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REQUIRED POWER CAPACITY FOR SOLAR SYSTEM &
OUTPUT OF SOLAR SYSTEM

1) Required Power Capacity for Solar System

Power generation capacity of solar system was designed in accordance with the load condition
of equipment and cables. Prospective load is summarized as follows:

a. Ultrasonic Flow-meter

There are various kinds of power consumption of ultrasonic flow-meter; 19VA or less by
Yokogawa Electric Company, 20W (25VA) by Pana Flow Company, 27VA (case by 200V) by
Tokyo Keiki Inc. So that it shall be endured to the largest power consumption, therefore it shall
be selected 30VA.

b. Telemetry System

There are various kinds of telemetry systems; 10VA or less by Yokogawa Electric Company,
20VA by Tokyo Keiki Inc. and less than about 30VA by Anritsu Corporation. Therefore, the
loading of telemetry system was presumed at 30VA considering the middle class loading of
30VA.

c. Data Logger
Data logger is used aiming at steady and continual storage of the water flow rate measured by
the ultrasonic flow-meter. Maximum electrical power consumption is estimated as 50VA.

d. Voltage Drop of Power Supply Cable

Cable length between solar panel and equipment storage panel is estimated as about 30m. In
case that a nominal cross-sectional area of 35 and 50mm? is selected for the size of power
supply cable, cable loss is calculated to approximately 30VA.

e. Factor of Margin
The factor of margin applies general value taking into consideration the safety factor.

The following table shows calculating process of power capacity of each site.

Table: Power Capacity of Each Site

ltems Basis One Ultrasonic Two Ultrasonic Flg\?v(-amueltrearsfrg% e
Flow-meter Flow-meter Telemetry System
(1) Ultrasonic Flow- 30VA x 2sets =
meter [A] 30VA 60VA 30VA
(2) Telemetry [B] zero zero 30VA
System
(3) Data Logger [C] 50VA 50VA 50VA
(4) Cable Loss [D] 30VA 30VA 30VA
(5) Factor of Margin [E] 1.2 1.2 1.2
; [F]= (30VA + 30 VA + (60VA + 30VA (30VA + 30 VA +
Sapacily of Solar ([AJ+[B]+ 50VA) x 1.2 = +50VA)x1.2= | 30VA + 50VA) x 1.2
y [CI+[DDX[E] | 132VA = 140VA 168VA = 170VA = 168VA = 170VA

Source: Project Team
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2) Output of Solar System

Output of solar power was determined in consideration of period of time that battery can
support power supply. Decision process is summarized as follows:

a. General Battery which is popular in Nigeria (12V150Ah)

The battery performance is specified by the 10 hour rating as minimum requirement. The
battery of “12V150Ah” has performance which can feed 180VA (12V x 15A) in 10 hours, 140VA
in 12.8 hours, 170VA in 10.6 hours continuously. Capacity of battery is designed in different
cases of power supply such as main use of commercial power supply and solar power supply.

b. Duration of Commercial Power Supply

In FCT (Abuja), power is generally supplied for eight hours intermittently in a day. However, it
is not recommended to use the commercial power supply as main power source because
electrical power condition as mentioned above may interfere with stable data logging. Solar
power system is therefore required as main power source.

c. Duration of Battery Support

According to the climatic condition by ‘National Report of Agricultural Performance Survey of
2013 Wet Season in Nigeria’, maximum number of rainy days in a year records 18 days.
However, it is unlikely that rain falls continuously for a long period. It is realistic to assume three
rainy days in a row. Therefore, battery shall support power supply three days in a row.

d. Solar Power Supply

According to ‘Renewable Energy for Rural Industrialization and Development in Nigeria,
UNIDO and ECN, Dec.2003’, generation of solar power is 5.337kWh/m?/day in annual mean
in FCT (Abuja). So that it could get 5kw per 1m? solar panel.

Solar panel of 1m? enables to generate power of about 1kW. Therefore, unit generation
capacity of solar power is about 5kWh per m? per day. The following table shows capacity of
solar power generation by the capacity of solar power output.

Table: Solar Power Generation

. Required No. of Required Rating of
Type Condition Battery Solar Power
1 140VA in Commercial Power Area 4 units 1.1kW
2 140VA not in Commercial Power Area 6 units 1.6kW
3 170VA in Commercial Power Area 5 units 1.3kW

Source: Project Team
The followings are the calculation basis for the output of solar power.

» Required Number of Battery

Type-1 (140VA in Commercial Power Area)
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If it would be three rainy days and 16 hour power cut hour (8 hour power support), it shall
be necessary 6,336VA and it is four batteries.

- 132VA x 16h x 3d = 6,336VA

- 6,336VVA/ 1,800VA (12V150Ah) = 3.5 (=four batteries)

Type-2 (140VA not in Commercial Power Area)

If it would be three rainy days and 24 hour without power, it shall be necessary 9,504VA and
it is six batteries.

- 132VA x 24h x 3d = 9,504VA

- 9,504VA / 1,800VA (12V150Ah) = 5.3 (=six batteries)

Type-3 (170VA in Commercial Power Area)

If it would be three rainy days and 16 hour power cut hour (8 hour power support), it shall
be necessary 8,064VA and it is five batteries.

168VA x 16h x 3d = 8,064VA

8,064VA / 1,800VA (12V150Ah) = 4.5 (=five batteries)

Required Rating of Solar Power
Type-1 (140VA in Commercial Power Area)

It would be needed for 6,336VA due to rainy day. It would be need for 1.1kW solar power.
- The ability of generate power: five times of rating solar

- Power factor: 0.8

- 6,336VVA/5x 0.8 =1,013.8W = 1,100W (1.1kW)

Type-2 (140VA not in Commercial Power Area)

It would be needed for 9,504 VA due to rainy day. It would be need for 1.6kW solar power.
- The ability of generate power: five times of rating solar

- Power factor: 0.8

-9,504VA/5x 0.8 =1520.6W = 1,600W (1.6kW)

Type-3 (170VA in Commercial Power Area)

It would be needed for 8,064VA due to rainy day. It would be need for 1.3kW solar power.
- The ability of generate power: five times of rating solar

- Power factor: 0.8

- 8,064VA /5 x 0.8 =1,290.2W = 1,300W (1.3kW)
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Type-A at Tank 2 (Not to Scale)
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Type-B, C and D at Tank 3.1, 4.2, 5 and Gwako (Not to Scale)
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Type-E, F and G at Tank 3.2, 4.1.1 and Kubwa (Not to Scale)
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Manhole Cover of Flowmeter Chamber (Not to Scale)
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Annex 15:

Manual on NRW Reduction Operations

(including GIS and Hydraulic Analysis)
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Standard Operating Procedures (SOP)
on Water Distribution Management, Ver..1

Outlet from
Outlet from Tank to

O Branch to

FEDERAL CAPITAL TERRITORY WATER BOARD
NETWORK HYDRAULIC SCHEME

ZONAL PROPOSAL
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Figure 4 Location of Bulk and Zonal Flow Meters
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Standard Operating Procedures (SOP)
on Water Distribution Management, Ver..1
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Figure 7 Conceptual Workflow for calculating/estimating Monthly Water Consumption
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3.2.3

Conventional Meters

Standard Operating Procedures (SOP)
on Water Distribution Management, Ver..1

1) Calculate the numbers of customers that are residential and are metered, you go to the data select service type (see example of raw data

below)
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2) Click on sort and filter a dialog box will appear with different service type e.g. commercial, residential, institutions etc. ( see the picture
below)
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Standard Operating Procedures (SOP)
on Water Distribution Management, Ver..1
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» Select metered and click OK
» Back to the data select reading method and sort a dialog box will appear click on Reading and click OK.

» Go back to the data and select monthly consumption column, then press control+shift+down arrow. Excel will automatically
calculate the numbers of customers that are residential with a billing type (Metered) and reading method (Reading), and the water
consumed in M2, Write down the detail.

» For customers with ZERO CONSUMPTIONS
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> Select residential and click OK

» Select billing type, click on sort and filter a dialog box will appear with different billing type e.g. metered, flat, etc. .( see picture

below)
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Standard Operating Procedures (SOP)
on Water Distribution Management, Ver..1

TANK 4: WATER CONSUMPTION SUMMARY Month of Billing Cycle: Aug-18
Water Consumed Water Consumed
(m3/month) Metered-Average
Zone Category Service Type |Billing Type No of Water Consumed Straightforward/As-it-is (m3/month) Consumption
Customer (Naira/Month) L Metered-Average-based
Estimation Estimation (m3/customer/month)
(Divided by Naira/m3)
Tank 4 Conventional Residentianl Metered 534 - 277.62 0.52
(Domestic) Flat-Rate 688 4,033,080.00 50,413.50 357.69
Estimate 1,721 14,981 ,906.36] 187,273.83 894.73
Commercial Metered 18 - 20.47 1.14
Flat-Rate 123 4,486,200.00 29,908.00 139.90
Estimate 241 7,859,302.03 52,395.35 27411
Institutions Metered 0 - 0.00 0.00
Flat-Rate 0 0.00, 0.00 0.00
Estimate 0 0.00] 0.00! 0.00!
Sub-Total 3,325 - 320,288.77 1,964.52
Unbilled Metered 0 - 0.00 0.00
Flat-Rate 0 0.00] 0.00! 0.00]
Estimate 0 0.00 0.00 0.00
Sub-Total 0 - 0.00 0.00!
AMR Residentianl Metered 1,116 - 129,197.00 129,197.00 115.77|
(Domestic) Flat-Rate 0 0.00 0.00 0.00
Estimate 2,331 9,496,000.00 118,700.00 269,855.02
Commercial Metered 94 - 42,495.00 42,495.00] 452.07]
Flat-Rate 0 0.00] 0.00 0.00]
Estimate 319 6,970,000.00; 46,466.67 144,211.76|
Institutions Metered 8 - 2,519.00 2,519.00 314.88
Flat-Rate 0 0.00] 0.00 0.00]
Estimate 27 602,000.00 7,525.00 8,501.63
Sub-Total 3,895 - 346,902.67 596,779.40
Unbilled Metered 0 - 0.00! 0.00]
Flat-Rate 0 0.00] 0.00; 0.00]
Estimate 0 0.00 0.00 0.00
Sub-Total 0 - 0.00 0.00!
Pre-paid Metered 0.00! 0.00! -
Flat-Rate - - - -
Estimate - - - -
[Sub-Total 0 - 0.00 0.00
Total Billed 7,220 - 667,191.44 598,743.93|
Total Unbilled 0 - 0.00 0.00]

>

Standard Operating Procedures (SOP)

on Water Distribution Management, Ver..1

Select residential from the service type, click on billing type and select flat, (in an ideal situation where the billing data is correct the

column for unit consumed will be blank. But if there are some discrepancy in the billing data, then click on unit consumed column,
click on sort, a dialog box will appear. see example below
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Select all, then click on zero (0) and click OK. All the customers that are residential with billing type flat which have zero
consumption will appear.
Then click on last billed amount column to get their total consumption in Naira.

3) For others service category repeat the same procedure above to get customers with service type Residential, billing type Flat and

customers with service type residential, billing type metered and reading type Estimate. Same procedures are applied for commercial and

institutions service type.
4) Summary Table (Sample)
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Annex 16:

Medium-term Strategic Plan on NRW Reduction
(2019-2023)






THE FEDERAL CAPITAL TERRITORY REDUCTION OF NON-REVENUE WATER PROJECT
THE MEDIUM-TERM STRATEGIC PLAN FOR NRW REDUCTION (2019-2023)

EXECUTIVE SUMMARY

In order to strengthen Non-Revenue Water (NRW) reduction capacity of the Federal Capital
Territory Water Board (FCTWB) and ameliorate issues of NRW, the Federal Capital Territory
Administration (FCTA) and the FCTWB have implemented “the Federal Capital Territory
Reduction of Non-Revenue Water Project” (the Project), the technical cooperation in
collaboration with Japan International Cooperation Agency (JICA). The Medium-term Strategic
Plan for NRW Reduction (2019-2023) was prepared as an outcome of the Project.

Status quo of NRW

The Project estimated NRW ratio of urban water supply system for the Federal Capital City at
48.3% for the year 2014-2017 as follows:

> System Input Volume: 113.38 million m? per year

> Revenue Water: 58.63 million m® per year

> NRW: 54.75 million m® per year (113.38 million - 58.63 million ) m3 per year
» NRW Ratio: 54.75/113.38 = 48.3%

In the Pilot Metering Areas (PMA), NRW ratio varies from 45.6% to 87.6% by Sub-Metering
Area (SMA) before NRW reduction operations of pilot projects.

Pilot Projects

The Project implemented the pilot projects on NRW reduction to prepare this strategic plan
together with relevant Area Offices in three PMAs, which are defined as District-Metered Areas
(DMA). The following table shows the results of NRW reduction operations.

Results of Pilot Project

Area Office | PMA/SMA | Before NRW Reduction Operations (%) After NRW Reduction Operations (%)
SMA-1 52.0 12.1
Gudu SMA-2 53.9 29.9
PMA 53.3 20.4
SMA-2 45.6 21.1
Jabi SMA-3 87.6 42.6
PMA 70.0 30.9
SMA-1 85.1 45.2
. SMA-2 74.8 49.3
Garkil SMA-3 70.0 27.4
PMA 74.8 34.7

Although causes of NRW vary in PMA, they are summarized as below:

» Billed unmetered consumption (excess use by flat-rate customers)

» Unauthorized consumption (illegal bypassing/connections)

» Customer metering inaccuracies and data handling errors, and

» Physical losses (surface/underground leaks) on network pipelines and service pipes

In consideration of cost effectiveness, even though FCTWB spends a certain amount of
expenses for NRW reduction operations, FCTWB increase billed water in return for NRW
reduction operations. Therefore, it is desirable that FCTWB positively takes NRW reduction
operations, and elimination of illegal connection and leakage is efficient operations compared
with mitigation of nominal excess use and unbilled unmetered & meter inaccuracy.
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Scenarios of the Medium-term Strategic Plan

The Project prepared six scenarios such as Scenario-a to Scenario-e for NRW reduction
operations in order flexibly to cope with influence due to various conditions such as budget
disbursement, appointment of trained appropriate staff, progress of database for the existing
pipelines in future. Especially, the Project set condition for the criteria in terms of the following
five aspects: Budget release, Appointment of well-trained staff for leakage survey,
Appointment of trainers required for Area Office’s staff, Inventory management of equipment
in Area Office, and Development of pipeline data.

The following table shows the target NRW ratio, which excludes details of NRW reduction
operations. The target NRW ratio indicates percentage unless scenario is changed the year
2019 through 2023. Therefore, target NRW ratio should be reviewed and setup in the annual
action plan based on the first six-month activities of the previous year. Even if FCTWB does
not achieve targeted NRW ratio for the year of 2023, the common objective of NRW reduction
operation among five scenarios is to achieve the following activities which are significant for
FCTWB to learn status of NRW ratio: Data collection of monthly system input volume, Data
collection of monthly billed consumption, and Monthly water balance analysis.

Scenarios for NRW Reduction Operations

ltems Scenario
a b c d e
Target Year 2023 2023 2023 2023 2023
Baseline NRW Ratio (%) 48.3 48.3 48.3 48.3 48.3
Target NRW Ratio in 2023 (%) 31.9 324 36.9 35.1 42.8
Reduction Approach DMA Zone Zone Zone Zone
Main Body for Operations (Supervision) HQ's NRW | HQ'NRW | HQ's NRW | HQ's NRW | HQ’s NRW
Unit Unit Unit Unit Unit
Main Body for Operations (Field Actions) Area Area Area HQ’'s NRW | HQ's NRW
Offices Offices Offices Unit Unit

The following table shows overall cost-effectiveness of scenarios for five years. Scenario-d
indicates the highest cost-effectiveness at 18.9.

Cost-Effectiveness by Scenario

ltems Scenario
a b c d e
Cost (mil. NGN) | 883.2 804.5 326.9 222.7 123.5
Revenue yielded (mil. NGN) li 4,822.60 4,752.60 3,636.90 4,198.40 1,698.80
Direct benefit (mil. NGN) iii=ii-i 3,939.40 3,948.10 3,310.00 3,975.70 1,575.30
Cost-Effectiveness iv=iili 5.5 5.9 11.1 18.9 13.8

Source: Project Team

The following table shows the summary of the Profit and Loss (P/L) statement for the year
2023. With-project cases (five scenarios) will obviously make a larger profit than without-
project case (no scenario).

