agent is required for dosing, in case that alkalinity of raw water will 

decrease during heavy rain. Therefore, alkali agent dosing equipment is designed as an emergency 

purpose.    

As a type of alkali agent, lime is selected because i) lime is currently utilized at the existing WTP, and 

ii) the procurement is easier.    

 

Table-2  Alkalinity of Thoubal River water 

Sampling Date 

Alkalinity (mg/L) 

Data Source Rain Season 

(May - October) 

Dry Season 

(November - April) 

May 2007 50.0 na PHED 

January 2010 na 50.0 

DPR 
April 2010 na 52.0 

July 2010 54.0 na 

October 2010 54.0 na 

July 2014 78.0 na Upstream side, this survey 

July 2014 80.0 na Down stream side, this survey 

July 2014 82.0 na Upstream side, this survey 

Average 
66.3 51.0 

 
62.5 

Source: JICA Survey Team 

 

(2) Dosing Rate 

a) Flocculant (alum) 

The dosing rate of alum is calculated by the result of the jar test in general.  In this moment, the jar test 

of the raw water can not be performed because Thoubal Dam, whose lake is a water source of the WTP, is 

being constructed.  Due to that reason, the raw water quality is not identified, either.  In this survey, the 

dosing rate is reviewed on the design criteria for waterworks facilities in Japan (see Table -3).  Based on 

the review, the selected design value is described in Table -4. 
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Table -4  Turbidity of Raw Water and dosing of flocculants 
(Example of Ozaku WTP, Tokyo) 

Turbidity of 

raw water 

(NTU) 

Dosing rate of liquid alum* 

(mg/L) 

Equivalent of 

Al2O3  

(mg/L) 

20 30 2.4 

50 40 3.2 

90 50 4.0 

300 75 6.0 

* Liquid alum (Al2O3: 8%) 

Source: Design criteria for waterworks facilities, Japan  

 

Table -5  Dosing rate of Alum at Chingkheiching WTP 

Turbidity of 

raw water 

(NTU) 

Dosing rate of Alum (mg/L) 
Flow rate 

(m3/d) 

Consumption* 

(kg/d) Solid alum* 
Equivalent to 

Al2O3 

less than 20 15 2.3 

46,400 

696 

20～50 20 3.0 928 

50～100 30 4.5 1,392 

100～200 40 6.0 1,856 

* solid alum (Al2O3: 15%) 

Source: JICA Survey Team 

 

b) Disinfectant (chlorine gas) 

At the existing WTP, calcium hypochlorite (powder) is utilized as disinfectant.  The residual chlorine 

concentration of more than 0.2mg/L at tap is targeted for the operation based on the standard of CPHEEO.  

As mentioned previously, chlorine gas is selected for utilization at Chingkheiching WTP.  The design 

dosing rate of chlorine gas is selected as presented in Table -6 after reviewing the result of the water quality 

survey at Thoubal River.  Average dosing rate of chlorine gas as pre-chlorination are determined following 

formula described in the design criteria for waterworks facilities in Japan, based on iron, manganese, and 

ammonia nitrogen at 0.31, 0.14, and 0.3 (estimated) mg/L, respectively.   

 

Chlorine requirement (mg/L)＝(0.31mg/L×0.63)＋(0.14mg/L×1.29)＋(0.3mg/L×7.6)＋0.5*＝3.2 mg/L 

* value considering consumption by organic matters and residue chlorine 

 

Residual chlorine concentration of more than 0.2mg/L at tap is targeted for the operation as well as the 

current operation. 
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Table -6  Chlorine Dosing Rate at Chingkheiching WTP 

Range 

Dosing rate as 

Pre-chlorination 

(mg/L) 

Dosing rate as 

Post-chlorination 

(mg/L) 

Flow rate  

(m3/d) 

Consumption 

(kg/d) 

minimum 1.0 0.5 46,400 

 (pre-chlorination) 

45,000 

 (post-chlorination) 

69 

average 3.0 1.0 184 

maximum 5.0 2.0 322 

Source: JICA Survey Team 

 

c) Alkali agent (Lime) 

Based on the result of the water quality survey (see Table -7) at Thoubal River flowing to Thoubal Dam, the 

design value of alkali agent is determined as presented in Table 5.18.  This facility of dosing alkali agent is 

used only when the alkalinity decreases by dosing a large amount of flocculants during high turbidity of raw 

water.   

 

Table -7  Lime Dosing at Chingkheiching WTP 

Range 

Lime dosing 

rate 

(mg/L) 

Increase in 

alkalinity* 

(mg/L) 

Flow rate 

(m3/d) 

Consumption** 

(kg/d) 

Minimum 5 6.5 

46,400 

232 

Average 15 19.4 696 

Maximum 30 38.7 1,392 

*: Alkalinity increases at 1.29 mg/L per 1 mg/L of Lime (CaO: 72%).   

**: Lime for water supply (JWWA K107, CaO: 72%) is applied for the calculation.  

Source: JICA Survey Team 
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Appendix A 5.4 (2) Hydraulic Calculation for Chingkehiching WTP 
 

1. General 

1.1 Capacity 

1) Plant Capacity : Q = 46,400 m3/d 

= 1,933 m3/hr 

= 32.2 m3/min 

= 0.54 m3/s 

2) Production loss : = 3.0 % 

3) Production capacity : Q = 45,000 m3/d 

2. Receiving Well 

2.1 Initial Water Level at Receiving Well : WL0 
= 

+ 
834.500 m 

2.2 Loss through Perfolated Baffle Wall 

Headloss through the baffle wall is calculated from the following formula: 

1) Wall Characteristics 

- No. of units : = 1 

- Width : = 4.10 m 

- Depth : = 6.50 m 

- Area : = 26.65 m2 

2) Orifice Characteristics 

- Diameter : = 0.15 m 

- Spacing of the orifice : = 0.50 m 

- Number of rows of orifices : = 12 nos./wall 

- Number of colums of orifices : = 7 nos./wall 

- Total number of orifices : = 84 

- Total orifice area : = 1.5 m2 

 
- 

Ratio of the opening to the wall 

area 
: 

 
= 5.6 % 

- Flow velocity through baffle wall v = 0.36 m/s 

3) Headloss through the baffle wall 
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- Coefficient : C = 0.60 

- Headloss h = 0.019 m 

Say = 0.000 m 

2.3 Water Level after the Baffle Wall : WL1 
= 

+ 
834.500 m 

2.4 Overflow Discharge Weir 

Overflow depth through the weir (full width weir) is calculated from the following 

formula: 

  

 

 

     

1) Weir Characteristics 

- No. of weirs : = 1 

- Unit flow : Q = 0.537 m3/s 

- Overflow depth : h = 0.146 m 

- Width of weir : B = 5.000 m 

- Hight of crest : W = 5.900 m 

2) Overflow Depth 

 
- Overflow depth (trial run) : h(trial) 

= 

( 
0.086 ) m 

- Coefficient : C = 1.925 m0.5/s 

- Coefficient : e = 2.695 - 

 
3) Overflow Weir Crest Level  : EL 

= 

+ 
834.600 m 

(WL+0.1m) 

 
4) Overflow Level : WL 

= 

+ 
834.746 m 

2.5 Water Level at Overflow Discharge Chamber 

   
: WL 

= 

+ 
2.200 m 
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2.6 Loss through Overflow Discharge Pipes 

Headloss through pipelines is calculated from the following formula: 

 

 

 

      

 

 

 

      

1) Pipe Characteristics 

- Number of pipes : = 1 

- Unit flow : = 0.537 m3/s 

- Diameter : d = 600 mm 

- Length : l = 150.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 1.90 m/s 

- Puressure pipe loss : h1 = 0.749 m 

- Minor loss : h2 = 0.276 m 

- Total loss through pipes : h = 1.025 m 

2.7 
Water Level at Downstream of the Overflow 

Discharge Pipes 
 

: WL 
= 

+ 
1.175 m 

2.8 Water Level at Drain Tank must be lower 

than this water level. 

: WL < 1.175 m 
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3. Flash Mixing at Sedimentation Basin 

3.1 Loss through Overflow weir (Contracted Rectangular Weir) for Hydraulic Mixing 

Overflow depth through the weir is calculated from the following formula: 
 

1) Weir Characteristics 

- No. of weirs : = 1 

- Unit flow : Q = 0.537 m3/s 

- Overflow depth : hw = 0.282 m 

- Width of channel : B = 3.000 m 

- Width of weir : b = 2.000 m 

- Hight of crest : W = 1.500 m 

2) Overflow Depth 

 
- Overflow depth (trial run) : h 

= 

( 
0.166 ) m 

- Coefficient : C = 1.795 m0.5/s 

 
- Weir Crest Level  : EL 

= 

+ 
834.218 m 

3.2 Water Level after the Weir 

- Effective fall for hydraulic mixing : = 0.850 m 

 
- Water level after the weir : WL2 

= 

+ 
833.650 m 

4. Flocculator in Sedimentation Basin 

4.1 Number of Baffle Channels : = 4 channels 

4.2 Design Flow : Q = 11,600 m3/d 

= 483 m3/hr 

= 8.1 m3/min 

= 0.13 m3/s 

4.3 Loss through Overflow Weir (Contracted Rectangular Weir) to Flocculator 

1) Weir Characteristics 
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- No. of weirs : = 1 

- Unit flow : Q = 0.134 m3/s 

- Overflow depth : hw = 0.334 m 

- Width of channel : B = 6.138 m 

- Width of weir : b = 0.400 m 

- Hight of crest : W = 0.750 m 

2) Overflow Depth 

 
- Overflow depth (trial run) : h 

= 

( 
0.227 ) m 

- Coefficient : C = 1.739 m0.5/s 

 
3) Weir Crest Level  : EL 

= 

+ 
833.316 m 

4.4 Water Level after the Weir 

- Effective fall = 0.200 m 

 
- Water level after the weir : WL3 

= 

+ 
833.450 m 

4.5 Loss through Flocculation Channel 

Refer to the detailed computation for baffled flocculation. 

- Loss through Flocculation Channel : h = 0.294 m 

Say = 0.290 m 

4.6 Loss through Perfolated Baffle Wall 

Headloss through the baffle wall is calculated from the following formula: 

1) Wall Characteristics 

- No. of units : = 1 

- Width : = 6.00 m 

- Depth : = 4.50 m 

- Area : = 27.00 m2 

2) Orifice Characteristics 

- Diameter : = 0.15 m 

- Spacing of the orifice : = 0.50 m 

- Number of rows of orifices : = 8 nos./wall 

- Number of colums of orifices : = 11 nos./wall 
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- Total number of orifices : = 88 

- Total orifice area : = 1.6 m2 

 
- 

Ratio of the opening to the wall 

area 
: 

 
= 5.8 % 

- Flow velocity through baffle wall v = 0.09 m/s 

3) Headloss through the baffle wall 

- Coefficient : C = 0.60 

- Headloss h = 0.001 m 

Say = 0.000 m 

4.7 Water Level after the Flocculation Channel 

 
- Water level after the Flocculator : WL4 

= 

+ 
833.160 m 

5. Sedimentation Tank 

5.1 Number of trains : = 4 trains 

5.2 Design Flow : Q = 11,600 m3/d 

= 483 m3/hr 

= 8.1 m3/min 

= 0.13 m3/s 

4.6 Loss through Perfolated Baffle Wall 

Headloss through the baffle wall is calculated from the following formula: 

1) Wall Characteristics 

- No. of units : = 1 

- Width : = 6.00 m 

- Depth : = 4.50 m 

- Area : = 27.00 m2 

2) Orifice Characteristics 

- Diameter : = 0.15 m 

- Spacing of the orifice : = 0.50 m 

- Number of rows of orifices : = 8 nos./wall 

- Number of colums of orifices : = 11 nos./wall 

- Total number of orifices : = 88 

- Total orifice area : = 1.6 m2 
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- 

Ratio of the opening to the wall 

area 
: 

 
= 5.8 % 

- Flow velocity through baffle wall v = 0.09 m/s 

3) Headloss through the baffle wall 

- Coefficient : C = 0.60 

- Headloss h = 0.001 m 

Say = 0.000 m 

5.3 Effluent Trough 

1) Effluent Trough Characteristics 

- No. of troughs : = 3 troughs/train 

- Length : L = 4.00 m 

- Width : B = 0.30 m 

- Depth : D = 0.40 m 

- Orifice diamter on the trough : = 0.03 m 

- Spacing between orifices : = 0.10 m 

- Clearance from water level : = 0.10 m 

- Number of orifices per trough : = 78 per trough 

- Total number of orifices : = 234 per train 

- Total area of orifices : = 0.17 m2 

- Total perimeter of orifices : = 22.04 m 

 
2) Trough Top Level : EL 

= 

+ 
833.260 m 

3) Flow through Trough 

- Velocity through orifices : = 0.812 m/s 

- Unit flow per trough : = 0.045 m3/s 

4) Loss through Orifice 

Headloss through the orifice is calculated from the following formula: 

- Headloss through the orifice 

- Coefficient : C = 0.60 

- Headloss : h = 0.093 m 

Say = 0.093 m 

5) Depth of the Trough 
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- 
Critical Depth at the End of the 

Trough 
 

 

 

: hc = 0.136 m 

- Depth at the Beggining of Trough : h0 = 0.235 m 
 

 
- Trough Bottom Level : EL 

= 

+ 
832.860 m 

6) Effluent Weir Load : = 526 m3/day/m 

5.4 Effluent Channel 

- Water Level at Effluent Channel 

Water level difference between 

trough bottom and effluent channel : = 0.110 m 

 
- Water level at the Effluent Channel : WL5 

= 

+ 
832.750 m 

5.5 Overflow Discharge Weir 

1) Weir Characteristics 

- No. of weirs : = 1 

- Unit flow (20% of design flow) : Q = 0.107 m3/s 

- Overflow depth : h = 0.114 m 

- Width of weir : B = 1.500 m 

- Hight of crest : W = 1.600 m 

2) Overflow Depth 

 
- Overflow depth (trial run) : h(trial) 

= 

( 
0.067 ) m 

- Coefficient : C = 1.857 m0.5/s 

- Coefficient : e = 0.330 - 

 
3) Overflow Weir Crest Level  : EL 

= 

+ 
832.850 m 

(WL+0.1m) 

 
- Overflow Level : WL 

= 

+ 
832.964 m 
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5.6 Water Level at Overflow Discharge Chamber 

   
: WL 

= 

+ 
1.000 m 

5.7 Loss through Overflow Discharge Pipes 

1) Pipe Characteristics 

- Number of pipes : = 1 

- Unit flow (20% of design flow) : = 0.107 m3/s 

- Diameter : d = 600 mm 

- Length : l = 80.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 0.38 m/s 

- Puressure pipe loss : h1 = 0.020 m 

- Minor loss : h2 = 0.011 m 

- Total loss through pipes : h = 0.031 m 

5.8 
Water Level at Downstream of the Overflow 

Discharge Pipes 
 

: WL 
= 

+ 
0.969 m 

5.9 Water Level at Drain Tank must be lower 

than this water level. 

: WL < 0.969 m 

5.10 Loss through Influent Pipes 

1) Pipe Characteristics 

- Number of pipes 
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(when one filter is washing) : = 1 

- Unit flow : = 0.537 m3/s 

- Diameter : d = 600 mm 

- Length : l = 30.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 1.90 m/s 

- Puressure pipe loss : h1 = 0.150 m 

- Minor loss : h2 = 0.276 m 

- Total loss through pipes : h = 0.426 m 

Water Level at Downstream of the Influent 

Pipes (at the Upstream of Influent Weir) 
 

: WL6 
= 

+ 
832.324 m 

5.11 Loss through Sludge Drainage Pipes 

1) Design Flow 

- Wet sludge production rate : = 167.0 m3/d 

- No. of trains : = 4 

- Wet sludge production rate per train : = 41.7 m3/d/train 

- Duration of sludge discharge : = 10.0 min 

- Wet sludge discharge rate per train : = 4.2 m3/min/train 

2) Pipe Characteristics 

- Number of pipes : = 2 

- Unit flow : = 0.035 m3/s 

- Diameter : d = 300 mm 
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- Length : l = 140.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

3) Pipe Pressure loss coefficient 

- C factor : C = 130 

4) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

5) Headloss 

- velocity : v = 0.49 m/s 

- Puressure pipe loss : h1 = 0.129 m 

- Minor loss : h2 = 0.019 m 

- Total loss through pipes : h = 0.148 m 

5.12 
Water Level at Downstream of the Sludge 

Drain Pipes 
 

: WL 
= 

+ 
833.012 m 

5.13 Water Level at Drainage Tank must be 

lower than this water level. 

: WL < 833.012 m 

6. Sand Filter 

6.1 Water level at Influent Channel  : WL7 
= 

+ 
832.324 m 

6.2 Loss through Influent Pipes 

1) Pipe Characteristics 

- Number of pipes 

(when one filter is washing) : = 3 

- Unit flow : = 0.179 m3/s 

- Diameter : d = 300 mm 

- Length : l = 1.8 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 1 valves 
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2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 2.53 m/s 

- Puressure pipe loss : h1 = 0.034 m 

- Minor loss : h2 = 0.540 m 

- Total loss through pipes : h = 0.575 m 

6.3 

Water Level at Downstream of the Influent 

Pipes (at the Upstream of Influent Weir) 

 
: WL8 

= 

+ 
831.749 m 

6.4 Loss through Influent Weir 

1) Weir Characteristics 

- Number of weirs 

- (when one filter is washing) : = 3 

- Unit flow (20% of design flow) : Q = 0.179 m3/s 

- Overflow depth : h = 0.212 m 

- Width of weir : B = 1.000 m 

- Hight of crest : W = 1.000 m 

2) Overflow Depth 

 
- Overflow depth (trial run) 

 
h(trial) 

= 

( 
0.125 ) m 

- Coefficient : C = 1.838 m0.5/s 

- Coefficient : e = 0.000 - 

 
- Overflow weir crest level  : EL 

= 

+ 
831.537 m 
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6.5 

Water Level at Downstream of Influent Weir

 
: WL9 

= 

+ 
831.500 m 

6.6 Loss through Inlet Pipes 

1) Pipe Characteristics 

- Number of pipes 

(when one filter is washing) : = 3 

- Unit flow : = 0.179 m3/s 

- Diameter : d = 400 mm 

- Length : l = 1.3 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 1.43 m/s 

- Puressure pipe loss : h1 = 0.006 m 

- Minor loss : h2 = 0.155 m 

- Total loss through pipes : h = 0.162 m 

6.7 
Water Level at Downstream of the Influent 

Pipes  

(HWL or Final Water Level at Filter) 
 

: 
WL1

0 

= 

+ 
831.338 m 

   
: Say 

= 

+ 
831.400 m 

6.8 Water Depth above the Filter Bed : h = 0.500 m 

6.9 LWL at Filter : WL = 830.900 m 
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+ 

(Surface level of filter sand) 

6.10 Loss through Outlet Pipes 

1) Pipe Characteristics 

- Number of pipes 

(when one filter is washing) : = 3 

- Unit flow : = 0.179 m3/s 

- Diameter : d = 300 mm 

- Length : l = 3.2 m 

- No. of bends : b = 1 bends 

- No. of valves : v1 = 2 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 2.53 m/s 

- Puressure pipe loss : h1 = 0.061 m 

- Minor loss : h2 = 0.655 m 

- Total loss through pipes : h = 0.716 m 

6.11 Loss through Effluent Weir 

1) Weir Characteristics 

- Number of weirs : = 1 

- Unit flow : Q = 0.537 m3/s 

- Overflow depth : h = 0.211 m 

- Width of weir : B = 3.000 m 

- Hight of crest : W = 2.400 m 

2) Overflow Depth 

- Overflow depth (trial run) : h(trial) = 0.124 ) m 
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( 

- Coefficient : C = 1.849 m0.5/s 

- Coefficient : e = 0.770 - 

- Effluent weir crest level  

  
(= Surface level of filter bed) : EL 

= 

+ 
830.900 m 

6.12 Water level at upstream of effluent weir : 
WL1

1 

= 

+ 
831.024 m 

6.13 
Water Level at Downstream of Effluent 

Weir 
 

: 
WL1

2 

= 

+ 
830.500 m 

6.14 Wash Water Trough 

1) Wash Water Trough Characteristics 

- No. of troughs : = 5 troughs/ filter

- Length : L = 5.00 m 

- Width : B = 0.35 m 

- Depth : D = 0.40 m 

 
2) Trough Top Level : EL 

= 

+ 
4.190 m 

3) Bachwashing Rate 

- Backwashing rate per filter : = 25.00 m3/min 

= 0.42 m3/sec 

- Unit flow per trough : = 0.08 m3/sec 

4) Depth of the Trough 

- 
Critical Depth at the End of the 

Trough 
 

 

 

: hc = 0.185 m 

- Depth at the Beggining of Trough : h0 = 0.321 m 

- Trough Bottom Level : EL = 3.790 m 
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+ 

6.15 Loss through Wash Waste Pipes 

1) Design Flow 

- Backwashing rate per filter : = 11.25 m3/min 

2) Pipe Characteristics 

- Number of pipes : = 1 

- Unit flow : = 0.188 m3/s 

- Diameter : d = 500 mm 

- Length : l = 70.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 0.96 m/s 

- Puressure pipe loss : h1 = 0.121 m 

- Minor loss : h2 = 0.070 m 

- Total loss through pipes : h = 0.191 m 

6.16 
Water Level at Upstream of the Wash 

Waste Pipes 
 

: WL1 
= 

+ 
0.950 m 

6.17 Water Level at Drainage Tank must be 

lower than this water level. 

: WL1 < 0.759 m 

7. Effluent Pipe between Sand Filter to Backwash Tank 

7.1 Loss through Effluent Pipes 

1) Pipe Characteristics 
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- Number of pipes : = 1 

- Unit flow : = 0.537 m3/s 

- Diameter : d = 600 mm 

- Length : l = 60.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 1.90 m/s 

- Puressure pipe loss : h1 = 0.299 m 

- Minor loss : h2 = 0.276 m 

- Total loss through pipes : h = 0.576 m 

7.2 
Water Level at Downstream of the Effluent 

Pipes 
 

: 
WL1

3 

= 

+ 
829.924 m 

   
: Say 

= 

+ 
830.000 m 

8. Backwash Tank 

8.1 Backwash Tank Water Level : 
WL1

4 

= 

+ 
830.000 m 

8.2 Loss through Effluent Weir to Reservoir 

1) Weir Characteristics 

- Type of weirs : Contracted Rectangular Weir 

- No. of weirs : = 2 

- Unit flow : Q = 0.269 m3/s 

- Overflow depth : hw = 0.110 m 
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- Width of channel : B = 7.100 m 

- Width of weir : b = 4.000 m 

- Hight of crest : W = 3.100 m 

2) Overflow Depth 

 
- Overflow depth (trial run) : h 

= 

( 
0.075 ) m 

- Coefficient : C = 1.838 m0.5/s 

 
3) Weir Crest Level  : EL 

= 

+ 
829.890 m 

   
: Say 

= 

+ 
829.900 m 

8.4 Water Level at Overflow Discharge Chamber 

   
: WL1 

= 

+ 
1.400 m 

8.5 Loss through Overflow Discharge Pipes 

1) Pipe Characteristics 

- Number of pipes : = 1 

- Unit flow (20% of design flow) : = 0.107 m3/s 

- Diameter : d = 300 mm 

- Length : l = 25.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 1.52 m/s 

- Puressure pipe loss : h1 = 0.186 m 
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- Minor loss : h2 = 0.177 m 

- Total loss through pipes : h = 0.363 m 

8.6 
Water Level at Downstream of the Overflow 

Discharge Pipes 
 

: WL1 
= 

+ 
1.037 m 

8.7 Water Level at Drain Tank must be lower 

than this water level. 

: WL1 < 1.037 m 

8.9 Water Level after the Effluent Weir 

- Effective fall : = 0.260 m 

 
- Water level after the weir : 

WL1

5 

= 

+ 
829.740 m 

9. Effluent Pipe between Backwash Tank to Reservoir 

9.1 Loss through Pipes 

1) Pipe Characteristics 

- Number of pipes : = 1 

- Unit flow : = 0.537 m3/s 

- Diameter : d = 600 mm 

- Length : l = 70.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 

- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 1.90 m/s 

- Puressure pipe loss : h1 = 0.349 m 

- Minor loss : h2 = 0.276 m 

- Total loss through pipes : h = 0.626 m 
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9.2 
Water Level at Downstream of the Effluent 

Pipes 

: 
WL1

6 

= 

+ 
829.114 m 

 
: Say 

= 

+ 
829.100 m 

10. Blending Chamber 

10.1 Design Flow : Q = 860,000 m3/d 

= 35,833 m3/hr 

= 597.2 m3/min 

= 9.95 m3/s 

10.2 Water Level at Blending Chamber : 
WL1

7 

= 

+ 
829.100 m 

10.3 Loss through Perfolated Baffle Wall 

Headloss through the baffle wall is calculated from the following formula: 

1) Wall Characteristics 

- No. of units : = 1 

- Width : = 10.00 m 

- Depth : = 6.10 m 

- Area : = 61.00 m2 

2) Orifice Characteristics 

- Diameter : = 0.30 m 

- Spacing of the orifice : = 0.45 m 

- Number of rows of orifices : = 12 nos./wall 

- Number of colums of orifices : = 17 nos./wall 

- Total number of orifices : = 204 

- Total orifice area : = 14.4 m2 

 
- 

Ratio of the opening to the wall 

area 
: 

 
= 23.6 % 

- Flow velocity through baffle wall : v = 0.69 m/s 

3) Headloss through the baffle wall 

- Coefficient : C = 0.60 

- Headloss : h = 0.068 m 

Say = 0.068 m 
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10.3 Water Level after the Baffle Wall 

   
: 

WL1

8 

= 

+ 
829.032 m 

10.4 Overflow Discharge Weir 

1) Weir Characteristics 

- Type of weirs : Full width weir 

- No. of weirs : = 1 

- Unit flow : Q = 9.954 m3/s 

- Overflow depth : h = 0.650 m 

- Width of weir : B = 10.000 m 

- Hight of crest : W = 6.000 m 

2) Overflow Depth 

 
- Overflow depth (trial run) : h(trial) 

= 

( 
0.650 ) m 

- Coefficient : C = 1.898 m0.5/s 

- Coefficient : e = 2.750 - 

 
3) Overflow Weir Crest Level  : EL 

= 

+ 
829.132 m 

(WL+0.1m) 

 
- Overflow Level : WL 

= 

+ 
829.783 m 

10.5 Water Level at Overflow Discharge Chamber 

   
: WL 

= 

+ 
4.500 m 

10.6 Loss through Overflow Discharge Pipes 

1) Pipe Characteristics 

- Number of pipes : = 1 

- Unit flow : = 9.954 m3/s 

- Diameter : d = 1,800 mm 

- Length : l = 250.0 m 

- No. of bends : b = 3 bends 

- No. of valves : v1 = 0 valves 

2) Pipe Pressure loss coefficient 
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- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.10 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 3.91 m/s 

- Puressure pipe loss : h1 = 1.313 m 

- Minor loss : h2 = 1.328 m 

- Total loss through pipes : h = 2.641 m 

10.7 
Water Level at Downstream of the Overflow 

Discharge Pipes 
 

: WL 
= 

+ 
827.141 m 

10.8 Water Level at Lagoon must be lower than 

this water level. 