P/L Statement of the Year 2023 by Scenario (Million Naira)

Account Items No Scenario Scenarios
a b c d e
1.Revenues 7,829 10,306 10,239 9,547 9,824 8,668
2.Expenditures 2,799 2,895 2,886 2,844 2,824 2,815
3.P/L=1-2 5,030 7,411 7,353 6,703 7,000 5,853

Source: Project Team

The following table shows the summary of the Cash Flow (C/F) Statement for the year 2023.
With-project cases (five scenarios) will apparently generate the net C/F more than without-
project case (no scenario). Moreover, the net C/F will surely soar if reducing the number of un-
paid customers.
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C/F Statement of Year 2023 by Scenario (Million Naira)

Activities No Scenario Scenarios
a b [ d e
1.Operational 714.5 1,451.3 1,434.6 1,220.4 1,325.0 965.1
2.Investment 0 -100.0 -91.0 -18.9 -38.4 -20.5
3.Financial 0 0 0 0 0 0
4. Net C/F = 1+2+3 714.5 1,351.3 1,343.6 1,201.5 1,286.6 9447

Scenario selected by FCTWB

In order to carry out NRW reduction operations, considering the following factors, the
Management of FCTWB selected “Scenario-d” which states that, “Only FCTWB Headquarters
will take NRW reduction operations such as systematic leakage survey, illegal connection
survey, and installation of water meters but NOT create DMAs. FCTWB will target on NRW
ratio of 35.1% for the year 2023”.

® Practical goal of NRW ratio

Insufficient data of the existing water supply facilities

Vulnerable structure and limited discretion in budget use of Area Offices

Insufficient number of skilled staff of Area Offices

Expected accommodation of disbursement due to approved autonomy of FCTWB and
appointment of board members

Making the most use of skills and know-how which were obtained through the Project as
much as possible so that FCTWB’s capacity on NRW reduction especially at individual
level is sustained

Implementing Schedule and Budget Allocation

In the past three years, FCTWB made a budget of 40million to 50million yearly, but has suffered
from delayed or no release of the budget to implement the pilot projects as scheduled.
Therefore, the Project allocated a budget up to about 35million apart from Scenario-a, b and ¢
which requires huge initial investment for the first year in accordance with FCTWB'’s prospect.
The following table shows budget allocation for five years. The budget was estimated based
on the cost to be incurred for NRW reduction operations of each scenario and the cost (about
7.5millions) of training for five years as human resource development.

Implementing Schedule and Budget Allocation

Scenario Total Cost (mil. NGN) 2019 2020 2021 2022 2023
Scenario-a 883.3 241.7 185.4 178.1 139.7 138.4
100% 27% 21% 20% 16% 16%
Scenario-b 804.5 225.2 169.0 161.7 123.8 124.8
100% 28% 21% 20% 15% 16%
Scenario-c 326.9 115.8 59.3 50.7 50.7 50.5
100% 35% 18% 16% 16% 15%
Scenario-d 222.7 34.1 34.6 50.7 51.4 52.0
100% 15% 16% 23% 23% 23%
Scenario-e 123.5 14.2 14.7 30.9 31.5 32.2
100% 12% 12% 25% 26% 26%

Staffing Plan and Human Resource Development Plan

To implement NRW reduction operations, the strategic plan includes staffing plan for relevant
Units and Area Offices as well as human resources development plan.

Recommendations

FCTWB has a number of challenges to not only implement NRW reduction in the long term but
also become an autonomous body pursuing revenue. The strategic plan includes
recommendations in terms of Distribution, Commerce, Finance and Administration.
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1. Introduction to NRW Reduction

1.1 Background

The Federal Capital Territory Water Board (FCTWB) was established in October 1989, saddled
with the responsibility of supplying potable water to inhabitants of the Federal Capital Territory
(FCT). In carrying out this responsibility, the FCTWB has been facing challenges of operation
and maintenance of facilities as well as large proportion of non-revenue water (NRW). The
FCTWB could not effectively mitigate NRW because of limited experience, insufficient
knowledge and unskilled personnel on planning and execution of NRW reduction.

Based on the above, in order to strengthen NRW reduction capacity of the FCTWB and
ameliorate issues of NRW, the Federal Capital Territory Administration (FCTA) and the
FCTWB has implemented “the Federal Capital Territory Reduction of Non-Revenue Water
Project” (the Project), the technical cooperation in collaboration with Japan International
Cooperation Agency (JICA).

1.2 Water Supply Facility

The FCTWB’s urban water supply system for the Federal Capital City (FCC) relies on two
water sources: Lower Usuma Dam (Capacity: 100 million m?) and Gurara Dam (Capacity: 850
million m®). The current system consists of Lower Usuma Dam Water Treatment Plants
(Design Production: 240,000 m*/day from Phase 1&2 and 480,000 m3/day from Phase 3&4)
including service reservoirs (24,000 to 45,000 m?), transmission mains (44 km), distribution
mains (635 km) and network pipelines which supplies water to about 47,000 customers
(connections) in FCC Phase 1 development area, and a part of FCC Phase 2 area and some
satellite towns.

1.3 Water Supply Area
Figure 1-1 shows current FCTWB’s water supply areas by District.

FCTWB Water
Supply Area

LEGEND

[ Water Supplied Area
[ SmallPart of Area Water Supplied

[ wvaternot Supplied Area

Source: Project Team

Figure 1-1 FCTWB’s Water Supply Area by District
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1.4 Water Supply Situation
Table 1-1 shows water supply situation by Area Office and District.
Table 1-1 Water Supply Situation by Area Office and District

Area Office District or Suburb served Water Supply Situation
1 | Abaji Abaji Town Hand pumps and motorized boreholes.
2 | Asokoro Asokoro District Improved supply (gravity and pump)
3 | Bwari Bwari Town ]Ic?(gtrarsnljﬁtgr;t by rationing (booster pumping
4 | Gwagwalada | Gwagwalada Town Regular with network challenges
5 | Garki l Area 1,2,3,8,11 & 10 Regular
6 | Garki ll Garki I, Central Area Regular
7 | Gudu Gudu District/Games Village Regular
8 | Gwarimpa Gwarimpa District Regular
Utako District, Life Camp &
9 | Jabi Idu/Karmo, Kado Estate, Katampe | Regular
and Katampe Extension.
10 | Karu/Nyanya | Karu & Nyanya Towns Intermittent by rationing
11 | Kubwa | Kubwa | Town Regular
12 | Kubwa ll Kubwa Il Town Regular
13 | Maitama Maitama District Regular with challenges
14 | Wuse | Wuse | District Regular with high rises issue and network
challenges in parts of zone 3 & 6
15 | Wuye Wuye District Regular
. Regular with challenges in A8 (low
16 | Wuse Il Wuse Il District pressure)

Source: Project Team
1.5 Current NRW Situation

The Project estimated NRW ratio of urban water supply system for the FCC at 48.3% for the
year 2014-2017 as follows:

> System Input Volume: 113.38 million m® per year

> RW: 58.63 million m® per year

> NRW: 54.75 million m?® per year (113.38 million - 58.63 million ) m® per year
» NRW Ratio: 54.75/113.38 = 48.3%

Remarks: A considerable number of return bills exist in the billing system of FCTWB, which
make analysis inaccurate. “Return (or duplicated) bills” mean the bills which are supposed to
be eliminated or deactivated from billing system but have remained. If FCTWB eliminates these
bills from billing system, NRW ratio gets higher than this.

NRW ratios varies from 45.6% to 87.6% in Pilot Metering Areas (PMA) before NRW reduction
operations.

2. Assessment of the Pilot Projects

2.1 Overview of the Pilot Projects

The Project implemented the pilot projects on NRW reduction to prepare this strategic plan
together with relevant Area Offices in three PMAs, which are defined as District-Metered Areas
(DMA).

Figure 2-1 shows location of PMAs and Table 2-1 shows their features.

Annex16-8



N,

\\

il

1’r|n:e &
,. Pnncest

/ o®
BN
3 s
e, H
. H
Y,
DURUMI *
»
Games N
||Iage '.' Ad;sE te o
.- &Le slater

s GUDU \.‘J}X\

\ HotFm

Legend

Area Office’s Service Area Boundary

Gudu Area Office
Jabi Area Office
Garki | Area Office

PMA Boundary

I:I Gudu PMA
[ ] Jabipma
[ ] cakilpma

Source: Project Team

Figure 2-1 Location of PMAs

Table 2-1 Features of PMAs

Pilot No. of Max. Pipe Total Number of | Predominant Type of Water
Area Customer Dia '(mm) Distance of | In/out-flow | Meters in PMA (% of the total
Office in PMA ) Pipes (m) (Places) installed water meters)
Gudu 784 DN200 14,150 1/0 Prepaid (83.0%)

Jabi 604 DN300 23,781 1/2 Conventional (96.5%)
Garki | 452 DN450 11,858 1/2 AMR (57.7%)

Total 2,001 - 49,789 - -

Source: Project Team

2.2 Result of the Pilot Projects

Table 2-2 shows results of NRW reduction operations. NRW ratio after NRW reduction
operations apart from SMA-2 of Garki | were achieved successfully.

Table 2-2 NRW Ratio (%) and Reduction Points in PMAs

Before NRW After NRW Percentage-
Area PMA/ . ) ] Target after )
. Reduction Reduction Reduction . Achievement
Office SMA . . . Reduction (%)
Operations (%) Operations (%) Point
SMA-1 52.0 12.1 39.9 31.2 OK
Gudu SMA-2 53.9 29.9 24.0 32.3 OK
PMA 53.3 20.4 329 32.0 OK
SMA-2 45.6 21.1 24.5 27.4 OK
Jabi SMA-3 87.6 42.6 45.0 52.6 OK
PMA 70.0 30.9 39.1 42.0 OK
SMA-1 85.1 452 39.9 51.1 OK
SMA-2 74.8 49.3 25.5 449 Non
Garki |
SMA-3 70.0 27.4 42.6 42.0 OK
PMA 74.8 34.7 40.1 449 OK

Source: Project Team
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2.3 Causes of NRW and their Patterns by Features of the Pilot Projects

As a result of the pilot projects, causes of NRW and their patterns by features are summarised
as follows:

(1) Gudu PMA

In the area like Gudu PMA in Phase 2 development area where prepaid meters were installed
by private developers, the following components contribute to NRW:

» Billed unmetered consumption (excess use by flat-rate customers)
» Unauthorized consumption (illegal bypassing/connections), and
» Physical losses (surface/underground leaks) on network pipelines and service pipes

(2) Jabi PMA

In the area like Jabi PMA in Phase 2 development area where conventional meters are
common, the following components contribute to NRW:

» Unauthorized consumption (illegal bypassing/connections)
» Customer metering inaccuracies and data handling errors
» Physical losses (surface/underground leaks) on network pipelines and service pipes

(3) Garki | PMA

In the area like Garki | PMA in Phase 1 development area where Automatic Meter Reading
(AMR) meters were introduced and a number of major consumers exist, the following
components contribute to NRW:

» Billed unmetered consumption (excess use by flat-rate customers)
» Unauthorized consumption (illegal bypassing/connections), and
» Physical losses (surface/underground leaks) on network pipelines and service pipes

2.4 Cost Effectiveness of the Pilot Project

Cost incurred for three pilot projects and envisaged increased revenue were sorted out as
shown in Table 2-3. The Project applies the following conditions to cost-benefit analysis:

After initial NRW reduction operations, the improved NRW ratio will be maintained through
routine monitoring and maintenance activities. Monitoring and maintenance activities for three
years are assumed as same as the initial cost spent in the NRW reduction operations.

Even though FCTWB spends a certain amount of expenses for NRW reduction operations,
FCTWB increase billed water in return for NRW reduction operations. Therefore, it is desirable
that FCTWB positively takes NRW reduction operations. However, it is essential that FCTWB
seeks to apply the activities apart from the NRW reduction operations taken in the pilot project
in the light of delay or no release of the Nigerian budget to implement NRW reduction
operations.

Table 2-3 Cost Effectiveness of the Pilot Project

1) Initial Cost 2) Initial & Recurrent 3) Estimated 3) Cost
PMA incurred for the Cost for NRW Revenue Increase Effectiveness
Pilot Project Reduction Operation* for three years (Dimensionless)
(K. NGN) (K.NGN) (K. NGN) 3)/2)
Gudu 40,949 81,898 100,576 1.2
Jabi 47,498 94,996 274,317 2.9
Garki-I 48,937 97,874 112,426 1.1

Source: Project Team
* Recurrent cost for NRW reduction required to maintain conditions well for three years is estimated as 100% of
the initial cost spent in the Pilot projects.

Furthermore, Table 2-4 shows direct benefit by NRW reduction operation for three years in
terms of recurrence of NRW. Elimination of illegal connection and leakage is efficient
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operations compared with mitigation of nominal excess use and unbilled unmetered & meter
inaccuracy.

Table 2-4 Direct Benefit by NRW Reduction Operation
No. ltems Main Causes of NRW Gudu Jabi Garki |
Nominal Excess Use 19,164 24,604 46,294
Unbilled Unmetered &

Initial & Recurrent Cost

for NRW Reduction 1,966 28,499 17,813

) Operation* Inaccuracy
(k. NGN) lllegal & Physical Losses 60,686 42,843 33,767
Total 81,816 95,946 97,874
Nominal Excess Use 1,833 6,312 20,796
Expected Water Sales Unbilled Unmetered & 1,833 28,065 1,686

(2) | for three years Inaccuracy
(k. NGN) lllegal & Physical Losses 96,600 296,064 89,940
Total 100,266 274,311 112,422
Nominal Excess Use -17,331 -18,292 -25,498

Direct Benefit Unbilled Unmetered &

3) | (k. NGN) Inaccuracy 133 | -56,564 | 16,127
2)-(1) lllegal & Physical Losses 35,914 253,221 56,173
Total 18,450 178,365 14,548

Source: Project Team
2.5 Findings and Lessons Learnt

2.5.1 Findings
The following findings were obtained through the overall activities

(1) Lack of Feedback between FCTWB and FCDA

The pilot project observed that as-built drawings of the laid pipeline networks have not been
handed over from FCDA to FCTWB properly, and also problems and issues in O&M have not
been fed back to FCDA for improvement in services.

(2) As-Built Drawings

Drawings of pipelines are supposed to be managed and stored in Pipeline Unit of FCTWB
Headquarters (HQ) and/or Area Offices. However, most of existing drawings are not soft copies
but hard copies and are not well organized. Most of drawing copies are only one setin FCTWB.

As far as it goes, FCTWB has maintained the facilities by relying on pipeline information based
on individual knowledge or using design drawings which is often different from actual situation
of the constructed facilities.

This was one of facts which forced the pilot projects to redo NRW reduction operations.

(3) GIS

During pilot projects, FCTWB shifted own GIS system being free from AGIS security which
was an obstacle for smooth GIS operation and data transfer. However, GIS Unit of FCTWB is
still an interim unit consisting of one staff plus a casual staff.

(4) Inefficient Management of Customer Data

While HQ staff make use of customer data computed from database (billing system), Area
Offices manually deal with customer data by using “Customer Notes (List)” transcribed from
printed bills by Commerce staff in Area Offices, which is an inefficient procedure and causes
data handling errors, then may lead to wrong billing.

This was one of facts which forced the pilot project to redo NRW reduction operations.
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(5) Complexity in Customer Category

Customers are categorized variously. These category mixture caused difficulty in data
assembling in the pilot project.

(6) Several Types of Customer Meter

Customer meter types are; conventional including flat-rate, AMR and prepaid meters. This
mixture makes O&M and financial analysis difficult.

(7) Estimate Billing System

A considerable number of estimate bills caused by no meter reading, which sometimes lead
to unexpected billed amount to customers and then their complaints, hamper calculation of
revenue water. No meter reading usually results from absence of customer, inaccessibility to
customer meter, infrequent meter reading due to non-provision logistics, and probably
dereliction of meter reader.

(8) Duplicated / Return Bills

A number of duplicated/return bills exist in billing system of FCTWB, which make analysis
inaccurate. “duplicated/return bills” mean the bills which are supposed to be eliminated or
deactivated from billing system but have remained, then have resulted in being returned or not
delivered. Existence of duplicated/return bills in billing system causes wastefulness and
unreliable financial analysis statement, NRW and collection ratio.

(9) Complexity in Water Tariff

Water tariff are, as standard, N80/m3 or N5,500/month for domestic, N150/m*® or
N45,000/month for commercial, and N150/m? or various prices per month for major consumers.
This mixture makes financial analysis complicated.

(10) Customer Meter Inaccuracy

Inaccuracy of conventional meter is higher than that of AMR and prepaid meters. After
replacement of those meters in the pilot projects, NRW ratio was improved certainly. However,
meters will be getting inaccurate gradually without regular maintenance and periodical
replacement.

(11) Unauthorized Consumption

lllegal bypassing/connections were found in all the three PMAs, particularly often in Gudu and
Garki | PMAs where prepaid or AMR meters were installed. These were caused by non-reading
or non-inspection by water board’s staff and non-existent regular monitoring in the field.

(12) Leakage

The pilot project observed water leaks on both network pipelines and service pipes up to
customer meters, and surface leakage because of low-quality in appurtenant/meter materials,
installation and workmanship, and non-standard situations such as service pipes laid from the
back side. The pilot project also observed an inflow pipeline over a ditch without a sheath pipe
and bursts due to substandard materials and no thrust block.

(13) Quality Failure in Facility and Workmanship

Low quality in construction and plumbing works including materials was observed across the
pilot projects, which causes pipe burst and leakage.

2.5.2 Lessons learnt

The following lessons learnt were obtained through implementation of the pilot projects. The
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lessons learnt were basis of setting-up the various scenarios.

(1) Delayed or No Release of the Nigerian Budget to implement NRW Reduction
Operations

The pilot project suffered from delayed or no release of the Nigerian budget to implement NRW
reduction operations such as chamber construction for flow-meters and valves to create PMA
(DMA), leak repair by using materials and logistics including fuel. Budget constraint always
hampered implementation of the pilot projects.

(2) Area Office’s Capability, Logistics and Staff Skills

Budget allocation is limited for the routine services which Area Offices are in charge, and as
an organization capacity, Area Offices are not equipped well with personal computer, material
stocks, tools and devices, as well as their logistics including vehicles, fuel, electricity and in-
house power generation are not enough at all to provide adequate and quality services for
O&M and meter reading.

As an individual capacity, staff such as plumbers and water meter readers have attended
limited systematic employee training under the human resources development programme of
FCTWB. They can learn skills through on-the-job training or apprenticeship from superiors. In
addition, most of staff are not good at mathematics, reading drawings, maps and operate
personal computer, even basic word-processing and spreadsheet programmes due to their
educational background and inadequate training. It was also observed that, although staff are
willing to learn and contribute, staff have little responsibility and motivation because of no
incentives, poor logistics and working conditions of Area Offices. Consequently, skill
development was limited to some staff in each pilot Area Office.

(3) Difficulties in isolating PMAs and SMAs

The pilot projects faced difficulties in isolating PMAs and SMAs due to lack or discrepancy of
the existing pipeline information among design drawings and staff’'s knowledge. The existing
GIS pipeline network data has never been updated and doesn’t reflect correct information in
Garki I, meanwhile FCTWB doesn’t have any drawings and GIS data in Gudu and Jabi.

Customer location maps are not available because FCTWB has never positioned customers
on drawings or GIS. This also caused difficulties in identifying customers inside PMAs and
SMAs.

(4) Meter Reading Divisions and Flat-Rate

Several divisions of FCTWB, such as Area Offices, AMR Unit, Prepaid Unit and nine Units for
major consumers in HQ are responsible for meter reading. This kind of segmentation causes
inefficiency of the billing.

Flat-rate customers tend to consume water more than the expected as excess use, a part of
NRW.
(5) Billed Unmetered Consumption (Nominal Excess Use)

A certain number of flat-rate (unmetered) customers existed and resulted in spending much
time on calculation of revenue water in baseline analysis. They tend to consume water more
than one which is converted from set tariff as nominal excess use according to measurement
in the pilot projects, so installing meters to flat-rate customers contributes to NRW reduction.

(6) Unbilled Unmetered Consumption

The pilot projects observed some unbilled unmetered consumption from major consumers,
public institutions because of procedural omission and also from FCTWB offices and its staff
quarters. FCTWB needs to install meters, shift them to the billed or unbilled metered
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consumers at least by installing meters to measure water consumption.

3. Scenario, Goal and Cost-Effectiveness

3.1 Overall Scenarios

From lessons obtained through the pilot project, it is very difficult for Project Team to determine
the particular NRW reduction activity. Project Team, therefore, prepared six scenarios such as
Scenario-a to Scenario-e for NRW reduction operations in order flexibly to cope with influence
due to various conditions such as budget disbursement, appointment of trained appropriate
staff, progress of database for the existing pipelines in future. Figure 3-1 shows criteria for
selecting scenario of NRW Reduction Activity as aspects of financial, human resources, etc.
are changed.

Especially, Project Team set condition for the criteria in terms of the following five aspects:

Budget release

Appointment of well-trained staff for leakage survey
Appointment of trainers required for Area Office’s staff
Inventory management of equipment in Area Office
Development of pipeline data

Table 3-1 summaries main activities and procurement of equipment of all the scenarios as well
as target NRW ratio. The target NRW ratio shown in Table 3-1 indicates percentage unless
scenario is changed the year 2019 through 2023. Therefore, target NRW ratio should be
reviewed and setup in the annual action plan based on the first six-month activities of the
previous year.

Even if FCTWB does not achieve targeted NRW ratio for the year of 2023, the common
objective of NRW reduction operation among five scenarios is to achieve the following activities
which are significant for FCTWB to learn status of NRW ratio.

® Data collection of monthly billed consumption
® Data collection of monthly System Input Volume (SIV)
® Monthly IWA water balance analysis
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the previous year

Ensure disbursement of

reduction percentage points compared of |« -----

More than 2
reduction percentage points
compared of the previous year

NO

More than 3
reduction percentage points
compared of the previous year

Annual Review

N14.3-32.3million/year

YES

Ensure disbursement of
N50.6-115.9million/year

[

YES

Appoint at least one well-trained

Ensure budget allocation for area

YES

Scenario-e |-

Scenario-c [--"

staff for leakage survey

YES

Appoint 3 staff as trainers who

can train staff of area office to
establish NRW reduction team

YES

Ensure inventory management of

equipment n area offices

YES

Ensure disbursement of
N138.4-241.7million/year

YES

Develop pipeline data accurately

NO offices and inventory
management of equipmentin the
area offices, in addition, improve

NO
NO
NO
NO
NO

Ensure disbursement of
N124.8-225 2million/year

NO

NO

Ensure budget allocation for area
offices and inventory
management of equipment in the
area offices, in addition, improve

YES

and ensure time to create DMA

YES

offices, in addition, improve office
V"""‘---"-:iffii"‘———————”““—
—> : Flow to examine various conditions for taking appropriate activities

----» :Flowto have a review annually

NO

Ensure budget allocation for area

YES

Scenario-d [-#

|l

Scenario-b  |-*

!

YES

Source: Project Team

Figure 3-1 Criteria for selecting Scenario of NRW Reduction Activity
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Table 3-1 Features of Scenarios for NRW Reduction Operations

Items

Scenario

a

b

|

Cc

d

e

1. Target

1.1 Target Year

2023

2023

2023

2023

2023

1.2 Baseline NRW Ratio (%)

48.3

48.3

48.3

48.3

48.3

1.3 Target NRW Ratio in 2023 (%)

31.9

32.4

36.9

35.1

42.8

1.4 Reduction Approach

DMA

Zone

Zone

Zone

Zone

2. Main Body for NRW Reduction Operations

2.1 Main Body for Operations
(Supervision)

HQ's NRW
Unit

HQ NRW
Unit

HQ's NRW
Unit

HQ's NRW
Unit

HQ's NRW
Unit

2.2 Main Body for Operations (Field
Actions)

Area
Offices

Area
Offices

Area
Offices

HQ’'s NRW
Unit

HQ’'s NRW
Unit

3. NRW Reduction Operations

(1) Network Drawings and Data

X

X

X

X

X

(2) Customer Enumeration

a) DMA

b) Zone

(3) DMA Design, Creation and
Prioritization

XXX

(4) Zonal Prioritization

(5) Field Inspection

(6) Isolation by installing Flow Meters
and Valves

(7) Step Test in DMA

(8) Zonal Measurement

VX XX

(9) Leakage Detection

a) by Area Office (DMA)

b) by Area Office (Zone)

c) by NRW Unit (Zone)

(10) Patrol of Surface Leaks

(11) Repair of Leaks and Recording

a) for (9)-a)

b) for (9)-b)

c) for (10)

d) for (9)-d)

XXX

(12) Identification of lllegal Connection
and Inaccuracy Meters

a) lllegal Connection (Area Office)

b) lllegal Connection (NRW Unit)

X

X

X

c) Inaccuracy Meters

d) Labo Test of Meter Inaccuracy for
Meter Standardization

X |X

X |X

X |X

XX [X]| 1

(13) Measures against lllegal Connection
and Meter Inaccuracy

a) lllegal Connection (Area Office)

b) lllegal Connection (NRW Unit)

c) Meter Inaccuracy

(14) Data Collection of Monthly Billed
Consumption

a) DVMA

b) Zone

XX

x

x

x

x

(15) Data Collection of Monthly SIV

a) DMA

b) Zone

c) Bulk Meters

(16) Monthly Water Balance Analysis

(17) Measurement of 1-week SIV (DMA)

XXX

(18) Installing Water Meters

(19) Survey on Trunk, Distribution Mains
and Reservoirs

x

(20) Preparation for Pipe Replacement
Plan

XX XXX [X XX

X XX XXX

XXX XXX

XXX XXX

4. Procurement of Equipment
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Scenario

Items a b c d o
4.1 Flow Meters and Valves for Isolation X - - -
4.2 Leak Detection Equipment X X - - -
4.3 Water Meters X X X X -

5. Place where equipment is stocked

5.1 Existing Equipment GAPél)Ot 3APgot NRW Unit | NRW Unit | NRW Unit
5.2 Newly-procured Equipment A.O. A.O. - - -

Source: Project Team
3.2 Scenarios

(1) Scenario-a
1) Summary of Scenario

FCTWB will establish the NRW reduction team in each Area Office. The team will create DMA
and take NRW reduction operations like the Pilot Project targeting on NRW ratio of 31.9% for
the year 2023.

2) Pre-condition
The following are pre-condition to take NRW reduction operations based on Scenario-a.

® Develop data on the existing water supply pipelines accurately ensure time to create
DMA.

® Appoint staff who were involved in The Federal Capital Territory Reduction of Non-
Revenue Water Project in FCTWB HQ.

® Appoint three staff as trainers who are able to train staff of Area Offices to establish NRW
reduction team in Area Office.

® Appoint well- trained staff for installation of flow meters and leakage survey.

® Ensure enough budget of about N883million for five years for allowance and equipment
such as flow meters, isolation valves, leak detectors, customer water meters, meter
boxes, fuel, pipes, their fittings, etc.

® Ensure adequate budget allocation for Area Offices.

® Ensure inventory management of equipment such as leak detectors, flow-meters, etc. in
Area Offices.

® Improve Area Offices’ condition.

® Ensure vehicle and PC.

3) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

4) Challenges in Future

FCTWB must consider the following actions as soon as possible in order to maintain NRW
reduction operations.

® Procure leakage survey equipment and accurate water meters.
® Ensure budget to develop meter laboratory.

® Need some technical assistance for developing meter laboratory.
® Calibrate test meters.

® Need design of leakage training yard considering local condition.
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(2) Scenario-b:
1) Summary of Scenario

FCTWB will establish the NRW reduction team in each Area Office. The team will NOT create
DMA, but will take NRW reduction operations such as leakage survey, illegal connection
survey and water meter survey by zone targeting on NRW ratio of 32.4% for the year 2023.

2) Pre-condition

The following are pre-condition to take NRW reduction operations based on Scenario-b.

® Appoint staff who were involved in The Federal Capital Territory Reduction of Non-
Revenue Water Project in FCTWB HQ.

® Appoint three staff as trainers who are able to train staff of Area Offices to establish NRW
reduction team in Area Office.

® Appoint well- trained staff for leakage survey

® Ensure enough budget of about N805million for five years for allowance and procurement
of equipment such as leak detectors, customer water meters, meter boxes, fuel, pipes,
their fittings, etc.

® Ensure adequate budget allocation for Area Offices.

® Ensure inventory management of equipment such as leak detectors, flow-meters, etc. in
Area Offices.

® Improve Area Offices’ condition.

® Ensure vehicle and PC.

3) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

4) Challenges in Future

FCTWB must consider the following actions as soon as possible in order to maintain NRW
reduction operations.

® Procure leakage survey equipment and accurate water meters.
® Ensure budget to develop meter laboratory.

® Need some technical assistance for developing meter laboratory.
® Calibrate test meters.

® Need design of leakage training yard considering local condition.

(3) Scenario-c:
1) Summary of Scenario

FCTWB will establish the NRW reduction team in each Area Office. The team will NOT create
DMA, but will take NRW reduction operations such as water meter survey, monitoring for
surface leakage and illegal connection by zone targeting on NRW ratio of 36.9% for the year
2023.

2) Pre-condition

The following are pre-condition to take NRW reduction operations based on Scenario-c.

® Appoint three staff as trainers who are able to train staff of Area Offices to establish NRW
reduction team in Area Office.

® Appoint staff who were involved in the Project in FCTWB HQ.

® Ensure enough budget of about N326million for five years for allowance and equipment
such as customer water meters, meter boxes, fuel, pipes, their fittings, etc.
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® Ensure adequate budget allocation for Area Offices.

® Ensure inventory management of equipment such as leak detectors, flow-meters, etc. in
Area Offices.

® Improve Area Offices’ condition.

® Ensure vehicle and PC.

3) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB'’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

4) Challenges in Future

FCTWB must consider the following actions as soon as possible in order to maintain NRW
reduction operations.

® Procure leakage survey equipment and accurate water meters.
® Ensure budget to develop meter laboratory.

® Need some technical assistance for developing meter laboratory.
® Calibrate test meters.

® Need design of leakage training yard considering local condition.

(4) Scenario-d:
1) Summary of Scenario

Only FCTWB HQ will take NRW reduction operations such as leakage survey, illegal
connection survey and water meter survey systematically by zone but NOT create DMA.
FCTWB will target on NRW ratio of 35.1% for the year 2023. Area Offices patrol for detect
surface leakage and illegal connection.

2) Pre-condition
The following are pre-condition to take NRW reduction operations based on Scenario-d.

® Appoint staff who were involved in the Project in FCTWB HQ.

® Appoint well- trained staff for leakage survey

® Ensure enough budget of about N223million for five years for allowance and equipment
such as customer water meters, meter boxes, fuel, pipes, their fittings, etc.

® Ensure vehicle and PC.

3) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

4) Challenges in Future

FCTWB must consider the following actions as soon as possible in order to maintain NRW
reduction operations.

® Procure accurate water meters.

Ensure budget to develop meter laboratory.

Need some technical assistance for developing meter laboratory.
Calibrate test meters.

°
°
°
® Need design of leakage training yard considering local condition.
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(5) Scenario-e:

1) Summary of Scenario

FCTWB HQ will focus on developing fundamental information of the existing water supply
pipelines and customer enumeration required for future NRW reduction operations. HQ will

also conduct leakage detection and measures against illegal connections for NRW reduction
as much as possible. FCTWB will target on NRW ratio of 42.8% for the year 2023.

2) Pre-condition
The following are pre-condition to take NRW reduction operations based on Scenario-e.

® Appoint staff who were involved in the Project in FCTWB HQ.

® Ensure enough budget of about N124million for five years for allowance and fuel and
equipment such as pipes, their fittings, etc.

® Ensure vehicle and PC.

3) External Factors

NRW reduction operations, particularly leakage detection and countermeasures against illegal
connection, may suspend for a certain period due to circumstance of cash disbursement in
transition period for FCTWB’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

4) Challenges in Future

FCTWB must consider the following actions as soon as possible in order to maintain NRW
reduction operations.

® Procure accurate water meters.

Ensure budget to develop meter laboratory.

Need some technical assistance for developing meter laboratory.
Calibrate test meters.

Need design of leakage training yard considering local condition.

In addition, staff who were trained through the pilot project have no an opportunity to take major
activities for NRW reduction for the time being unless FCTWB applies other scenario. This
may result in loss of staff’s skill on NRW reduction operations.

3.3 Cost-Effectiveness by Scenario

Overall cost-effectiveness for five years was worked out in Table 3-2. Scenario-d indicates the
highest cost-effectiveness at 18.9.

Table 3-2 Cost-Effectiveness by Scenario

ltems Scenario
a b [ d e
Cost (mil. NGN) i 883.2 804.5 326.9 222.7 123.5

Revenue yielded
(mil. NGN)
ﬁ'(';e,\f)tbe”ef't(m"' iiizii-i. | 3.939.40| 394810 | 331000| 397570 | 157530

Cost-Effectiveness iv. = ii./ i. 5.5 5.9 11.1 18.9 13.8
Source: Project Team

ii. 4,822.60 | 4,752.60 | 3,636.90 | 4,198.40 1,698.80

3.4 Financial Consideration based on the Scenarios

The Financial statements of the five scenarios such as “Profit and Loss” and “Cash Flow” were
examined and summarized scenario-wisely in this section.

Annex16—-20



(1) Conditions
Table 3-3 presents various conditions set out for the study.

Table 3-3 Conditions for preparing Financial Statement

ltems

Conditions

1. Baseline of NRW ratio

48.3%

2. Incremental O&M expenditures

Scenario-wise

3. Capital Investment expenditures

1) Construction works in 2019 for the switch over of the water supplied by LUD-
WTP Phase-38&4

NGNG673Mil.

2) Procurement in connection with the scenarios

Scenario-wise

4. Depreciation

1) Procurement of above 3-2) 10 years
2) Other assets including the construction of switch-over and Phase-3&4 20 years
5. Price escalation Not applied
6. Tariff: weighted average between the domestic and commercial customers NGN90/m?

7. Collection ratio of water tariff against bills raised 31.3%
8. Allocation and remittance to FCTA Not applied

Source: Project Team
(2) Profit and Loss (P/L) Statement

Table 3-4 shows the summary of the P/L statement for the year 2023. With-project cases (five
scenarios) will obviously make a larger profit than without-project case (no scenario).