: WL < 827.141 m 

10.9 Loss through Submersible Weir 

1) Weir Characteristics 

- No. of weirs : = 1 

- Unit flow : Q = 9.954 m3/s 

- Coefficient : C = 1.550 

- Water level at upstream of weir : H0 = 829.032 m 

- Water level at downstream of weir : H1 = 4.280 m 

 
- Weir crest level : t 

= 

( 
3.330 ) m 

- Water depth above weir at 

upstream of weir : h0 = 825.702 m 

- Water depth above weir at 

downstream of weir : h1 = 0.950 m 

- Width of weir : B = 6.000 m 

2) Overflow Depth 
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- Estimated flow (trial run) : Q(trial)

= 

( 
659.693 ) m3/s 

 
3) Submersible Weir Crest Level : EL 

= 

+ 
3.330 m 

10.1

0 
Water Level after the Submersible Weir 

     

   
: 

WL1

9 

= 

+ 
4.280 m 

10.1

1 
Loss through Perfolated Baffle Wall 

     

Headloss through the baffle wall is calculated from the following formula: 

1) Wall Characteristics 

- No. of units : = 1 

- Width : = 14.40 m 

- Depth : = 5.90 m 

- Area : = 84.96 m2 

2) Orifice Characteristics 

- Diameter : = 0.20 m 

- Spacing of the orifice : = 0.45 m 

- Number of rows of orifices : = 12 nos./wall 

- Number of colums of orifices : = 30 nos./wall 

- Total number of orifices : = 360 

- Total orifice area : = 11.3 m2 

 
- 

Ratio of the opening to the wall 

area 
: 

 
= 13.3 % 

- Flow velocity through baffle wall : v = 0.88 m/s 

3) Headloss through the baffle wall 

- Coefficient : C = 0.60 

- Headloss : h = 0.110 m 

10.1

2 
Water Level after the Baffle Wall : 

WL2

0 

= 

+ 
4.170 m 
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10.1

3 
Loss through Submersible Weir 

     

1) Weir Characteristics 

- No. of weirs : = 4 

- Unit flow : Q = 2.488 m3/s 

- Coefficient : C = 1.550 

- Water level at upstream of weir : H0 = 4.170 m 

- Water level at downstream of weir : H1 = 3.855 m 

 
- Weir crest level : t 

= 

( 
3.400 ) m 

- Water depth above weir at 

upstream of weir : h0 = 0.770 m 

- Water depth above weir at 

downstream of weir : h1 = 0.455 m 

- Width of weir : B = 2.500 m 

2) Overflow Depth 

 
- Estimated flow (trial run) : Q(trial)

= 

( 
2.573 ) m3/s 

 
3) Submersible Weir Crest Level : EL 

= 

+ 
3.400 m 

10.1

4 
Water Level after the Submersible Weir 

     

   
: 

WL2

1 

= 

+ 
3.855 m 

11. Effluent Pipe from Blending Chamber to Reservoir 

11.1 Loss through Pipes 

1) Pipe Characteristics 

- Number of pipes : = 2 

- Unit flow : = 4.977 m3/s 

- Diameter : d = 1,600 mm 

- Length : l = 15.0 m 

- No. of bends : b = 0 bends 

- No. of valves : v1 = 1 valves 

2) Pipe Pressure loss coefficient 
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- C factor : C = 130 

3) Minor loss coefficient 

- Sudden contraction loss coefficient : fc = 0.50 

 
- 

Sudden enlargement loss 

coefficient 
: fe = 1.00 

 

- Bend loss coefficient : fb = 0.20 

- Valve loss coefficient : fv = 0.15 

- Pressure loss coefficient : fp = 0.03 

4) Headloss 

- velocity : v = 2.48 m/s 

- Puressure pipe loss : h1 = 0.039 m 

- Minor loss : h2 = 0.516 m 

- Total loss through pipes : h = 0.555 m 

11.2 
Water Level at Downstream of the Effluent 

Pipes 
 

: 
WL2

2 

= 

+ 
3.300 m 

12. Reservoir 

12.1 Water Level at Reservoir : 
WL2

3 

= 

+ 
829.100 m 

13. Drainage Tank 

13.1 Water Level at Drainage Tank must be 

lower than the following water level. 

- Overflow from Receiving Well : WL < 1.175 m 

- Overflow from Sedimentation Tank : WL < 0.969 m 

- Sludge discharge from 

Sedimentation basin : WL1 < 833.012 m 

- Wash waste discharge from Sand 

filter : WL1 < 0.759 m 

- Overflow from Backwash Tank : WL1 < 1.037 m 

13.2 Water Level at Drainage Tank : 
WL2

4 

= 

+ 
0.450 m 
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14. Lagoon 

14.1 Water Level at Drainage Tank must be 

lower than the following water level. 

- 
Overflow from Receiving well 

: WL < 1.175 m 

- Overflow from Sedimentation 

Basin : WL < 0.969 m 

- 
Overflow from Backwash Tank 

: WL < 1.037 m 

- 
Overflow from Blending Chamber 

: WL < 827.141 m 

14.2 Water Level at Drainage Tank : 
WL2

5 

= 

+ 
3.500 m 
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Appendix A5.5 (1) Service Reservoir Storage Capacity Deficit Calculations 
Service Reservoir Capacity Check Sheet 

Zone Number 1 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.905507645 

Total Demand 2046 (MLD) 18.1101529 Supply 

Ultimate zone pop. (Nos.) 104845 Hours of supply (hr) 24 

Average hourly demand (ml) 0.75 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 1.89 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 1.13 1.13 0.91 0.91 -0.23  0.23  

6 am to 7 am 2 2 1.51 2.64 0.91 1.81 -0.83  0.83  

7 am to 8 am 3 2.5 1.89 4.53 0.91 2.72 -1.81  1.81  

8 am to 9 am 4 2.5 1.89 6.41 0.91 3.62 -2.79  2.79  

9 am to 10 am 5 2 1.51 7.92 0.91 4.53 -3.40  3.40  

10 am to 11am 6* 1 0.75 8.68 0.00 4.53 -4.15  4.15  

11 am to 12pm 7* 0.5 0.38 9.06 0.00 4.53 -4.53  4.53  

12 pm to 1pm 8 0.2 0.15 9.21 0.91 5.43 -3.77  3.77  

1 pm to 2 pm 9 0.2 0.15 9.36 0.91 6.34 -3.02  3.02  

2 pm to 3 pm 10 0.2 0.15 9.51 0.91 7.24 -2.26  2.26  

3 pm to 4 pm 11* 0.5 0.38 9.89 0.00 7.24 -2.64  2.64  

4 pm to 5 pm 12* 1 0.75 10.64 0.00 7.24 -3.40  3.40  

5 pm to 6 pm 13 2.5 1.89 12.53 0.91 8.15 -4.38  4.38  

6 pm to 7 pm 14 2.5 1.89 14.41 0.91 9.06 -5.36  5.36  

7 pm to 8 pm 15 1 0.75 15.17 0.91 9.96 -5.21  5.21  

8 pm to 9 pm 16 1 0.75 15.92 0.91 10.87 -5.06  5.06  

9 pm to 10 pm 17 0.75 0.57 16.49 0.91 11.77 -4.72  4.72  

10 pm to 11 pm 18 0.35 0.26 16.75 0.91 12.68 -4.07  4.07  

11 pm to 12 am 19 0.1 0.08 16.83 0.91 13.58 -3.24  3.24  

12 am to 1am 20 0.1 0.08 16.90 0.91 14.49 -2.41  2.41  

1 am to 2am 21 0.1 0.08 16.98 0.91 15.39 -1.58  1.58  

2 am to 3 am 22 0.1 0.08 17.05 0.91 16.30 -0.75  0.75  

3 am to 4 am 23 0.4 0.30 17.36 0.91 17.20 -0.15  0.15  

4 am to 5 am 24 1 0.75 18.11 0.91 18.11 0.00  0.00  

Total   24 18.11   18.11       

Maximum Deficit [ml]              5.36  

Service Reservoir Capacity Check Sheet 
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Zone Number 2 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.397961177 

Total Demand 2046 (MLD) 7.95922353 Supply 

Ultimate zone pop. (Nos.) 36287 Hours of supply (hr) 24 

Average hourly demand (ml) 0.33 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.83 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.50 0.50 0.40 0.40 -0.10  0.10  

6 am to 7 am 2 2 0.66 1.16 0.40 0.80 -0.36  0.36  

7 am to 8 am 3 2.5 0.83 1.99 0.40 1.19 -0.80  0.80  

8 am to 9 am 4 2.5 0.83 2.82 0.40 1.59 -1.23  1.23  

9 am to 10 am 5 2 0.66 3.48 0.40 1.99 -1.49  1.49  

10 am to 11am 6* 1 0.33 3.81 0.00 1.99 -1.82  1.82  

11 am to 12pm 7* 0.5 0.17 3.98 0.00 1.99 -1.99  1.99  

12 pm to 1pm 8 0.2 0.07 4.05 0.40 2.39 -1.66  1.66  

1 pm to 2 pm 9 0.2 0.07 4.11 0.40 2.79 -1.33  1.33  

2 pm to 3 pm 10 0.2 0.07 4.18 0.40 3.18 -0.99  0.99  

3 pm to 4 pm 11* 0.5 0.17 4.34 0.00 3.18 -1.16  1.16  

4 pm to 5 pm 12* 1 0.33 4.68 0.00 3.18 -1.49  1.49  

5 pm to 6 pm 13 2.5 0.83 5.51 0.40 3.58 -1.92  1.92  

6 pm to 7 pm 14 2.5 0.83 6.33 0.40 3.98 -2.35  2.35  

7 pm to 8 pm 15 1 0.33 6.67 0.40 4.38 -2.29  2.29  

8 pm to 9 pm 16 1 0.33 7.00 0.40 4.78 -2.22  2.22  

9 pm to 10 pm 17 0.75 0.25 7.25 0.40 5.17 -2.07  2.07  

10 pm to 11 pm 18 0.35 0.12 7.36 0.40 5.57 -1.79  1.79  

11 pm to 12 am 19 0.1 0.03 7.40 0.40 5.97 -1.43  1.43  

12 am to 1am 20 0.1 0.03 7.43 0.40 6.37 -1.06  1.06  

1 am to 2am 21 0.1 0.03 7.46 0.40 6.77 -0.70  0.70  

2 am to 3 am 22 0.1 0.03 7.49 0.40 7.16 -0.33  0.33  

3 am to 4 am 23 0.4 0.13 7.63 0.40 7.56 -0.07  0.07  

4 am to 5 am 24 1 0.33 7.96 0.40 7.96 0.00  0.00  

Total   24 7.96   7.96       

Maximum Deficit [ml]              2.35  
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Service Reservoir Capacity Check Sheet 
 

Zone Number 3 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.551575295 

Total Demand 2046 (MLD) 11.0315059 Supply 

Ultimate zone pop. (Nos.) 44180 Hours of supply (hr) 24 

Average hourly demand (ml) 0.46 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 1.15 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.69 0.69 0.55 0.55 -0.14  0.14  

6 am to 7 am 2 2 0.92 1.61 0.55 1.10 -0.51  0.51  

7 am to 8 am 3 2.5 1.15 2.76 0.55 1.65 -1.10  1.10  

8 am to 9 am 4 2.5 1.15 3.91 0.55 2.21 -1.70  1.70  

9 am to 10 am 5 2 0.92 4.83 0.55 2.76 -2.07  2.07  

10 am to 11am 6* 1 0.46 5.29 0.00 2.76 -2.53  2.53  

11 am to 12pm 7* 0.5 0.23 5.52 0.00 2.76 -2.76  2.76  

12 pm to 1pm 8 0.2 0.09 5.61 0.55 3.31 -2.30  2.30  

1 pm to 2 pm 9 0.2 0.09 5.70 0.55 3.86 -1.84  1.84  

2 pm to 3 pm 10 0.2 0.09 5.79 0.55 4.41 -1.38  1.38  

3 pm to 4 pm 11* 0.5 0.23 6.02 0.00 4.41 -1.61  1.61  

4 pm to 5 pm 12* 1 0.46 6.48 0.00 4.41 -2.07  2.07  

5 pm to 6 pm 13 2.5 1.15 7.63 0.55 4.96 -2.67  2.67  

6 pm to 7 pm 14 2.5 1.15 8.78 0.55 5.52 -3.26  3.26  

7 pm to 8 pm 15 1 0.46 9.24 0.55 6.07 -3.17  3.17  

8 pm to 9 pm 16 1 0.46 9.70 0.55 6.62 -3.08  3.08  

9 pm to 10 pm 17 0.75 0.34 10.04 0.55 7.17 -2.87  2.87  

10 pm to 11 pm 18 0.35 0.16 10.20 0.55 7.72 -2.48  2.48  

11 pm to 12 am 19 0.1 0.05 10.25 0.55 8.27 -1.98  1.98  

12 am to 1am 20 0.1 0.05 10.30 0.55 8.83 -1.47  1.47  

1 am to 2am 21 0.1 0.05 10.34 0.55 9.38 -0.97  0.97  

2 am to 3 am 22 0.1 0.05 10.39 0.55 9.93 -0.46  0.46  

3 am to 4 am 23 0.4 0.18 10.57 0.55 10.48 -0.09  0.09  

4 am to 5 am 24 1 0.46 11.03 0.55 11.03 0.00  0.00  

Total   24 11.03   11.03       

Maximum Deficit [ml]              3.26  
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Service Reservoir Capacity Check Sheet 
 

Zone Number 4 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.244638236 

Total Demand 2046 (MLD) 4.89276471 Supply 

Ultimate zone pop. (Nos.) 32144 Hours of supply (hr) 24 

Average hourly demand (ml) 0.20 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.51 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.31 0.31 0.24 0.24 -0.06  0.06  

6 am to 7 am 2 2 0.41 0.71 0.24 0.49 -0.22  0.22  

7 am to 8 am 3 2.5 0.51 1.22 0.24 0.73 -0.49  0.49  

8 am to 9 am 4 2.5 0.51 1.73 0.24 0.98 -0.75  0.75  

9 am to 10 am 5 2 0.41 2.14 0.24 1.22 -0.92  0.92  

10 am to 11am 6* 1 0.20 2.34 0.00 1.22 -1.12  1.12  

11 am to 12pm 7* 0.5 0.10 2.45 0.00 1.22 -1.22  1.22  

12 pm to 1pm 8 0.2 0.04 2.49 0.24 1.47 -1.02  1.02  

1 pm to 2 pm 9 0.2 0.04 2.53 0.24 1.71 -0.82  0.82  

2 pm to 3 pm 10 0.2 0.04 2.57 0.24 1.96 -0.61  0.61  

3 pm to 4 pm 11* 0.5 0.10 2.67 0.00 1.96 -0.71  0.71  

4 pm to 5 pm 12* 1 0.20 2.87 0.00 1.96 -0.92  0.92  

5 pm to 6 pm 13 2.5 0.51 3.38 0.24 2.20 -1.18  1.18  

6 pm to 7 pm 14 2.5 0.51 3.89 0.24 2.45 -1.45  1.45  

7 pm to 8 pm 15 1 0.20 4.10 0.24 2.69 -1.41  1.41  

8 pm to 9 pm 16 1 0.20 4.30 0.24 2.94 -1.37  1.37  

9 pm to 10 pm 17 0.75 0.15 4.45 0.24 3.18 -1.27  1.27  

10 pm to 11 pm 18 0.35 0.07 4.53 0.24 3.42 -1.10  1.10  

11 pm to 12 am 19 0.1 0.02 4.55 0.24 3.67 -0.88  0.88  

12 am to 1am 20 0.1 0.02 4.57 0.24 3.91 -0.65  0.65  

1 am to 2am 21 0.1 0.02 4.59 0.24 4.16 -0.43  0.43  

2 am to 3 am 22 0.1 0.02 4.61 0.24 4.40 -0.20  0.20  

3 am to 4 am 23 0.4 0.08 4.69 0.24 4.65 -0.04  0.04  

4 am to 5 am 24 1 0.20 4.89 0.24 4.89 0.00  0.00  

Total   24 4.89   4.89       

Maximum Deficit [ml]              1.45  
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Service Reservoir Capacity Check Sheet 
 

Zone Number 5 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.221999706 

Total Demand 2046 (MLD) 4.43999412 Supply 

Ultimate zone pop. (Nos.) 26194 Hours of supply (hr) 24 

Average hourly demand (ml) 0.18 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.46 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.28 0.28 0.22 0.22 -0.06  0.06  

6 am to 7 am 2 2 0.37 0.65 0.22 0.44 -0.20  0.20  

7 am to 8 am 3 2.5 0.46 1.11 0.22 0.67 -0.44  0.44  

8 am to 9 am 4 2.5 0.46 1.57 0.22 0.89 -0.68  0.68  

9 am to 10 am 5 2 0.37 1.94 0.22 1.11 -0.83  0.83  

10 am to 11am 6* 1 0.18 2.13 0.00 1.11 -1.02  1.02  

11 am to 12pm 7* 0.5 0.09 2.22 0.00 1.11 -1.11  1.11  

12 pm to 1pm 8 0.2 0.04 2.26 0.22 1.33 -0.92  0.92  

1 pm to 2 pm 9 0.2 0.04 2.29 0.22 1.55 -0.74  0.74  

2 pm to 3 pm 10 0.2 0.04 2.33 0.22 1.78 -0.55  0.55  

3 pm to 4 pm 11* 0.5 0.09 2.42 0.00 1.78 -0.65  0.65  

4 pm to 5 pm 12* 1 0.18 2.61 0.00 1.78 -0.83  0.83  

5 pm to 6 pm 13 2.5 0.46 3.07 0.22 2.00 -1.07  1.07  

6 pm to 7 pm 14 2.5 0.46 3.53 0.22 2.22 -1.31  1.31  

7 pm to 8 pm 15 1 0.18 3.72 0.22 2.44 -1.28  1.28  

8 pm to 9 pm 16 1 0.18 3.90 0.22 2.66 -1.24  1.24  

9 pm to 10 pm 17 0.75 0.14 4.04 0.22 2.89 -1.16  1.16  

10 pm to 11 pm 18 0.35 0.06 4.11 0.22 3.11 -1.00  1.00  

11 pm to 12 am 19 0.1 0.02 4.13 0.22 3.33 -0.80  0.80  

12 am to 1am 20 0.1 0.02 4.14 0.22 3.55 -0.59  0.59  

1 am to 2am 21 0.1 0.02 4.16 0.22 3.77 -0.39  0.39  

2 am to 3 am 22 0.1 0.02 4.18 0.22 4.00 -0.18  0.18  

3 am to 4 am 23 0.4 0.07 4.25 0.22 4.22 -0.04  0.04  

4 am to 5 am 24 1 0.18 4.44 0.22 4.44 0.00  0.00  

Total   24 4.44   4.44       

Maximum Deficit [ml]              1.31  

Service Reservoir Capacity Check Sheet 
 

Zone Number 6 Inflow 



Preparatory Survey on Imphal Water Supply Improvement Project                                            Final Report 
 

A5.5-6 
 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.105231177 

Total Demand 2046 (MLD) 2.10462353 Supply 

Ultimate zone pop. (Nos.) 14157 Hours of supply (hr) 24 

Average hourly demand (ml) 0.09 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.22 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.13 0.13 0.11 0.11 -0.03  0.03  

6 am to 7 am 2 2 0.18 0.31 0.11 0.21 -0.10  0.10  

7 am to 8 am 3 2.5 0.22 0.53 0.11 0.32 -0.21  0.21  

8 am to 9 am 4 2.5 0.22 0.75 0.11 0.42 -0.32  0.32  

9 am to 10 am 5 2 0.18 0.92 0.11 0.53 -0.39  0.39  

10 am to 11am 6* 1 0.09 1.01 0.00 0.53 -0.48  0.48  

11 am to 12pm 7* 0.5 0.04 1.05 0.00 0.53 -0.53  0.53  

12 pm to 1pm 8 0.2 0.02 1.07 0.11 0.63 -0.44  0.44  

1 pm to 2 pm 9 0.2 0.02 1.09 0.11 0.74 -0.35  0.35  

2 pm to 3 pm 10 0.2 0.02 1.10 0.11 0.84 -0.26  0.26  

3 pm to 4 pm 11* 0.5 0.04 1.15 0.00 0.84 -0.31  0.31  

4 pm to 5 pm 12* 1 0.09 1.24 0.00 0.84 -0.39  0.39  

5 pm to 6 pm 13 2.5 0.22 1.46 0.11 0.95 -0.51  0.51  

6 pm to 7 pm 14 2.5 0.22 1.67 0.11 1.05 -0.62  0.62  

7 pm to 8 pm 15 1 0.09 1.76 0.11 1.16 -0.61  0.61  

8 pm to 9 pm 16 1 0.09 1.85 0.11 1.26 -0.59  0.59  

9 pm to 10 pm 17 0.75 0.07 1.92 0.11 1.37 -0.55  0.55  

10 pm to 11 pm 18 0.35 0.03 1.95 0.11 1.47 -0.47  0.47  

11 pm to 12 am 19 0.1 0.01 1.96 0.11 1.58 -0.38  0.38  

12 am to 1am 20 0.1 0.01 1.96 0.11 1.68 -0.28  0.28  

1 am to 2am 21 0.1 0.01 1.97 0.11 1.79 -0.18  0.18  

2 am to 3 am 22 0.1 0.01 1.98 0.11 1.89 -0.09  0.09  

3 am to 4 am 23 0.4 0.04 2.02 0.11 2.00 -0.02  0.02  

4 am to 5 am 24 1 0.09 2.10 0.11 2.10 0.00  0.00  

Total   24 2.10   2.10       

Maximum Deficit [ml]              0.62  
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A5.5-7 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 7 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.263680588 

Total Demand 2046 (MLD) 5.27361176 Supply 

Ultimate zone pop. (Nos.) 33772 Hours of supply (hr) 24 

Average hourly demand (ml) 0.22 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.55 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.33 0.33 0.26 0.26 -0.07  0.07  

6 am to 7 am 2 2 0.44 0.77 0.26 0.53 -0.24  0.24  

7 am to 8 am 3 2.5 0.55 1.32 0.26 0.79 -0.53  0.53  

8 am to 9 am 4 2.5 0.55 1.87 0.26 1.05 -0.81  0.81  

9 am to 10 am 5 2 0.44 2.31 0.26 1.32 -0.99  0.99  

10 am to 11am 6* 1 0.22 2.53 0.00 1.32 -1.21  1.21  

11 am to 12pm 7* 0.5 0.11 2.64 0.00 1.32 -1.32  1.32  

12 pm to 1pm 8 0.2 0.04 2.68 0.26 1.58 -1.10  1.10  

1 pm to 2 pm 9 0.2 0.04 2.72 0.26 1.85 -0.88  0.88  

2 pm to 3 pm 10 0.2 0.04 2.77 0.26 2.11 -0.66  0.66  

3 pm to 4 pm 11* 0.5 0.11 2.88 0.00 2.11 -0.77  0.77  

4 pm to 5 pm 12* 1 0.22 3.10 0.00 2.11 -0.99  0.99  

5 pm to 6 pm 13 2.5 0.55 3.65 0.26 2.37 -1.27  1.27  

6 pm to 7 pm 14 2.5 0.55 4.20 0.26 2.64 -1.56  1.56  

7 pm to 8 pm 15 1 0.22 4.42 0.26 2.90 -1.52  1.52  

8 pm to 9 pm 16 1 0.22 4.64 0.26 3.16 -1.47  1.47  

9 pm to 10 pm 17 0.75 0.16 4.80 0.26 3.43 -1.37  1.37  

10 pm to 11 pm 18 0.35 0.08 4.88 0.26 3.69 -1.19  1.19  

11 pm to 12 am 19 0.1 0.02 4.90 0.26 3.96 -0.94  0.94  

12 am to 1am 20 0.1 0.02 4.92 0.26 4.22 -0.70  0.70  

1 am to 2am 21 0.1 0.02 4.94 0.26 4.48 -0.46  0.46  

2 am to 3 am 22 0.1 0.02 4.97 0.26 4.75 -0.22  0.22  

3 am to 4 am 23 0.4 0.09 5.05 0.26 5.01 -0.04  0.04  

4 am to 5 am 24 1 0.22 5.27 0.26 5.27 0.00  0.00  

Total   24 5.27   5.27       

Maximum Deficit [ml]              1.56  
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A5.5-8 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 8 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.208011765 

Total Demand 2046 (MLD) 4.16023529 Supply 

Ultimate zone pop. (Nos.) 27359 Hours of supply (hr) 24 

Average hourly demand (ml) 0.17 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.43 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.26 0.26 0.21 0.21 -0.05  0.05  

6 am to 7 am 2 2 0.35 0.61 0.21 0.42 -0.19  0.19  

7 am to 8 am 3 2.5 0.43 1.04 0.21 0.62 -0.42  0.42  

8 am to 9 am 4 2.5 0.43 1.47 0.21 0.83 -0.64  0.64  

9 am to 10 am 5 2 0.35 1.82 0.21 1.04 -0.78  0.78  

10 am to 11am 6* 1 0.17 1.99 0.00 1.04 -0.95  0.95  

11 am to 12pm 7* 0.5 0.09 2.08 0.00 1.04 -1.04  1.04  

12 pm to 1pm 8 0.2 0.03 2.11 0.21 1.25 -0.87  0.87  

1 pm to 2 pm 9 0.2 0.03 2.15 0.21 1.46 -0.69  0.69  

2 pm to 3 pm 10 0.2 0.03 2.18 0.21 1.66 -0.52  0.52  

3 pm to 4 pm 11* 0.5 0.09 2.27 0.00 1.66 -0.61  0.61  

4 pm to 5 pm 12* 1 0.17 2.44 0.00 1.66 -0.78  0.78  

5 pm to 6 pm 13 2.5 0.43 2.88 0.21 1.87 -1.01  1.01  

6 pm to 7 pm 14 2.5 0.43 3.31 0.21 2.08 -1.23  1.23  

7 pm to 8 pm 15 1 0.17 3.48 0.21 2.29 -1.20  1.20  

8 pm to 9 pm 16 1 0.17 3.66 0.21 2.50 -1.16  1.16  

9 pm to 10 pm 17 0.75 0.13 3.79 0.21 2.70 -1.08  1.08  

10 pm to 11 pm 18 0.35 0.06 3.85 0.21 2.91 -0.94  0.94  

11 pm to 12 am 19 0.1 0.02 3.87 0.21 3.12 -0.75  0.75  

12 am to 1am 20 0.1 0.02 3.88 0.21 3.33 -0.55  0.55  

1 am to 2am 21 0.1 0.02 3.90 0.21 3.54 -0.36  0.36  

2 am to 3 am 22 0.1 0.02 3.92 0.21 3.74 -0.17  0.17  

3 am to 4 am 23 0.4 0.07 3.99 0.21 3.95 -0.03  0.03  

4 am to 5 am 24 1 0.17 4.16 0.21 4.16 0.00  0.00  

Total   24 4.16   4.16       

Maximum Deficit [ml]              1.23  
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A5.5-9 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 9 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.336 

Total Demand 2046 (MLD) 6.72 Supply 

Ultimate zone pop. (Nos.) 35335 Hours of supply (hr) 24 

Average hourly demand (ml) 0.28 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.70 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.42 0.42 0.34 0.34 -0.08  0.08  