Table 3-4 Summary of P/L Statement of the Year 2023 by Scenario (Million Naira)

No Scenarios
Account Items .
Scenario a b c d e
1.Revenues 7,829 10,306 10,239 9,547 9,824 8,668
2.Expenditures 2,799 2,895 2,886 2,844 2,824 2,815
3.PIL=1-2 5,030 7,411 7,353 6,703 7,000 5,853

Source: Project Team
(3) Cash Flow (C/F) Statement

The C/F Statement refers to cash-inflows and cash-outflows in a given period categorizing
such activities as operational, investment and financial. The difference between the cash-
inflows and the cash-outflows comes out to “net cash flow” at the end. Table 3-5 presents the
C/F Statement for the year 2023.

With-project cases (five scenarios) will apparently generate the net C/F more than without-
project case (no scenario). Moreover, the net C/F will surely soar if reducing the number of un-
paid customers.

Table 3-5 Summary of C/F Statement of Year 2023 by Scenario (Million Naira)

Activities No . Scenarios
Scenario a b C d e
1.Operational 714.5 1,451.3 1,434.6 1,220.4 1,325.0 965.1
2.Investment 0 -100.0 -91.0 -18.9 -384 -20.5
3.Financial 0 0 0 0 0 0
4. Net C/F = 1+2+3 714.5 1,351.3 1,343.6 1,201.5 1,286.6 944.7

Source: Project Team

4. NRW Reduction Operations Plan

Overall NRW reduction operations from Scenario-a to Scenario-e are shown in Table 3-1. All
the NRW reduction operations contains 20 operations. Scenario-a consists of most operations
among five scenarios, while Scenario-e consists of least ones.
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5. Scenario that FCTWB selected and the Background

In order to carry out NRW reduction operations, considering the following reasons, the
Management of FCTWB selected “Scenario-d” which states that, “Only FCTWB HQ will take
NRW reduction operations such as systematic leakage survey, illegal connection survey, and
installation of water meters but NOT create DMAs. FCTWB will target on NRW ratio of 35.1%
for the year 2023”.

® Practical goal of NRW ratio

Insufficient data of the existing water supply facilities

Vulnerable structure and limited discretion in budget use of Area Offices

Insufficient number of skilled staff of Area Offices

Expected accommodation of disbursement due to approved autonomy of FCTWB and
appointment of board members

Making the most use of skills and know-how which were obtained through the Project as
much as possible so that FCTWB’s capacity on NRW reduction especially at individual
level is sustained

6. Implementing Schedule and Budget Allocation

In the past three years, FCTWB made a budget of 40million to 50million yearly, but suffered
from delayed or no release of the budget to implement the pilot projects as scheduled. From
the current condition of release, Budget for the year 2018 has not been approved and released
as of April 2018. It is most likely that approval and release of budget for the year 2019 will be
delayed. Therefore, the Project Team allocated a budget up to about 35million apart from
Scenario-a, b and ¢ which requires huge initial investment for the first year in accordance with
FCTWB’s prospect. Table 6-1 shows budget allocation for five years. The budget was
estimated based on the cost to be incurred for NRW reduction operation of each scenario and
the cost (about 7.5millions) of training for five years as human resource development.

Table 6-1 Implementing Schedule and Budget Allocation

Scenario (T;’Itf"NCé’,jt) 2019 2020 2021 2022 2023
conarion 883.3 2417 185.4 1781 139.7 138.4
100% 27% 21% 20% 16% 16%
Scomarion 804.5 2252 169.0 1617 1238 1248
100% 28% 2% 20% 15% 16%
Scomaroe 326.9 115.8 59.3 50.7 50.7 50.5
100% 35% 18% 16% 16% 15%
Scomariod 202.7 34.1 34.6 50.7 514 52.0
100% 15% 16% 23% 23% 23%
Scomarion 1235 14.2 147 30.9 315 32.2
100% 12% 12% 25% 26% 26%

Source: Project Team

7. Staffing Plan
Number of staff is calculated as following conditions:

National Holiday: Total 13 days

Annual Leave: 30 days include Saturday and Sunday (Eight non-working days): 22 days
Working days per week: 5 days per week x 52 weeks = 260 working days

Working days per year: 260 days -13 days - 22 days = 225 working days per year
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Table 7-1 Necessary No. of Staff by Scenario

Unit 2019 2020 2021 2022 2023
HQs alb|lc|d|e|a|b|c|d|e|a|b|c|d|e|a|b|c|d|e|a|b|c|d]e
NRW reduction 413 [3[11]9]4[3[3|11]9[4 |33 [11]9|4[3[3|11]9]4|3[3]11]9
GIS 313 |3|3[3]|2|2]|2|2|2|2|2|2|2|2]|2|2]|2]|2|2|2|2|2|2]|2
Distribution 3122|223 |2|2|2|2|3|2|2|2[|2]|3|2]|2]|2|2|3|2]|2|2]|2
Billing 212|222 |2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2]|2]2
Commerce 1 (1 (1] 1{o0of{1 (1|11 {0(1 (1 |1]1{O0{1(1|1]1]0[1[1]1]1]0
HQs Sub-total 13|/11|11(19(16|12|{10|{10|18|15|/12]|10|/10[18|15|12|{10|10|18|15{12|10(10[18|15
Area Offices
Distribution 6|6|/6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6|6]|6
Commerce 212 (1 (1122111221 [1]1]2[2[1|1][1]2]|2[1]1]1
Area OfficeSub-total | 8 |8 |7 |7 |7 |8 |8|7|7|7|8|8|7|7|7|8|8|7|7|7|8|8|7|7]|7
Total 21[19]18|26(23|20|18|17|25]|22|20[18|17|25|22|20|18[17|25]|22|20|18|17|25]|22

Source: Project Team
8. Human Resource Development (HRD) Plan on NRW Reduction

8.1 Necessity of HRD on NRW Reduction

Human resource management is recruiting, hiring and managing employees. Project Team
focused on human resource development in terms of staff’'s individual capacity in NRW
reduction.

At present, there is no systematic HRD plan for NRW reduction in FCTWAB, but It is necessary
to create systematic HRD plan and deepen staff’'s understanding of NRW, so that NRW ratio
will be decreased in FCTWB's service area.

The purpose of the plan is to deepen understanding of NRW among staff of FCTWB and to
contribute to NRW reduction.

8.2 Training Curriculum on NRW Reduction
The HRD plan consists of the following seven curriculums:

1) Training Curriculum 1: Basic and Common Knowledge about NRW

2) Training Curriculum 2: Management of Pipelines

3) Training Curriculum 3: Management of Data

4) Training Curriculum 4: Leakage and lllegal Connection Survey

5) Training Curriculum 5: Streamlining of billing system and examination on unifying water
meters

6) Training Curriculum 6: Plumbing for repair and or replacing pipelines

7) Training Curriculum 7: Basic operation of personal computer, graphing by using excel

Table 8-1 shows the training curriculums on HRD of FCTWB in 2019 and 2020.

Annex16-23



Table 8-1 Training Schedule (Tentative)

) 2019 2020

Curriculums

v | 2a | w4 | aa T EEY 3/4 4/4
Curriculum 1: Basic and Common Knowledge about NRW

> Meaning of NRW ‘ i i i # i P 1o P i i
) I [ [ [ [ [ [ [
Reduction 1 [ [ [ [ [ [ [
» Outline of Water Balance .' : : : : : : : : : : : : : : :
analysis L Lo I I I Lol Lol Lol
> Outline of NRW Reduction .' : P r o q b P b Lo Lo Lo
Operation ! Lo Lo Lo Lo | | |

Curriculum 2: Management of Pipelines
» Outline of GIS
» Outline of Water Balance
analysis
» Outline of NRW Reduction
Operation
Curriculum 3: Management of Data
» Meter Reading i
» Meter Test :
Curriculum 4: Leakage and lllegal Connection
> Kinds of lllegal Survey |
Equipment |
» Leakage Survey Methods I
> lllegal Connection Survey i
Curriculum 5: Streamlining of billing system and examination on unifying
i
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» Examination on unifying
water meters
» Streamlining of Meter
reading & billing
» Development of customer
data

Curriculum 6: Plumbing for repair and or replacing pipelines
» Repair jointing for large !
scale and small scale
» Laying pipelines
> Install valves, flow-meters,
saddle, etc. 1

Curriculum 7: Basic operation of personal computer, graphing by using excel
> PC operation ! !
» Calculation by using Excel
» Drawing graph by using
Excel

Source: Project Team

SRRV SRR EPRIPRIEN (P R DU
CH]TE[H

LR AR

LELLD
LALEL D

i
I
I
i
T
I
I
I
n

9. Recommendation

Generally, FCTWB has a number of challenges to not only implement NRW reduction in the
long term but also become an autonomous body pursuing revenue.

9.1 Distribution

(1) Improvement in As-Built Drawings and Drawing Management

FCTWB has operated and maintained facilities, while FCDA has been in charge of
development.

It is important for FCTWB to review and improve procedures of drawing collection from FCDA
and feedback issues in O&M to FCDA.

(2) Calibration of Customer Meters

Even though water meters are replaced with new ones and or installed newly, meters will be
inaccurate gradually without regular maintenance and periodical replacement, for example
every eight years, regardless of meter types. Conventional meters available in local markets
vary in quality, so FCTWB needs to establish a simplified meter laboratory for meter-accuracy
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test by using reference meters, and also prepare a fact-finding report for guideline on meter
standardization in the future.

9.2 Commerce

(1) Improvement in Update of Customer Database

Management of customer data including meter-reading data and payment records has not
been unified timely among HQ and Area Offices.

FCTWB HQ should unify database of customers’ information among HQ and Area Offices,
update, improve it and well-manage customer data.

(2) Streamlining of Customer Category

Customers are categorized as domestic, commercial (un-coded), major consumer (co-operate
body, mini-hotel / restaurant, major consumer, petrol station / plaza, private school / clinic),
institution (embassy / high commission, ministry, liaison office, religion), public tap /
convenience & kiosk, and lifting point (bulk selling. This mixture caused difficulty in data
assembling in the pilot project.

FCTWB should lessen a number of categories for simplified customer management.
(3) Simplification and Quality Assurance of Customer Meter

The strategic plan includes an operation to review customer meter types by meter laboratory
using reference meters so that FCTWB brings the future metering policy, standardization and
licensing in view.

(4) Elimination of Estimating Billing System

In order to bill the amount accurately, FCTWB should give responsibilities of reading to Area
Offices close to customers, then HQ’ Units should specialise supervision of them.

The strategic plan includes an operation to eliminate flat-rate customers by installing or
replacing meters, but FCTWB should prevent reoccurrence thoroughly.

To reduce estimating bills, FCTWB should discuss enhancement in staff's performance of
duties with awareness-rising, adequate logistics, thorough monitoring of reading regardless of
meter types, review of reading frequency (i.e. once a month to once in two months), meter
installation and replacement of malfunctioning maters, and meter reposition to outside property
or empowering FCTWB for reading accessibility or illegal connection check.

(5) Duplicated / Return Bills

In order to ensure correct billing and avoid complain from customers, FCTWB should
deactivate or eliminate duplicated/return bills promptly, and establish proper addressing,
procedures and management of billing information to prevent reoccurrence.

(6) Simplification and Revision of Water Tariff

To simplify financial analysis, FCTWB should review water tariff for simplification on the
occasion of autonomy as well as revision (reduction) in tariff as a result of financial analysis.

(7) Elimination of Unauthorized Consumption

Regardless of meter types and customer categories, technical staff and meter readers need to
inspect water meters, surroundings and monitor consumption data routinely to track
irregularities. FCTWB should pay attention to possible illegal connections on service pipes
extended to public taps located in informal settlements, so-called “villages”.

9.3 Finance

The following management of the FCTWB is not functioned effectively; this caused us a great deal
of difficulty for the financial study. Regardless to say, a quick and timely provision of the data and
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information to the managerial officers is also an important role. The enhancement of the functions
is duly taken account as well as the regular financial activities of the Department.

(1) Fixed Asset Management

Every fixed asset must be booked and managed properly in the following manners envisaging a
regular maintenance and future renewal.
® Entry: acquisition date and price, specification, place located, department responsible, etc.
® Disposal: sale, disuse and retirement, etc.
® Inventory check: periodically once a year visa-vis the fixed assets book

(2) Water Cost Management

A cost center has to be functionalized to learn the actual water cost of FCTWB; the unit cost,
Naira/m3, should be calculated at least once a year. The data in chronological order will suggest a
lot of managerial information through analysis on why increased or decreased and setting a water
tariff as well.

9.4 Administration

(1) Improvement in ICT System and Intranet

FCTWB have no well-established system using information and communication technology as
well as an intranet and or internet with security protection, so FCTWB should develop them for
smooth information sharing and communication.

(2) Improvement in Office Environment

HQs’ office is composed of small rooms which are not suitable for a water utility office, and
also Area Offices use ordinary flat house, prefabricated house or container. FCTWB should
improve office environment as electric power is stabilized for doing with daily work efficiently.

(3) Human Resource Development

FCTWB should prepare comprehensive training programme based on assessment for each
level of staff in accordance with business plan and the strategic plan.
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Preface

NRW reduction is one of serious and urgent challenges for FCTWB focusing on sustainability,
stabilization and development of water supply service in FCT.

In order for FCTWB to take NRW reduction operation for next five years and to prepare annual
NRW reduction plan, Project Team formulated Mid-term Strategic Plan (2019-2023) based on
lessons learned through the pilot project in collaboration with the Project working group and
JICA Expert Team. FCTWB will not only take the operation with the Mid-term Strategic Plan
but also review the Plan according to the achievement of NRW reduction.

To utilize this Mid-term Strategic Plan practically and appropriately, it is essential that FCTWB
makes the working group & relevant organization such as FCDA, Federal Ministry of Water
Resources understand, receives technical assistance from them and makes a budget
arrangement for NRW reduction operations. In addition, Prompt financial release is one of
fundamental challenges as pre-condition for NRW reduction operation.

In the Technical Cooperation Project, the NRW Unit of FCTWB led the pilot project and
formulation of Mid-term Strategic Plan in cooperation with JICA Expert Team. After the Project
terminates, the NRW Unit will lead and manage NRW reduction operation as well as the Project
as a driving force by utilizing the Mid-term Strategic Plan. The NRW Unit will furthermore be
forced to communicate with advisory members such as FCTWB’s board members, FCTA,
Engineering Service Department of FCDA and Federal Ministry of Water Resource.

Finally, Project Team hopes that Mid-term Strategic Plan will contribute to NRW reduction in
future in FCT as an overall plan of annual NRW reduction plan.
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1. Introduction to NRW Reduction

1.1 Background

In the Abuja Federal Capital City (FCC) located in the north-east of the Federal Capital Territory
(FCT), the Federal Republic of Nigeria, water supply facilities have been developed by Federal
Capital Development Authority (FCDA) based on water supply master plan prepared in 1980
and reviewed in 2010. Although existing water sources “Lower Usuma Dam and Gurara Dam”
and treatment plants can meet water demand increasing by mass-migration and urbanization,
water distribution facilities such as service reservoirs and networks have been behind schedule
in development.

Meanwhile, the FCT Water Board (FCTWB) was established in October 1989, saddled with
the responsibility of supplying potable water to inhabitants of the FCT. In carrying out this
responsibility, the FCTWB has been facing challenges of operation and maintenance of
facilities as well as large proportion of non-revenue water (NRW) in water trunk mains,
distribution mains and networks, water reservoirs, service pipelines and water meters. The
FCTWB could not effectively mitigate NRW because of limited experience, insufficient
knowledge and skilled personnel on planning and execution of NRW reduction. NRW ratio of
urban water supply system for the FCC was estimated at 48.3% based on year 2014-2017
data.

Based on the above, in order to strengthen NRW reduction capacity of the FCTWB and
ameliorate issues of NRW, the Federal Capital Territory Administration (FCTA) and the
FCTWB has implemented “the Federal Capital Territory Reduction of Non-Revenue Water
Project” (the Project), the technical cooperation in collaboration with Japan International
Cooperation Agency (JICA).

This plan “The Medium-Term Strategic Plan for NRW Reduction (2019-2023)” was prepared
in the Project for the Nigerian side to carry out NRW reduction operations with aiming at
project’s overall goal “Non-Revenue Water reduction activities are routinely implemented in
the service area of FCTWB”.

1.2 Non-Revenue Water (NRW)
In plain words, NRW is attributed to the following:

- Construction defects (poor workmanship)

- Aging of pipes

- Corrosion of galvanize iron pipes and appurtenances
- Use of sub-standard materials

- Water pressure

- Soil condition (erosion effect)

- Construction work/traffic load

- Water theft

- lllegal connection

- Meter inaccuracy

- Overflow at water treatment plants or tanks

Definition and details are described technically below:
(1) Definition

NRW can be defined as: “the water which is produced at the costs but lost before reaching
customers, or but not used effectively”.

International Water Association (IWA) clarifies NRW by using water balance sheet as
shown in Table 1-1, but FCTWB modifies it by adding “b. Billed Unmetered Consumption
(Nominal Excess Use)” as a component of NRW as shown in Table 1-2 in consideration of
actual situation.
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Table 1-1 IWA’s

Water Balance Sheet

Table 1-2 FCTWB

’s Water Balance Sheet

Billed Authorized a. Billed Metered Consumption 1)
_ Consumption b. Billed Unmetered Consumption | Revenue Water
Authorized
Consumption | ynpilled c. Unbilled Metered Consumption
Authorized d. Unbilled Unmetered
Consumption Consumption
e. Unauthorized Consumption
System Commercial P
Input (Apparent) f. Customer Metering
Volume Losses Inaccuracies and Data Handling ﬁ)
(SIV) Errors on-
— Revenue Water
Water g. Leakage on Transmssmn (NRW)
Losses and/or Distribution Mains
Physical (Real) B.t.ll_fa,kasgte and (_?vell;ﬂows at
Losses ility’'s Storage Tanks
i. Leakage on Service
Connections up to Point of
Customer Use
Source: International Water Association

Billed Authorized

a. Billed Metered Consumption

b. Billed Unmetered Consumption

1)

Revenue Water

Physical (Real)
Losses

h. Leakage and Overflows at
Utility’s Storage Tanks

i. Leakage on Service
Connections up to Point of
Customer Use

. Consumption b. Billed Unmetered Consumption
Authorlzeq (Nominal Excess Use)
Consumption
Unbilled c. Unbilled Metered Consumption
Authorlzeq d. Unbilled Unmetered
Consumption Consumption
System , e. Unauthorized Consumption
Input Commercial 2)
Volume (Apparent) f. Customer Metering
(SIV) L Inaccuracies and Data Handling Non-
0SSes Errors Revenue Water
(NRW)
Water g. Leakage on Transmission
Losses and/or Distribution Mains

Source: Project Team

Various issues related to NRW to be addressed reside in FCTWB, and factors causing NRW
exist extensively in terms of both commercial and physical aspects.

Results of review of situation and existing NRW reduction operations in FCTWB by component
in water balance sheet are as follows:

1) Revenue Water

a. Billed Metered Consumption
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FCTWB has billed based on metered consumption as revenue water, however, it is not
necessarily properly-read consumption.

A certain number of “return bills” in the billing system hampers accurate calculation of revenue
water, which have been generated automatically by estimating billing as a result of duplication
and lack of deactivation. FCTWB has not dealt with them properly in spite of moving, change
in address indication, conversion of meter type of customers.

Consumption includes one by “estimate bills” automatically-generated by billing systems
namely the Puma 4 in case of unreadable or inaccessible meters and also zero consumption.
A certain number of estimate bills have been issued continuously in both conventional meter
and Automatic Meter Reading (AMR) meter. If the estimate billing repeats over a long period
of time, a large amount of gap between actual meter-read bill and estimate bill might happen
then cause trouble with customers.

Prepaid meters installed in some estates are categorized in this component, but obtaining
water consumption data is difficult because of system design and its independent feature from
the billing system.

Consumption by the estimate billing and prepaid meter causes inaccurate calculation of
revenue water within specific period. The estimate billings should be reduced.

b. Billed Unmetered Consumption

Regardless of category such as domestic or commercial customers and major consumers such
as hotel, plaza, school, public tap, bulk selling and etc., FCTWB has a certain number of flat-
rate customers and consumers. As long as they consume water within an amount converted
by dividing flat rate by unit price, this category has no particular problem. However, if they
consume water more than the nominal quantity, excess use is categorized as a component of
NRW.

2) Non-Revenue Water (NRW)

c. Unbilled Metered Consumption

In principle, no cases exist in FCTWB.
d. Unbilled Unmetered Consumption

Water for maintenance of pipelines such as pipe cleaning by FCTWB as well as water
extraction for emergent fire-fighting are categorized here, but they are not recurring
consumption. These water consumption should be treated as Unbilled Metered Consumption
by installing meter and reading.

Water discharging from washout or air valves along transmission or distribution mains for
breaking water pressure is considerable consumption by FCTWB. Also, water supply to
FCTWB staff quarters is exempt from billing as welfare. These should be metered and
recorded.

Other than these cases, as mentioned in the above b) Billed Unmetered Consumption, excess
use by flat-rate customers or major consumers is categorized here and should be captured
then prevented by installing water meters. About 7,000 customers or major consumers remain
in flat-rate ones.

e. Unauthorized Consumption

lllegal connections to air valves and drain/washout valves along transmission mains have been
sometimes found out when the FCTWB does maintenance.

In distribution network, illegal connection or tampering, for example, bypass connection by
customer to avoid meter-read consumption or direct connection by non-customer, is identified
as unauthorized consumption in FCTWB. But, efficient countermeasures have not been taken
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systematically and actively. Track record of billed consumption and numbers of customers are
useful to identify irregularity.

And, customers of flat-rate, AMR meter and prepaid meter are not monitored physically due to
their conditions or product features, which may lead to illegal connection or tampering.

f. Customer Metering Inaccuracies and Data Handling Errors

FCTWB does not have only equipment or laboratory to test customer meters but also meter
standardization. Particularly, the deteriorated meters which gets worse in accuracy, are
supposed to be replaced with new ones by Metering Unit, but replacement has not been
regulated in FCTWB. It is generally said that customer metering accuracy differs from meter
type and product quality.

Data handling errors may arise in the manual process such as meter reading and writing in
memo paper in the field, transcription to reading form in the office and then data entry to billing
system.

g. Leakage on Transmission and/or Distribution Mains

FCTWB and Area Offices do not have equipment and skilled staff for leakage detection, and
especially Area Offices are not equipped for prompt and smooth repair of leaks due to lack of
logistics and material stock.

Pipeline Unit of the Headquarters is in charge of transmission and distribution mains or network
of diameter 300mm or more. Whenever obviously-visible considerable leaks and pipe bursts
occur along the mains or someone reports, Pipeline Unit repairs them.

Area Offices take care of distribution network of less than diameter 300mm. Same as the above,
whenever obviously-visible considerable leaks and pipe bursts occur along the pipelines or
someone reports, Area Offices repairs them.

h. Leakage and Overflows at Utility’s Storage Tanks

Overflow from clear water tanks of water treatment plants (Phase-3&4) have been observed
frequently, with which FCDA will cope by switch-over of outlet pipelines. Some distribution
tanks have constant leak which is inconsiderable unless amount of leak is severe.

i. Leakage on Service Connections up to Point of Customer Use

Area Offices in charge of service connections (service pipes from branches along distribution
network to water meters) do not have equipment and skilled staff for leakage detection, and
they are not equipped for prompt and smooth repair of leaks due to lack of logistics and
material stock.

Whenever obviously-visible considerable leaks and pipe bursts occur along the pipelines or
someone reports, Area Offices repairs them. But, repair is not always appropriate in quality.
(2) Impact of NRW Reduction

Impacts of NRW reduction are as follows:

- Reduction of maintenance and production cost

- Increase in revenue generation

- Contribution to water conservation

- Improvement in efficiency and financial sustainability of utility organization
- Increase in water supply coverage

- Improvement in customer satisfaction

1.3 Urban Water Supply in Federal Capital City (Abuja) by FCTWB

The FCTWB'’s urban water supply system for the Federal Capital City (FCC) relies on two
water sources: Lower Usuma Dam (Capacity: 100 million m?) and Gurara Dam (Capacity: 850
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million m?). The current system consists of Lower Usuma Dam (LUD) Water Treatment Plants
(Design Production: 240,000 m®/day from Phase 1&2 and 480,000 m®/day from Phase 3&4)
including service reservoirs (24,000 to 45,000 m3), transmission mains (44 km), distribution
mains (635 km) and network pipelines which supplies water to about 47,000 customers
(connections) in FCC Phase 1 development area, and a part of FCC Phase 2 area and some
satellite towns.

(1) Development Phases and Districts
Figure 1-1 shows development phases and districts of the FCC master plan excluding suburbs.

Sector Center

INSTITUTIONS
AND RESEARCH

CAD Zones

sSC
C 1
[ e—
Y
I:l Phase 3
1
2

Phase 4

Source: Project Team
Figure 1-1 Development Phases and Districts

(2) Water Supply Facilities
Table 1-3 shows existing major water supply facilities of FCTWB.
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Table 1-3 Water Supply Facilities of FCTWB

Category Facilities Capacity Remarks
Water Source Lower Usuma Dam 100 Million m®
Gurara 850 Million m3
Water Phase 1 &2 240,000m%/day Constructed in 1987 & 2000
Treatment Phase 3 & 4 480,000m®/day Constructed in 2014
Plant Final Stage - Proposed
No. 1 (under construction) 40,000m? Supply to the north of Phase 3
No. 2 45,000m3 Supply to the north of Phase 2
No. 3 24,000m? Supply to the north of Phase 1
No. 4 24.000m? Supply to the south of Phase 1, the
Service ’ south of Phase 2 (partially) and suburbs
Reservoir No. 5 40,000m3 Supply to the south of Phase 2
No. 6 (under construction) 40,000m3 Supply to the south of Phase 3
No. 7 (propose) - Supply to the north of Phase 4
No. 8 (propose) - Supply to the south of Phase 4
No. 9 (propose) - Supply to the south of Phase 4
No. 10 (propose) - Supply to the south of Phase 4
Phase 1&2 system T. Main: 44km Secondary distribution mains under
Trunk Main (partially under D. Main: 296km development partially in Phase 2.
development in Phase 2) 2" D. Main: 339km
and Partially developed. Under devel t
Distribution Phase 3 system - artially developed. Under developmen
Main by Greater Abuja Water Supply Project
Partially developed. Under development
Phase 4 system ) by Greater Abuja Water Supply Project

Source: Project Team

(3) Water Supply Area

Figure 1-2 shows current FCTWB’s water supply areas by District. The Districts where
distribution networks have not been developed, specifically, a part of Phase 2, a large part of
Phase 3 and entire Phase 4, will be developed by Greater Abuja Water Supply Project.

FCTWB Water
Supply Area

LEGEND

[ water Supplied Area
] smallPart of Area Water Supplied

[ waternot Supplied Area

Source: Project Team

Figure 1-2 FCTWB’s Water Supply Areas by District
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(4) Water Supply Situation
Table 1-4 shows water supply situation by Area Office and District.
Table 1-4 Water Supply Situation by Area Office and District

Area Office District or Suburb served Water Supply Situation

1 | Abaji Abaji Town Hand pumps and motorized boreholes.

2 | Asokoro Asokoro District Improved supply (gravity and pump)

3 | Bwari Bwari Town Intermittent by rationing (booster pumping
from LUD)

4 | Gwagwalada | Gwagwalada Town Regular with network challenges

5 | Garkil Area 1,2,3,8,11 & 10 Regular

6 | Garki ll Garki ll, Central Area Regular

7 | Gudu Gudu District/Games Village Regular

8 | Gwarimpa Gwarimpa District Regular

Utako District, Life Camp &
9 | Jabi Idu/Karmo, Kado Estate, Katampe | Regular
and Katampe Extension.

10 | Karu/Nyanya | Karu & Nyanya Towns Intermittent by rationing

11 | Kubwa | Kubwa | Town Regular

12 | Kubwa Il Kubwa Il Town Regular

13 | Maitama Maitama District Regular with challenges

14 | Wuse | Wuse | District Regular wit_h high rises issue and network
challenges in parts of zone 3 & 6

15 | Wuye Wuye District Regular

16 | Wuse Il Wuse |l District Regular with challenges in A8 (low
pressure)

Source: Project Team

(5) Water Distribution Zone

Figure 1-3 shows distribution zones which are demarcated in order for water distribution to be
managed with zonal meter at each tank (service reservoir). Figure 1-4 shows location of zonal
meters.

Bwari

War College™

Airport

University

Gwagwalada

/ e——T41 1
Tank4T42
Tank5

Tank 6

Tank 8

/‘g Tank 9

Source: Project Team

Figure 1-3 Demarcation of Water Distribution Zone
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Figure 1-4 Location of Zonal Meters

1.4 Current NRW Situation

The Project estimated NRW ratio of urban water supply system for the FCC at 48.3% for the

year 2014-2017 as follows:

> System Input Volume: 113.38 million m® per year

> RW: 58.63 million m® per year

> NRW: 54.75 million m?® per year (113.38 million - 58.63 million ) m® per year
» NRW Ratio: 54.75/ 113.38 = 48.3%

Remarks: A considerable number of return bills exist in the billing system of FCTWB, which
make analysis inaccurate. “Return (or duplicated) bills” mean the bills which are supposed to
be eliminated or deactivated from billing system but have remained, then have resulted in
being returned or not delivered. If FCTWB eliminates these bills from billing system, NRW ratio

gets higher than 48.3%.

Table 1-5 shows NRW ratio varying from 45.6% to 87.6% in Pilot Metering Areas (PMA) and
Sub-Metering Areas (SMA) before NRW reduction operations by the pilot projects. See “2.

Assessment of Pilot Projects” for details.
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Table1-5 NRW Ratio (%) in PMAs and SMAs

Pilot Area Office PMA and SMA Before NRW Reduction Operations (%)
SMA-1 52.0
Gudu SMA-2 53.9
PMA 53.3
SMA-2 45.6
Jabi SMA-3 87.6
PMA 70.0
SMA-1 85.1
. SMA-2 74.8
Garkil SMA-3 70.0
PMA 74.8

Source: Project Team
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2. Assessment of the Pilot Projects

The Project implemented the pilot projects on NRW reduction together with relevant Area
Offices to prepare this strategic plan in three PMAs, which are defined as District-Metered
Areas (DMA).

2.1 Overview of the Pilot Projects
A PMA is located in each Area Offices’ service area; Gudu, Jabi and Garki I.

Gudu is a district under Abuja master plan’s Phase 2 development which has been developed
since 2000’s as a dwelling area with Apo legislative quarters, some commercial facilities, public
institutions and also informal settlements. Gudu PMA “Prince & Princess” is an estate
developed by a private developer in which prepaid meters were installed through public-private
partnership (PPP).

Jabi is a district under Abuja master plan’s Phase 2 development which has been developed
since 2000’s as a dwelling area with Jabi Lake, a large shopping mall, some commercial
facilities, public institutions and also informal settlements, sometime called villages. Jabi PMA
“Jabi” is an area developed by FCDA in which conventional meters were installed.

Garki | is a district under Abuja master plan’s Phase 1 development which has been developed
since 1980’s as an administrative and commercial area with some public institutions and also
dwellings. Garki | PMA “Area 2-2 & 3 & 7” is an area developed by FCDA in which AMR meters
and conventional meter were installed.

Figure 2-1 shows location of PMAs and Table 2-1 shows their features.
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Figure 2-1 Location of PMAs
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Table 2-1 Features of PMAs

Total Predominant Type of
. MP’s No. of Max. Pipe . Number of Water Meters
Pilot Area , PMA : Distance .
Office Develop't Name Customer Dia. of Pipes Infout-flow in PMA
Phase in PMA (mm) (m) (Places) (% of the total installed
water meters)
Prince & Prepaid
Gudu 2 Princess 784 DN200 14,150 1/0 (83.0%)
; . Conventional
Jabi 2 Jabi 604 DN300 23,781 1/2 (96.5%)
. Area 2-2 AMR
Garki | 1 8387 452 DN450 11,858 1/2 (57.7%)
Total - - 2,001 - 49,789 - -

Source: Project Team

Of total customers of FCTWB as of 2017, ratio of consumption measuring ways such as
conventional, AMR, prepaid meters and flat rate to charge water tariff are about 45.4%, 24.8%,
12.2% and 17.6% respectively. Table 2-2 also shows details of customers such as category
and meter type in PMAs. A certain number of commercial customers and major consumers
exist in Jabi and Garki | PMAs, and major consumers such as hotel, plaza, restaurant, public
institutions, etc. consume a large quantity of water compared with domestic and commercial
customers.

Table 2-2 Customer Category and Meter Type in PMAs

Customer . .
Meter Type Gudu Jabi Garki | Remarks
Category
Conventional 64 535 47 Estimate bills included
Flat-Rate (No-meter) 57 5 103
Prepaid 643 0 0
Unidentified 6 0 0
Sub-Total 770 540 389
Conventional 4 32 4 Estimate bills included
Flat-Rate (No-meter) 0 1 11
Prepaid 8 0 0
Unidentified 1 0
Sub-Total 13 33 29
Conventional 0 16 8 Estimate bills included
Flat-Rate (No-meter) 1 15 18
Consumers Prepaid 0 0
Unidentified 0 0
Sub-Total 1 31 33
Conventional 68 583 59
Flat-Rate (No-meter) 58 21 132
Total AMR 0 0 261
Prepaid 651 0 0
Unidentified 7 0 0
Total 784 604 452

Source: Project Team

Annex16-41



2.2 Procedures of the Pilot Projects

Figure 2-2 shows procedures of pilot project in a PMA in terms of physical loss (leakage) and
commercial loss.

Distribution Commerce

‘ Identification of PMAs and Selection of PMA for Pilot Project ‘
| Z L Z

‘ Preparation of Drawing ‘ ‘ Customer Database ‘
v L2

‘ Design of PMA/SMAs for Pilot Project Implementation ‘
v v

Creation of PMA/SMAs Customer Listing and
(Flowmeter & Isolation Valves) Customer Survey (in necessary)

v L 4

Baseline Survey/Analysis of NRW in PMA/SMAs (Before)
24hrs & Min. Night Flow Measurement, 1-week Meter Reading, Meter Error Test

Step Test (SMA) and Illegal Connection Survey
\ 4 \ 4
NRW Reduction Operations
Step Test (Line) Replacement of Faulty Meters, Meter
Leakage Detection Installation to Flat-Rate Customers,
Repair of Leaks Disconnection/Legalization of Illegal Connect.
A 4 A 4

Ex-Post Survey/Analysis of NRW in PMA/SMAs (After)
‘ 24hrs & Min. Night Flow Measurement 1-week Meter Reading

Source: Project Team

Figure 2-2 Procedures of Pilot Project

2.3 Result of the Pilot Projects

Table 2-3 shows results of NRW reduction operations. NRW ratio after NRW reduction
operations apart from SMA-2 of Garki | were achieved successfully.