6 am to 7 am 2 2 0.56 0.98 0.34 0.67 -0.31  0.31  

7 am to 8 am 3 2.5 0.70 1.68 0.34 1.01 -0.67  0.67  

8 am to 9 am 4 2.5 0.70 2.38 0.34 1.34 -1.04  1.04  

9 am to 10 am 5 2 0.56 2.94 0.34 1.68 -1.26  1.26  

10 am to 11am 6* 1 0.28 3.22 0.00 1.68 -1.54  1.54  

11 am to 12pm 7* 0.5 0.14 3.36 0.00 1.68 -1.68  1.68  

12 pm to 1pm 8 0.2 0.06 3.42 0.34 2.02 -1.40  1.40  

1 pm to 2 pm 9 0.2 0.06 3.47 0.34 2.35 -1.12  1.12  

2 pm to 3 pm 10 0.2 0.06 3.53 0.34 2.69 -0.84  0.84  

3 pm to 4 pm 11* 0.5 0.14 3.67 0.00 2.69 -0.98  0.98  

4 pm to 5 pm 12* 1 0.28 3.95 0.00 2.69 -1.26  1.26  

5 pm to 6 pm 13 2.5 0.70 4.65 0.34 3.02 -1.62  1.62  

6 pm to 7 pm 14 2.5 0.70 5.35 0.34 3.36 -1.99  1.99  

7 pm to 8 pm 15 1 0.28 5.63 0.34 3.70 -1.93  1.93  

8 pm to 9 pm 16 1 0.28 5.91 0.34 4.03 -1.88  1.88  

9 pm to 10 pm 17 0.75 0.21 6.12 0.34 4.37 -1.75  1.75  

10 pm to 11 pm 18 0.35 0.10 6.22 0.34 4.70 -1.51  1.51  

11 pm to 12 am 19 0.1 0.03 6.24 0.34 5.04 -1.20  1.20  

12 am to 1am 20 0.1 0.03 6.27 0.34 5.38 -0.90  0.90  

1 am to 2am 21 0.1 0.03 6.30 0.34 5.71 -0.59  0.59  

2 am to 3 am 22 0.1 0.03 6.33 0.34 6.05 -0.28  0.28  

3 am to 4 am 23 0.4 0.11 6.44 0.34 6.38 -0.06  0.06  

4 am to 5 am 24 1 0.28 6.72 0.34 6.72 0.00  0.00  

Total   24 6.72   6.72       

Maximum Deficit [ml]              1.99  
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A5.5-10 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 10 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.14195 

Total Demand 2046 (MLD) 2.839 Supply 

Ultimate zone pop. (Nos.) 17799 Hours of supply (hr) 24 

Average hourly demand (ml) 0.12 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.30 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.18 0.18 0.14 0.14 -0.04  0.04  

6 am to 7 am 2 2 0.24 0.41 0.14 0.28 -0.13  0.13  

7 am to 8 am 3 2.5 0.30 0.71 0.14 0.43 -0.28  0.28  

8 am to 9 am 4 2.5 0.30 1.01 0.14 0.57 -0.44  0.44  

9 am to 10 am 5 2 0.24 1.24 0.14 0.71 -0.53  0.53  

10 am to 11am 6* 1 0.12 1.36 0.00 0.71 -0.65  0.65  

11 am to 12pm 7* 0.5 0.06 1.42 0.00 0.71 -0.71  0.71  

12 pm to 1pm 8 0.2 0.02 1.44 0.14 0.85 -0.59  0.59  

1 pm to 2 pm 9 0.2 0.02 1.47 0.14 0.99 -0.47  0.47  

2 pm to 3 pm 10 0.2 0.02 1.49 0.14 1.14 -0.35  0.35  

3 pm to 4 pm 11* 0.5 0.06 1.55 0.00 1.14 -0.41  0.41  

4 pm to 5 pm 12* 1 0.12 1.67 0.00 1.14 -0.53  0.53  

5 pm to 6 pm 13 2.5 0.30 1.96 0.14 1.28 -0.69  0.69  

6 pm to 7 pm 14 2.5 0.30 2.26 0.14 1.42 -0.84  0.84  

7 pm to 8 pm 15 1 0.12 2.38 0.14 1.56 -0.82  0.82  

8 pm to 9 pm 16 1 0.12 2.50 0.14 1.70 -0.79  0.79  

9 pm to 10 pm 17 0.75 0.09 2.58 0.14 1.85 -0.74  0.74  

10 pm to 11 pm 18 0.35 0.04 2.63 0.14 1.99 -0.64  0.64  

11 pm to 12 am 19 0.1 0.01 2.64 0.14 2.13 -0.51  0.51  

12 am to 1am 20 0.1 0.01 2.65 0.14 2.27 -0.38  0.38  

1 am to 2am 21 0.1 0.01 2.66 0.14 2.41 -0.25  0.25  

2 am to 3 am 22 0.1 0.01 2.67 0.14 2.56 -0.12  0.12  

3 am to 4 am 23 0.4 0.05 2.72 0.14 2.70 -0.02  0.02  

4 am to 5 am 24 1 0.12 2.84 0.14 2.84 0.00  0.00  

Total   24 2.84   2.84       

Maximum Deficit [ml]              0.84  

Service Reservoir Capacity Check Sheet 
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A5.5-11 
 

Zone Number 11 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.09295 

Total Demand 2046 (MLD) 1.859 Supply 

Ultimate zone pop. (Nos.) 9075 Hours of supply (hr) 24 

Average hourly demand (ml) 0.08 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.19 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.12 0.12 0.09 0.09 -0.02  0.02  

6 am to 7 am 2 2 0.15 0.27 0.09 0.19 -0.09  0.09  

7 am to 8 am 3 2.5 0.19 0.46 0.09 0.28 -0.19  0.19  

8 am to 9 am 4 2.5 0.19 0.66 0.09 0.37 -0.29  0.29  

9 am to 10 am 5 2 0.15 0.81 0.09 0.46 -0.35  0.35  

10 am to 11am 6* 1 0.08 0.89 0.00 0.46 -0.43  0.43  

11 am to 12pm 7* 0.5 0.04 0.93 0.00 0.46 -0.46  0.46  

12 pm to 1pm 8 0.2 0.02 0.94 0.09 0.56 -0.39  0.39  

1 pm to 2 pm 9 0.2 0.02 0.96 0.09 0.65 -0.31  0.31  

2 pm to 3 pm 10 0.2 0.02 0.98 0.09 0.74 -0.23  0.23  

3 pm to 4 pm 11* 0.5 0.04 1.01 0.00 0.74 -0.27  0.27  

4 pm to 5 pm 12* 1 0.08 1.09 0.00 0.74 -0.35  0.35  

5 pm to 6 pm 13 2.5 0.19 1.29 0.09 0.84 -0.45  0.45  

6 pm to 7 pm 14 2.5 0.19 1.48 0.09 0.93 -0.55  0.55  

7 pm to 8 pm 15 1 0.08 1.56 0.09 1.02 -0.53  0.53  

8 pm to 9 pm 16 1 0.08 1.63 0.09 1.12 -0.52  0.52  

9 pm to 10 pm 17 0.75 0.06 1.69 0.09 1.21 -0.48  0.48  

10 pm to 11 pm 18 0.35 0.03 1.72 0.09 1.30 -0.42  0.42  

11 pm to 12 am 19 0.1 0.01 1.73 0.09 1.39 -0.33  0.33  

12 am to 1am 20 0.1 0.01 1.74 0.09 1.49 -0.25  0.25  

1 am to 2am 21 0.1 0.01 1.74 0.09 1.58 -0.16  0.16  

2 am to 3 am 22 0.1 0.01 1.75 0.09 1.67 -0.08  0.08  

3 am to 4 am 23 0.4 0.03 1.78 0.09 1.77 -0.02  0.02  

4 am to 5 am 24 1 0.08 1.86 0.09 1.86 0.00  0.00  

Total   24 1.86   1.86       

Maximum Deficit [ml]              0.55  

Service Reservoir Capacity Check Sheet 
 

Zone Number 12 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 
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A5.5-12 
 

Design Year 2046 Average hourly inflow (ml) 0.37625 

Total Demand 2046 (MLD) 7.525 Supply 

Ultimate zone pop. (Nos.) 47729 Hours of supply (hr) 24 

Average hourly demand (ml) 0.31 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.78 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.47 0.47 0.38 0.38 -0.09  0.09  

6 am to 7 am 2 2 0.63 1.10 0.38 0.75 -0.34  0.34  

7 am to 8 am 3 2.5 0.78 1.88 0.38 1.13 -0.75  0.75  

8 am to 9 am 4 2.5 0.78 2.67 0.38 1.51 -1.16  1.16  

9 am to 10 am 5 2 0.63 3.29 0.38 1.88 -1.41  1.41  

10 am to 11am 6* 1 0.31 3.61 0.00 1.88 -1.72  1.72  

11 am to 12pm 7* 0.5 0.16 3.76 0.00 1.88 -1.88  1.88  

12 pm to 1pm 8 0.2 0.06 3.83 0.38 2.26 -1.57  1.57  

1 pm to 2 pm 9 0.2 0.06 3.89 0.38 2.63 -1.25  1.25  

2 pm to 3 pm 10 0.2 0.06 3.95 0.38 3.01 -0.94  0.94  

3 pm to 4 pm 11* 0.5 0.16 4.11 0.00 3.01 -1.10  1.10  

4 pm to 5 pm 12* 1 0.31 4.42 0.00 3.01 -1.41  1.41  

5 pm to 6 pm 13 2.5 0.78 5.20 0.38 3.39 -1.82  1.82  

6 pm to 7 pm 14 2.5 0.78 5.99 0.38 3.76 -2.23  2.23  

7 pm to 8 pm 15 1 0.31 6.30 0.38 4.14 -2.16  2.16  

8 pm to 9 pm 16 1 0.31 6.62 0.38 4.52 -2.10  2.10  

9 pm to 10 pm 17 0.75 0.24 6.85 0.38 4.89 -1.96  1.96  

10 pm to 11 pm 18 0.35 0.11 6.96 0.38 5.27 -1.69  1.69  

11 pm to 12 am 19 0.1 0.03 6.99 0.38 5.64 -1.35  1.35  

12 am to 1am 20 0.1 0.03 7.02 0.38 6.02 -1.00  1.00  

1 am to 2am 21 0.1 0.03 7.05 0.38 6.40 -0.66  0.66  

2 am to 3 am 22 0.1 0.03 7.09 0.38 6.77 -0.31  0.31  

3 am to 4 am 23 0.4 0.13 7.21 0.38 7.15 -0.06  0.06  

4 am to 5 am 24 1 0.31 7.53 0.38 7.53 0.00  0.00  

Total   24 7.53   7.53       

Maximum Deficit [ml]              2.23  
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A5.5-13 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 13 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.78725 

Total Demand 2046 (MLD) 15.745 Supply 

Ultimate zone pop. (Nos.) 92687 Hours of supply (hr) 24 

Average hourly demand (ml) 0.66 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 1.64 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.98 0.98 0.79 0.79 -0.20  0.20  

6 am to 7 am 2 2 1.31 2.30 0.79 1.57 -0.72  0.72  

7 am to 8 am 3 2.5 1.64 3.94 0.79 2.36 -1.57  1.57  

8 am to 9 am 4 2.5 1.64 5.58 0.79 3.15 -2.43  2.43  

9 am to 10 am 5 2 1.31 6.89 0.79 3.94 -2.95  2.95  

10 am to 11am 6* 1 0.66 7.54 0.00 3.94 -3.61  3.61  

11 am to 12pm 7* 0.5 0.33 7.87 0.00 3.94 -3.94  3.94  

12 pm to 1pm 8 0.2 0.13 8.00 0.79 4.72 -3.28  3.28  

1 pm to 2 pm 9 0.2 0.13 8.13 0.79 5.51 -2.62  2.62  

2 pm to 3 pm 10 0.2 0.13 8.27 0.79 6.30 -1.97  1.97  

3 pm to 4 pm 11* 0.5 0.33 8.59 0.00 6.30 -2.30  2.30  

4 pm to 5 pm 12* 1 0.66 9.25 0.00 6.30 -2.95  2.95  

5 pm to 6 pm 13 2.5 1.64 10.89 0.79 7.09 -3.81  3.81  

6 pm to 7 pm 14 2.5 1.64 12.53 0.79 7.87 -4.66  4.66  

7 pm to 8 pm 15 1 0.66 13.19 0.79 8.66 -4.53  4.53  

8 pm to 9 pm 16 1 0.66 13.84 0.79 9.45 -4.40  4.40  

9 pm to 10 pm 17 0.75 0.49 14.33 0.79 10.23 -4.10  4.10  

10 pm to 11 pm 18 0.35 0.23 14.56 0.79 11.02 -3.54  3.54  

11 pm to 12 am 19 0.1 0.07 14.63 0.79 11.81 -2.82  2.82  

12 am to 1am 20 0.1 0.07 14.70 0.79 12.60 -2.10  2.10  

1 am to 2am 21 0.1 0.07 14.76 0.79 13.38 -1.38  1.38  

2 am to 3 am 22 0.1 0.07 14.83 0.79 14.17 -0.66  0.66  

3 am to 4 am 23 0.4 0.26 15.09 0.79 14.96 -0.13  0.13  

4 am to 5 am 24 1 0.66 15.75 0.79 15.75 0.00  0.00  

Total   24 15.75   15.75       

Maximum Deficit [ml]              4.66  
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A5.5-14 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 14 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.10325 

Total Demand 2046 (MLD) 2.065 Supply 

Ultimate zone pop. (Nos.) 13893 Hours of supply (hr) 24 

Average hourly demand (ml) 0.09 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.22 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.13 0.13 0.10 0.10 -0.03  0.03  

6 am to 7 am 2 2 0.17 0.30 0.10 0.21 -0.09  0.09  

7 am to 8 am 3 2.5 0.22 0.52 0.10 0.31 -0.21  0.21  

8 am to 9 am 4 2.5 0.22 0.73 0.10 0.41 -0.32  0.32  

9 am to 10 am 5 2 0.17 0.90 0.10 0.52 -0.39  0.39  

10 am to 11am 6* 1 0.09 0.99 0.00 0.52 -0.47  0.47  

11 am to 12pm 7* 0.5 0.04 1.03 0.00 0.52 -0.52  0.52  

12 pm to 1pm 8 0.2 0.02 1.05 0.10 0.62 -0.43  0.43  

1 pm to 2 pm 9 0.2 0.02 1.07 0.10 0.72 -0.34  0.34  

2 pm to 3 pm 10 0.2 0.02 1.08 0.10 0.83 -0.26  0.26  

3 pm to 4 pm 11* 0.5 0.04 1.13 0.00 0.83 -0.30  0.30  

4 pm to 5 pm 12* 1 0.09 1.21 0.00 0.83 -0.39  0.39  

5 pm to 6 pm 13 2.5 0.22 1.43 0.10 0.93 -0.50  0.50  

6 pm to 7 pm 14 2.5 0.22 1.64 0.10 1.03 -0.61  0.61  

7 pm to 8 pm 15 1 0.09 1.73 0.10 1.14 -0.59  0.59  

8 pm to 9 pm 16 1 0.09 1.82 0.10 1.24 -0.58  0.58  

9 pm to 10 pm 17 0.75 0.06 1.88 0.10 1.34 -0.54  0.54  

10 pm to 11 pm 18 0.35 0.03 1.91 0.10 1.45 -0.46  0.46  

11 pm to 12 am 19 0.1 0.01 1.92 0.10 1.55 -0.37  0.37  

12 am to 1am 20 0.1 0.01 1.93 0.10 1.65 -0.28  0.28  

1 am to 2am 21 0.1 0.01 1.94 0.10 1.76 -0.18  0.18  

2 am to 3 am 22 0.1 0.01 1.94 0.10 1.86 -0.09  0.09  

3 am to 4 am 23 0.4 0.03 1.98 0.10 1.96 -0.02  0.02  

4 am to 5 am 24 1 0.09 2.07 0.10 2.07 0.00  0.00  

Total   24 2.07   2.07       

Maximum Deficit [ml]              0.61  

  



Preparatory Survey on Imphal Water Supply Improvement Project                                            Final Report 
 

A5.5-15 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 15 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.23545 

Total Demand 2046 (MLD) 4.709 Supply 

Ultimate zone pop. (Nos.) 27001 Hours of supply (hr) 24 

Average hourly demand (ml) 0.20 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.49 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.29 0.29 0.24 0.24 -0.06  0.06  

6 am to 7 am 2 2 0.39 0.69 0.24 0.47 -0.22  0.22  

7 am to 8 am 3 2.5 0.49 1.18 0.24 0.71 -0.47  0.47  

8 am to 9 am 4 2.5 0.49 1.67 0.24 0.94 -0.73  0.73  

9 am to 10 am 5 2 0.39 2.06 0.24 1.18 -0.88  0.88  

10 am to 11am 6* 1 0.20 2.26 0.00 1.18 -1.08  1.08  

11 am to 12pm 7* 0.5 0.10 2.35 0.00 1.18 -1.18  1.18  

12 pm to 1pm 8 0.2 0.04 2.39 0.24 1.41 -0.98  0.98  

1 pm to 2 pm 9 0.2 0.04 2.43 0.24 1.65 -0.78  0.78  

2 pm to 3 pm 10 0.2 0.04 2.47 0.24 1.88 -0.59  0.59  

3 pm to 4 pm 11* 0.5 0.10 2.57 0.00 1.88 -0.69  0.69  

4 pm to 5 pm 12* 1 0.20 2.77 0.00 1.88 -0.88  0.88  

5 pm to 6 pm 13 2.5 0.49 3.26 0.24 2.12 -1.14  1.14  

6 pm to 7 pm 14 2.5 0.49 3.75 0.24 2.35 -1.39  1.39  

7 pm to 8 pm 15 1 0.20 3.94 0.24 2.59 -1.35  1.35  

8 pm to 9 pm 16 1 0.20 4.14 0.24 2.83 -1.31  1.31  

9 pm to 10 pm 17 0.75 0.15 4.29 0.24 3.06 -1.23  1.23  

10 pm to 11 pm 18 0.35 0.07 4.36 0.24 3.30 -1.06  1.06  

11 pm to 12 am 19 0.1 0.02 4.38 0.24 3.53 -0.84  0.84  

12 am to 1am 20 0.1 0.02 4.40 0.24 3.77 -0.63  0.63  

1 am to 2am 21 0.1 0.02 4.41 0.24 4.00 -0.41  0.41  

2 am to 3 am 22 0.1 0.02 4.43 0.24 4.24 -0.20  0.20  

3 am to 4 am 23 0.4 0.08 4.51 0.24 4.47 -0.04  0.04  

4 am to 5 am 24 1 0.20 4.71 0.24 4.71 0.00  0.00  

Total   24 4.71   4.71       

Maximum Deficit [ml]              1.39  
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A5.5-16 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 16 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.2093 

Total Demand 2046 (MLD) 4.186 Supply 

Ultimate zone pop. (Nos.) 21397 Hours of supply (hr) 24 

Average hourly demand (ml) 0.17 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.44 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.26 0.26 0.21 0.21 -0.05  0.05  

6 am to 7 am 2 2 0.35 0.61 0.21 0.42 -0.19  0.19  

7 am to 8 am 3 2.5 0.44 1.05 0.21 0.63 -0.42  0.42  

8 am to 9 am 4 2.5 0.44 1.48 0.21 0.84 -0.65  0.65  

9 am to 10 am 5 2 0.35 1.83 0.21 1.05 -0.78  0.78  

10 am to 11am 6* 1 0.17 2.01 0.00 1.05 -0.96  0.96  

11 am to 12pm 7* 0.5 0.09 2.09 0.00 1.05 -1.05  1.05  

12 pm to 1pm 8 0.2 0.03 2.13 0.21 1.26 -0.87  0.87  

1 pm to 2 pm 9 0.2 0.03 2.16 0.21 1.47 -0.70  0.70  

2 pm to 3 pm 10 0.2 0.03 2.20 0.21 1.67 -0.52  0.52  

3 pm to 4 pm 11* 0.5 0.09 2.28 0.00 1.67 -0.61  0.61  

4 pm to 5 pm 12* 1 0.17 2.46 0.00 1.67 -0.78  0.78  

5 pm to 6 pm 13 2.5 0.44 2.90 0.21 1.88 -1.01  1.01  

6 pm to 7 pm 14 2.5 0.44 3.33 0.21 2.09 -1.24  1.24  

7 pm to 8 pm 15 1 0.17 3.51 0.21 2.30 -1.20  1.20  

8 pm to 9 pm 16 1 0.17 3.68 0.21 2.51 -1.17  1.17  

9 pm to 10 pm 17 0.75 0.13 3.81 0.21 2.72 -1.09  1.09  

10 pm to 11 pm 18 0.35 0.06 3.87 0.21 2.93 -0.94  0.94  

11 pm to 12 am 19 0.1 0.02 3.89 0.21 3.14 -0.75  0.75  

12 am to 1am 20 0.1 0.02 3.91 0.21 3.35 -0.56  0.56  

1 am to 2am 21 0.1 0.02 3.92 0.21 3.56 -0.37  0.37  

2 am to 3 am 22 0.1 0.02 3.94 0.21 3.77 -0.17  0.17  

3 am to 4 am 23 0.4 0.07 4.01 0.21 3.98 -0.03  0.03  

4 am to 5 am 24 1 0.17 4.19 0.21 4.19 0.00  0.00  

Total   24 4.19   4.19       

Maximum Deficit [ml]              1.24  
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A5.5-17 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 17 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 1.20705 

Total Demand 2046 (MLD) 24.141 Supply 

Ultimate zone pop. (Nos.) 116140 Hours of supply (hr) 24 

Average hourly demand (ml) 1.01 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 2.51 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 1.51 1.51 1.21 1.21 -0.30  0.30  

6 am to 7 am 2 2 2.01 3.52 1.21 2.41 -1.11  1.11  

7 am to 8 am 3 2.5 2.51 6.04 1.21 3.62 -2.41  2.41  

8 am to 9 am 4 2.5 2.51 8.55 1.21 4.83 -3.72  3.72  

9 am to 10 am 5 2 2.01 10.56 1.21 6.04 -4.53  4.53  

10 am to 11am 6* 1 1.01 11.57 0.00 6.04 -5.53  5.53  

11 am to 12pm 7* 0.5 0.50 12.07 0.00 6.04 -6.04  6.04  

12 pm to 1pm 8 0.2 0.20 12.27 1.21 7.24 -5.03  5.03  

1 pm to 2 pm 9 0.2 0.20 12.47 1.21 8.45 -4.02  4.02  

2 pm to 3 pm 10 0.2 0.20 12.67 1.21 9.66 -3.02  3.02  

3 pm to 4 pm 11* 0.5 0.50 13.18 0.00 9.66 -3.52  3.52  

4 pm to 5 pm 12* 1 1.01 14.18 0.00 9.66 -4.53  4.53  

5 pm to 6 pm 13 2.5 2.51 16.70 1.21 10.86 -5.83  5.83  

6 pm to 7 pm 14 2.5 2.51 19.21 1.21 12.07 -7.14  7.14  

7 pm to 8 pm 15 1 1.01 20.22 1.21 13.28 -6.94  6.94  

8 pm to 9 pm 16 1 1.01 21.22 1.21 14.48 -6.74  6.74  

9 pm to 10 pm 17 0.75 0.75 21.98 1.21 15.69 -6.29  6.29  

10 pm to 11 pm 18 0.35 0.35 22.33 1.21 16.90 -5.43  5.43  

11 pm to 12 am 19 0.1 0.10 22.43 1.21 18.11 -4.33  4.33  

12 am to 1am 20 0.1 0.10 22.53 1.21 19.31 -3.22  3.22  

1 am to 2am 21 0.1 0.10 22.63 1.21 20.52 -2.11  2.11  

2 am to 3 am 22 0.1 0.10 22.73 1.21 21.73 -1.01  1.01  

3 am to 4 am 23 0.4 0.40 23.14 1.21 22.93 -0.20  0.20  

4 am to 5 am 24 1 1.01 24.14 1.21 24.14 0.00  0.00  

Total   24 24.14   24.14       

Maximum Deficit [ml]              7.14  
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A5.5-18 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 18 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.24435 

Total Demand 2046 (MLD) 4.887 Supply 

Ultimate zone pop. (Nos.) 26725 Hours of supply (hr) 24 

Average hourly demand (ml) 0.20 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.51 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.31 0.31 0.24 0.24 -0.06  0.06  

6 am to 7 am 2 2 0.41 0.71 0.24 0.49 -0.22  0.22  

7 am to 8 am 3 2.5 0.51 1.22 0.24 0.73 -0.49  0.49  

8 am to 9 am 4 2.5 0.51 1.73 0.24 0.98 -0.75  0.75  

9 am to 10 am 5 2 0.41 2.14 0.24 1.22 -0.92  0.92  

10 am to 11am 6* 1 0.20 2.34 0.00 1.22 -1.12  1.12  

11 am to 12pm 7* 0.5 0.10 2.44 0.00 1.22 -1.22  1.22  

12 pm to 1pm 8 0.2 0.04 2.48 0.24 1.47 -1.02  1.02  

1 pm to 2 pm 9 0.2 0.04 2.52 0.24 1.71 -0.81  0.81  

2 pm to 3 pm 10 0.2 0.04 2.57 0.24 1.95 -0.61  0.61  

3 pm to 4 pm 11* 0.5 0.10 2.67 0.00 1.95 -0.71  0.71  

4 pm to 5 pm 12* 1 0.20 2.87 0.00 1.95 -0.92  0.92  

5 pm to 6 pm 13 2.5 0.51 3.38 0.24 2.20 -1.18  1.18  

6 pm to 7 pm 14 2.5 0.51 3.89 0.24 2.44 -1.45  1.45  

7 pm to 8 pm 15 1 0.20 4.09 0.24 2.69 -1.41  1.41  

8 pm to 9 pm 16 1 0.20 4.30 0.24 2.93 -1.36  1.36  

9 pm to 10 pm 17 0.75 0.15 4.45 0.24 3.18 -1.27  1.27  

10 pm to 11 pm 18 0.35 0.07 4.52 0.24 3.42 -1.10  1.10  

11 pm to 12 am 19 0.1 0.02 4.54 0.24 3.67 -0.88  0.88  

12 am to 1am 20 0.1 0.02 4.56 0.24 3.91 -0.65  0.65  

1 am to 2am 21 0.1 0.02 4.58 0.24 4.15 -0.43  0.43  

2 am to 3 am 22 0.1 0.02 4.60 0.24 4.40 -0.20  0.20  

3 am to 4 am 23 0.4 0.08 4.68 0.24 4.64 -0.04  0.04  

4 am to 5 am 24 1 0.20 4.89 0.24 4.89 0.00  0.00  

Total   24 4.89   4.89       

Maximum Deficit [ml]              1.45  
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A5.5-19 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 19 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.17205 

Total Demand 2046 (MLD) 3.441 Supply 

Ultimate zone pop. (Nos.) 22355 Hours of supply (hr) 24 

Average hourly demand (ml) 0.14 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.36 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.22 0.22 0.17 0.17 -0.04  0.04  