Table 2-3 NRW Ratio (%) and Reduction Points in PMAs

Before NRW After NRW Percentage- Target After
Area PMA/ . , . . .
Office SMA Reduction Reduction Reduction Reduction (%)*! | Achievement
Operations (%) Operations (%) Point (80%*?)

SMA-1 52.0 12.1 39.9 26.0 (31.2) OK

Gudu SMA-2 53.9 29.9 24.0 27.0 (32.3) OK

PMA 53.3 20.4 32.9 26.7 (32.0) OK

SMA-2 45.6 21.1 24.5 22.8 (27.4) OK

Jabi SMA-3 87.6 42.6 45.0 43.8 (52.6) OK

PMA 70.0 30.9 39.1 35.0 (42.0) OK

SMA-1 85.1 45.2 39.9 42.6 (51.1) OK

Garki | SMA-2 74.8 49.3 25.5 37.4 (44.9) Non

SMA-3 70.0 27.4 42.6 35.0 (42.0) OK

PMA 74.8 34.7 40.1 37.4 (44.9) OK

Source: Project Team

*1: A half of NRW ratio of Before NRW Reduction Operations (%)
*2: 80% achievement ratio of *1 (1.2 times of *“1’) as stated in PDM

Table 2-4 shows number of customer categories such as domestic, commerce, major
consumers, and that of the corresponded meter types in PMAs after NRW reduction operations.
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Table 2-4 Customer Category and Meter Type in PMAs

Customer Meter Type Gudu Jabi Garki | Remarks
Category
Conventional 59 536 46 Estimate bills included
Flat-Rate (No-meter) 711 2 8
Domestic AMR 0 0 335 Estimate bills included
Prepaid 635 1 0
Unidentified 887 0 0
Sub-Total 853 539 389
Conventional 4 34 1 Estimate bills included
Flat-Rate (No-meter) 2 0 1
c ial AMR 0 0 20 Estimate bills included
ommercia Prepaid 13 0 0
Unidentified 4 0 0
Sub-Total 23 34 22
Conventional 1 38 11 Estimate bills included
Flat-Rate (No-meter) 0 2 4
Major AMR 0 0 14 Estimate bills included
Consumers Prepaid 0 0 0
Unidentified 0 0 6
Sub-Total 1 40 35
Total 877 613 446
Source: Project Team
Remarks

*1: Prepaid meters couldn’t be installed/replaced by the private contractor under PPP as a part of NRW reduction
operations during the pilot project.

*2: Unidentified customers were found out during NRW reduction operations, but the pilot project could not identify
their customer category due to lack of information and non-accessibility to customers.

2.4 Causes of NRW and their Patterns by Features of the Pilot Projects

As a result of the pilot projects, the causes of NRW and their patterns by features are
summarised as follows:

(1) Gudu PMA

Table 2-5 and Table 2-6 shows water balance sheet of Gudu PMA (Prince & Princess) before
NRW reduction operations and ex-post operation respectively. Prince & Princess is one of the
estates where prepaid-meters were introduced by PPP.

Nominal excess usage by flat-rate customers was estimated at 7.0% (224.2m%/day) of SIV
based on water consumption survey as baseline, however it couldn’t almost be reduced as ex-
post operation due to non-installation of prepaid meters.

Unbilled unmetered consumption by only one school was found out and then a meter was
installed to measure water consumption properly, but this consumer remains in unbilled
unmetered, which should be processed correctly.

Based on measured data, customer metering inaccuracies were estimated less because of
sensitivity of prepaid meters, and also data handling errors rarely occur as an advantage of
prepaid meter system. The meters should be replaced periodically to maintain their accuracy.

lllegal bypassing/connections along service pipes were discovered and then disconnected at
totally 33 places (estimated 133m?/day) as unauthorized consumption. These were caused by
no reading or inspection by water board’s staff due to prepaid meters and non-existent regular
monitoring in the field.

Water leaks were detected and then repaired at totally 70 places (estimated 835.6m?day); 30
on network pipelines, and 40 on service pipes and valves. These were caused by low-quality
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of network pipeline laying, plumbing skills and materials for service pipes, valves and meters,
and also lack of proper supervision of network pipeline laying.

In the area like Gudu PMA in Phase 2 development area where prepaid meters were installed

by private developers, the following components contribute to NRW:

- Billed unmetered consumption (excess use by flat-rate customers)

- Unauthorized consumption (illegal bypassing/connections), and
- Physical losses (surface/underground leaks) on network pipelines and service pipes

The following NRW reduction operations are effective:

- Meter installation/replacement to flat-rate and/or meter-malfunctioning customers
- Tracking and disconnection or authorization of illegal bypassing/connections

- Patrol/detection of surface/underground leaks on network pipelines and service pipes, and
- Regular monitoring of prepaid meters in the field

Table 2-5 Water Balance Sheet of Gudu PMA (Baseline)

Component m3/day % %
Biled a. Billed Metered Consumption 1,414.0| 44.0 Revenue Water
i
Authorized Authorized b. Billed Unmetered Consumption | 87.4 2.7 46.7
Consumption | Consumption b. Billed Unmetered Consumption 294.9 70
(Nominal Excess Use) ) '
1,830m3/day Unbilled c. Unbilled Metered Consumption 0.0 0.0
Authorized d. Unbilled Unmetered 1040 | 32
System Consumption | Consumption ' '
Input c | - Customer Metering
Volume ommercia Inaccuracies and Data Handling 25.7 0.8
(SIV) (Apparent) Erfors Non-
Losses Unauthorized C " 1330 a1 Revenue Water
3.216m? e. Unauthorize onsu.mp.) ion . . (NRW)
/day Water Losses 9. Leakage on Transmission 6412 | 19.9 53.3
and/or Distribution Mains
. h. Leakage and Overflows at
1,386m?3/d - . :
micay Physical Utility's Storage Tanks 00 00
(Real) Losses [~ -
i. Leakage on Service
Connections up to Point of 194.4 6.0
Customer Use
Unidentified Water Losses 392.1 12.2

Source: Project Team
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Table 2-6 Water Balance Sheet of Gudu PMA (Ex-Post)

Component m3/day % %
Biled a. Billed Metered Consumption 2,373.7| 76.5 Revenue Water
i
Authorized Authorized b. Billed Unmetered Consumption | 97.0 3.1 79.6
Consumption Consumption | b. Billed Unmetered Consumption 199.6 6.4
(Nominal Excess Use) ] ]
2,774m3/day Unbilled c. Unbilled Metered Consumption 0.0 0.0
Authorized d. Unbilled Unmetered
System )
Ini)ut Consumption | Consumption*1 10407 34
Volume c al f. Customer Metering
(SIV) Aommerct|a Inaccuracies and Data Handling 0.0 0.0 Non-
(Loz‘;:;en ) Errors Revenue Water
3,102 e. Unauthorized Consumption (NRW)
m¥day | Water Losses g. Leakage on Transmission 204
and/or Distribution Mains
328m3/day . h. Leakage and Overflows at
27.7 | 10.
Physical Utility's Storage Tanks 3 0.6
(Real) Losses [~ -
i. Leakage on Service
Connections up to Point of
Customer Use

Source: Project Team
Remarks
*1: Prepaid meters couldn’t be installed by private company under PPP as a part of NRW reduction operations.

(2) Jabi PMA

Table 2-7 and Table 2-8 shows water balance sheet of Jabi PMA before NRW reduction
operations and ex-post operation respectively.

Billed metered consumption is a component of revenue water, but billed amount includes
automatically-estimated portion of conventional meters by billing system even if meters are
malfunctioning. So, those meters should be replaced with new ones.

Flat-rate customers are less, so nominal excess usage by them were estimated at 1.2%
(102.7m®/day) of SIV based on water consumption survey.

Unbilled unmetered consumption by a few public institutions and staff quarters were found out,
but these consumers remain in unbilled unmetered, which should be processed correctly.

Based on measured data, customer metering inaccuracies were estimated remarkably high
because of deterioration of conventional meters, and also data handling errors seem to occur
due to manual reading, recording, transcription and data entering on conventional meter. The
meters should be replaced periodically to maintain their accuracy.

lllegal bypassing/connections along service pipes were discovered and then disconnected at
totally 10 places (estimated 40m3/day) as unauthorized consumption. Regular meter reading
by meter readers have possibly made an inhibitive effect on illegal bypassing/connections.
After NRW reduction operations in Jabi PMA, a certain number of illegal connections still exists,
which may include possible illegal connections on service pipes extended to public taps
located in informal settlements, so-called “villages”.

Water leaks were detected and then repaired at totally 37 places (estimated 840.52m?%/day);
none on network pipelines, and 37 on service pipes and valves. These were caused by low-
quality of plumbing skills and materials for service pipes, valves and meters. Network pipelines
are installed very deep (6m in depth), so it was difficult to detect underground leaks by using
equipment.
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In the area like Jabi PMA in Phase 2 development area where conventional meters are
common, the following components contribute to NRW:

- Unauthorized consumption (illegal bypassing/connections)
- Customer metering inaccuracies and data handling errors
- Physical losses (surface/underground leaks) on network pipelines and service pipes

The following NRW reduction operations are effective:

- Meter installation/replacement to meter-malfunctioning customers, particularly major
consumers who consume a large amount of water.

- Tracking and disconnection or authorization of illegal bypassing/connections, and

- Patrol/detection of surface/underground leaks on network pipelines and service pipes

Table 2-7 Water Balance Sheet of Jabi PMA (Baseline)

Component m3/day % %
Billed a. Billed Metered Consumption 2,3278| 276 Revenue Water
i
Authorized | Authorized | - Billed Unmetered Consumption | 2040 | 24 30.0
Consumption | Consumption b. Billgd Unmetered Consumption 102.7 12
(Nominal Excess Use)
2,807m3/day | Unbilled ¢. Unbilled Metered Consumption 0.0 0.0
Authorized d. Unbilled Unmetered 721 | 20
System Consumption | Consumption ' '
Input c | - Customer Metering
Volume ommercia Inaccuracies and Data Handling -306.3 | -3.6
(SIV) (Apparent) Errors Non-
Losses - - Revenue Water
8 445m: e. Unauthorized Consumption 40.0 0.5 (NRW)
Iday Water Losses g. Leakage on Transmission 0.0 0.0 70.0

and/or Distribution Mains
h. Leakage and Overflows at

5,638me/d i I . :
ey Physical Utility's Storage Tanks 0.0 00
(Real) Losses  — -
i. Leakage on Service
Connections up to Point of 840.52 | 10.0
Customer Use
Unidentified Water Losses 5,064.2 1 60.0

Source: Project Team
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Table 2-8 Water Balance Sheet of Jabi PMA (Ex-Post)

Component m3/day % %
Biled a. Billed Metered Consumption 4,883.0| 68.6 Revenue Water
Authorized Authorized b. Bﬁlled Unmetered Consumption 33.9 0.5 69.1
Consumption Consumption | b. Billed Unmetered Consumption 19.7 0.3
(Nominal Excess Use) ] '
5,105m3/day Unbilled c. Unbilled Metered Consumption 0.0 0.0
Authorized d. Unbilled Unmetered
ﬁ]ﬁfm Consumption | Consumption 1082 | 24
Volume ) f. Customer Metering
(SIV) (X)mmercilal Inaccuracies and Data Handling 0.0 0.0 Non-
(L pparent) Errors Revenue Water
7,119 05568 e. Unauthorized Consumption (NRW)
m¥day | Water Losses g. Leakage on Transmission 30.9
and/or Distribution Mains
2,015md/day Physical h. .I_.eajlkage and Overflows at 20146 | 283
Utility's Storage Tanks
(Real) Losses [~ -
i. Leakage on Service
Connections up to Point of
Customer Use

Source: Project Team

(3) Garki | PMA

Table 2-9 and Table 2-10 shows water balance sheet of Garki | PMA) before NRW reduction
operations and ex-post operation respectively.

Billed metered consumption is a component of revenue water, but billed amount includes
automatically-estimated portion of AMR meters by billing system. 50% of AMR meters’ bills
have been estimated in each billing cycle because of mostly malfunctioning meters. Therefore,
those meters should be replaced with new ones.

Nominal excess usage by flat-rate customers were estimated higher at 12.1% (387.9m%day)
of SIV based on water consumption survey.

Unbilled unmetered consumption by a few public institutions and staff quarters were found out,
but these consumers remain in unbilled unmetered, which should be processed correctly.

Based on measured data, customer metering inaccuracies were estimated not much because
of sensitivity of AMR meters, and also data handling errors rarely occur as an advantage of
AMR meter system. The meters should be replaced periodically to maintain their accuracy.

lllegal bypassing/connections along service pipes were discovered and then disconnected at
totally 23 places (estimated 69m?®/day) as unauthorized consumption. These were caused by
no reading or inspection by water board’s staff due to AMR meters and non-existent regular
monitoring in the field.

Water leaks were detected and then repaired at totally 43 places (estimated 753.7m%day);
four on network pipelines, and 39 on service pipes and valves. These were caused by
deteriorating network pipelines and low-quality of plumbing skills and materials for service
pipes, valves and meters.

In the area like Garki | PMA in Phase 1 development area where AMR meters were introduced
and a number of major consumers exist, the following components contribute to NRW:

- Billed unmetered consumption (excess use by flat-rate customers)
- Unauthorized consumption (illegal bypassing/connections), and
- Physical losses (surface/underground leaks) on network pipelines and service pipes
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The following NRW reduction operations are effective:

- Meter installation/replacement to flat-rate and/or meter-malfunctioning customers,

particularly major consumers who consume a large quantity of water.
- Tracking and disconnection or authorization of illegal bypassing/connections
- Patrol/detection of surface/underground leaks on network pipelines and service pipes, and
- Regular monitoring of AMR meters in the field

Table 2-9 Water Balance Sheet of Garki | PMA (Baseline)

Component m3/day % %
Biled a. Billed Metered Consumption 4093 [ 128 Revenue Water
Authorized | Authorized | b- Billed Unmetered Consumption | 396.9 | 124 252
Consumption Consumption | b. Billed Unmetered Consumption 3879 121
(Nominal Excess Use) ) )
1,220m3/day Unbilled c. Unbilled Metered Consumption 0.0 0.0
Authorized d. Unbilled Unmetered M0 13
System Consumption | Consumption ) '
Input c ol f. Customer Metering
Volume ommercia Inaccuracies and Data Handling 167.2 5.2
(SIV) (Apparent) Errors Non-
Losses Unauthorized C " 69.0 72 Revenue Water
3.197m? e. Unauthorize onsu.m;.) ion . . (NRW)
[day Water Losses 9. Leakage on Transmission 3420 | 107 748
and/or Distribution Mains
. h. Leakage and Overflows at
1,977m3/d - . .
mcay Physical Utility's Storage Tanks 00 00
(Real) Losses -
i. Leakage on Service
Connections up to Point of 333.7 10.4
Customer Use
Unidentified Water Losses 1,050.0 | 32.8

Source: Project Team

Table 2-10 Water Balance Sheet of Garki | PMA (Ex-Post)

Component md/day % %
Billed a. Billed Metered Consumption 1,580.2| 554 Revenue Water
Authorized Authorized b. Billed Unmetered Consumption | 280.6 9.8 65.2
Consumption Consumption | b. Billed Unmetered Consumption 135.2 47
(Nominal Excess Use) ) )
1,861m3/day Unbilled c. Unbilled Metered Consumption 0.0 0.0
Authorized d. Unbilled Unmetered
System )
|n>;)ut Consumption | Consumption 16771 59
Volume . f. Customer Metering
(SIV) &Om?r::\?)al Inaccuracies and Data Handling 0.0 0.0 Non-
Lozzes Errors Revenue Water
2,852 e. Unauthorized Consumption (NRW)
md/day | Water Losses g. Leakage on Transmission 34.8
and/or Distribution Mains
991md/da
Yy Physical h. .L.eejlkage and Overflows at 688.3 241
Utility's Storage Tanks
(Real) Losses
i. Leakage on Service
Connections up to Point of
Customer Use

Source: Project Team
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2.5 Cost Effectiveness of the Pilot Project

Cost incurred for three pilot projects and envisaged increased revenue were sorted out as
shown in Table 2-11 and Table 2-12. The Project applied the following conditions to cost-
benefit analysis:

After initial NRW reduction operations, the improved NRW ratio will be maintained through
routine monitoring and maintenance activities. Monitoring and maintenance activities for three
years are assumed as same as the initial cost spent in the NRW reduction operations.