6 am to 7 am 2 2 0.29 0.50 0.17 0.34 -0.16  0.16  

7 am to 8 am 3 2.5 0.36 0.86 0.17 0.52 -0.34  0.34  

8 am to 9 am 4 2.5 0.36 1.22 0.17 0.69 -0.53  0.53  

9 am to 10 am 5 2 0.29 1.51 0.17 0.86 -0.65  0.65  

10 am to 11am 6* 1 0.14 1.65 0.00 0.86 -0.79  0.79  

11 am to 12pm 7* 0.5 0.07 1.72 0.00 0.86 -0.86  0.86  

12 pm to 1pm 8 0.2 0.03 1.75 0.17 1.03 -0.72  0.72  

1 pm to 2 pm 9 0.2 0.03 1.78 0.17 1.20 -0.57  0.57  

2 pm to 3 pm 10 0.2 0.03 1.81 0.17 1.38 -0.43  0.43  

3 pm to 4 pm 11* 0.5 0.07 1.88 0.00 1.38 -0.50  0.50  

4 pm to 5 pm 12* 1 0.14 2.02 0.00 1.38 -0.65  0.65  

5 pm to 6 pm 13 2.5 0.36 2.38 0.17 1.55 -0.83  0.83  

6 pm to 7 pm 14 2.5 0.36 2.74 0.17 1.72 -1.02  1.02  

7 pm to 8 pm 15 1 0.14 2.88 0.17 1.89 -0.99  0.99  

8 pm to 9 pm 16 1 0.14 3.03 0.17 2.06 -0.96  0.96  

9 pm to 10 pm 17 0.75 0.11 3.13 0.17 2.24 -0.90  0.90  

10 pm to 11 pm 18 0.35 0.05 3.18 0.17 2.41 -0.77  0.77  

11 pm to 12 am 19 0.1 0.01 3.20 0.17 2.58 -0.62  0.62  

12 am to 1am 20 0.1 0.01 3.21 0.17 2.75 -0.46  0.46  

1 am to 2am 21 0.1 0.01 3.23 0.17 2.92 -0.30  0.30  

2 am to 3 am 22 0.1 0.01 3.24 0.17 3.10 -0.14  0.14  

3 am to 4 am 23 0.4 0.06 3.30 0.17 3.27 -0.03  0.03  

4 am to 5 am 24 1 0.14 3.44 0.17 3.44 0.00  0.00  

Total   24 3.44   3.44       

Maximum Deficit [ml]              1.02  
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A5.5-20 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 20 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.723 

Total Demand 2046 (MLD) 14.46 Supply 

Ultimate zone pop. (Nos.) 96374 Hours of supply (hr) 24 

Average hourly demand (ml) 0.60 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 1.51 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.90 0.90 0.72 0.72 -0.18  0.18  

6 am to 7 am 2 2 1.21 2.11 0.72 1.45 -0.66  0.66  

7 am to 8 am 3 2.5 1.51 3.62 0.72 2.17 -1.45  1.45  

8 am to 9 am 4 2.5 1.51 5.12 0.72 2.89 -2.23  2.23  

9 am to 10 am 5 2 1.21 6.33 0.72 3.62 -2.71  2.71  

10 am to 11am 6* 1 0.60 6.93 0.00 3.62 -3.31  3.31  

11 am to 12pm 7* 0.5 0.30 7.23 0.00 3.62 -3.62  3.62  

12 pm to 1pm 8 0.2 0.12 7.35 0.72 4.34 -3.01  3.01  

1 pm to 2 pm 9 0.2 0.12 7.47 0.72 5.06 -2.41  2.41  

2 pm to 3 pm 10 0.2 0.12 7.59 0.72 5.78 -1.81  1.81  

3 pm to 4 pm 11* 0.5 0.30 7.89 0.00 5.78 -2.11  2.11  

4 pm to 5 pm 12* 1 0.60 8.50 0.00 5.78 -2.71  2.71  

5 pm to 6 pm 13 2.5 1.51 10.00 0.72 6.51 -3.49  3.49  

6 pm to 7 pm 14 2.5 1.51 11.51 0.72 7.23 -4.28  4.28  

7 pm to 8 pm 15 1 0.60 12.11 0.72 7.95 -4.16  4.16  

8 pm to 9 pm 16 1 0.60 12.71 0.72 8.68 -4.04  4.04  

9 pm to 10 pm 17 0.75 0.45 13.16 0.72 9.40 -3.77  3.77  

10 pm to 11 pm 18 0.35 0.21 13.38 0.72 10.12 -3.25  3.25  

11 pm to 12 am 19 0.1 0.06 13.44 0.72 10.85 -2.59  2.59  

12 am to 1am 20 0.1 0.06 13.50 0.72 11.57 -1.93  1.93  

1 am to 2am 21 0.1 0.06 13.56 0.72 12.29 -1.27  1.27  

2 am to 3 am 22 0.1 0.06 13.62 0.72 13.01 -0.60  0.60  

3 am to 4 am 23 0.4 0.24 13.86 0.72 13.74 -0.12  0.12  

4 am to 5 am 24 1 0.60 14.46 0.72 14.46 0.00  0.00  

Total   24 14.46   14.46       

Maximum Deficit [ml]              4.28  
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A5.5-21 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 21 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.85685 

Total Demand 2046 (MLD) 17.137 Supply 

Ultimate zone pop. (Nos.) 102665 Hours of supply (hr) 24 

Average hourly demand (ml) 0.71 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 1.79 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 1.07 1.07 0.86 0.86 -0.21  0.21  

6 am to 7 am 2 2 1.43 2.50 0.86 1.71 -0.79  0.79  

7 am to 8 am 3 2.5 1.79 4.28 0.86 2.57 -1.71  1.71  

8 am to 9 am 4 2.5 1.79 6.07 0.86 3.43 -2.64  2.64  

9 am to 10 am 5 2 1.43 7.50 0.86 4.28 -3.21  3.21  

10 am to 11am 6* 1 0.71 8.21 0.00 4.28 -3.93  3.93  

11 am to 12pm 7* 0.5 0.36 8.57 0.00 4.28 -4.28  4.28  

12 pm to 1pm 8 0.2 0.14 8.71 0.86 5.14 -3.57  3.57  

1 pm to 2 pm 9 0.2 0.14 8.85 0.86 6.00 -2.86  2.86  

2 pm to 3 pm 10 0.2 0.14 9.00 0.86 6.85 -2.14  2.14  

3 pm to 4 pm 11* 0.5 0.36 9.35 0.00 6.85 -2.50  2.50  

4 pm to 5 pm 12* 1 0.71 10.07 0.00 6.85 -3.21  3.21  

5 pm to 6 pm 13 2.5 1.79 11.85 0.86 7.71 -4.14  4.14  

6 pm to 7 pm 14 2.5 1.79 13.64 0.86 8.57 -5.07  5.07  

7 pm to 8 pm 15 1 0.71 14.35 0.86 9.43 -4.93  4.93  

8 pm to 9 pm 16 1 0.71 15.07 0.86 10.28 -4.78  4.78  

9 pm to 10 pm 17 0.75 0.54 15.60 0.86 11.14 -4.46  4.46  

10 pm to 11 pm 18 0.35 0.25 15.85 0.86 12.00 -3.86  3.86  

11 pm to 12 am 19 0.1 0.07 15.92 0.86 12.85 -3.07  3.07  

12 am to 1am 20 0.1 0.07 15.99 0.86 13.71 -2.28  2.28  

1 am to 2am 21 0.1 0.07 16.07 0.86 14.57 -1.50  1.50  

2 am to 3 am 22 0.1 0.07 16.14 0.86 15.42 -0.71  0.71  

3 am to 4 am 23 0.4 0.29 16.42 0.86 16.28 -0.14  0.14  

4 am to 5 am 24 1 0.71 17.14 0.86 17.14 0.00  0.00  

Total   24 17.14   17.14       

Maximum Deficit [ml]              5.07  
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A5.5-22 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 22 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.18565 

Total Demand 2046 (MLD) 3.713 Supply 

Ultimate zone pop. (Nos.) 24889 Hours of supply (hr) 24 

Average hourly demand (ml) 0.15 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.39 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.23 0.23 0.19 0.19 -0.05  0.05  

6 am to 7 am 2 2 0.31 0.54 0.19 0.37 -0.17  0.17  

7 am to 8 am 3 2.5 0.39 0.93 0.19 0.56 -0.37  0.37  

8 am to 9 am 4 2.5 0.39 1.32 0.19 0.74 -0.57  0.57  

9 am to 10 am 5 2 0.31 1.62 0.19 0.93 -0.70  0.70  

10 am to 11am 6* 1 0.15 1.78 0.00 0.93 -0.85  0.85  

11 am to 12pm 7* 0.5 0.08 1.86 0.00 0.93 -0.93  0.93  

12 pm to 1pm 8 0.2 0.03 1.89 0.19 1.11 -0.77  0.77  

1 pm to 2 pm 9 0.2 0.03 1.92 0.19 1.30 -0.62  0.62  

2 pm to 3 pm 10 0.2 0.03 1.95 0.19 1.49 -0.46  0.46  

3 pm to 4 pm 11* 0.5 0.08 2.03 0.00 1.49 -0.54  0.54  

4 pm to 5 pm 12* 1 0.15 2.18 0.00 1.49 -0.70  0.70  

5 pm to 6 pm 13 2.5 0.39 2.57 0.19 1.67 -0.90  0.90  

6 pm to 7 pm 14 2.5 0.39 2.95 0.19 1.86 -1.10  1.10  

7 pm to 8 pm 15 1 0.15 3.11 0.19 2.04 -1.07  1.07  

8 pm to 9 pm 16 1 0.15 3.26 0.19 2.23 -1.04  1.04  

9 pm to 10 pm 17 0.75 0.12 3.38 0.19 2.41 -0.97  0.97  

10 pm to 11 pm 18 0.35 0.05 3.43 0.19 2.60 -0.84  0.84  

11 pm to 12 am 19 0.1 0.02 3.45 0.19 2.78 -0.67  0.67  

12 am to 1am 20 0.1 0.02 3.47 0.19 2.97 -0.50  0.50  

1 am to 2am 21 0.1 0.02 3.48 0.19 3.16 -0.32  0.32  

2 am to 3 am 22 0.1 0.02 3.50 0.19 3.34 -0.15  0.15  

3 am to 4 am 23 0.4 0.06 3.56 0.19 3.53 -0.03  0.03  

4 am to 5 am 24 1 0.15 3.71 0.19 3.71 0.00  0.00  

Total   24 3.71   3.71       

Maximum Deficit [ml]              1.10  

  



Preparatory Survey on Imphal Water Supply Improvement Project                                            Final Report 
 

A5.5-23 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 23 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.1524 

Total Demand 2046 (MLD) 3.048 Supply 

Ultimate zone pop. (Nos.) 20501 Hours of supply (hr) 24 

Average hourly demand (ml) 0.13 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.32 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.19 0.19 0.15 0.15 -0.04  0.04  

6 am to 7 am 2 2 0.25 0.44 0.15 0.30 -0.14  0.14  

7 am to 8 am 3 2.5 0.32 0.76 0.15 0.46 -0.30  0.30  

8 am to 9 am 4 2.5 0.32 1.08 0.15 0.61 -0.47  0.47  

9 am to 10 am 5 2 0.25 1.33 0.15 0.76 -0.57  0.57  

10 am to 11am 6* 1 0.13 1.46 0.00 0.76 -0.70  0.70  

11 am to 12pm 7* 0.5 0.06 1.52 0.00 0.76 -0.76  0.76  

12 pm to 1pm 8 0.2 0.03 1.55 0.15 0.91 -0.64  0.64  

1 pm to 2 pm 9 0.2 0.03 1.57 0.15 1.07 -0.51  0.51  

2 pm to 3 pm 10 0.2 0.03 1.60 0.15 1.22 -0.38  0.38  

3 pm to 4 pm 11* 0.5 0.06 1.66 0.00 1.22 -0.44  0.44  

4 pm to 5 pm 12* 1 0.13 1.79 0.00 1.22 -0.57  0.57  

5 pm to 6 pm 13 2.5 0.32 2.11 0.15 1.37 -0.74  0.74  

6 pm to 7 pm 14 2.5 0.32 2.43 0.15 1.52 -0.90  0.90  

7 pm to 8 pm 15 1 0.13 2.55 0.15 1.68 -0.88  0.88  

8 pm to 9 pm 16 1 0.13 2.68 0.15 1.83 -0.85  0.85  

9 pm to 10 pm 17 0.75 0.10 2.77 0.15 1.98 -0.79  0.79  

10 pm to 11 pm 18 0.35 0.04 2.82 0.15 2.13 -0.69  0.69  

11 pm to 12 am 19 0.1 0.01 2.83 0.15 2.29 -0.55  0.55  

12 am to 1am 20 0.1 0.01 2.84 0.15 2.44 -0.41  0.41  

1 am to 2am 21 0.1 0.01 2.86 0.15 2.59 -0.27  0.27  

2 am to 3 am 22 0.1 0.01 2.87 0.15 2.74 -0.13  0.13  

3 am to 4 am 23 0.4 0.05 2.92 0.15 2.90 -0.03  0.03  

4 am to 5 am 24 1 0.13 3.05 0.15 3.05 0.00  0.00  

Total   24 3.05   3.05       

Maximum Deficit [ml]              0.90  
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A5.5-24 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 24 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.5051 

Total Demand 2046 (MLD) 10.102 Supply 

Ultimate zone pop. (Nos.) 57759 Hours of supply (hr) 24 

Average hourly demand (ml) 0.42 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 1.05 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.63 0.63 0.51 0.51 -0.13  0.13  

6 am to 7 am 2 2 0.84 1.47 0.51 1.01 -0.46  0.46  

7 am to 8 am 3 2.5 1.05 2.53 0.51 1.52 -1.01  1.01  

8 am to 9 am 4 2.5 1.05 3.58 0.51 2.02 -1.56  1.56  

9 am to 10 am 5 2 0.84 4.42 0.51 2.53 -1.89  1.89  

10 am to 11am 6* 1 0.42 4.84 0.00 2.53 -2.32  2.32  

11 am to 12pm 7* 0.5 0.21 5.05 0.00 2.53 -2.53  2.53  

12 pm to 1pm 8 0.2 0.08 5.14 0.51 3.03 -2.10  2.10  

1 pm to 2 pm 9 0.2 0.08 5.22 0.51 3.54 -1.68  1.68  

2 pm to 3 pm 10 0.2 0.08 5.30 0.51 4.04 -1.26  1.26  

3 pm to 4 pm 11* 0.5 0.21 5.51 0.00 4.04 -1.47  1.47  

4 pm to 5 pm 12* 1 0.42 5.93 0.00 4.04 -1.89  1.89  

5 pm to 6 pm 13 2.5 1.05 6.99 0.51 4.55 -2.44  2.44  

6 pm to 7 pm 14 2.5 1.05 8.04 0.51 5.05 -2.99  2.99  

7 pm to 8 pm 15 1 0.42 8.46 0.51 5.56 -2.90  2.90  

8 pm to 9 pm 16 1 0.42 8.88 0.51 6.06 -2.82  2.82  

9 pm to 10 pm 17 0.75 0.32 9.20 0.51 6.57 -2.63  2.63  

10 pm to 11 pm 18 0.35 0.15 9.34 0.51 7.07 -2.27  2.27  

11 pm to 12 am 19 0.1 0.04 9.39 0.51 7.58 -1.81  1.81  

12 am to 1am 20 0.1 0.04 9.43 0.51 8.08 -1.35  1.35  

1 am to 2am 21 0.1 0.04 9.47 0.51 8.59 -0.88  0.88  

2 am to 3 am 22 0.1 0.04 9.51 0.51 9.09 -0.42  0.42  

3 am to 4 am 23 0.4 0.17 9.68 0.51 9.60 -0.08  0.08  

4 am to 5 am 24 1 0.42 10.10 0.51 10.10 0.00  0.00  

Total   24 10.10   10.10       

Maximum Deficit [ml]              2.99  
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A5.5-25 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 25 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.2561 

Total Demand 2046 (MLD) 5.122 Supply 

Ultimate zone pop. (Nos.) 29145 Hours of supply (hr) 24 

Average hourly demand (ml) 0.21 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.53 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.32 0.32 0.26 0.26 -0.06  0.06  

6 am to 7 am 2 2 0.43 0.75 0.26 0.51 -0.23  0.23  

7 am to 8 am 3 2.5 0.53 1.28 0.26 0.77 -0.51  0.51  

8 am to 9 am 4 2.5 0.53 1.81 0.26 1.02 -0.79  0.79  

9 am to 10 am 5 2 0.43 2.24 0.26 1.28 -0.96  0.96  

10 am to 11am 6* 1 0.21 2.45 0.00 1.28 -1.17  1.17  

11 am to 12pm 7* 0.5 0.11 2.56 0.00 1.28 -1.28  1.28  

12 pm to 1pm 8 0.2 0.04 2.60 0.26 1.54 -1.07  1.07  

1 pm to 2 pm 9 0.2 0.04 2.65 0.26 1.79 -0.85  0.85  

2 pm to 3 pm 10 0.2 0.04 2.69 0.26 2.05 -0.64  0.64  

3 pm to 4 pm 11* 0.5 0.11 2.80 0.00 2.05 -0.75  0.75  

4 pm to 5 pm 12* 1 0.21 3.01 0.00 2.05 -0.96  0.96  

5 pm to 6 pm 13 2.5 0.53 3.54 0.26 2.30 -1.24  1.24  

6 pm to 7 pm 14 2.5 0.53 4.08 0.26 2.56 -1.52  1.52  

7 pm to 8 pm 15 1 0.21 4.29 0.26 2.82 -1.47  1.47  

8 pm to 9 pm 16 1 0.21 4.50 0.26 3.07 -1.43  1.43  

9 pm to 10 pm 17 0.75 0.16 4.66 0.26 3.33 -1.33  1.33  

10 pm to 11 pm 18 0.35 0.07 4.74 0.26 3.59 -1.15  1.15  

11 pm to 12 am 19 0.1 0.02 4.76 0.26 3.84 -0.92  0.92  

12 am to 1am 20 0.1 0.02 4.78 0.26 4.10 -0.68  0.68  

1 am to 2am 21 0.1 0.02 4.80 0.26 4.35 -0.45  0.45  

2 am to 3 am 22 0.1 0.02 4.82 0.26 4.61 -0.21  0.21  

3 am to 4 am 23 0.4 0.09 4.91 0.26 4.87 -0.04  0.04  

4 am to 5 am 24 1 0.21 5.12 0.26 5.12 0.00  0.00  

Total   24 5.12   5.12       

Maximum Deficit [ml]              1.52  
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A5.5-26 
 

Service Reservoir Capacity Check Sheet 
 

Zone Number 26 Inflow 

Type of Supply 24 hrs supply Hours of Inflow (hr) 20 

Design Year 2046 Average hourly inflow (ml) 0.10305 

Total Demand 2046 (MLD) 2.061 Supply 

Ultimate zone pop. (Nos.) 13438 Hours of supply (hr) 24 

Average hourly demand (ml) 0.09 

Peak Factor 2.5 

*:Break down assumed Peak hourly demand (ml) 0.21 

Time Hour 
Demand 
Factor  

Demand 
[ml] 

Cumulative 
Demand 

[ml] 

Inflow 
[ml] 

Cumulative 
Inflow  

[ml] 

Surplus 
inflow 
[ml] 

Deficit in 
inflow  
[ml] 

5 am to 6 am 1 1.5 0.13 0.13 0.10 0.10 -0.03  0.03  

6 am to 7 am 2 2 0.17 0.30 0.10 0.21 -0.09  0.09  

7 am to 8 am 3 2.5 0.21 0.52 0.10 0.31 -0.21  0.21  

8 am to 9 am 4 2.5 0.21 0.73 0.10 0.41 -0.32  0.32  

9 am to 10 am 5 2 0.17 0.90 0.10 0.52 -0.39  0.39  

10 am to 11am 6* 1 0.09 0.99 0.00 0.52 -0.47  0.47  

11 am to 12pm 7* 0.5 0.04 1.03 0.00 0.52 -0.52  0.52  

12 pm to 1pm 8 0.2 0.02 1.05 0.10 0.62 -0.43  0.43  

1 pm to 2 pm 9 0.2 0.02 1.06 0.10 0.72 -0.34  0.34  

2 pm to 3 pm 10 0.2 0.02 1.08 0.10 0.82 -0.26  0.26  

3 pm to 4 pm 11* 0.5 0.04 1.12 0.00 0.82 -0.30  0.30  

4 pm to 5 pm 12* 1 0.09 1.21 0.00 0.82 -0.39  0.39  

5 pm to 6 pm 13 2.5 0.21 1.43 0.10 0.93 -0.50  0.50  

6 pm to 7 pm 14 2.5 0.21 1.64 0.10 1.03 -0.61  0.61  

7 pm to 8 pm 15 1 0.09 1.73 0.10 1.13 -0.59  0.59  

8 pm to 9 pm 16 1 0.09 1.81 0.10 1.24 -0.58  0.58  

9 pm to 10 pm 17 0.75 0.06 1.88 0.10 1.34 -0.54  0.54  

10 pm to 11 pm 18 0.35 0.03 1.91 0.10 1.44 -0.46  0.46  

11 pm to 12 am 19 0.1 0.01 1.92 0.10 1.55 -0.37  0.37  

12 am to 1am 20 0.1 0.01 1.92 0.10 1.65 -0.27  0.27  

1 am to 2am 21 0.1 0.01 1.93 0.10 1.75 -0.18  0.18  

2 am to 3 am 22 0.1 0.01 1.94 0.10 1.85 -0.09  0.09  

3 am to 4 am 23 0.4 0.03 1.98 0.10 1.96 -0.02  0.02  

4 am to 5 am 24 1 0.09 2.06 0.10 2.06 0.00  0.00  

Total   24 2.06   2.06       

Maximum Deficit [ml]              0.61  
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A6.2- 9 

Appendix A6.2 (3) Proposed Organization for Operation and Maintenance after Project 
Completion 
 

The division of the project area into 3 zones and the operation and maintenance works by each Zone 

Division were proposed to PHED in the course of second field work.  It was agreed by PHED.  

Therefore, JICA Survey Team considered the ideal future boundaries of 3 Zone Divisions with the 

following factors; 

To keep the general area wise concept of current divisions as much as possible 

Basically each zone division will take care from intake to distribution. 

To keep the balances of areas and populations 

The zones should be simple boundaries, not scattered area 

 

From the above factors, west zone would be Zone-1 Division as mostly same with present MD-I and east 

zone would be Zone-2 Division similar to present MD-II, and central zone will be Zone-3 expanded from 

present PCD zone (Chinga). 

However, for the awareness of above c) and d), the following areas should have been adjusted. 

Since Ghari zone should belong to Zone-2 Div. as a part of Thoubal Water Supply Scheme, Koirengei 

Zone as an independent zone belongs to Zone-1 Div. 

Since Zone-1 Div. should be basically separate from Thoubal Water Supply System, Lalambung and 

Assembly Zones where will be supplied from Thoubal belong to Zone-3 (Central) Division. 

 

From the considerations above, Appendix A6..2.1 with showing the future SCADA system of which the 

main facilities are Thoubal Water Supply System and also connecting some facilities in Zone-1 Division 

constructed by JICA Project was prepared. The proposal was basically agreed with PHED. Appendix 

A6..2.2 shows the areas and populations (2011 and 2021) in each O&M divisions and water supply zones. 

For the simplicities of water supply zone numbers, the renewed numbers shown in Appendix A6..2.2 

should be adopted. 

The detailed organization structures of each Zone Division are shown in Appendix A6..2.3 and numbers 

of required staffs in each facility is shown in Appendix A6..2.4 along with the estimated cost. 
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A6.2-10 

Appendix A6.2 (4)  Proposed Operation and Maintenance Divisions and Zones 

 
Source: JICA Survey Team 
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A6.2-11 

Appendix A6.2 (5) Areas, Populations and Water Demands in Proposed O&M Divisions and Water 
Supply Zones 

O&M Division/Water Supply Zone 
MRZ 

Area Population 
Water 

Demand 
(MLD) 

Present No. Proposed 
No. Name (ha) 2011 2021 2021 

Zone 1 Division   West & North           

WS Zone 1 1 IROISEMBA West MR-2 1,339.50 49,079  62,601  12.47 

WS Zone 2 2 IROISEMBA East   MR-2 145.95 23,719  26,428  6.59 

WS Zone 3 3 LANGJING ZONE MR-2 490.29 16,841  21,053  7.39 

WS Zone 4 4 NEPRA MENJOR ZONE MR-2 134.08 12,409  17,250  2.92 

WS Zone 9 5 CHEIRAOCHING ZONE MR-2 244.72 21,862  24,872  5.36 

WS Zone 17 6 KOIRENGEI ZONE MR-1 1,337.40 41,569  50,099  14.28 

    North-West Division Total   3,691.94 165,479  202,303  49.01 

Zone 2 Division   East & South           

WS Zone 8 7 KEISHAMPAT ZONE  MR-6 99.49 11,663  15,484  2.61 

WS Zone 6 8 IROM PUKHRI ZONE MR-6 51.48 8,928  10,087  1.65 

WS Zone 5 9 SANGAIPROU ZONE MR-6 250.66 12,243  15,792  3.06 

WS Zone 7 10 CHINGTHAMLEIKAI ZONE MR-6 259.91 19,188  22,290  3.87 

WS Zone 24 11 GHARI ZONE MR-6 689.51 19,279  23,510  5.18 

WS Zone 13 12 CANCHIPUR ZONE  MR-3 871.40 38,461  48,064  9.60 

WS Zone 14 13 LILANDOLAMPAK ZONE MR-3 132.95 6,494  8,376  1.37 

WS Zone 26 14 KHONGMAN ZONE MR-3 128.59 6,281  8,101  1.38 

WS Zone 20 15 IRILBUNG ZONE MR-4 997.98 34,934  43,373  7.21 

WS Zone 21 16 POROMPAT ZONE MR-5 789.46 51,842  63,829  12.10 

WS Zone 22 17 LAIWANGMA ZONE MR-6 171.45 11,873  14,835  2.44 

WS Zone 23 18 SAJOR LEIKAI ZONE MR-6 196.18 9,582  12,359  2.02 

WS Zone 25 19 SANGAKPHAM ZONE MR-6 297.43 12,602  15,222  3.19 

    South-East Division Total   4,936.49 243,370  301,322  55.67 

Zone 3 Division   Central           

WS Zone 10 20 LALAMBUNG ZONE MR-6 64.73 9,644  11,540  2.06 

WS Zone 11 21 ASSEMBLY ZONE MR-6 33.00 7,043  7,392  1.66 

WS Zone 16 22 KHUMAN LAMPAK ZONE Central 179.24 11,473  13,911  3.16 

WS Zone 15 23 MINUTHONG ZONE Central 209.36 14,963  17,883  3.54 

WS Zone 18 24 NINGTHEPUKHRI ZONE Central 132.92 13,018  16,113  3.44 

WS Zone 19 25 OLD THUMBUTHONG ZONE Central 117.21 10,975  13,690  2.34 

WS Zone 12 26 CHINGA ZONE Central 173.56 23,509  29,278  5.17 

    Central Division Total   910.01 90,625  109,807  21.36 

    Total   9,538.44 499,474  613,432  126.04 

Source：JICA Survey Team 
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A6.2-12 

Appendix A6.2 (6) Proposed Organization and Information Flow of Zone 1 (North-West) Division 

 
Source：JICA Survey Team  
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A6.2-13 

Appendix A6.2 (7) Proposed Organization and Information Flow of Zone 2 (South-East) Division 
 

 
Source：JICA Survey Team 

Note: Position of SCADA section should be shifted to higher level once SCADA system would be expanded to WTPs of JNNURM portions 

(Singda, Kangchup) 
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Appendix A6.2 (8) Proposed Organization and Information Flow of Zone 3 (Central) Division 

 
Source：JICA Survey Team 
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Appendix A6.2 (9)  Proposed Number of O&M Related Staffs in Divisions (1/6) 

 

S No. Details of staff
Number of

Staff
(Future)