Even though FCTWB spends a certain amount of expenses for NRW reduction operations,
FCTWB increases billed water in return for NRW reduction operations. Therefore, it is desirable
that FCTWB positively takes NRW reduction operations. However, it is essential that FCTWB
seeks to apply various activities apart from the NRW reduction operations taken in the pilot
project in the light of delay or no release of the Nigerian budget to implement NRW reduction
operations.

Table 2-11 Estimated Revenue Increase based on the Pilot Project

Items Gudu Jabi Garki |
a) NRW Ratio before Operations (%) 53.3% 70.0% 74.8%
b) NRW Ratio after Operations (%) 20.4% 30.9% 34.8%
¢) Reduced NRW Ratio (%) (a)-(b) 32.9% 39.1% 40.0%
d) System Input Water Volume (m3/day) 3,102 7,119 2,852
e) Reduced NRW Volume (m?/day) (c)x(d)/100 1,021 2,784 1,141
f) Reduced NRW Volume (k. m%/year) (e)x 365/1000 373 1,016 416
g) Average Water Sales Price (NGN/m3) 90 90 90
h) Expected Water Sales per year (k. NGN) (f)x(g) 33,525 91,439 37,475
i) Estimated Revenue Increase for Three Years (k. NGN) 100,576 274,317 112,426
h)x three years
Source: Project Team
Table 2-12 Cost Effectiveness of the Pilot Project
1) Initial Cost 2) Initial & Recurrent 3) Estimated Revenue 3) Cost
PMA incurred for the Cost for NRW Increase for three Effectiveness
Pilot Project* Reduction Operation** years*** (Dimensionless)
(K. NGN) (K.NGN) (K. NGN) 3)/2)

Gudu 40,949 81,898 100,576 1.2
Jabi 47,498 94,996 274,317 2.9
Garki-l 48,937 97,874 112,426 1.1

Source: Project Team

* Refer to Appendix-1

** Recurrent cost for NRW reduction required to maintain conditions well for three years is estimated as 100% of
the initial cost spent in the Pilot projects.

*** Refer to table 2-11

Furthermore, Table 2-13 shows direct benefit by NRW reduction operation for three years in
terms of recurrence of NRW. Assumed that causes of NRW is categorized into three; nominal
excess use, unbilled unmetered & inaccuracy and illegal & physical losses, the direct benefit
of nominal excess use and unbilled unmetered is deficit, while, that of illegal & physical losses
is highly surplus. Therefore, elimination of illegal connection and leakage is efficient operations
compared with mitigation of nominal excess use and unbilled unmetered & meter inaccuracy.
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Table 2-13 Direct Benefit by NRW Reduction Operation
No. ltems Main Causes of NRW Gudu Jabi Garki |
Nominal Excess Use 19,164 24,604 46,294
Unbilled Unmetered &

Initial & Recurrent Cost

for NRW Reduction 1,966 28,499 17,813

(1) Operation* Inaccuracy
(k. NGN) lllegal & Physical Losses 60,686 42,843 33,767
Total 81,816 95,946 97,874
Nominal Excess Use 1,833 6,312 20,796
Expected Water Sales Unbilled Unmetered & 1,833 28,065 1,686

(2) | for three years*™ Inaccuracy
(k. NGN) lllegal & Physical Losses 96,600 296,064 89,940
Total 100,266 274,311 112,422
Nominal Excess Use -17,331 -18,292 -25,498

Direct Benefit Unbilled Unmetered &

(3) | (k. NGN) Inaccuracy 133 -96,564 -16,127
(2)-(1) lllegal & Physical Losses 35,914 253,221 56,173
Total 18,450 178,365 14,548

Source: Project Team

Note:

* Refer to Appendix-2

** Refer to Appendix-3

2.6 Findings and Lessons Learnt

The following findings and lessons learnt were obtained through implementation of the pilot
projects.

(1) Findings

1) Lack of Feedback between FCTWB and FCDA

The pilot project observed that as-built drawings of the laid pipeline networks have not been
handed over from FCDA to FCTWB properly, and also problems and issues in O&M have not
been fed back to FCDA for improvement in services.

2) As-Built Drawings

Drawings of pipelines are supposed to be managed and stored in Pipeline Unit of FCTWB HQs
and/or Area Offices. However, most of existing drawings are not soft copies but hard copies
and are not well organized. Most of drawing copies are only one set in FCTWB.

For the Phase-1 Development Area including Garki | where land development and construction
of water supply facilities were mostly completed, FCTWB has converted manually as-built
drawings into digital form in map book by GIS, and accomplished 95% of data input of pipeline
information including valves, hydrants and service pipelines. However, the map book shows
only location and size of pipelines but does not show materials, installation year and covering
depth. Even as-built drawings or the map books exist, discrepancy of information such as
pipeline location, size and branching point has happened often. In addition, stop cocks
supposed to be on installed service pipelines are shown on water distribution networks by
mistake, so it leads to difficulty in distinguishing valve from stop cock. At intersections of two
pipelines, it is not clear that if they have been connected or not.

For the Phase-2&3 Development Areas including Gudu and Jabi and other satellite towns
where land development and construction of water supply facilities are still ongoing by FCDA
or private developers, the constructed facilities have been operated by FCTWB without as-
built drawings often because of provisional transfer and other reasons.
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As far as it goes, FCTWB has maintained the facilities by relying on pipeline information based
on individual knowledge or using design drawings which is often different from actual situation
of the constructed facilities.

This was one of facts which forced the pilot projects to redo NRW reduction operations.

3) GIS

During pilot projects, FCTWB shifted own GIS system being free from AGIS security which
was an obstacle for smooth GIS operation and data transfer. However, GIS Unit of FCTWB is
still an interim Unit consisting of one staff plus a casual staff. It is essential to update GIS
database by reinforcing GIS Unit together with relevant Units and Area Offices.

4) Inefficient Management of Customer Data

Management of customer data including meter-reading data and payment records has not
unified timely among HQs and Area Offices. While HQs staff make use of customer data
computed from database (billing system), Area Offices manually deal with customer data by
using “Customer Notes (List)” transcribed from printed bills by Commerce staff in Area Offices,
which is an inefficient procedure and causes data handling errors, then may lead to wrong
billing.

This was one of facts which forced the pilot project to redo NRW reduction operations.

5) Complexity in Customer Category

Customers are categorized as domestic, commercial (un-coded), major consumer (co-operate
body, mini-hotel / restaurant, major consumer, petrol station / plaza, private school / clinic),
institution (embassy / high commission, ministry / parastatals, liaison office, religion), public
tap / convenience & kiosk, and lifting point (bulk selling. This mixture caused difficulty in data
assembling in the pilot project.

6) Several Types of Customer Meter

Customer meter types are; conventional including flat-rate, AMR and prepaid meters. This
mixture makes O&M and financial analysis difficult. Different types and products of
conventional meters exist in the market without accuracy check and licensing for quality
assurance.

Staff do not need manually read AMR and prepaid meters because of automatically-recording,
but often suffer from communication failure with AMR meters due to trees or other obstacles
such as grasses, and also malfunction with prepaid meters because of battery lifetime. In
addition, prepaid meters cause free water if valve remains open or illegal bypassing as NRW
unless customers report or FCTWB monitors properly.

7) Estimate Billing System

A considerable number of estimate bills caused by no meter reading, which sometimes lead
to unexpected billed amount to customers and then their complaints, hamper calculation of
revenue water. No meter reading usually results from absence of customer, inaccessibility to
customer meter, infrequent meter reading due to non-provision logistics, and probably
dereliction of meter readers.

8) Duplicated / Return Bills

A number of duplicated/return bills exist in billing system of FCTWB, which make analysis
inaccurate. “duplicated/return bills” mean the bills which are supposed to be eliminated or
deactivated from billing system but have remained, then have resulted in being returned or not
delivered. Existence of duplicated/return bills in billing system causes wastefulness and
unreliable financial analysis statement, NRW and collection ratio.

Annex16-51



A main cause is negligence of duty in FCTWB, but the reasons why duplicated/return bills have
remained are:

- In spite of conversion of meter types including flat-rate, the duplicated customer accounts
have remained.

- In spite of address modification or re-subscription, old customer accounts have remained.

- In spite of move of customers or their displacement/demolition by the Government,
uninhabited customer accounts have remained.

- As long as these bills have remained, billing system keeps on issuing the bills by automated
estimating programme.

FCTWB has worked on elimination or deactivation by upgraded billing system, but has still
kept on issuing a certain number of those bills.

9) Complexity in Water Tariff

Water tariff are, as standard, N80/m® or N5,500/month for domestic, N150/m® or
N45,000/month for commercial, and N150/m?* or various prices per month for major consumers.
This mixture makes financial analysis complicated.

10) Customer Meter Inaccuracy

Inaccuracy of conventional meters is higher than that of AMR and prepaid meters. After
replacement of those meters in the pilot projects, NRW ratio was improved certainly. However,
meters will be getting inaccurate gradually without regular maintenance and periodical
replacement, for example every eight years (in case of Japan), regardless of meter types and
well-condition. Conventional meters available in local markets vary in quality.

11) Unauthorized Consumption

lllegal bypassing/connections were found in all the three PMAs, particularly often in Gudu and
Garki | PMAs where prepaid or AMR meters were installed. These were caused by non-reading
or non-inspection by water board’s staff and non-existent regular monitoring in the field.

12) Leakage

Network pipelines and service pipes in Gudu PMA (an estate) and also inflow pipeline
branched from a distribution main were installed by private developers. The pilot project
observed water leaks on both network pipelines and service pipes up to customer meters
surface leakage because of low-quality in appurtenant/meter materials, installation and
workmanship, and non-standard situations such as service pipes laid from the back side. The
pilot project also observed an inflow pipeline over a ditch without a sheath pipe and bursts due
to substandard materials and no thrust block.

In Jabi and Garki | PMAs, the pilot project observed water leaks mainly on service pipes up to
customer meters as surface leakage because of low-quality in appurtenant/meter materials,
installation and workmanship. Also, because of installation depth of network pipelines in these
PMAs, particularly in Jabi (e.g. 6m in depth) and also pipeline/valve conditions, leakage
detection equipment could be fully utilized.

13) Quality Failure in Facility and Workmanship

Low quality in construction and plumbing works including materials was observed across the
pilot projects, which causes pipe burst and leakage.

(2) Lessons Learnt

1) Delayed or No Release of the Nigerian Budget to implement NRW Reduction
Operations
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The pilot project suffered from delayed or no release of the Nigerian budget to implement NRW
reduction operations such as chamber construction for flow-meters and valves to create PMA
(DMA), leak repair by using materials and logistics including fuel. Budget constraint always
hampered implementation of the pilot projects.

2) Area Office’s Capability, Logistics and Staff Skills

Budget allocation is limited for the routine services which Area Offices are in charge, and as
an organization capacity, Area Offices are not equipped well with personal computer, material
stocks, tools and devices, as well as their logistics including vehicles, fuel, electricity and in-
house power generation are not enough at all to provide adequate and quality services for
O&M and meter reading..

As an individual capacity, staff such as plumbers and water meter readers have attended
limited systematic employee training under the HRD programme of FCTWB. They can learn
skills through on-the-job training or apprenticeship from superiors. In addition, most of staff are
not good at mathematics, reading drawings, maps and operate personal computer, even basic
word-processing and spreadsheet programmes due to their educational background and no
training. It was also observed that, although staff are willing to learn and contribute, staff have
little responsibility and motivation because of no incentives, poor logistics and working
conditions of Area Offices. Consequently, skill development was limited to some staff each
pilot Area Office.

3) Difficulties in isolating PMAs and SMAs

The pilot projects faced difficulties in isolating PMAs and SMAs due to lack or discrepancy of
the existing pipeline information among design drawings and staff’'s knowledge. The existing
GIS pipeline network data has never been updated and doesn’t reflect correct information in
Garki I, meanwhile FCTWB doesn’t have any drawings and GIS data in Gudu and Jabi.

Customer location maps are not available because FCTWB has never positioned customers
on drawings or GIS. This also caused difficulties in identifying customers inside PMAs and
SMAs.

4) Meter Reading Divisions and Flat-Rate

Several divisions of FCTWB, such as Area Offices, AMR Unit, Prepaid Unit and nine Units for
major consumers in HQs are responsible for meter reading or monitoring which has been not
done adequately. This kind of segmentation causes inefficiency of the billing.

Flat-rate customers tend to consume water more than the expected as excess use, a part of
NRW.

5) Billed Unmetered Consumption (Nominal Excess Use)

A certain number of flat-rate (unmetered) customers existed and resulted in spending much
time on calculation of revenue water in baseline analysis. They tend to consume water more
than one which is converted from set tariff as nominal excess use according to measurement
in the pilot projects, so installing meters to flat-rate customers contributes to NRW reduction.

6) Unbilled Unmetered Consumption

The pilot projects observed some unbilled unmetered consumption from major consumers,
public institutions because of procedural omission and also from FCTWB offices and its staff
quarters. FCTWB needs to install meters, shift them to the billed or unbilled metered
consumers at least by installing meters to measure water consumption.
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3. Scenario, Goal and Cost-Effectiveness

3.1 Overall Scenarios

From lessons obtained through the pilot project, it is very difficult for Project Team to determine
the particular NRW reduction activity. Project Team, therefore, prepared five scenarios such
as Scenario-a to Scenario-e for NRW reduction operations in order flexibly to cope with
influence due to various conditions such as budget release, appointment of trained appropriate
staff, progress of database for the existing pipelines in future. Figure 3-1 shows criteria for
selecting scenario of NRW reduction operation as aspects of financial condition, human
resources, etc. are changed.

Especially, Project Team set condition for the criteria in terms of the following five aspects:

Budget release

Appointment of well-trained staff for leakage survey
Appointment of trainers required for Area Office’s staff
Inventory management of equipment in Area Office
Development of pipeline data

Table 3-1 summaries main activities and procurement of equipment of all the scenarios as well
as target NRW ratio. The target NRW ratio shown in Table 3-1 indicates percentage unless
scenario selected once is changed the year 2019 through 2023. Therefore, target NRW ratio
should be reviewed and setup in the annual action plan based on the first six-month activities
of the previous year.

Even if FCTWB does not achieve targeted NRW ratio for the year 2023, the common objective
of NRW reduction operation among five scenarios is to achieve the following activities which
are significant for FCTWB to learn status of NRW ratio.

® Data collection of monthly billed consumption
® Data collection of monthly System Input Volume (SIV)
® Monthly IWA water balance analysis
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Figure 3-1 Criteria for selecting Scenario of NRW Reduction Operation
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Table 3-1 Features of Scenarios for NRW Reduction Operations

Items

Scenario

a

|

b

|

[

d

e

1. Target

1.1 Target Year

2023

2023

2023

2023

2023

1.2 Baseline NRW Ratio (%)

48.3

48.3

48.3

48.3

48.3

1.3 Target NRW Ratio in 2023 (%)

31.9

32.4

36.9

35.1

42.8

1.4 Reduction Approach

DMA

Zone

Zone

Zone

Zone

2. Main Body for NRW Reduction Operations

2.1 Main Body for Operations
(Supervision)

HQ's NRW
Unit

HQ NRW
Unit

HQ's NRW
Unit

HQ's NRW
Unit

HQ’'s NRW
Unit

2.2 Main Body for Operations (Field
Actions)

Area
Offices

Area
Offices

Area
Offices

HQ’'s NRW
Unit

HQ’'s NRW
Unit

3. NRW Reduction Operations

(1) Network Drawings and Data

X

X

X

X

X

(2) Customer Enumeration

a) DMA

b) Zone

(3) DMA Design, Creation and
Prioritization

XXX

(4) Zonal Prioritization

(5) Field Inspection

(6) Isolation by installing Flow Meters
and Valves

(7) Step Test in DMA

(8) Zonal Measurement

X XX

(9) Leakage Detection

a) by Area Office (DMA)

b) by Area Office (Zone)

c) by NRW Unit (Zone)

(10) Patrol of Surface Leaks

(11) Repair of Leaks and Recording

a) for (9)-a)

b) for (9)-b)

c) for (10)

d) for (9)-d)

XXX

(12) Identification of lllegal Connection
and Inaccuracy Meters

a) lllegal Connection (Area Office)

b) lllegal Connection (NRW Unit)

X

X

'

c) Inaccuracy Meters

d) Labo Test of Meter Inaccuracy for
Meter Standardization

X |X

X |X

X |X

XX [X]

(13) Measures against lllegal Connection
and Meter Inaccuracy

a) lllegal Connection (Area Office)

b) lllegal Connection (NRW Unit)

c) Meter Inaccuracy

(14) Data Collection of Monthly Billed
Consumption

a) DVMA

b) Zone

XX

x

x

x

x

(15) Data Collection of Monthly SIV

a) DMA

b) Zone

c) Bulk Meters

(16) Monthly Water Balance Analysis

(17) Measurement of 1-week SIV (DMA)

XXX

(18) Installing Water Meters

(19) Survey on Trunk, Distribution Mains
and Reservoirs

x

(20) Preparation for Pipe Replacement
Plan

X XXX XX XX

X XX XXX

XX X[ XXX

XXX XXX

4. Procurement of Equipment
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Scenario
b c d e

Items

a

4.1 Flow Meters and Valves for Isolation X -

4.2 Leak Detection Equipment X X - -
4.3 Water Meters X X X X
5. Place where equipment is stocked

5.1 Existing Equipment 3Apg°t 3Apg°t NRW Unit | NRW Unit | NRW Unit
5.2 Newly-procured Equipment A.O. A.O. -

Source: Project Team

3.2 Scenarios

In ‘Clause 3.1, the Medium-term Strategic Plan states features such as basic of setting-up
scenario, summary of scenario, key activities of scenario, pre-condition & external factors for
applying scenario and challenges in future. The features also contribute to the fundamental
description in order for FCTWB to facilitate the NRW reduction operations.