Salary in Rs.
per month

Amount in
INR/Annum

Note

0 Head Office
Executive Engineer 1 50,000 600,000
Assistant Engineer 4 40,000 1,920,000
Section Officer 8 35,000 3,360,000 Grade-I, II

Sub total 13
1 Singda WTP ; 18.16mld Capacity WTP
A Water Treatment plant 24 hrs (3 shifts)

Supervisory staff (Singda WTP) 1 29,000 348,000
Plant Operator 4 23,760 1,140,480
Helpers 3 20,220 727,920
Electrician/Mechanic 2 20,833 500,000
Watchman 3 12,500 450,000

B Langol reservoirs
Valve Operators 1 23,760 285,120

C Transmission Line

Helper/Fitter 1 3,663 43,956

From Singda dam to WTP
From Singda CWR upto MR-2
Overlapped with M-I (From
Kangchup to MR-2)

Sub total 15
Kangchup ;14.53mld capacity
Kangchup-Ext : 9.08mld capacity

A 24 hrs operation
Helper/Fitter 4 16,667 800,000
Watchman 1 20,833 250,000

B Raw Water Main
Helper/Fitter 2 16,667 400,000 From Leimakhong to Kangchup

C Water Treatment plant 24 hrs (3 shifts)
Plant Supervisor 1 29,000 348,000
Plant Operator 2 20,833 500,000
Helpers (Technical Jugali) 2 16,667 400,000 Linemen
Mechanic 1 20,833 250,000
Electrician 1 20,833 250,000
Watchman 2 12,500 300,000
Chemist 1 30,000 360,000
Lab Asst 1 16,667 200,000

D Water Treatment plant (extention)
Plant Operator 2 20,833 500,000
Helpers 1 20,000 240,000 Linemen
Watchman 1 12,500 150,000

E Clear Water Main

Helper/Fitter 1 16,667 200,000
From Kangchup & Extension
CWR upto MR-2 (11.6km)

Sub total 23
3 Other Distribution Zones from Singda and Kanchup WTPs JICA Project Portion
A SRs at Iroisemba Hill (Low Level)

Valve Operator/Watchman 1 12,500 150,000
B SRs at Iroisemba Hill (High Level)

Valve Operator/Watchman 1 12,500 150,000
C SRs at Langjing

Watchman 1 12,500 150,000
D OHT at Nepra Menjor

Valve Operator/Watchman 1 12,500 150,000
Sub total 4

Zone 1 Division

2

Intake work at Leimakhong and Raw Water Main
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Appendix A6.2 (9) Proposed Number of O&M Related Staffs in Divisions (2/6) 

 

S No. Details of staff
Number of

Staff
(Future)

Salary in Rs.
per month

Amount in
INR/Annum

Note

4 Other Distribution Zones from Singda and Kanchup WTPs
A Distribution Mains

Helper/Fitter 8 16,667 1,600,000
For Cheiraoching Zone
incl. water leakage detector,
meter reader

Sub total 8
5 Potsangbam-1 Intake & WTP; ( 6.81mld ) 8 hrs operation (1 shift)

Plant Operator 1 20,833 250,000
Helpers 1 16,667 200,000

Sub total 2
6 Potsangbam-2 Intake & WTP; ( 6.81mld ) 10 hrs operation (2 shifts)
A Intake works

Plant Operator 1 20,833 250,000
Helpers 2 16,667 400,000
Watchman 1 12,500 150,000

B Transmission Main
Helper/Fitter 1 16,667 200,000 6.4 km

Sub total 5
7 Koirengei; Intakes and WTP; ( 15.89mld )
A Intake works

Pump Operator 1 20,833 250,000
Helpers 1 16,667 200,000

B Water Treatment plant
Plant Supervisor 1 20,833 250,000 Junior supervisor
Plant Operator 4 20,833 1,000,000
Watchman 1 12,500 150,000
Helpers/Fitters 3 16,667 600,000
Mechanic 1 20,833 250,000
Electrician 1 20,833 250,000
Chemist 1 30,000 360,000
Lab Asst 1 16,667 200,000

C Service Reservoirs incl. MR
Valve Operators/Watchman 3 12,500 450,000

D Distribution System
Helper/Fitter/Meter Reader 32 16,667 6,400,000 Koirengei & Sangakpham

Sub total 50
120 22,653,476Zone-1 Division Total
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Appendix A6..2 (9) Proposed Number of O&M Related Staffs in Divisions (3/6) 

 

S No. Details of staff
Number of

Staff
(Future)

Salary in Rs.
per month

Amount in
INR/Annum

Note

0 Head Office
Executive Engineer 1 50,000 600,000
Assistant Engineer 5 40,000 2,400,000
Section Officer 8 35,000 3,360,000 Grade-I, II
SCADA Specialist 1 25,000 300,000 Head of SCADA section/Patrol o
PC Operator 1 15,000 180,000 Process SCADA data into variou

Sub total 16
1 Thoubal Water Supply Scheme
A Chingkheiching Water Treatment plant 24 hrs (3 shifts)

Superintedent Manager (A.E.E) 1 41,667 500,000
Junior Supervisor 1 35,000 420,000
Plant Operator 7 20,833 1,750,000
Helper/Fitter 3 16,667 600,000
Mechanic/Electrician 3 20,833 750,000
Watchman 3 12,500 450,000
Water Quality Specialist 1 25,000 300,000
Lab Asst 1 16,667 200,000
Instrumentation and SCADA Specialist 1 25,000 300,000

B MR at Chingkheiching
Valve Operator/Watchman 1 12,500 150,000

C OHT (incl. Emer. PS)
Emer. PS + OHT

1 Sangaiprou
Valve Operator/Watchman 1 12,500 150,000

2 Lilando Lampak Shift-I
Valve Operator/Watchman 1 12,500 150,000

3 Lilando Lampak Shift-II
Valve Operator/Watchman 1 12,500 150,000

4 Old Thumbuthong Shift-II
Valve Operator/Watchman 1 12,500 150,000

5 Porompat Shift-IIB
Valve Operator/Watchman 1 12,500 150,000

6 Laiwangma Shift-I
Valve Operator/Watchman 1 12,500 150,000

7 Laiwangma Shift-II
Valve Operator/Watchman 1 12,500 150,000

8 Sajor Leikai Shift-I
Valve Operator/Watchman 1 12,500 150,000

9 Sajor Leikai Shift-II
Valve Operator/Watchman 1 12,500 150,000

10 Ghari
Valve Operator/Watchman 1 12,500 150,000

11 Khongman
Valve Operator/Watchman 1 12,500 150,000
OHT Only

1 OHT at Irompukhri
Valve Operator/Watchman 1 12,500 150,000

2 OHT at Chingtham Leikai
Valve Operator/Watchman 1 12,500 150,000

3 OHT at Keishampat
Valve Operator/Watchman 1 12,500 150,000

Sub total 36
2 Porompat WTP;  9.53mld capacity
A Intake works 24 hrs operation (3 shifts)

Pump Operator 3 20,833 750,000
Helpers 4 11,942 573,192
Watchman 1 12,500 150,000

Zone-2 Division
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Appendix A6.2 (9) Proposed Number of O&M Related Staffs in Divisions (4/6) 

 

S No. Details of staff
Number of

Staff
(Future)

Salary in Rs.
per month

Amount in
INR/Annum

Note

B Raw Water Pumping Main
Helper/Fitter 1 15,434 185,212 Intake to WTP

C Water Treatment plant
Junior Supervisor 1 29,000 348,000
Plant Operator 2 23,180 556,320
Helpers 1 15,434 185,212
Mechanic 1 20,833 250,000
Electrician 1 24,220 290,640
Watchman 1 3,663 43,956
Chemist 1 30,000 360,000
Lab Asst 1 15,434 185,212
SCADA Specialist (Central SCADA) 1 25,000 300,000

D MR at Porompat
Valve Operator/Watchman 1 12,500 150,000

E Transmission main

Helper/Fitter 1 16,667 200,000
From Porompat WTP to Zonal
OHTs

F Distribution System

Helpers/Fitters/Meter Readers 20 16,667 4,000,000
incl. water leakage detector,
meter reader and tariff collector

Sub total 41
3 Irilbung (6.81mld WTP)
A Intake works 8 hrs operation (1 shift)

Pump Operator 1 20,220 242,640
Helper/Fitter 2 16,667 400,000

B Water Treatment plant 8 hrs operation (1 shift)
Supervisory staff (Irilbung WTP) 1 29,000 348,000 Junior supervisor
Plant Operator 2 23,760 570,240
Watchman 1 12,500 150,000
Linemen (check pipe) 20,000 0
Helpers/Fitters 1 20,220 242,640
Electrician/Mechanic 1 20,833 250,000
Chemist 1 30,000 360,000
Lab Asst 1 16,667 200,000

C Transmission main

Helper/Fitter 1 16,667 200,000
From Irilbung MR 4 to
Khongman OHT

Sub total 12
4 Canchipur-I WTP : 4.54->9.08mld
A Water Treatment plant 24 hrs (3 shifts)

Plant Supervisor 1 29,000 348,000 Junior supervisor
Plant Operator 4 20,833 1,000,000
Helpers 2 16,667 400,000 Lineman?
Electrician/Mechanic 1 20,833 250,000
Chemist 1 30,000 360,000
Lab Asst 1 16,667 200,000

Sub total 10
5 Canchipur-II WTP : 6.81mld
A Intake works at Lilong 24 hrs (3 shifts)

Pump Operator 3 20,833 750,000
Helpers/Fitters 4 16,667 800,000
Watchman 1 12,500 150,000

B Water Treatment plant 24 hrs (3 shifts)
Plant Operator 4 20,833 1,000,000
Electrician/Mechanic 1 20,833 250,000

C Transmission Main

Helpers/Fitters 1 16,667 200,000
From Lilong to Canchipur
From Canchipur  MR-3 up to
Lilando Lampak OHTs

Sub total 14
6 Canchipur Hilltop GLSRs

Valve Operators/Watchman 1 12,500 150,000
Sub total 32

161 25,349,264Zone-2 Division Total
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Appendix A6.2 (9) Proposed Number of O&M Related Staffs in Divisions (5/6) 

 

S No. Details of staff
Number of

Staff
(Future)

Salary in Rs.
per month

Amount in
INR/Annum

Note

0 Head Office
Executive Engineer 1 50,000 600,000
Assistant Engineer 4 40,000 1,920,000
Section Officer 8 35,000 3,360,000

Sub total 13
1 Khuman Lampak  WTP ;4.54mld Capacity WTP
A Intake works

Pump Operator 4 20,833 1,000,000
B Water Treatment Plant and Clear Water Pump

Junior Supervisor 1 30,200 362,400
Plant Operator 3 20,833 750,000
Helper/Fitter 2 16,667 400,000 Chowkidar
Electrician/Mechanic 2 20,833 500,000
Watchman 3 12,500 450,000

C Distribution System
Lineman 20,000 0 See JICA Portion

Sub total 15
2 Minuthong  WTP ;1.14mld Capacity WTP
A Intake works

Pump Operator 1 20,833 250,000
B Water Treatment plant

Junior Supervisor 1 29,000 348,000
Plant Operator 3 20,833 750,000
Helper/Fitter 2 16,667 400,000 Technical jugali
Electrician/Mechanic 1 20,833 250,000
Watchman 3 12,500 450,000

C Distribution System
Lineman 20,000 0 See JICA Portion

Sub total 11
3 Ningthempukhri   WTP ;4.54mld Capacity WTP
A Intake works 24 hrs (3 shifts)

Pump Operator 4 20,833 1,000,000
Helpers 2 16,667 400,000
Watchman 1 12,500 150,000

B Thangapat P/S
Pump Operator/Watchman 1 20,833 250,000

C Water Treatment plant 24 hrs (3 shifts)
Plant Supervisor 1 29,000 348,000 Junior supervisor
Plant Operator 3 20,833 750,000 Assistant Engine Operator
Electrician/Mechanic 1 20,833 250,000
Watchman 3 12,500 450,000
Helpers/Fitters 2 16,667 400,000

D Distribution System
Linemen (check pipe) 16,667 0 See JICA Portion

Sub total 18
4 Old Thumbuthong  WTP ;2.0mld Capacity WTP Operated by NGO
A Intake works 7 hrs

Pump Operator/Watchman 1 20,833 250,000
B Water Treatment plant 4 hrs

Plant Supervisor 1 29,000 348,000 Junior supervisor
Plant Operator 2 20,833 500,000
Helpers/Fitters 1 16,667 200,000
Electrician/Mechanic 1 20,833 250,000
Watchman 1 12,500 150,000

C OHT at Old Thumbuthong Shift-I
Valve Operator/Watchman 1 12,500 150,000

Sub total 1
D Distribution System

Linemen (check pipe) 16,667 0 See JICA Portion
Sub total 9

Zone-3 Division
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Appendix A6.2 (9) Proposed Number of O&M Related Staffs in Divisions (6/6) 

 

S No. Details of staff
Number of

Staff
(Future)

Salary in Rs.
per month

Amount in
INR/Annum

Note

5 Chinga  WTP ;1.14mld Capacity WTP
A Intake works 13 hrs (3 shifts->2 shifts)

Pump Operator 3 23,707 853,440
Helper/Fitter 1 16,667 200,000
Watchman 1 12,500 150,000

B Water Treatment plant 13 hrs (3 shifts->2 shifts)
Junior Supervisor 1 24,900 298,800
Plant Operator 2 20,833 500,000
Watchman 1 21,120 253,440
Mechanic/Electrician 1 20,833 250,000

C Pipeline
Helper/Fitter 5 16,667 1,000,000 All the Chinga Zone

Sub total 15
6 Moirangkhom  WTP ;1.0mld Capacity WTP
A Intake works 12 hrs (2 shifts)

Pump Operator 3 20,833 750,000
Helper/Fitter 1 16,667 200,000
Watchman 1 12,500 150,000

B Water Treatment plant 12 hrs (2 shifts)
Junior Supervisor 1 24,900 298,800
Plant Operator 2 20,220 485,280
Helper/Fitter 1 16,667 200,000
Electrician/Mechanic 1 20,833 250,000
Watchman 1 21,120 253,440

Sub total 11 4 staff at site
92 17,849,600

A Transmission Line
Helper/Fitter 6 16,667 1,200,000
Watchman 6 12,500 900,000

B Distribution Line

Helper/Fitter 139 16,667 27,800,000

incl. house service connection
staff, water leakage detector,
meter reader and bill distributor
& tariff collector

151 29,900,000
O&M Related Staff Total 524 95,752,340

Information Management & Development Division (IMDD)
0 Department Head

Executive Engineer 1 50,000 600,000
Assistant (Accountant/Secretary/PC Operator) 1 15,000 180,000
Driver, Sweeper etc. 3

Sub total 5 780,000
1 MIS/GIS Section

Assistant Engineer  (Section Manager) 1 40,000 480,000
MIS Operator/PC Operator 1 25,000 300,000
GIS Operator/CAD Operator 1 25,000 300,000 Mapping etc.
GIS Surveyor 3 15,000 540,000 Assume each zone

Sub total 6 1,140,000
2 Asset Management Section

Assistant Engineer  (Asset Manager) 1 40,000 480,000
Asset management assistant/PC operator 1 25,000 300,000
CAD operator 1 20,000 240,000 Arrangement of ledger etc.

Sub total 3 540,000
3 Water Audit Section

Assistant Engineer (Water Audit) 1 40,000 480,000
Engineering assistant/PC operator 2 25,000 600,000 Analysis of water leakage data

Sub total 3 600,000
4 Planning & Development Section

Assistant Engineer (Planning & Development) 1 40,000 480,000

Junior Engineer 1 30,000 360,000

CAD Operator 1 20,000 240,000

Sub total 3
20 2,280,000

O&M Related Staff Total (incl. Information
Management)

544 98,032,340

Zone-3 Division Total
JICA Portion Facilities (Pipelines)

JICA Portion (Pipeline) Total

IMDD Total
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Appendix A6.4 (1) Improvement of Information Management System 

 

Local SCADA System at Chingkheiching WTP 

System/ 

Facilities 
Item 

Measurement (Auto) 

Status 

Indication Flow Pressure Level Weight 

Quality 

pH Turbidity 
Residual 

Chlorine 

Intake Water                 

WTP Raw water x x     x x     

  Flow control valve               x 

  Raw water post inlet   x             

  Sludge tank     x           

  Distribution chamber     x           

  Alum dissolving tank     x           

  Lime dissolving tank     x           

  Settled water         x x     

  Wash valve tank     x           

  Filter     x           

  Chlorine cylinder       x         

  Overhead water tank     x           

  Master reservoir     x           

  Clear water x       x x x   

Source：JICA Survey Team 

 

Central SCADA System with Independent WTPs connecting to Porompat WTP 

No. Location Category 

Proposed 

O&M 

Division 

Measurement (Auto) Status Indication Control 

(Inlet 

Valve) 
Influent 

Flow 

Effluent 

Flow 

Water 

Level 

Inlet 

Valve 
Pump 

1 Irilbung 
WTP Zone-2             

GLSR Zone-2   x         

2 Khuman Lampak 
WTP Zone-3             

OHT Zone-3 x x x x   x 

3 Chinga 
WTP Zone-3             

GLSR Zone-3 x x x x   x 

4 Ningthem Pukhri 

WTP Zone-3             

OHT (Existing) Zone-3   x x       

OHT (New) Zone-3   x x       

5 Old Thumbuthong 
WTP Zone-3             

GLSR (2 pumps) Zone-3 x (2)           

6 Minuthong 
WTP Zone-3             

OHT Zone-3 x x x x   x 

Source：JICA Survey Team
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Appendix A6.4 (3) Human Resources Profile Questionnaire  

 

 

  

 
Survey: PHED Urban Department Human Resources (Personnel) Profile                                                           CB Estepa (Institutional Strengthening) 

PUBLIC HEALTH ENGINEERING DEPARTMENT 
PREPARATORY SURVEY FOR IMPHAL WATER SUPPLY IMPROVEMENT PROJECT 

 
Survey on Human Resources of the PHED Urban Department 

 
OBJECTIVE OF THE SURVEY 

To have personnel baseline information (human resources profile) of PHED Urban Department, which shall be one of the basis in 
determining recommendations aimed at clearly defining roles and responsibilities when implementing and managing organisational, 
operational and capacity development activities required for the on-going Project Study. 

 
DIRECTIONS 

Each personnel under PHED Urban Department is requested to completely fill out this Survey Form, providing a brief description of 
the work being done, the trainings attended in the last five years, and performance evaluation received. 

HUMAN RESOURCES (PERSONNEL) PROFILE 

Name  Age  

Position (Post)  # of Years with 
PHED Urban Dept. 

 

Unit Assigned to:  Employment 
Status (Check [/]) 

____Permanent    ____Contractual 

Name of Supervisor  Do you have a Job 
Description 

____Yes                ____No 

Give a brief 
description of the 
duties and 
responsibilities of 
your job or post 

 

 

 

 

 

Highest Educational 
Attainment                   
(Please check [/] the 
appropriate box and/or 
specify your degree) 

PRIMARY 
SCHOOL 

SECONDARY 
SCHOOL HIGH SCHOOL 

UNIVERSITY 
LEVEL            

(Not a Graduate) 

UNIVERSITY 
GRADUATE 

(Specify Degree) 

MASTER or 
DOCTORATE  

(Specify Degree) 

      

Trainings Attended 
in the Last Five 
Years 
(Please use the back of 
this sheet if more space is 
needed.) 

Name of Training Conducted by Year No of 
Days 

    

    

    

    

    

    

Work Assessment 
or Evaluation 
(Please check [/] the 
appropriate box 

Have you ever received any regular work assessment or evaluation?  _____Yes    _____No 

If yes, when was the last time your performance was evaluated?  _____ (Year)      _____ Don’t remember 

How often is your work evaluated?   _____Twice a Year    _____Once a Year    __________Other (State) 
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Appendix A6.4 (4) List of Training Institutions in India 

 

Central Public Health & Environment Engineering Organization, (Ministry of Urban 
Development, Govt. of India), 

National Environmental Engineering Research Institute (NEERI), 

Indian Water Works Associations (IWWA), 

Central Water Commission (CWC),  

Engineering Staff College of India (ESCI),  

National Water Academy (NWA) 

Kerala Water Authority (KWA)  

 
 

1. CENTRE FOR DEVELOPMENT STUDIES-THIRUVANANTHPURAM  
 Centre for Development Studies 
 Prasanth Nagar, Ulloor, 
 Thiruvananthapuram. 695 011, Kerala, India.  
 Email: registrar@cds.ac.in 
 General Telephone: +91-471-2774200, 2448881-2 
 
2. INDIAN INSTITUTE OF FOREST MANAGEMENT-BHOPAL 
 Indian Institute of Forest Management 
 Po Box 357, Nehru Nagar 
 Bhopal MP , 462003, India 
 Phone (Director): +91-755-2775998 
 Phones (Common PBX): +91-755-2775716, 2773799, 2766603, 2776950, 2761731 
 Fax: +91-755-2772878 
 
3. ASCI HYDERABAD 
 Administrative Staff College of India 
 Bella Vista, Raj Bhavan Road, Khairatabad, 
 Hyderabad - 500 082, India. Phone: +91-40-66533000   
 Fax: +91-40-23312954 
 
4. ESCI HYDERABAD 
 Old Mumbai Rd, Raidurgam, Hyderabad, AP 
 Phone: 040 6630 4100 
 
5. ROLTA MUMBAI 
 Mumbai 
 Rolta Tower A, Rolta Technology Park, MIDC, 
 Andheri (East), Mumbai – 400 093. 
 Tel: +91 (22) 2926 6666, 3087 6543 
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6. WALAMTARI HYDERABAD 
 Walamtari, rajendranagar 
 Hyderabad, Ranga Reddy District, 
 Andhra Pradesh, India 
 Phone: 040-24006217/ 24006202  
 Fax No. 24006222 
 E-mail: dg.walamtari@gmail.com dg_walamtari_iwm@rediffmail.co 
 
7. NEERI, NAGPUR 
 Address: Wardha Rd, Vasant Nagar, Nagpur, MH 440020 
 Tel: 0712-2249885-88 & 2249970-72. Fax: 0712-2249900. 
 
8. IIT MUMBAI 
 Indian Institute of Technology Bombay 
 Powai, Mumbai 
 Postcode 400076 
 Maharashtra, INDIA 
 Contact Numbers 
 Tel: +91-22-2572-2545 
 Fax: +91-22-2572-3480 
 
9. CENTRE FOR SCIENCE AND ENVIRONMENT -NEW DELHI 
 Centre for Science and Environment 
 41, Tughlakabad Institutional Area New Delhi-110062, India 
 Phone: (91) (11) 29955124, 29956110, 29956394, 29956399 
 Fax: (91) (11) 29955879 
 Email: cse@cseindia.org 
 
10. ESRI INDIA 
 NIIT GIS Limited  
 Plot No. 223-224,3rd Floor, 
 Udyog Vihar, Phase -1 
 Gurgaon, Haryana 122002 
 Phone: +91 (124) 4002702, 4006166 
 Fax: +91 (124) 4002701 
 Email: newdelhi@esriindia.co 
 
11. ENVIRONMENT PROTECTION TRAINING AND RESEARCH INSTITUTE  
 91/ 4, Gachibowli, Hyderabad - 500 032, 
 Phone: 040-23180100, 23180132 
 Fax: 040-23180135 
 E-mail: enquiry@eptri.com, eptrihrd@gmail.com 
 
12. M.C. CHANNA REDDY INSTITUTE 
 Dr. Marri Channa Reddy Human Resources Development Institute of Andhra Pradesh 
 Road No.25, Jubilee Hills, Hyderabad - 500169, Andhra Pradesh. 
 Phone: +91 40 23548487 
 Fax: +91 40 23543459 
 Email: info@hrdiap.gov.in 
 
13. INDIAN INSTITUTE OF RESOURCES MANAGEMENT RESEARCH 
 10/ 214, Madhyam Marg, Mansarover, Jaipur-302020, Raj. India  
  Ph.: 91-141-2390101,  
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  Mobile: 09414847222, 09314531884.  
 Fax: 91-141-2390349  
 E-Mail: iirmr_rathor@yahoo.com 
 
14. INSTITUTE FOR SOCIAL AND ECONOMIC CHANGE 

Nagarabhavi, Bangalore 560072 
 Phone: 080-23217010 
 E-mail: director@isec.ac.in 
 
15. UTTARAHAND ACADEMY OF ADMINISTRATION 
 Ardwe,, Camop, Malli Tal-263 001 Naini Tal, Uttarakhand 
 Telephone 05942 – 235011/ 236068/ 236149 
 Fax: 05942 - 237642 
 
16. WALMI  
 Bhawan, Utratia 

Lucknow 226 025 Uttar Pradesh 
Phone: 0522 – 440309/ 44055 
Faz 0522-440309 
Email: Walmeup@sancharnet.in 
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Appendix A7 (4) Application Form for Forest Clearance for the Proposed WTP Site 
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STAKEHOLDER MEETING  

For Preparatory Survey on Imphal Water Supply Improvement Project                             

in the State of Manipur  

 

Date:October 22, 2014 

Venue: Sangai Hall, Hotel Imphal  

 

PROGRAM 

 

8:30 - 9:00  Registration 

 

9:00 - 9:10  Opening Remark 

   Mr. Th. Lokeshwor Singh, S.E, PHED 

 

9:10 - 9:50 Water Supply Condition of Imphal City (Current Status and Issues) 

             & Outline of JICA Project 

                Mr. H. Sunil Singh, C.E., PHED 

9:50 - 10:30  Open Discussion 

______________________________________________________________________________________ 

10:30 - 11:00  Coffee Break 

______________________________________________________________________________________ 

11:00 - 11:20  Water Meter and Supplying Pipe Connection  

 JICA Study Team: Mr. KIKUO MATSUSHIMA 

11.20 - 11.50 Imposition of Water tariff and its Benefits 

 JICA Study Team: Mr. KOTARO KIKUCHI 

11.50 - 12.20  Environmental Impact and Mitigation Measures 

            JICA Study Team: Dr. KENJI TAKAYANAGI 

_____________________________________________________________________________________ 

12:20 - 12:50 Open Discussion 

_____________________________________________________________________________________ 

12:50 - 13:10 Closing Remarks 

                         Mr. W.L. Hangshing, Principal Secretary, PHED 

_____________________________________________________________________________________ 

13:10 - 13:50 Lunch Break 
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Minutes of the Stakeholder Meeting for Preparatory Survey on Imphal Water Supply 

Improvement Project in the State of Manipur, INDIA     

Date: 22nd of October, 2014 

Venue: Classic Sangai Hall, Hotel Imphal 

 

Min 1:  Initiation of Meeting by Mr. O. Debendra Singh, Executive Engineer, PHED 

• The Executive Engineer welcomed the august gathering of the Stakeholders. 

• The Principal Secretary of  PHED Mr. W.L. Hangshing; Chief Engineer of PHED Mr. H. Sunil 

Singh; Team Leader Mr. Ikuo Miwa of  JICA Study Team; were called up on the stage to take 

their seat for the meeting. 

Min 2:  Opening Remarks by Mr. Th. Lokeshwar Singh, Superintendent Engineer, PHED 

• He started by stating the importance and need of this project to the region and welcomed all the 

stakeholders to the meeting. 

• He requested all the stakeholders for their active participation in it and to share their views and 

valuable feedback to make and the project a great success. 

• He also stated that the year 2013 seems to be lucky for them as it was on April 2013; a JICA team 

first visited the state of Manipur. And since then, there has been no looking back. 

• He also conveyed his heartfelt gratitude to the JICA Study team, as they have been here since 

May 2014, and for their sincere and hard work, the project has come up so far to this stage. 

Min 3: Water Supply Conditions of Imphal City (Current Status & Issues) and Outline of JICA 

Project by Mr. H. Sunil Singh, Chief Engineer, PHED 

• Chief Engineer Mr. Singh of PHED gave a detailed background of Imphal Water Supply System 

as follows:  

Area covered: 27 wards of Imphal Municipal Corporation (30.75sq.km), Greater Imphal 

(64.63sq.km) etc. 

Water Demand (2014): 114.75 MLD 

Installed Capacity: 104.25 MLD (from existing 19 WTPS) 

Actual Total Water Production: 81.35 MLD (from existing 19 WTPS) 

Status of Water Supply: 60 litre/capita/day 

• There is a deficit of 10.50 MLD in the installed capacity with respect to the water demand of 

Imphal. In addition to the deficit, there is also a shortage of 21.9% in production of water from 

the present installed capacity. 

• Reasons cited for shortage of water production were: 14 out of 19 installed WTPS are now old 

(constructed during 1960-1990), similarly the equipment are obsolete, the pipeline network 

connection is more than 40 years old which is now corroded and has numerous leakage creating 

hindrance in proper water supply. 

• Major challenge, the demand is higher than the supply. 

To curb the problem of Integrated Water supply for Imphal city, PHED Govt. of Manipur has prepared 

a DPR, with an estimated cost of Rs.1287.25Crore and submitted to the Ministry of Urban 
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• Development, Government of India. (Dec 2013) for funding. The project funding will be done in 

three phases. 

• Chief Engineer Mr. Singh, PHED introduced the JICA project to the stakeholders which comes 

under Phase-3. Briefly described the JICA project to the stakeholders.  

Min 4: Open Discussion 

• Mr. Sobhapati Samur, Journalist – The Assam Tribune enquired about the Time schedule for 

implementing the project and also what will be the generation capacity after project completion. 

• Chief Engineer Mr. Singh, PHED referred to the slide from the presentation and said that if 

everything goes as planned, by 2021, the project is expected to complete. After implementation of 

the project the water production capacity of PHED will be 149.25MLD. 

• Mr. Sobhapati Samur, Journalist – The Assam Tribune also wished to know about what proper 

steps will be taken to preserve forest area while implementation of the project as the WTP will be 

in a Hilltop surrounded by forest. 

• Chief Engineer Mr. Singh, PHED said proper consultation from Forest Department is being taken 

regarding the same. An Environmental checklist is being prepared to ensure that during the whole 

project cycle, no forest area is harmed. 

• Adding to the reply of Chief Engineer, Mr. D.K. Vinod Kumar, DFO/Central, Indian Forest 

Service said it is the  responsibility of every individual to take care and conserve the various 

water bodies and watersheds and forests surrounding the Imphal city. He also added that the 

people residing in hill areas in Imphal cut down forest for firewood which fetch them easy money. 

He urged the people through stakeholder and media to stop destroying forest, as it is creating 

imbalance in environment.   

• Mr. Ng. Uttam Singh, Executive Officer, Imphal Municipal Council queried that as mentioned in 

the presentation the projected water demand of Imphal city will remain same till 2020. What steps 

are being taken by the PHED to ensure proper water supply distribution? Moreover, he also asked 

that how can PHED boost up the water supply system which is supplying a shortage of 21.9% than 

the installed capacity. 

• Chief Engineer Mr. Singh, PHED said as mentioned in the presentation, to maintain the balance of 

installed capacity and water supply, there is an urgent need in upgrading the water supply system 

which includes replacing of obsolete equipment and machineries for better efficiency, rework of 

pipeline network, alternate water source etc. which are the main objectives of the project. He also 

added that PHED is a labour oriented organization. It requires youth manpower for maintenance. 

At present 70% of the working staff are in the age group (50-60) years.  

• Mr. K. Mangi Singh, Ex-Director, Planning suggested proper monitoring and continuous 

evaluation of the present system for better efficiency. He also suggested privatization and 

outsourcing to combat the problem of manpower. 

• Chief Engineer Mr. Singh, PHED appreciated the suggestions made by Mr. K. Mangi Singh. He 

also added that the work culture needs a drastic change for progressive development. And free 

hand needs to be given for decision making. 

• Mr. K. Surajkumar Singh, Journalist – Times of India, Newspaper questioned about the 

mechanism adopted to sort out with PWD for laying water pipeline network. 
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Appendix A-4-2 Minutes (4) 

• Replying to the query, Chief Engineer Mr. Singh, PHED said that at present, during decision making 

for any development project, all the related agencies sit down for a table conference to sort out 

matters amicably.   

• At 10:30, the forum took a coffee break. 

• Mr. O. Debendra Singh than introduced the JICA study team to the stakeholders. 

• Min 5: Customer Service Connections by Mr. Kikuo Matsushima (JICA Study Team) 

• Mr. Matsushima took the Stakeholders through the details of the Current Situation regarding Service 

Connections in Imphal. Important features were: 

• Household served by piped water: 20,000 (i.e. only 17% of total households of Imphal city) 

• Customer meters installed: 584 (2.8% of the total connections) 

• He then explained the objectives of the New Water Supply system.  

• He emphasized on proper service pipe connections, customer meter and establishment of customer 

database for proper functioning and working of the water supply system. 

Min 6: Imposition of Water Tariff and its Benefits by Mr. Kotaro Kikuchi (JICA Study Team) 

• He described the present situation of Imphal Water system and its consequences. 

• He explained about the revenue and expenditure involved in running the system and other problems 

associated with it. Also emphasised on the need to revise Water Tariff. 

• He then introduced a proper structure of steps for making PHED a Self-supporting Organization. 

• He explained about the willingness and affordability to pay for better water supply system. 

• He concluded by quoting: “People have a right to access safe water, but safe water is no free”. 

Min 7: Environmental Impact and Mitigation measures by Dr. Kenji Takayanagi (JICA Study Team) 

• Dr. Kenji Takayanagi, the Environmental Specialist of the JICA study team made a presentation on 

the environment impact and mitigation measures to be implemented concerning the new water 

treatment plant which includes: 

-  Plantation of trees and grass to bare land. 

-  Treatment of high turbidity water by setting up Sedimentation Pond 

-  Employing two security guards to avoid road accidents. 

-  Setting up of safety fence and night illumination in the area 

• He emphasised on the Noise Impact from the project site as there are two schools located near to the 

project site. He also mentioned about the mitigation measures which are to be taken so that the noise 

level is below the prescribed limit and hence doesn’t affect the school(s) which includes: 

-  Avoid work at night time. 

-  Select Newer and Good maintenance machines and vehicles. 

-  Put generator, pump and blower in concrete room with closed doors. 

-  Put silencer to the blower. 

• He also mentioned about the proposed dumping site(s) for the surplus soil which will be generated 

during preparation of the land for WTP and also for the sludge which will be generated during the 

operation of the WTP.   
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Min 8: Open Discussion 

• Mr. K. Mangi Singh, Ex-Director, Planning presented his concerns over numerous leakages in the 

pipeline network system which hampers in proper water supply. He queried whether any steps are 

being taken by PHED in controlling such leakages. He also added if the quality and quantity of 

supply water is improved, people will be willing to pay happily, as at present; they are paying even 

more for getting water through tankers. He also appreciated the presentation made by Dr. Kenji 

Takayanagi, for giving detailed information about the mitigation measures to be taken while 

implementation of the project. 

• Mr. Th. Lokeshwar Singh, Superintendent Engineer, PHED replied saying that sincere efforts are 

being made by PHED to tackle such problems. Moreover, the budget allocation is very less. In the 

same budget it is not possible to maintain water supply and O&M together. Also added that many 

funding organisations are not yet ready for funding development projects in Jammu & Kashmir and 

North Eastern Region of the country due to problem in law and order and its terrain. He thanked 

JICA for taking the initiative. 

• Mr. D.K.Vinod Kumar, DFO/Central, Indian Forest Service, appreciated the presentations and the 

stated that through the JICA initiative he hoped the residents of Imphal would get piped water soon.  

 

• Min 9: Closing Remarks by Mr. W.L Hangshing, Principal Secretary, PHED 

• Mr. W.L Hangshing thanked the JICA study team for their sincere hard work. He also mentioned that 

association with JICA has been for more than 1 year now. He expressed that he wished to see the 

success of the project and Imphal city to have access to clean water. 

• He urged IFCD needs to gear up for completing Thoubal Dam project. 

• He stated the importance of hills as it is the one of the major source of water of Imphal. Jhum/shift 

cultivation and other issues need to be look upon seriously to conserve the forest and hills. 

• He focused on the issues mentioned by Mr. Matsushima in his presentation. He said issues like 

leakages; illegal connections are prime concerns that need to be looked upon on urgent basis. 

• Appreciated the presentation made my Mr. Kikuchi, especially the way he suggested the cost 

recovery from the project which will help PHED to be a self-sustaining organization. 

• He told the PHED personnel to look upon the suggested Mitigation Measures for various 

Environmental Impacts mentioned by Dr. Kenji Takayanagi in his presentation during the 

implementation and operation stage of the project. 

• He also emphasized on roof-top rainwater harvesting to combat drought situation in Manipur. 

• Mr. Th. Lokeshwar Singh, S.E., PHED gave the vote of thanks and asked the stakeholders to be 

supportive and ensure the success of the project. 
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the WTP (Proposed site: PHED's STP site) 
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Appendix A7 (9) Permitted Letter for Disposal Site for Sludge Generated by Operation of the WTP 

(Proposed site: NIT and Police Complex Station sites) 
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Appendix A8.2 
Terms of Reference (TOR) for Consulting Services under Imphal Water Supply Project 
 

 

1. Background 

1.1 Background 

Public Health Engineering Department (hereinafter referred to as “PHED”), State Government of 

Manipur is in the implementation of a project constructing a 45,000m3/day water treatment plant 

including clear water transmission mains, master reservoir, service reservoir (included rehabilitation), 

OHT, emergency reservoir, distribution mains and service pipe /water meter with Japanese ODA Loan 

provided by the Japan International Cooperation Agency (JICA). 

 

In order to further improve the water supply service in Imphal, PHED plans to undertake “Integrated 

Water Supply Project for Imphal Planning Area” for expanding the water treatment and supply 

facilities with an additional 45,000m3/day capacity. 

 

GOI has received a Japanese ODA Loan to finance the project.  GOI intends to use part of the 

proceeds of the Japanese ODA Loan for eligible payments for consulting services for which this TOR 

is issued. 

 

1.2 Components of the Project  

The Project consists of the following components: 

(a) Earth cutting work for Chingkheiching WTP. 

(b) Construction of complete package unit of WTP having a capacity of 45,000m3/day *1) at the 

site of Chingkheiching hill.  

(c) Procurement of O&M Equipment 

(d) Installation of SCADA System 

(e) Clear water transmission main from WTP to reservoir and OHT in Imphal city a total length 

of approximately 49.2km. 

(f) Construction of a Master Reservoir (MR-5) having a capacity of 2.0 ML (2,000m3) 

(g) Construction of three Service Reservoirs (GLSR) having capacity of 0.75ML (750m3), 

0.23ML (230m3) and 0.17ML (170m3) *2). 

(h) Rehabilitation of six Service Reservoirs (GLSR) having a capacity of 0.36 ML (360m3) to 

4.54 ML (4,540m3) *3. 

(i) Construction of 21 OHTs having a capacity of 0.45 ML (450m3) to 3.00 ML (3,000m3) *4. 

(j) Construction of 11 Emergency Reservoirs having a capacity of 0.20 ML (200m3) to 1.00 ML 

(1,000m3) *5. 
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(k) Installation of Distribution Mains in west area in a total length of approximately 360km, 

diameter of 100mm to 800mm. 

(l) Installation of Distribution Mains in east area in a total length of approximately 380km, 

diameter of 100mm to 600mm. 

(m) Installation of Service Pipe and Water Meter in west area in a total number of approximately 

36,000 units. 

(n) Installation of Service Pipe and Water Meter in east area in a total number of approximately 

34,000 units. 

(o) Procurement of GIS and MIS Equipment/ Software. 
*1), *2), *3), *4), *5): All construction works include the procurement and installation of 

mechanical and electrical equipment required. 

 

1.3 Procurement Package and Procedure 

(1) Procurement Package 

The construction works will be divided into three contract packages as follows: 

Package-1: Earth cutting work for Chingkheiching WTP as listed in (a) 

Package-2: Construction of WTP as listed in (b) and (c) above. 

Package-3: Installation of SCADA system as listed in (d) above. 

Package-4: Installation of clear water transmission main, construction of master reservoir 

(MR-5), construction/rehabilitation of service reservoir (GLSR), construction 

of OHT and emergency reservoir as listed in (e) to (j) above. 

Package-5: Installation of Distribution mains (west area) and installation of service 

pipe/water meter (west area) as listed in (k) and (m) above. 

Package-6: Installation of Distribution mains (east area) and installation of service 

pipe/water meter (east area) as listed in (l) to (n) above. 

Package-7: Installation of Distribution mains (WSZ-15, Minuthong) and installation of 

service pipe/water meter (WSZ-15, Minuthong). 

Package-8: Installation of Distribution mains (ESZ-16, Khuman Lampak) and installation 

of service pipe/water meter (ESZ-16, Khuman Lampak). 

Package-9: Procurement of GIS and MIS Equipment/ Software as listed in (o) above. 

 

(2) Procurement Procedure 

Package-1 to 6 will be procured respectively through International Competitive Bidding (ICB) 

based on Single-Stage Two-Envelope Bidding Procedure with Pre-qualification in accordance 

with the JICA’s Procurement Guideline (Section 2.03, Part II). 

 

1.4 Funding Source 

GOI has received a Japanese ODA Loan to finance the PHED.  GOI intends to use part of the 

proceeds of the Japanese ODA Loan for eligible payments for consulting services for which this TOR 
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is issued. 

 

1.5 Completion of the Project 

The Project is expected to be completed by the 31th day of December 2022. 

 
1.6 Location of the Project 

The WTP is located on Chingkheiching hill in Nongmaiban district the outskirt of Imphal city, 

approximately 10km far to the north-east from the city center.  Master reservoir, service reservoir, 

OHT and emergency reservoir are located in the Imphal City. 

 

1.7 Executing Agency 

The Execution Agency of the project is PHED. 

 

1.8 Technical Information 

The final report on the “Preparatory Survey on Imphal Water Supply Improvement Project” as well as 

the results of topographic and geological surveys at the facility sites and pipeline routes conducted for 

the Project are available at PHED. 

 

 

2. Objectives of Consulting Services 

The consulting services shall be provided by an international consulting firm (hereinafter referred to as 

"the Consultant") in association with national consultants in compliance with Guidelines for the 

Employment of Consultants under Japanese ODA Loans (April 2012).  The objective of the 

consulting services is to achieve the efficient and proper preparation and implementation of the Project 

through the following works: 

(a) Detailed Design 

(b) Tender Assistance 

(c) Construction Supervision 

(d) Facilitation of Implementation of Environmental Management Plan (EMP), and 

Environmental Monitoring Plan (EMoP)  

(e) Capacity Development for PHED 

(f) Guidance for Public Awareness Campaign 

(g) Self-reliant Organizational Operation 

(h) Preparation of Long-term and Annual Business Plan 

(i) Preparation of Asset Ledger 

(j) GIS-based Information Management System 

(k) Tariff Mechanism and Tariff Structure 
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(l) Obligation of Meter Installation 

(m) Preparation of Financial Statements 

(n) Improvement of Customer Services 

(o) Human Resources Planning and Training/ Capacity Development 

(p) Formulation of Non-Revenue Water Reduction Plan 

 

 

3. Terms of Reference for Consulting Services 
3.1 Detailed Design 

The Consultant shall carry out the following works: 

(a) review and verify all available primary and secondary data; 

(b) carry out all the required engineering surveys and investigations such as topographical 

survey, hydrological survey, geotechnical survey, material availability survey and other 

related engineering works required for preparing basic and detailed designs, as applicable to 

the concerned project components; 

(c) prepare detailed work plan, progress reports and implementation schedule for the Project to 

ensure effective monitoring and timely project outputs, and regularly update the same; 

(d) prepare the detailed design of all the Project components in sufficient detail to ensure clarity 

and understanding by PHED, contractors and other relevant stakeholders; All the design 

must be in conformity with the India Standards (if available) or with the appropriate 

international standards.  The detailed design shall, as a minimum, include (i) drawings and 

plot plants for all facilities (ii) detailed cost estimates, and (iii) necessary calculations to 

determine and justify the engineering details for the Project.  The detailed design shall be 

prepared in close consultation with, and to meet the requirements of PHED, and shall be 

incorporated into the detailed design report to be submitted for approval of PHED; 

(e) prepare Detailed Specifications, Bill of Quantities (BOQ) and Tender Drawings to be 

incorporated into Bidding Documents.  Such Detailed Specifications shall contain those in 

relation to i) quality control of plant, materials and workmanship, ii) safety and iii) protection 

of the environment.  

 

3.2 Tender Assistance 

(1) Assistance in Pre-Qualification (PQ) of Bidders undertaking Construction Works 

The Consultant shall: 

(a) define PQ criteria: technical and financial requirements, capacity and/or experience taking 

into consideration technical feature of the Project; 

(b) prepare PQ document in accordance with the latest version of Standard Prequalification 

Documents under Japanese ODA Loans; 

(c) assist PHED in PQ announcement, addendum/corrigendum, and clarifications to the 

applicants’ queries; 
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(d) evaluate PQ applications in accordance with the criteria set forth; and 

(e) prepare a PQ evaluation report for approval of the PQ evaluation committee. 

 

(2) Assistance in the Bidding for Award of Contractor(s) undertaking Construction Works 

The Consultant shall 

(a) prepare bidding documents in accordance with the latest version of Standard Bidding 

Documents under Japanese ODA Loans for Procurement of Works together with all relevant 

specifications, drawings and other documents; 

(b) assist PHED in issuing bid invitation, conducting pre-bid conferences, issuing 

addendum/corrigendum, and clarifications to bidders’ queries. 

(c) evaluate bids in accordance with the criteria set forth in the bidding documents.  In such 

evaluation, the Consultant shall carefully confirm that bidders’ submissions in their technical 

proposal including, but not limited to, site organization, mobilization schedule, method 

statement, construction schedule, safety plan, have been prepared in harmony each other and 

will meet such requirements set forth in applicable laws and regulations, specifications and 

other parts of the bidding documents; 

(d) prepare a bid evaluation report for approval of the bid evaluation committee; 

(e) assist PHED in contract negotiation by preparing agenda and facilitating negotiations 

including preparation of minutes of negotiation meeting; and 

(f) prepare a draft and final contract agreement. 

 

3.3 Construction Supervision 

The Consultant shall perform his duties during the construction period in accordance with the 

contracts to be executed between PHED and the contractors.  In this context, the Consultant shall: 

 

(a) act as the Engineer to execute construction supervision and contract administration services in 

accordance with the power and authority delegated by PHED; 

(b) provide assistance to the Employer concerning variations and claims which are to be 

ordered/issued at the initiative of PHED; 

(c) issue the commencement order to the Contractors; 

(d) provide recommendation to PHED for acceptance of the Contractor Performance security, 

advance payment security and required insurances. 

(e) review and approve the proposals submitted by the contractors which include work program, 

method statements, material sources, manpower and equipment deployment.  In light of 

Section 3.03 of Guidelines for the Employment of Consultants under Japanese ODA Loans 

(April 2012), the Consultant shall pay attention, in particular, to whether such proposals will 

meet the safety requirements set forth in the applicable laws and regulations, the specifications 

or other parts of the contract; 
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(f) explain and/or adjust ambiguities and/or discrepancies in the Contract Documents and issue 

any necessary clarifications or instructions; 

(g) review, verify and further detail the design of the works, approve the Contractors’ working 

drawings and, if necessary, issue further drawings and/or give instructions to the Contractor; 

(h) liaise with the appropriate authorities to ensure that all the affected utility services are 

promptly relocated. 

(i) carry out field inspections on the contractor’s setting out to ensure that the works are carried 

out in accordance with drawings and other design details. 

(j) regularly monitor physical and financial progress against the milestones as per the contract so 

as to ensure completion of contract in time; 

(k) supervise the works so that all the contractual requirements will be met by the contractors, 

including those in relation to i) quality of the works, ii) safety and iii) protection of the 

environment. In light of Section 3.03 of Guidelines for the Employment of Consultants under 

Japanese ODA Loans (April 2012), the Consultant shall confirm that an accident prevention 

officer proposed by contractor is duly assigned at the project site and that construction works 

are carried out according to the requirements set forth in the applicable laws and regulations, 

the specifications or other parts of the contract ; 

(l) supervise field tests, sampling and laboratory test to be carried out by the contractors; 

(m) inspect the construction method, equipment to be used, workmanship at the site, and attend 

shop inspection and manufacturing tests in accordance with the specifications; 

(n) survey and measure the work output performed by the contractors and issue payment 

certificates such as interim payment certificates and final payment certificate as specified in 

the contract; 

(o) coordinate the works among different contractors employed for the Project; 

(p) modify the designs, technical specifications and drawings, relevant calculations and cost 

estimates as may be necessary in accordance with the actual site conditions, and issue 

variation orders (including necessary actions in relation to the works performed by other 

contractors working for other projects, if any); 

(q) carry out timely reporting to PHED for any inconsistency in executing the works and 

suggesting appropriate corrective measures to be applied; 

(r) inspect, verify and determine claims issued by PHED in accordance with the civil works 

contract; 

(s) perform the inspection of the works and to issue certificates such as the Taking-Over 

Certificate, Performance Certificate as specified in the civil works contract, ; 

(t) supervise testing and commissioning; 

(u) provide periodic and/or continuous inspection services during defects liability period (Defect 

Notification Period defined in FIDIC Conditions of Contract) and if any defects are noted, 

instruct the contractor to rectify; 
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(v) check and certify as-built drawings submitted by the contractors; and prepare and submit 

reports to PHED, which are detailed in Chapter 8 in relation to the implementation of the 

Project. 

 

Safety Measures 

The Consultant shall: 

(a) When preparing or reviewing bidding documents for procurement of work and those for 

procurement of supply and installation of plant, make sure to meet the requirements for 

safety measures. 

(b) Review the safety plans submitted by the bidders from the point of view of securing the 

safety during the construction. (Refer to Paragraph (2), Section 4.02 Scope of the Project 

and of the Consulting Services of the Guidelines for the Employment of Consultants under 

Japanese ODA Loans, April 2012).  

(c) Review the Programme (the programme stipulated in the relevant clause of the Standard 

Bidding Documents under Japanese ODA Loans (Procurement of Works) 2012 ) submitted 

by the contractors from the point of view of securing the safety during the construction and 

require them to submit further details, if necessary. 

(d) During the supervision of the construction work, confirm that an accident prevention officer 

proposed by the contractor is duly assigned at the project site and that the construction work 

is carried out according to the safety plan as well as the safety measures prescribed in the 

Programme.  If consultants recognize any questions regarding the safety measures in 

general including the ones mentioned above, the consultants shall require the contractors to 

make appropriate improvements. 

 

3.4 Facilitation of Implementation of Environmental Management Plan (EMP), and 
Environmental Monitoring Plan (EMoP)  

The Consultant shall: 

(a) update and review EMP submitted by the contractor, as appropriate; incorporate necessary 

technical specifications with design and contract documentation; 

(b) during the preparation of bidding documents, clearly identify environmental responsibilities 

as explained in the environmental impact assessment/initial environmental examination 

report and EMP; 

(c) prepare EMoP for monitoring implementation of EMP; 

(d) supervise EMP implementation and undertake regular compliance monitoring according to 

EMoP to ensure that the civil works are implemented in accordance with the EMP; and 

(e) assist PHED in the capacity building of PHED staff on environmental management through 

on-the-job training on environmental assessment techniques, mitigation measure planning, 

supervision and monitoring, and reporting. 
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3.5 Capacity Development for PHED 

(a) The Consultant shall transfer the technology in design and supervision works through OJT.  

The Consultant shall provide the opportunity to PHED officers and staffs to be involved in 

the working team of the Consultant during the design, contract administration and 

supervision works for their capacity building wherever possible.   

(b) The Consultant shall develop the capacity of the PHED’s staff to enhance the expertise and 

skills of key staff, as well as identified group(s) of personnel with the competencies required 

to manage, operate and maintain the new facilities/system thereby transforming 

organizational and individual potentials into actuality.  

The contractors will be required to provide O&M supervision and/or training services for 

one year during the Defect Liability Period in respect of WTP including Distribution 

Control System. 

In this context, the Consultant shall: 

1) prepare manuals for overall O&M of the following facilities constructed under the 

Project for the contractor’s activities.: 

i) WTP 

ii) Conveyance/ Transmission Pipelines  

iii) Primary, Secondary and Tertiary Distribution Networks 

2) In particular, prepare specific operation manual in respect of: 

i) WTP sludge treatment 

ii) Overall distribution control based on SCADA system 

iii) Distribution system, including: 

- Water pressure monitoring and control as sector inlet chambers 

- Leakage investigation and repairs at DMA in let chambers 

3) provide specific training for the aspects stated in Paragraph 3.6 (b) 2) ii) above 

(SCADA system), supplement to the training provided by the contractor. 

4) monitor and evaluate the contractors’ performance of O&M supervision and training 

services, and instruct the contractors to improve their services if necessary. 

5) submit to PHED “Evaluation Report of Contractors’ Training Services” stating the 

evaluation of the training services provided by the contractors after completion of the 

contractors’ training services. 

 

3.6 Guidance for Public Awareness Campaign 

The purpose of public awareness campaign is to inform and educate the general public of the present 

situation of the objectives of the proposed project, the importance of connection to a proposed water 

supply system under the project and payment of water tariff for sustainable operation and management 
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of water supply facilities. These activities are essential for expediting the works for secondary/tertiary 

distribution network, since it is needed to increase a large numbers of house connections and also 

promote applications for the house connections in advance so that the meter installation locations can 

be fixed. These activities should primarily be carried out by PHED.  

The Consultant shall: 

(a) design and formulate the campaign program to be carried out by PHED; 

(b) guide and assist PHED on the implementation of the campaign program; and 

(c) prepare the material for public awareness campaign. 

(d) train the PHED personnel responsible for  public awareness campaign including through 

demonstration and practice. 

  

 

3.7 Self-reliant Organizational Operation 

The PMC shall:  

(a) Conduct the situational analysis of organizational operation and problem detection 

(b) Arrange the relationship between PHED Urban Circle and other external organizations 

(c) Review the ideal situation for formation of self-supporting organizational operation 

(d) Introduce the self-accounting system 

(e) Monitor and evaluate the self-accounting system 

 

3.8 Preparation of Long-term and Annual Business Plan 

The PMC shall:  

 (a) Collect the operational and financial data  and information on five water supply zones such 

as Koirengei, Cheiraoching, Sangakpham Porompat and Cinga where water meter will be 

installed precedingly at almost households under the Phase-II Project 

(b) Analyze and clarify the following parameters and items using the results of the above (a) 

 Per capita daily consumption for domestic use  
 Per connection daily consumption 
 Maximum, average, and minimum zone-wise total monthly water 

consumption 
 Maximum, average, and minimum zone-wise total monthly water 

distribution 
 Distribution of per connection average  monthly consumptions 
 Fluctuation of monthly total consumptions 
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 Per connection monthly average water consumption  by billing category 
 Monthly total zone-wise water distribution, total water consumption and 

non-revenue water (NRW) 
 Characteristics of zone-wise water consumptions 
 Comparison between actual and design parameters 
 Per connection monthly average income by billing category 
 Composition of total  income by billing category  

(c) Review and revise the existing long-term and annual business plans prepared and submitted to 

JICA before the Loan Agreement, using the results of the above (b) as required. 

(d) Review and revise the tariff scheduled proposed in JICA’s preparatory survey report prepared 

and submitted to the Department of Urban Development (MoUD), the Government of India 

before the Loan Agreement, using the results of the above (b) as required. 

3.9 Preparation of Asset Ledger  

The PMC shall:  

 (a) Formulate the asset management plan by preparing asset inventory groundwork and data 

collection to be implemented by the contracted firm/agency/vendor in consultation with 

PHED.  Work required would entail:  (i) Collection of old records, maps of existing water 

supply assets and its digitization; (ii) Conduct of field survey to verify old records and maps; 

(iii) Collection of information about assets not available in the records; (v) Compilation and 

tabulation of assets; and (vi) Valuation of assets. 

(b) Prepare the desired base map.  

 (c) Supervise the contracted firm/agency/vendor in the preparation of comprehensive asset base 

map through: (i) Digitization and linking of assets with updated GIS Map; (ii) Preparation of 

Water Supply Asset Base Map; (iii) Preparation of digitized asset map (from the updated base 

map) in GIS-web platform to make available the Water Supply Asset Maps on the PHED 

websites. 

(d)  Prepare the Asset Inventory Report using the standard validation processes. 

(e) Design the format for the Survey and Mapping of User Connections (legal/ illegal) and ensure 

data collection from the field through the contracted firm/agency/vendor with the help of 

PHED. 

 (f) Formulate operations manual and maintenance manuals for all water supply assets operated 

and maintained by PHED, as follows: 
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 The Operations Manual consisting of three main parts: (i) Standard 
Operating Procedures, which are written procedures describing how each 
operations task is to be performed; (ii) Operations Records for each major 
asset, which contain the important parameters that have to be monitored 
or logged; and (iii) Operations Reports, which are summary reports and 
charts that will be submitted on a daily, weekly, monthly, quarterly and 
annual basis, as the case may be, to middle and upper levels of 
management, invaluable for timely decision making.  It shall specify the 
tasks, materials and personnel involved, describing how the operations 
tasks are to be scheduled and performed efficiently.  It shall also be linked 
to the standard operating procedures.  All operations records and reports 
shall be integrated into the asset management plan database. 

 The Maintenance Manual consisting of three main parts: (i) Standard 
Maintenance Procedures for Preventive and Corrective Maintenance; (ii) 
Maintenance Records for each major asset, which contain the important 
parameters that have to be maintained (iii) Maintenance Reports which 
are summary reports and charts that will be submitted on a daily, weekly, 
monthly, quarterly and annual basis, as the case may be, to middle and 
upper levels of management, invaluable for timely decision making.  All 
maintenance records and reports shall be integrated into the asset 
management plan database.  It shall specify the tasks, materials and 
personnel involved, describing how the maintenance tasks are to be 
scheduled and performed efficiently.  It shall also be linked to the 
standard maintenance procedures. All maintenance records and reports 
shall be integrated into the asset management plan database. 

 Both operations and maintenance (O&M) will apply to every item of 
hardware in the water supply system that needs to be operated and 
maintained, such as but not limited to: (i) Equipment within the treatment 
plants such as pumps, motors, motor control panels, valves, 
instrumentation, control equipment, meters, chemical mixing tanks and 
associated hardware, flocculators and sedimentation tanks, filters and 
associated hardware, chlorinators and associated hardware, reservoirs and 
associated hardware, building structures and associated hardware, 
pipelines within the treatment plant; (ii) Transmission and distribution 
systems would include all pipelines and fittings (valves, connectors etc), 
washout structures, reservoirs and associated hardware, water meters 
(when made available); (iii) Laboratory equipment; (vi) Building and 
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structures; (v) Service vehicles; and (vi) Utilities, such as electrical systems, 
plumbing systems, air conditioning systems, refrigeration systems etc. 

 

3.10 GIS-based Information Management System  

The PMC shall:  

 (a)  Assist in developing the detailed system requirement document for GIS, request for proposal 

(RFP), and development of procurement plan of required hardware, peripherals, software for  

GIS/IMS implementation program.  Thus, the PMC shall: 

 Formulate the detailed system requirements specification report for GIS, 
its Architecture for hosting including the associated database, server/ 
storage and assessment of onsite manpower requirement at PHED 
premises.    

 Supervise the development of (i) GIS based master database for the Imphal 
urban area, and the (ii) GIS based decision support system on the 
web/mobile platform. 

 Assess existing systems at PHED, if any. 
 Develop the RFP technical/financial proposal evaluation and system 

implementation vendor finalization. 
 Formulate the phase-wise procurement plan for servers, software, 

hardware, storage, billing machines, survey equipment, satellite imagery, 
networking peripherals, etc. in consultation with PHED. 

 Assess support system requirements for managing / updating GIS master 
data base and decision support system at PHED premises. 

 Assist the implementing agency in the procurement process for the 
vendor(s)/ firm(s)/ agency(ies) for the activities in the GIS/IMS component, 
such as survey for the preparation of the base maps to be jointly utilized for 
asset management and consumer database, etc. 

(b) Assist in the development of Asset Management Plan that includes the planning of on-site 

surveys.  Thus, the PMC shall: 

 Formulate the asset management plan by preparing asset inventory 
groundwork and data collection and survey methods to be implemented by 
the contracted firm/agency/vendor in consultation with PHED.   

 Collection of old records, maps of existing water utility assets. 
 Prepare the Asset Inventory Report using the standard validation 

processes. 
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 Supervise contracted firm/agency/vendor in the preparation of 
comprehensive asset database with in the PHED’s limit. 

 Design the format for the Survey and Mapping of User Connections (legal/ 
illegal) and ensure data collection from the field through the contracted 
firm/agency/vendor with the help of PHED. 

 Assist PHED to regularize illegal connections to increase the revenue 
coverage and collection and 24*7 ready user’s connections GIS map. 

(c) Assist in the development of Integrated Consumer database plan using door-to-door 

household’s survey on GIS platform for PHED. Thus, the PMC shall: 

 Formulate the Consumer Database survey plan by preparing household 
survey data collection method to be implemented by the contracted 
firm/agency/vendor in consultation with PHED. 

 Collection of existing GIS based consumer database in available GIS 
format.  

 Design the survey format for the door-to-door household survey and ensure 
the accuracy of data collection from the field through the contracted 
firm/agency/ vendor in consultation with PHED. 

 Supervise contracted firm/agency/vendor in the preparation of 
comprehensive consumer database within the PHED’s limit. 

(d) Assist in designing, development; testing and implementation plan of GIS based on-line IMS 

System with billing, asset management, call redressal and water quality modules for PHED.  

Thus, the PMC shall: 

 Formulate the IMS development plan for the design, development and 
implementation of IMS system at PHED and supervise its execution 
through contracted firm/agency/vendor in consultation with PHED. 

 Assess and design the hardware and networking requirements for 
decentralized connectivity with PHED head and zonal offices. 

 Design forms and formats for daily/monthly/quarterly/yearly review and 
monitoring of the demand and collection management system as per 
requirement in the attribute and spatial format to run the system 
efficiently as required by the PHED accounting manual and monitor its 
implementation through the contracted firm/agency/vendor in consultation 
with PHED. 

 Plan and facilitate the implementation and integration of the present 
grievance redressal management system to the GIS map to better monitor 
the location (spatial) of the grievance-prone areas thereby increasing 
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redressal efficiency through the contracted firm/agency/vendor in 
consultation with PHED.  

 Design and facilitate the implementation of the reconciliation process of 
collected bills and its integration with financial management information 
system (FMIS) and GIS. 

(e) Assist in developing the capacity building program, transfer of GIS database/IMS System plan 

and set-up of GIS/IMS Lab at PHED.  Thus, the PMC shall: 

 Formulate the IMS-GIS capacity building and transfer of System program 
to PHED through contracted firm/agency/vendor in consultation with 
PHED. 

 Establish a GIS/IMS Centre or Lab and develop its linkage with database 
through development of IMS to process, store and retrieve required data 
and reporting procedures for regulations and management as per 
requirements of PHED. 

 Prepare the plan for training and technology transfer of GIS/IMS activities 
and maintenance of IMS/GIS application to cover three years on-site 
facility management support after completion of the project to ensure 
smooth withdrawal of the project and get it implemented through the 
contracted firm/agency/vendor in consultation with PHED 

3.11 Tariff Mechanism and Tariff Structure  

The PMC shall: 

(a) Review the basis for setting water supply tax rates in PHED against the financial 
costs involved in producing and delivering services including replacement costs, 
future rehabilitation costs and capital investment, as well as against economic, 
environmental and pro-poor costs/ principles. 

(b) Establish the actual and required expenditure requirements to fully cover for the 
operation and maintenance of the water supply system in order to achieve the 
service level benchmarks set at 100% of water supply costs.  

(c) Examine existing pricing/ tariff reforms in water supply services, with focus on 
similarly situated water supply utilities in India. 

(d) Devise the tariff mechanism through review of the institutional, legal and 
regulatory frameworks, and through consultation with the national and/or state 
levels to ensure alignment with the local level. 
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(e) Undertake consultative workshops with key stakeholders and conduct a 
willingness-to-pay-survey to determine what consumers are willing to pay for 
water services. 

(f) Develop the appropriate tariff structure for implementation in a phased manner 
that takes into consideration the plan for 100% metering of water service 
connections, the need for participative and consultative processes, and that the 
principles of acceptability and affordability are balanced with long-term economic 
efficiently and financial sustainability. 

 

3.12 Obligation of Meter Installation 

The PMC shall: 

(a) Develop the standard drawings for service pipe installation works with a water meter 

applicable to various situations. 

(b) Design a licensed plumber system for service pipe installation works with a water meter. 

(c) Prepare the amendment draft of the Manipur Water Act to establish a licensed plumber system 

for service pipe installation works with a water meter including the penalty to plumbers offend 

against the law such as fine, imprisonment, business suspension, cancellation of the 

qualification for a  licensed plumber. 

 

3.13 Preparation of Financial Statements 

The PMC shall:  

 (a) Identify the present situation and problem in financial and accounting data processing. 

 Gather basic information 
 Conduct an activity analysis of the water utility 
 Map the process of key financial and commercial activities 
 Problems identification on financial and accounting processing 

(b) Study on arrangement and classification method of financial and accounting data on billing 

and collection report, customer accounts receivables, staffing list and salary schedules, 

operation and maintenance expenses reports and subsidiary records or ledgers for property, 

plant, and equipment 
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(c) Prepare the financial statements 

 Set up the books of accounts for the water utility 
 Establish the beginning balance for the Balance Sheet accounts 
 Determine the Revenues and Expenses for the Year 
 Determine the Bad Debts Expenses for the Year 
 Prepare a Trial Balance 
 Prepare the Income Statement 
 Determine the balance of Retained Earnings Surplus account for the Year 
 Prepare the Balance Sheet 
 Close the temporary account balances and transfer the payment account 

balances to the succeeding year 

 

3.14 Improvement of Customer Services 

The PMC shall:  

 (a) Identify the present situation and problem in financial and accounting data processing 

(b) Institutionalize customer service functions in PHED Urban Circle 

(c) Review staffing plan for Commercial Service Section 

(d) Review training plan for customer service staff 

(e) Review and (re)formulation of customer service policies 

(f) Assist and advise PHED to formulate the “PHED Citizen’s Charter”, defined as “the expression 

of an understanding between citizens and the provider of a public service with respect to the 

quantity and quality of services the former receive in exchange for their taxes.” 1   It is 

essentially about the rights of the public (the water consumers) and the obligations of the public 

servants, in this case PHED Urban Circle. 

(g) Establish Complaint Redressal System. 

 Develop norms and standard operating procedures in accepting, acknowledging, 

processing and investigating complaints. 

 Designate a location and staff to receive complaints, including the identity (names and 

designations) of the assigned staff, their office locations and contact numbers / email 

addresses. 

                                                 
1 India’s Citizen’s Charters: A Decade of Experience, Public Affairs Center, Bangalore, 2007, p. 16. 
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 Develop a system for record-keeping, using information technology to create a 

database that not only contains vital customer information, but also provides easy 

access to historical data to track similar complaints.  

 Develop target time for feedback response, including monitoring of complaint 

solution. 

 Make periodic analysis of complaints, how these were solved or not solved, with the 

aim at improving services and/or streamlining grievance mechanism / processes 

further. 

 Achieve measure of efficiency in redressal of customer complaints of not lower than 

the service level benchmark of 80%. 

1.1.1  

3.15 Human Resources Planning and Training/ Capacity Development 

(1) Human Resources Planning 

The PMC shall: 

(a) Prepare the Human Resources Plan for PHED taking into consideration the 
service level benchmarks, its current and future operational requirements, its 
workforce policies and the current human resources configuration.  

(b) Analyse and determine the positions necessary based on the operational 
requirements, then draft and/or re-draft (if already existing) the position 
specifications (job descriptions) in close consultation with PHED key officials.  
The job descriptions will have following minimum content – (i) job identification, 
(ii) job summary, (iii) duties and responsibilities, (iv) internal and external 
relationship, (v) job specifications detailing educational requirements, training, 
work experience and required competencies.  

(c) Assess the available human resources vis-á-vis the required resources in terms of 
number, type of positions and competencies, and ascertain the gap or deficiency 
that needs to be filled, or if there is excess staff in any post/ category.  

(d) Determine, in consultation with PHED, strategic recruitment strategies to fill in 
gaps and deficiencies to enable PHED’s to efficient and effective function toward 
achievement of objectives.  

(e) Prepare the financial plan to secure the HR plan. 

(2) Training/ Capacity Development  

The PMC shall: 
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(a) Formulate the Training and Development Plan that includes the training policy 
statement(s); the training goals of the entire organization and its 
functional/operational areas; the general and specific approaches to training with 
emphasis on priority and regularity, and on developing a training unit, a core 
trainers, and a network of training organizations/ institutions.   

(b) Conduct a Training Needs Assessment (TNA) using three perspectives/levels of 
evaluation – organizational, occupational (functional/operational area) and 
individual.  The latter will require undertaking a detailed HR Inventory 
(inventory of staff capacity and technology to conduct a meaningful training skills 
assessment and analysis) with the following minimum information:  name of 
officer/ employee, age, post, description of work, highest educational qualifications, 
training(s) received in the last five years, name of controlling officer (immediate 
supervisor), number of years working with PHED, number of years in present 
position, year of last promotion, performance report, salary (and salary level), and 
other benefits. 

(c) Identify the trainees – groups or individuals – who require training; the objectives, 
content and kind/type of training; who will provide the training, whether in-house 
or external organizations/institutes; the modality(ies) to be utilized; and 
determine the training evaluation/ feedback mechanisms to find out if the training 
is relevant to the job and appropriate to their level of expertise. 

(d) Prepare a three-year training budget based on priority training (to dovetail with 
the objectives of the JICA Project) and regular yearly training (based on TNA 
results). 

(e) Organize, facilitate and /or conduct training programs. 

(f) Prepare training completion and evaluation reports for every training undertaken 
under this Project. 

(g)  Support the planning and enhancement of training infrastructure at PHED. 

 

3.16 Formulation of Non-Revenue Water Reduction Plan 

The PMC shall:  

 (a)  Collect the available data and information on the present situation of non-revenue water and 

identify the problems 
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(b)  Select the pilot area to conduct the door-to-door survey in consultation with PHED  

(c) Conduct the door-to-door survey in the pilot area. 

(d)  Analyze the results of the above survey and clarify the actual situation of open-end pipes and 

legal/ illegal connections. 

(e)  Estimate the amount of non-revenue water based on the above survey. 

(f)  Develop the measures for open-end pipes and regularization of  illegal connections. 

(g)  Prepare the amendment of Manipur 

Water Act, if necessary, in consultation with PHED. 

(h) Analyze the water distribution and consumption data for one year in the five water supply 

zones such as Koirengei, Cheiraoching, Sangakpham, Porompat and Chinga where service 

pipe installation work with consumer meters will be done under Phase-II Project and estimate 

the non-revenue water. 

(i) Prepare the non-revenue water reduction plan. 
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4. Expected Time Schedule 

The total duration of consulting services will be 92 months including 12 months of Defect 

Notification Period.  The implementation schedule expected is as shown in Table 1.  

 

Table 1  Implementation Schedule Expected  

Key Activities  Date  
Duration in 

Months  

Commencement of Consulting Services  1 May 2016 
12 Completion of detail design, preparation of 

drawings and tender documents  30 April 2017 

Tender process for Package -1  1 May 2016 to 30 June 2017 2 

Tender process including prequalification 

for Package -2, 3, 4, 5, 6, 7 
1 October 2016 to 31 December 2017 15 

Commencement of Construction Works  1 January 2018 
60 

End of Construction Works  31 December 2022 

Defect Notification Period  1 January 2023 to 31 December 2023 12 

Final Contract Administration 1 January 2024 to 31 March 2024 3 

Completion of Consulting Services 31 March 2024 - 

 
 
5. Staffing (Expertise Required) 

16 of Professional (A) consultants (Foreign Persons) and 32 of Professional (B) consultants (Local 

Persons) will be engaged, over 92 months duration of consulting services, for a total of 250 

man-months for Professional consultants (A) and 885 man-months for Professional consultants (B).  

Total consulting input is estimated to 1,032 man-months.  A detailed schedule of consulting services. 

 

5.1 Consulting Input for the Respective Phase 

The Consultant Team for the design, tender assistance, construction supervision and other 

miscellaneous consulting services consist of following key personnel together with supporting staff. 

The allocation of person-month for the respective phases of consulting services, excluding local 

supporting staff, is as shown in Table 2.  
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Table 2 Allocation of Person-Month for the Respective Phases 

Design phase
Construction 

Phase
Post Construction 

Phase
May .2016 
-April 2017

January 2017
-December 2022

January 2023
-December 2023

Professional (A): International Specialist
Team Leader 1 15 52 3 70
WTP Engineer 1 8 0 0 8
Reservoir/ OHT Engineer (Civil Engineer) 1 11 4 0 15
Pipeline Engineer-1 1 11 34 0 45
Pipeline Engineer-2 1 10 0 0 10
Structure Engineer 1 4 2 0 6
Mechanical Engineer 1 8 10 0 18
Electrical Engineer 1 8 14 0 22
Specification Specialist 1 4 0 0 4
Costing Specialist 1 4 0 0 4
Contract Specialist 1 8 12 2 22
Environment/Social Campaign Specialist 1 3 0 0 3

0
Institutional Expert 1 2 4 0 6
GIS Expert 1 4 2 0 6
MIS Expert 1 2 4 0 6
Financial Expert 1 3 2 0 5

Sub-Total (Pro-A) 16 105 140 5 250

Professional (B): National Specialist
Deputy Team Leader 1 18 55 3 76
Senior Engineer (WTP Design) 1 18 34 0 52
Senior Engineer (Reservoir & OHT Design) 1 12 34 0 46
Senior Engineer (Pipeline Design-A) 1 8 56 0 64
Senior Engineer (Pipeline Design-B) 1 10 56 0 66
Senior Engineer (Pipeline Design-C) 1 10 56 0 66
Engineer (WTP Design) 1 12 0 0 12
Engineer (Reservoir & OHT Design) 1 12 0 0 12
Engineer (Pipeline Design-A) 1 12 0 0 12
Engineer (Pipeline Design-B) 1 12 0 0 12
Engineer (Pipeline Design-C) 1 12 0 0 12
Senior Engineer (Structure-A) 1 7 0 0 7
Senior Engineer (Structure-B) 1 5 0 0 5
Senior Engineer (Mechanical) 1 9 32 0 41
Senior Engineer (Electrical) 1 9 43 0 52
Senior Engineer (Architect) 1 9 34 0 43
Senior Engineer (Building M&E) 1 9 34 0 43
Engineer (Topographic Specialist) 1 4 0 0 4
Engineer (Geotechnical Specialist) 1 4 0 0 4
Senior Engineer (Quantity Survey) 1 7 55 5 67
Engineer (Specification Specialist) 1 3 0 0 3
Engineer (Quantity Survey) 1 6 0 0 6
Environment/Social Campaign Specialist 1 3 0 0 3

GIS Expert 1 12 23 0 35
MIS Expert (Solution Architect) 1 4 25 0 29
Application Developer Expert -1 1 0 23 0 23
Hardware & Networking Expert 1 0 23 0 23
Database Management Expert 1 0 23 0 23
GIS/MIS Training Expert 1 0 8 0 8
Institutional Expert 1 4 8 0 12
Financial Expert 1 4 8 0 12
Social Expert 1 1 11 0 12
Sub-Total (Pro-B) 32 236 641 8 885

Total (Pro-A + Pro-B) 48 341 781 13 1,135            

Designation No.

Phase wise input in months

Total Input
in Months
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5.2 Qualification of Key Team Members 
The qualification of Key Team Members of Professional (A) is shown in Table 3.  

 

Table 3  Qualification of Key Team Members  
Designation Qualification 

Professional (A) International Specialist 

Team Leader  

Licensed or Registered Civil Engineer. 
Should have at least 15 years’ experience in water supply or water related projects.  
Should have handled at least one comprehensive water supply project as a project manager.  
Should have handled at least one Japanese ODA loan project. 

WTP Engineer 
Should have at least 10 years’ experience in water supply or water related projects. 
Should have handled at least one water supply project as a process engineer. 

Reservoir/ 
OHT Engineer 
(Civil Engineer) 

Should have at least 7 years’ experience in water supply or water related projects.  
Should have handled one comprehensive water supply project involving design/ detailed 
engineering for reservoirs and OHT. 

Pipeline 
Engineer-1&2 

Should have at least 7 years’ experience in detailed engineering in water conveyance system 
and distribution network analysis for a minimum length of 50 km and minimum diameter of 
100 mm. 

Mechanical 
Engineer  

Should have at least 10 years’ experience in design/ detailed engineering of mechanical works 
and piping in water/ waste water treatment plant, pump system and water hammer analysis.  

Electrical 
Engineer  

Should have at least 10 years’ experience in design/ detailed engineering of HT/LT 
installations and pumping machineries in water/ waste water projects with instrumentation 
with SCADA system. 

Operation & 
Maintenance 
Expert 

Should have at least 15 years’ experience in water service pipe and meter installation, training 
of plumbers, construction of legal framework, etc. in the public sector 

Billing & 
Collection 
Expert 

Should have at least 15 years’ experience in water tariff setting, billing & collection, public 
awareness campaign, etc. in the public sector 

Professional (B) National Specialist 

Deputy Team 
Leader 

Qualification: 
• Licensed or Registered Civil Engineer and Graduate (B.Sc.) in Civil Engineering/ 

construction management and/or related field 
Experience: 
• More than 15 years in water supply projects in similar area  

 

Consultant may propose other experts and supporting staff required to accomplish the tasks outlined in 

the TOR.  It is the Consultant’s responsibility to select the optimum team and to propose the 

professionals which he believes best meets the needs of PHED. 

 

5.3 Scope of Works for the Respective Personnel  

Detailed information on the major tasks and duties to be performed by the members of the detailed 

engineering design team and the construction supervision team is shown in Table 4. 
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Table 4  Major Tasks and Duties of Team Members 
Designation Major Tasks and Duties 

Professional (A) (International Specialist) 

Team Leader  

Pre-Construction Stage:
• General coordination 
• Supervises the Consultant’s services 
• Assumes direct responsibility for day-to-day consulting services 
• Represents the Consultant’s Team in all matters relating to the performance of 

services 
Construction Stage: 
• General coordination 
• Supervises the Consultant’s services 
• Assumes direct responsibility for day-to-day consulting services 
• Represents the Consultant’s Team in all matters relating to the performance of 

services 

WTP Engineer  

Pre-Construction Stage
• Review existing designs and specifications 
• Prepare the basic design and detailed design of WTP and other related facilities 
• Direct the foreign and local engineers attending the detailed designs of the water 

treatment plant 
• Prepare Technical Specifications

Reservoir/ OHT 
Engineer 
(Civil Engineer) 

Pre-Construction Stage
• Review structural designs 
• Prepare the basic design and detailed design of the Reservoir, OHT and other related 

facilities 
• Direct the local engineers attending the detailed designs of the Reservoir, OHT and 

other related facilities 
• Prepare Technical Specifications 
• Prepare Bills of Quantities 
Construction Stage 
• Coordinate and supervise contractors’ works for civil engineering of WTP, Reservoir, 

OHT and other related facilities 
• Review and approve Shop Drawings/ Construction Drawings for these works 

submitted by the contractors 
• Review and approve test reports for materials submitted by the contractors 
• Inspect the contractors’ works

Pipeline Engineer-1 

Pre-construction stage
• Prepare the basic design and detailed design of clear water transmission mains, 

distribution mains, service pipe/ water meter and other related facilities  
• Direct the foreign and local engineers attending the detailed designs of clear water 

transmission mains, distribution mains, service pipe/ water meter and other related 
facilities 

• Prepare Technical Specifications 
• Prepare Bills of Quantities 
Construction stage  
 Coordinate and supervise the contractor’s works 
 Review and approve shop drawings submitted by the contractors 
 Inspect the contractor’s works

Pipeline Engineer-2 

Pre-construction stage
• Assist Pipeline Engineer-1 in preparing detailed design, specifications and drawings 

for clear water transmission mains, distribution mains, service pipe/ water meter and 
other related facilities

Structure Engineer 

Pre-construction stage
• Review of geo-technical survey report  
• Review the architectural floor plans of WTP buildings 
• Carry out structural design of all the above mentioned buildings 
• Carry out structural design of structures for WTP, reservoirs and OHTs facilities 
• Prepare detailed design drawings 
• Prepare Technical Specifications
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Designation Major Tasks and Duties 

Mechanical 
Engineer  

Pre-construction stage 
• Review existing designs 
• Prepare the basic design of mechanical equipment for the water treatment plant 

including water transmission and distribution facilities 
• Direct the local mechanical engineers attending the detailed designs of mechanical 

works for the water treatment plant including water transmission and distribution 
facilities 

• Prepare Specifications for mechanical works 
• Prepare Bill of Quantities for mechanical works 
Construction stage  
• Check the shop drawings submitted by the contractors 
• Assess the substitution of products proposed by the contractors 
• Supervise the installation work of mechanical equipment 
• Attend the factory inspection together with PHED’s engineer, if requested  
• Attend the trial operation of mechanical equipment 

Electrical Engineer  

Pre-construction stage
• Review existing designs 
• Prepare the basic design of electrical equipment for the water treatment plant 

including SCADA system, water transmission and distribution facilities 
• Direct the local electrical engineers attending the detailed designs of the water 

treatment plant including SCADA system, water transmission and distribution 
facilities 

• Prepare Specifications for electrical works 
• Prepare Bill of Quantities for electrical works 
Construction stage  
• Check the shop drawings submitted by the contractors 
• Assess the substitution of products proposed by the contractors 
• Supervise the installation work of electrical equipment 
• Attend the factory inspection together with PHED’s engineer, if requested  
• Attend the trial operation of mechanical equipment

Specification 
Specialist 

Pre-construction stage
• Review and formalize all specification documents to be incorporated in the Bidding 

Documents 

Costing Specialist 

Pre-construction stage
• Prepare the Engineer’s Cost Estimates for the Project 
• Assist the Reservoir/ OHT Engineer (Civil Engineer) and Pipeline Engineer-1 in 

finalizing Bill of Quantities

Contract Specialist 

Pre-construction stage
• Prepare Bidding Documents and Evaluation Criteria  
• Assist PHED in conducting bidding process 
• Coordinate consultant’s bid evaluation and prepare bid evaluation reports  
• Assist Team Leader in presentation to and discussion with PHED as well as liaison 

with JICA on the bid evaluation 
Construction stage  
• Assist PHED in contract administration  
• Assist Team Leader in presentation to and discussion with PHED as well as liaison 

with JICA on contractual matters 

Environment/Social 
Campaign 
Specialist  

Pre-construction stage/ construction stage 
• Prepare environmental monitoring program to be carried out by PHED  
• Assist PHED in initial set-up of environmental monitoring program  
• Prepare the PHED’s campaign program and action program for public education and 

awareness of public water supply and beneficiaries’ obligations and promotion of 
applications for house connections to be carried out by PHED  

• Guide and assist PHED ’s in initial set-up of these action  programs 
• Assist PHED in carrying out these actions. 
• Monitor the effect of these campaign programs and improve programs if necessary. 

Professional (B) (National Specialist) 

Deputy Team 
Leader  

• Assist Team Leader in carrying out all tasks and duties of Team Leader  
• Represent the Consultant’s team during absence of the Team Leader 
• Perform specific issues/aspects delegated by Team Leader

Senior Engineer 
(WTP Design) 

Pre-construction stage
• Assist Professional (A) WTP Engineer in carrying out site survey/ investigation and 
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Designation Major Tasks and Duties 
collecting local data and information related to civil works for WTP and other related 
facilities 

• Prepare drawings for these facilities 
Construction stage 
• Assist Professional (A) WTP Engineer in carrying out day-to-day supervision of the 

contractors’ works for WTP and other related facilities construction   

Engineer 
(WTP Design) 

Pre-construction stage
• Assist Professional (A) WTP Engineer in carrying out site survey/ investigation and 

collecting local data and information related to civil works for WTP and other related 
facilities 

• Prepare drawings for these facilities

Senior Engineer 
(Reservoir & OHT 
Design) 

Pre-construction stage
• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in carrying out 

site survey/ investigation and collecting local data and information related to civil 
works for Reservoir/ OHT and other related facilities 

• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in carrying out 
detailed design of civil structure and buildings 

• Prepare drawings for these facilities 
Construction stage 
• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in carrying out 

day-to-day supervision of the contractors’ works for Reservoir/ OHT and other related 
facilities construction

Engineer 
(Reservoir & OHT 
Design) 

Pre-construction stage
• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in carrying out 

site survey/ investigation and collecting local data and information related to civil 
works for Reservoir/ OHT and other related facilities 

• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in carrying out 
detailed design of civil structure and buildings 

• Prepare drawings for these facilities

Senior Engineer 
(Pipeline Design-A, 
B, C) 

Pre-construction stage
• Assist Professional (A) Pipeline Engineer-1, 2 in carrying out the pipeline route 

survey/investigation and collecting local data and information related to Clear Water 
Transmission Mains and Distribution Mains 

• Assist Professional (A) Pipeline Engineer-1, 2 in carrying out detailed design of 
Clear Water Transmission Mains and Distribution Mains 

• Prepare drawings for these pipelines 
Construction stage 
• Assist Professional (A) Pipeline Engineer-1, 2 in carrying out day-to-day supervision 

of the contractors’ works for these Pipelines  

Engineer (Pipeline 
Design-A, B, C) 

Pre-construction stage
• Assist Professional (A) Pipeline Engineer-1, 2 in carrying out the pipeline route 

survey/investigation and collecting local data and information related to Clear Water 
Transmission Mains and Distribution Mains 

• Assist Professional (A) Pipeline Engineer-1, 2 in carrying out detailed design of 
Clear Water Transmission Mains and Distribution Mains 

• Prepare drawings for these pipelines

Senior Engineer 
(Structure-A, B) 

Pre-construction stage
• Assist Professional (A) Structure Engineer in detailed design of civil and Building 

structures  
Construction stage 
• Assist Professional (A) Structure Engineer in carrying out day-to-day supervision of 

the contractors’ civil structure works

Senior Engineer 
(Mechanical) 

Pre-construction stage
• Assist Professional (A) Mechanical Engineer in detailed design of mechanical works 
Construction stage 
• Assist Professional (A) Mechanical Engineer in carrying out day-to-day supervision 

of the contractors’ mechanical works

Senior Engineer 
(Electrical) 

Pre-construction stage
• Assist Professional (A) Electrical Engineer in detailed design of electrical works 
Construction stage 
• Assist Professional (A) Electrical Engineer in carrying out day-to-day supervision of 

the contractors’ electrical works
Senior Engineer Pre-construction stage
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Designation Major Tasks and Duties 
(Architect) • Assist Professional (A) WTP Engineer and Reservoir/ OHT Engineer (Civil 

Engineer) in architectural design of buildings 
• Prepare drawings for buildings 
• Assist Professional (A) WTP Engineer and Reservoir/ OHT Engineer (Civil 

Engineer) for preparation of technical specification and BOQ 
Construction stage 
• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in reviewing shop 

drawings for buildings 
• Assist Professional (A) Reservoir/ OHT Engineer (Civil Engineer) in carrying out 

day-to-day supervision of the contractors’ building works

Senior Engineer 
(Building M&E) 

Pre-construction stage
• Assist Professional (A) Mechanical Engineer and Electrical Engineer in detailed 

design of building services 
Construction stage 
• Assist Professional (A) Mechanical Engineer and Electrical Engineer in reviewing 

shop drawings for building services 
• Assist Professional (A) Mechanical Engineer and Electrical Engineer in carrying out 

day-to-day supervision of the contractors’ works for building services 
• Assist Professional (A) Mechanical Engineer and Electrical Engineer in carrying out 

on-site inspection and installation inspection of the delivered building service 
equipment  

• Assist Professional (A) Mechanical Engineer and Electrical Engineer in carrying out 
on-site inspection, installation inspection and tests of the delivered building service 
equipment 

Engineer 
(Topographic 
Specialist) 

Pre-construction stage
• Supervise topographic surveyors to be carried out by Topographic Surveyors 
• Assist Professional (A) WTP Engineer, Reservoir/ OHT Engineer (Civil Engineer), 

Pipeline Engineer-1 in reviewing Topographic Survey Reports submitted by the 
Topographic Surveys and determining topographic conditions for detailed design

Engineer 
(Geotechnical 
Specialist) 

Pre-construction stage
• Supervise geotechnical surveyor and investigations to be carried out by Geotechnical 

Surveyors 
• Assist Professional (A) WTP Engineer, Reservoir/ OHT Engineer (Civil Engineer), 

Pipeline Engineer-1 in reviewing Geotechnical Survey Reports submitted by the 
Geotechnical Surveys and determining geotechnical conditions for detailed design

Environment/Social 
Campaign 
Specialist 

• Assist the duties and works to be carried out by Professional (A) Environment/Social 
Campaign Specialist 

Engineer 
(Specification 
Specialist) 

Pre-construction stage
• Assist the duties and works to be carried out by Professional (A) Specification 

Specialist, in particular inputting local regulations and practices and other particular 
conditions in India

Senior Engineer 
(Quantity Survey) 

Pre-construction stage
• Assist Professional (A) Costing Specialist in collecting local cost data and 

information and estimating local components of works 
Construction stage 
• Assist Professional (A) Engineers and Contract Specialist in measuring quantities of 

contractors’ works claimed for monthly payments and also assist Professional (A) 
Team Leader and Contract Specialist in certifying contractors’ monthly bills 

• Assist Professional (A) Contract Specialist in contract administration, in particular 
variation orders and so on 

• Assist Professional (A) Team Leader and Contract Specialist in reviewing and 
certifying final measurements and accounts submitted by the contractors 

• Assist Professional (A) Team Leader in monitoring financial progress of works and 
estimating payment/disbursement amount for the coming few months 

• Assist Professional (A) Team Leader in preparing financial monitoring reports to be 
submitted to PHED and JICA

 

6. Reporting 
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Within the scope of consulting services, the Consultant shall prepare and submit reports and 

documents to Project Director in charge in PHED as shown in Table 5.  The Consultant shall provide 

electronic copy of each of these reports. 
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Table 5  Summary of Reports to Be Submitted 
Category Type of Report Timing No. of Copies

Consultancy 

Services 

Inception Report Within 1 month after 

commencement of the 

services 

10 

Monthly Progress Report Every month 10 

Quarterly Progress Report Every quarter 10 

Project Completion Report 

(for submission to JICA) 

At the end of the services 10 

Detailed Design Project Definition Report 
Within 3 months after 
commencement of the 
services

10 

Draft Design Report 
Within 11 months after 
commencement of the 
services

10 

Cost Estimate Report As per the Project Schedule 10 

Final Design Report As per the Project Schedule 10 

Tender Assistance Pre-qualification Document  As per the Project Schedule 10 

Bidding Document  As per the Project Schedule 10 

Pre-qualification Evaluation Report At appropriate timing 10 

Technical Evaluation Report At appropriate timing 10 

Price and Commercial Evaluation 

Report 

At appropriate timing 10 

Assistance in 
Environment 
Monitoring 

Environmental Monitoring Report 
Every quarter after 
commencement of the 
services

10 

Construction 

Supervision 

Construction Completion Report  Within 3 months after 

completion of construction 

10 

Other Report Technical Report As required or upon request As required 

 

Contents to be included in each report are as follows: 

(1) For Inception Report 

(a) Inception Report: presents the methodologies, schedule, organization, etc. 

 

(2) For Monthly and Quarterly Progress Report 

(a) Monthly Progress Report: describes briefly and concisely all activities and progress for the 

previous month by the 10th day of each month. Problems encountered or anticipated will be 

clearly stated, together with actions to be taken or recommendations on remedial measures 

for correction.  Also indicates the work to be performed during the coming month. 

(b) Quarterly Progress Report: presents the progress status of the Project.  

 

(3) For Detailed Design 

(a) Project Definition Report: presents the design criteria and standards. 
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(b) Draft Design Report: presents detailed engineering design. 

(c) Cost Estimate Report: presents detailed cost estimate. 

(d) Final Design Report: presents final documents of detailed design and cost estimate and bid 

plan through the incorporation of comments on the Draft Design Report provided by the 

Consultant. 

 

(4) For Tender Assistance 

(a) Pre-qualification Document: presents the pre-qualification documents and its evaluation 

criteria. 

(b) Bidding Document: presents the bidding documents and bid evaluation criteria. 

(c) Pre-qualification Evaluation Report: presents the results of the evaluation with 

recommendation on the selection of the qualified applicants. 

(d) Technical Evaluation Report: presents the results of technical evaluation with 

recommendation on technically responsive bidders. 

(e) Price and Commercial Evaluation Report: presents the results of the tenders with 

recommendation on the successful bidder for award of contract. 

 

(5) For Assistance in Environment Monitoring 

(a) Environmental Monitoring Report: presents the environmental impacts and 

implementation of environmental mitigation measures during and after the construction stage. 

Environmental monitoring forms shall be filled and attached to the Report. 

 

(6) For Construction Supervision 

(a) Construction Completion Report: comprises outline of all facilities completed and 

construction records from the commencement through completion, together with key data and 

records. 

 
 
7. Obligations of the Executing Agency 

A certain range of arrangements and services will be provided by PHED to the Consultant for smooth 

implementation of the Consulting Services.  In this context, PHED will: 

 

(1) Reports and Data 

Make available to the Consultant existing reports and data related to the Project as required. 
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(2) Office Space 

Provide an office space in PHED with necessary equipment, furniture and utility.  However, the 

Consultant’s requirement for office space, including necessary equipment, furniture and utilities, 

shall be clearly stated in the proposal with its rental cost for the case where PHED would be 

unable to provide such facilities; 

 

(3) Cooperation and counterpart staff 

Appoint counterpart officials, agent and representative as may be necessary for effective 

implementation of the Consulting Services; 

 

(4) Assistance and exemption 

Use its best efforts to ensure that the assistance and exemption, as described in the Standard 

Request for Proposal issued by JICA, will be provided to the Consultant, in relation to: 

 work permit and such other documents; 

 entry and exit visas, residence permits, exchange permits and such other documents 

 clearance through customs; 

 instructions and information to officials, agent and representatives of the GOI; 

 exemption from any requirement for registration to practice their profession; 

 privilege pursuant to the applicable law in India. 
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Appendix A8.3 Construction Cost 
 

 
 

Package -1: Earth Cutting Work for Chingkheiching WTP 

 

1 INR = 1.78 JPY

Item FC (JPY) LC (INR) Total (JPY) Total (INR) Reference

Package-1 0 442,178,000 787,076,840 442,178,000

Package-2 487,741,716 890,594,320 2,072,999,606 1,164,606,520

Package-3 0 46,308,680 82,429,450 46,308,680

Package-4 0 2,623,869,600 4,670,487,888 2,623,869,600

Package-5 0 1,980,793,000 3,525,811,540 1,980,793,000

Package-6 0 1,577,363,110 2,807,706,336 1,577,363,110

Package-7 0 103,001,000 183,341,780 103,001,000

Package-8 0 98,115,000 174,644,700 98,115,000

Package-9 0 96,382,000 171,559,960 96,382,000

Total 487,741,716 7,858,604,710 14,476,058,100 8,132,616,910

Items Specification Unit Qty
Unit Price

(Rs)
Amount

(Rs)

Clearing Jungle m2 52,000 100 5,200,000

Earth Cutting m3 762,300 159 121,205,700

Surface Levelling m2 20,000 9 180,000

Surplus Soil Transport L=10km m3 762,300 342 260,706,600

Embankment at Disposal Site m3 762,300 72 54,885,600

Total Cost 442,177,900

Total Cost (roundup) 442,178,000 1000 Rs roundup

Reference
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Package-3: SCADA System 

Supply Installation Unit rate
Rs Rs Rs

Operator Station OS: Lates windows,  Main memory: 64 GB, HDD, 1 TB

Monitor: dual LCD 32", CPU: Intel iCore 7, required software 4,635,000 92,700 4,727,700

SCADA Servers Hot syandby configuration, Tag No.: over than 50,000

Windows server 2010,  Software included 2,884,000 57,700 2,941,700

Engineering Station OS: Lates windows,  Main memory: 64 GB, HDD, 1 TB

Monitor: dual LCD 32", CPU: Intel iCore 7, Software included 4,635,000 92,700 4,727,700

Large Screen LED Video display type, 50" x4 sets

9,850,000 985,000 10,835,000

MANAGED Ethernet switches, 

85,000 1,700 86,700

Routers for internet access + FOC internet

300,000 6,000 306,000

Priner -1 Multifunction clor printer with printing, photocpying, scaaning etc., 

130,000 2,600 132,600

Priner -2 Laserjet printer with A3 size

50,000 1,000 51,000

Hardware based Firewall

500,000 10,000 510,000

PLC Panel at Electrical Substation Redundant hot standby configuration, LCD 14" touch panel

IP 62, AI: 25, AO; 1, DI: 60, DO:15, Pulse input:1  4,828,200 96,600 4,924,800

Remote IO Panel at Electrical IP62, AI: 10

Substation 3,442,800 68,900 3,511,700

PLC Panel at Filter Electrical Redundant hot standby configuration, LCD 14" touch panel

Room IP 62, AI: 30, DI: 260, DO:130  5,471,900 109,500 5,581,400

RJ-45 Copper cables + FOC

804,700 16,100 820,800

Sub-Total

Add Indirect Cost for Contractor not from Manipur

Sub-Total of 10% 4,209,880

Total (Package-3) 46,308,680

Facility
Name

Item Specification
Unit Rate

Qty Total Cost
Rs

11OS

1 4,727,70001

11SS

2 5,883,40001-02

11ES

1 4,727,70001

11LED

1 10,835,00001

11MES

1 86,7000１

11RUT

1 306,00001

11PRT

1 132,60001

11PRT

1 51,00002

12FW

1 510,00001

12PLC

1 4,924,80001-02

12RIO

1 3,511,70001

03PLC

1 5,581,40001-02

1 820,800

42,098,800
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Package-4: Construction Cost for Transmission Pipe, Reservoir, OHT, Emergency Reservoir, 

Pump, Operator Quarter and Laboratory Building 

 

  

Specification Unit Qty
Unit Price

(Rs)

Amount
LC  (Rs)

A Clear Water Transmission Main
1 Transmission Pipe (MR-6 Chingkheiching Master Reservoir Zone) Ls 1 628,093,000

2 Transmission Pipe (MR-2 Iroisemba Master Reservoir Zone) Ls 1 51,131,000

3 Transmission Pipe (Langol Zone) Ls 1 44,311,000

4 Transmission Pipe (Old Thumbuthong Zone) Ls 1 2,713,000

5 Transmission Pipe (MR-2 to Iroisemba Low Level GLSR) Ls 1 4,191,000

6 Transmission Pipe (Cross Connection Pipe MR-2 & MR-6 Zone for emergency supply) Ls 1 15,659,000

746,098,000

B Reservoir
1 Construction of Porompat Master Reservoir (MR-5) V= 2.0 ML (2,000m

3
) Ls 1 24,942,000

2 Construction of Langjing Hill Top GLSR -0.75ML V= 0.75 ML (750m
3
) Ls 1 19,335,000

3 Rehabilitation of Iroisemba Higher Level Service Reservoir-1 (Rectangle Type) -1.53 ML V= 1.53 ML (1,530m
3
) Ls 1 5,613,000

4 Rehabilitation of Iroisemba Higher Level Service Reservoir-2 (Circle Type) -1.53 ML V= 1.53 ML (1,530m
3
) Ls 1 4,270,000

5 Rehabilitation of Iroisemba Lower Level Service Reservoir -1.81 ML V= 1.81 ML (1,810m
3
) Ls 1 9,724,000

6 Rehabilitation of  Langjing Service Reservoir-1 (at Lower Step) -0.45 ML V= 0.45 ML (450m
3
) Ls 1 2,020,000

7 Rehabilitation of Langjing Service Reservoir-2 (at Middle Step) -0.36 ML V= 0.36 ML (360m
3
) Ls 1 1,628,000

8 Rehabilitation of Iroisemba 4.54 ML Lower Level Service Reservoir (Additional) V= 4.54 ML (4,500m
3
) Ls 1

9 Construction of Langol Housing Complex Zone 1 GLSR   (V=0.23m3) Ls 1 6,501,000

10 Construction of Langol Housing Complex Zone 2  GLSR  (V=0.17m3) Ls 1 4,955,000

11 Iroisemba High Level Master Reservoir (MR-5) -Quarter & Flow Meter Ls 1 1,292,000

12 Canchipur Master Reservoir -Quarter Ls 1 0

13 Langol Zone No.1 GLSR - Flow Meter Ls 1 725,000

14 Langol Zone No.2 GLSR - Flow Meter Ls 1 559,000

15 Langol Zone No.3 GLSR - Flow Meter Ls 1 725,000

16 Chiraoching Hilltop GLSR - Motorized Valve & Flow Meter Ls 1 1,479,000

17 Chinga Hilltop (Low Level) GLDR - Motorized Valve & Flow Meter Ls 1 1,475,000

18 Canchipur Hilltop GLSR -  Flow Meter & PRV Ls 1 5,722,000

19 Irilbung Hilltop GLSR -  Flow Meter & PRV Ls 1 2,348,000

93,313,000

C OHT, Emergency Reservoir, Pump, Operator Quarter
1 OHT at Nepra Menjor 0.80 ML Ls 1 51,983,000

2 OHT, Glound Level Emergency Reservoir (GLER) and Pump at Sangaiprou 1.5 ML Ls 1 112,880,000

3 OHT at Irom Pukhri 0.60 ML Ls 1 44,295,000

4 OHT at Chingthamleikai 1.5 ML Ls 1 87,737,000

5 OHT at Keishampat 0.80 ML Ls 1 51,561,000

6 OHT at Lalmbung 0.80 ML Ls 1 53,034,000

7 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Lilandolampak Shift 1 0.45 ML Ls 1 51,453,000

8 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Lilandolampak Shift 2 0.45 ML Ls 1 51,526,000

9 OHT at Minuthong 1.5 ML Ls 1 88,283,000

10 OHT at Khuman Lampak 1.50 ML Ls 1 85,776,000

11 OHT at Ningthempukhri 0.80 ML Ls 1 51,035,000

12 OHT at Old Thumbuthong Shift 1 0.60 ML Ls 1 44,519,000

13 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Old Thumbuthong Shift 2 0.45 ML Ls 1 52,686,000

14 OHT at Porompat Shift 1B 0.45 ML Ls 1 37,234,000

15 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Porompat Shift 2B 1.5 ML Ls 1 111,675,000

16 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Laiwangma Shift 1 0.45 ML Ls 1 53,768,000

17 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Laiwangma Shift 2 0.80 ML Ls 1 68,060,000

18 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Sajor Leikai Shift 1 0.60 ML Ls 1 60,628,000

19 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Sajor Leikai Shift 2 0.45 ML Ls 1 53,936,000

20 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Ghari 3.00 ML Ls 1 237,347,000

Reference

Sub-Total A (Transmission Pipe)

Sub-Total B (Reservoir)

Facility
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Package-5: Construction Cost for Distribution Pipe/ Service Connection (West Area) 

 

21 OHT, Glound Level Emergency Reservoir (GLER)  and Pump at Khongman 0.60 ML Ls 1 65,016,000

22 OHT at Nepra Menjor (Existing) - Motorized Valve & Flow Meter Ls 1 1,305,000

23 OHT at Nepra Menjor (Thiyaama Leikai) - Motorized Valve & Flow Meter Ls 1 1,638,000

24 OHT at Keishampat - Motorized Valve & Flow Mishampateter Ls 1 1,740,000

25 OHT at Sangakpham  - Flow Meter Ls 1 2,626,000

26 OHT at Assembly  - Motorized Valve & Flow Meter Ls 2 1,808,000

1,523,549,000

D Pump and Flow Meter at Existing WTP
1 Old Thumbuthong WTP (PS for OHT Shift 1) Ls 1 6,452,000

2 Old Thumbuthong WTP (PS for OHT Shift 2) Ls 1 6,452,000

3 Moirangkhom WTP Ls 1 9,472,000

22,376,000

E Laboratory Building
1 At Kangchup Ls 1

2 At Irilbung Ls 1

3 At Canchipur Ls 1

4 At Porompat Ls 1

0

2,385,336,000

238,533,600 Sub-Total of 10%

2,623,869,600

Sub-Total C (OHT, Emergency Reservoir, Pump, Operator Quarter)

Sub-Total D (Mechanical & Electrical Work for Existing WTP)

Sub-Total D (Laboratory Building)

Sub-Total for all

Add Indirect Cost for Contractor not from Manipur

Total (Package-4)

Total Pipe Length Unit Qty
Unit Price

(Rs)
Amount
LC  (Rs)

1 Distribution Pipe (WSZ-1 Iroisemba West) 83,241 m Ls 1 396,204,000

2 Distribution Pipe (WSZ-1A Iroisemba West (Langol Zone)) 24,033 m Ls 1 71,395,000

3 Distribution Pipe (WSZ-2 Iroisemba East) 25,015 m Ls 1 106,292,000

4 Distribution Pipe (WSZ-3 Langjing) 47,254 m Ls 1 202,372,000

5 Distribution Pipe (WSZ-4 Napra Manjor) 26,715 m Ls 1 88,196,000

6 Distribution Pipe (WSZ-5 Sangaiprou) 30,195 m Ls 1 103,582,000

7 Distribution Pipe (WSZ-6 Irom Pukhri) 9,441 m Ls 1 34,494,000

8 Distribution Pipe (WSZ-7 Chingthamleikai) 45,318 m Ls 1 159,874,000

9 Distribution Pipe (WSZ-10 Lalumbung) 15,834 m Ls 1 53,523,000

10 Distribution Pipe (WSZ-11 Assembly) 5,880 m Ls 1 21,934,000

11 Distribution Pipe (WSZ-24 Ghari) 47,428 m Ls 1 201,787,000

12 Service Connection (incl. Water Meter) site 37,075 9,598 355,845,850

13 Flow Meter at  Iroisemba East Zone -1 Ls 1 1,700,000

14 Flow Meter at  Iroisemba East Zone -2 Ls 1 1,700,000

15 Flow Meter at  Iroisemba East Zone -3 Ls 1 1,822,000

Sub-Total 360,354 m 1,800,720,850

180,072,085 Sub-Total of 10%

Total (Package-5) 1000 Rs roundup 1,980,793,000

Water Supply Area Reference

Add Indirect Cost for Contractor not from Manipur
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Package-6: Construction Cost for Distribution Pipe/ Service Connection (East Area) 

 

 

Package-7: Construction Cost for Distribution Pipe/ Service Connection (WSZ-15 Minuthong) 

 
 

  

Total Pipe Length Unit Qty
Unit Price

(Rs)
Amount
LC  (Rs)

1 Distribution Pipe (WSZ-8 Keishampat) 15,612 m Ls 1 63,405,000

2 Distribution Pipe (WSZ-13 Canchipur) 88,379 m Ls 1 357,219,000

3 Distribution Pipe (WSZ-14 Lilandolampak) 17,128 m Ls 1 56,666,000

4 Distribution Pipe (WSZ-15 Minuthong) 18,380 m Ls 1

5 Distribution Pipe (WSZ-16 Khuman Lampak) 23,262 m Ls 1

6 Distribution Pipe (WSZ-18 Nihgthempukhri) 23,768 m Ls 1 83,814,000

7 Distribution Pipe (WSZ-19 Old Thumbuthong) 19,033 m Ls 1 66,024,000

8 Distribution Pipe (WSZ-20 Irilbung) 62,891 m Ls 1 308,422,000

9 Distribution Pipe (WSZ-22 Laiwangma) 27,707 m Ls 1 93,297,000

10 Distribution Pipe (WSZ-23 Sajor Leikai) 24,479 m Ls 1 80,931,000

11 Distribution Pipe (WSZ-26 Khongman) 12,089 m Ls 1 43,343,000

12 Service Connection (incl. Water Meter) site 29,071 9,598 279,023,458

13 Flow Meter at Ililbung Ls 1 1,822,000

Sub-Total 332,728 m 1,433,966,458

143,396,646 Sub-Total of 10%

Total (Package-6) 1000 Rs roundup 1,577,363,110

Water Supplu Area Reference

Add Indirect Cost for Contractor not from Manipur

Total Pipe Length Unit Qty
Unit Price

(Rs)
Amount
LC  (Rs)

4 Distribution Pipe (WSZ-15 Minuthong) 18,380 m Ls 1 74,610,000

12 Service Connection (incl. Water Meter) site 2,958 9,598 28,390,884

Sub-Total 18,380 m 103,000,884

Sub-Total of 10%

Total (Package-7) 1000 Rs roundup 103,001,000

Water Supplu Area Reference

Add Indirect Cost for Contractor not from Manipur
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Package-8: Construction Cost for Distribution Pipe/ Service Connection (WSZ-16 Khuman 

Lampak) 

 

Total Pipe Length Unit Qty
Unit Price

(Rs)
Amount
LC  (Rs)

1 Distribution Pipe (WSZ-16 Khuman Lampak) 23,262 m Ls 1 76,164,000

2 Service Connection (incl. Water Meter) site 2,287 9,598 21,950,626

Sub-Total 23,262 m 98,114,626

Sub-Total of 10%

Total (Package-8) 1000 Rs roundup 98,115,000

Add Indirect Cost for Contractor not from Manipur

Water Supplu Area Reference
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