(1) Scenario-a
1) Basis of setting-up Scenario

JICA Expert Team provided FCTWB with technical assistance in order to develop capacity on
a series of NRW reduction operations as pilot project. It is expected that FCTWB will be able
to carry out a series of NRW reduction operations.

2) Summary of Scenario

FCTWB will establish the NRW reduction team in each Area Office. The team will create DMA
and take NRW reduction operations like the Pilot Project targeting on NRW ratio of 31.9% for
the year 2023.

3) Key activities
Key activities of Scenario-a are follows:

Network Drawings and Data

Customer Enumeration

DMA Design, Creation and Prioritization

Field Inspection

Isolation by installing Flow Meters and Valves

Step Test in DMA

Leakage Detection

Repair of Leaks and Recording

Identification of lllegal Connection and Inaccuracy Meters
Measures against lllegal Connection and Inaccuracy Meters
Data Collection of Monthly Billed Consumption

Data Collection of Monthly SIV

Monthly Water Balance Analysis

Measurement of 1-week SIV (DMA)

Installing Water Meters

Survey on Trunk, Distribution Mains and Reservoirs
Preparation for Pipe Replacement Plan

4) Pre-condition

The following are pre-condition to take NRW reduction operations based on Scenario-a.

® Develop data on the existing water supply pipelines accurately ensure time to create
DMA.
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® Appoint staff who were involved in The Federal Capital Territory Reduction of Non-
Revenue Water Project in FCTWB HQ.

® Appoint three staff as trainers who are able to train staff of Area Offices to establish NRW
reduction team in Area Office.

® Appoint well- trained staff for installation of flow meters and leakage survey.

® Ensure enough budget of about N883million for five years for allowance and equipment
such as flow meters, isolation valves, leak detectors, customer water meters, meter
boxes, fuel, pipes, their fittings, etc.

® Ensure adequate budget allocation for Area Offices.

® Ensure inventory management of equipment such as leak detectors, flow-meters, etc. in
Area Offices.

® Improve Area Offices’ condition.

® Ensure vehicle and PC.

5) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

6) Challenges in Future

If the pre-condition is met to apply for Scenario-a, NRW reduction operations based on
Scenario-a will be taken for the time being. However, FCTWB must consider the following
actions as soon as possible in order to maintain NRW reduction operations.

® Procure leakage survey equipment and accurate water meters.
® Ensure budget to develop meter laboratory.

® Need some technical assistance for developing meter laboratory.
® Calibrate test meters.

® Need design of leakage training yard considering local condition.

(2) Scenario-b:
1) Basis of setting-up Scenario

Project Team spent much time and cost to create DMA through the pilot project. Therefore,
creation of DMA is unrealistic in terms of sustainability of NRW reduction operations. It was
observed that most of water meters had been malfunctioning or not been installed. However,
it is very important to learn actual water consumption to analyse IWA water balance.

2) Summary of Scenario

FCTWB will establish the NRW reduction team in each Area Office. The team will NOT create
DMA, but will take NRW reduction operations such as leakage survey, illegal connection
survey and water meter survey by zone targeting on NRW ratio of 32.4% for the year 2023.

3) Key activities
Key activities of Scenario-b are follows:

Network Drawings and Data

Customer Enumeration

Zonal Measurement

Leakage Detection

Repair of Leaks and Recording

Identification of lllegal Connection and Inaccuracy Meters
Measures against lllegal Connection and Inaccuracy Meters
Data Collection of Monthly Billed Consumption
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Data Collection of Monthly SIV

Monthly Water Balance Analysis

Installing Water Meters

Survey on Trunk, Distribution Mains and Reservoirs
Preparation for Pipe Replacement Plan

4) Pre-condition

The following are pre-condition to take NRW reduction operations based on Scenario-b.

® Appoint staff who were involved in The Federal Capital Territory Reduction of Non-
Revenue Water Project in FCTWB HQ.

® Appoint three staff as trainers who are able to train staff of Area Offices to establish NRW
reduction team in Area Office.

® Appoint well- trained staff for leakage survey

® Ensure enough budget of about N805million for five years for allowance and procurement
of equipment such as leak detectors, customer water meters, meter boxes, fuel, pipes,
their fittings, etc.

® Ensure adequate budget allocation for Area Offices.

® Ensure inventory management of equipment such as leak detectors, flow-meters, etc. in
Area Offices.

® Improve Area Offices’ condition.

® Ensure vehicle and PC.

5) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB'’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

6) Challenges in Future

If the pre-condition is met to apply for Scenario-b, NRW reduction operations based on
Scenario-b will be taken for the time being. However, FCTWB must consider the following
actions as soon as possible in order to maintain NRW reduction operations.

® Procure leakage survey equipment and accurate water meters.
® Ensure budget to develop meter laboratory.

® Need some technical assistance for developing meter laboratory.
® Calibrate test meters.

® Need design of leakage training yard considering local condition.

(3) Scenario-c:
1) Basis of setting-up Scenario

FCTWB needs lots of budget to procure leakage detection equipment. Therefore, it is
unrealistic to procure all the equipment in terms of budget for their procurement. Meanwhile, it
is desirable that FCTWB regularly patrol to find surface leakage and illegal connections. All the
equipment which were provided by JICA will be utilized for the leak detection staff to be trained
in future.

2) Summary of Scenario

FCTWB will establish the NRW reduction team in each Area Office. The team will NOT create
DMA, but will take NRW reduction operations such as water meter survey, monitoring for
surface leakage and illegal connection by zone targeting on NRW ratio of 36.9% for the year
2023.
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3) Key activities
Key activities of Scenario-c are follows:

Network Drawings and Data

Customer Enumeration

Zonal Measurement

Patrol of Surface Leaks

Repair of Leaks and Recording

Identification of Illlegal Connection and Inaccuracy Meters
Measures against lllegal Connection and Inaccuracy Meters
Data Collection of Monthly Billed Consumption

Data Collection of Monthly SIV

Monthly Water Balance Analysis

Installing Water Meters

Survey on Trunk, Distribution Mains and Reservoirs
Preparation for Pipe Replacement Plan

4) Pre-condition

The following are pre-condition to take NRW reduction operations based on Scenario-c.

® Appoint three staff as trainers who are able to train staff of Area Offices to establish NRW
reduction team in Area Office.

® Appoint staff who were involved in the Project in FCTWB HQ.

® Ensure enough budget of about N326million for five years for allowance and equipment
such as customer water meters, meter boxes, fuel, pipes, their fittings, etc.

® Ensure adequate budget allocation for Area Offices.

® Ensure inventory management of equipment such as leak detectors, flow-meters, etc. in
Area Offices.

® Improve Area Offices’ condition.

® Ensure vehicle and PC.

5) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB'’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWPB’s board members who are concerned with budgetary fund for NRW reduction
operations.

6) Challenges in Future

If the pre-condition is met to apply for Scenario-c, NRW reduction operations based on
Scenario-c will be taken for the time being. However, FCTWB must consider the following
actions as soon as possible in order to maintain NRW reduction operations.

® Procure leakage survey equipment and accurate water meters.
Ensure budget to develop meter laboratory.

Need some technical assistance for developing meter laboratory.
Calibrate test meters.

o
o
°
® Need design of leakage training yard considering local condition.

(4) Scenario-d:
1) Basis of setting-up Scenario

Project Team spent much time and cost to create DMA through the Pilot Project. Pilot Project
was carried out by FCTWB HQs and Area Office in cooperation with JICA Expert Team. NRW
reduction operations by Area Office were limited due to insufficient skilful staff for supervising
NRW reduction operations, lack of computer equipment and serious condition of power supply.
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Therefore, it is unrealistic for Area Office to take various in-house and field work on NRW
reduction operations and maintain all the equipment.

2) Summary of Scenario

Only FCTWB HQs will take NRW reduction operations such as leakage survey, illegal
connection survey and water meter survey systematically by zone but NOT create DMA.
FCTWB will target on NRW ratio of 35.1% for the year 2023. Area Offices patrol for detect
surface leakage and illegal connection.

3) Key activities
Key activities of Scenario-d are follows:

Network Drawings and Data

Customer Enumeration

Zonal Prioritization

Zonal Measurement

Leakage Detection

Repair of Leaks and Recording

Identification of lllegal Connection and Inaccuracy Meters
Measures against lllegal Connection and Inaccuracy Meters
Data Collection of Monthly Billed Consumption

Data Collection of Monthly SIV

Monthly Water Balance Analysis

Installing Water Meters

Survey on Trunk, Distribution Mains and Reservoirs
Preparation for Pipe Replacement Plan

4) Pre-condition
The following are pre-condition to take NRW reduction operations based on Scenario-d.

® Appoint staff who were involved in the Project in FCTWB HQ.

® Appoint well- trained staff for leakage survey

® Ensure enough budget of about N223million for five years for allowance and equipment
such as customer water meters, meter boxes, fuel, pipes, their fittings, etc.

® Ensure vehicle and PC.

5) External Factors

NRW reduction operations may suspend for a certain period due to circumstance of cash
disbursement in transition period for FCTWB’s autonomy.

In addition, NRW reduction operations may not be carried out due to objections of some of the
FCTWB’s board members who are concerned with budgetary fund for NRW reduction
operations.

6) Challenges in Future

If the pre-condition is met to apply for Scenario-d, NRW reduction operations based on
Scenario-d will be taken for the time being. However, FCTWB must consider the following
actions as soon as possible in order to maintain NRW reduction operations.

® Procure accurate water meters.

® Ensure budget to develop meter laboratory.

® Need some technical assistance for developing meter laboratory.
® Calibrate test meters.

® Need design of leakage training yard considering local condition.

(5) Scenario-e:
1) Basis of setting-up Scenario
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Project Team spent much time and cost for various NRW reduction operations such as area
isolation, leakage detection, illegal connection survey, water flow measurement and
replacement and installation of water meters, etc. through the pilot project. Therefore, it is likely
that those activities are unrealistic in terms of their sustainability and feasibility from the aspect
of a delay of cash disbursement during the pilot project.

Meanwhile, since development of the existing pipeline information and customer’s list was
insufficient, Project Team spent much time to clarify and compile the information.

2) Summary of Scenario

FCTWB HQ will focus on developing fundamental information of the existing water supply
pipelines and customer enumeration required for future NRW reduction operations. HQ will
also conduct leakage detection and measures against illegal connections for NRW reduction
as much as possible. FCTWB will target on NRW ratio of 42.8% for the year 2023.

3) Key activities
Key activities of Scenario-e are follows:

Network Drawings and Data

Customer Enumeration

Data Collection of Monthly Billed Consumption
Data Collection of Monthly SIV

Monthly Water Balance Analysis

Installing Water Meters

Survey on Trunk, Distribution Mains and Reservoirs
Preparation for Pipe Replacement Plan

4) Pre-condition
The following are pre-condition to take NRW reduction operations based on Scenario-e.

® Appoint staff who were involved in the Project in FCTWB HQ.

® Ensure enough budget of about N124million for five years for allowance and fuel and
equipment such as pipes, their fittings, etc.

@ Ensure vehicle and PC.

5) External Factors

Replacement and or installation of water meters may suspend for a certain period due to
circumstance of cash disbursement for vehicle fuel and water meters in transition period for
FCTWB’s autonomy.

In addition, replacement and or installation of water meters may not be carried out due to
objections of some of the FCTWB’s board members who are concerned with budgetary fund
for corresponded activities.

6) Challenges in Future

If the pre-condition is met to apply for Scenario-e, NRW reduction operations based on
Scenario-e will be taken for the time being. However, FCTWB must consider the following
actions as soon as possible in order to maintain NRW reduction operations.

® Procure accurate water meters.

Ensure budget to develop meter laboratory.

Need some technical assistance for developing meter laboratory.
Calibrate test meters.

°
°
o
® Need design of leakage training yard considering local condition.

In addition, staff who were trained through the pilot project have no an opportunity to take major
activities for NRW reduction for the time being unless FCTWB applies other scenario. This
may result in loss of staff’s skill on NRW reduction operations.
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3.3 Cost-Effectiveness by Scenario

(1) Cost

1) Conditions for estimating Man-Days

Project Team estimated man-days required for NRW reduction operations in order to estimate
the corresponded cost as shown in Appendix-3.1.

2) Cost Comparison

Cost of each scenario for five years is summarized in Table 3-2 based on the breakdown of
the operation cost shown in Appendix-4. However, expenses of excavation and backfilling for
pipe repair and disconnection of illegal connection is not included in the breakdown of the
operation cost, because their expenses depend on the field condition and are small amounts
compared with other expenses for water meters, fittings, fuel and personnel allowance for other
NRW reduction activities. Actually, the expenses was estimated at NGN0.09-0.22 per year,
which may be negligible from aspect of annual total cost.

Table 3-2 Cost Comparison by Scenario (k. NGN)

It Scenario
em a | b c d e
a. Equipment and Materials for NRW Reduction Operations
Leak Detectors (Equipment from Japan) 459,961 | 459,961 0 0 0
PMA Creation (Flow-meter, Valve) 52,996 0 0 0 0
PMA Creation (Chamber Construction) 2,773 0 0 0 0
Water Meter Installation and
Replacement for all Customer (Meters 89,812 89,812 89,812 89,812 0
and Fittings for 5,000/year)
Materials for Leakage Repair 9,882 9,154 4,344 7,106 7,106
Materials for 24-hour Flow Measurement 9,115 0 0 0 0
Materials f_or Meter Error Test, 591 297 297 297 297
Consumption Survey
Subtotal 625,130 | 559,156 94,383 97,146 7,333
b. Water Meter Laboratory
Water meter laboratory (two test meter
and fittings) 1,946 1,946 501 501 501
Subtotal 1,946 1,946 501 501 501
c. Field Allowance for NRW Reduction Operations
Field Allowance for NRW Reduction
Operations 118,476 | 111,792 | 106,433 39,591 33,291
Subtotal 118,476 | 111,792 | 106,433 39,591 33,291
d. Logistics
Fuel Cost 64,947 58,858 52,808 18,551 15,470
Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3) 57,000 57,000 57,000 57,000 57,000
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3) 97501 9780 97507 3,900 3900
Subtotal 131,697 | 125,608 | 119,558 79,451 76,370
Training Cost 6,034 6,034 6,034 6,034 6,034
Subtotal 6,034 6,034 6,034 6,034 6,034
Grand Total 883,282 | 804,535 | 326,908 | 222,722 | 123,529

Source: Project Team

(2) Revenue Yielded

1) Condition for estimating revenue yielded

The total revenue yielded through NRW reduction operations is estimated based on the

following condition:
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® Current NRW Ratio: 48.3%

® Total System Input (water production): About 336,000m3/day by taking account of process
loss of 10% at the LUD Water Treatment Plant

® Unit Price of Water: NGN90/m?3

2) Revenue Yielded Comparison

Revenue yielded of each scenario through NRW reduction operations for five years is
summarized in Table 3-3 based on the breakdown estimated considering the condition of the
above ‘(2) in this section. The Breakdown is shown in Appendix-4.

Table 3-3 Revenue Comparison by Scenario
ltems Scenario-a | Scenario-b | Scenario-c | Scenario-d | Scenario-e
NRW Volume to be reduced 187 18.1 13.0 15.0 6.3
(mil. m3/5years)
Revenue yielded (mil.
NGN/5years)
Source: Project Team

4,822.6 4,752.6 3,636.9 4,198.4 1,698.8

(3) Cost-Effectiveness

Cost-effectiveness for five years was worked out in Table 3-4. Scenario-d indicates the highest
cost-effectiveness at 18.9.

Table 3-4 Cost-Effectiveness by Scenario

ltems Scenario
a b c d e
Cost (mil. NGN) i 883.2 804.5 326.9 222.7 1235
Revenue yielded i 482260 | 475260 | 3.636.90 | 419840 | 1,698.80
(mil. NGN)
ﬁ'(r;e,\f)t benefit (mil. iiizii-i. | 393940 | 3.948.10 | 3.310.00| 397570 | 1575.30

Cost-Effectiveness iv. =ii./ . 5.5 5.9 111 18.9 13.8
Source: Project Team

3.4 Financial Consideration based on the Scenarios

The Financial statements of the five scenarios such as “Profit and Loss” and “Cash Flow” were
studied and summarized scenario-wisely in this section.

(1) Conditions
Table 3-5 presents various conditions set out for the study.
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Table 3-5 Conditions for preparing Financial Statement

ltems Conditions Sources
Estimated by Project Team
as shown in Chapter 1.4
Estimated by Project Team
as shown in Chapter 3.3

1. Baseline of NRW ratio 48.3%

2. Incremental O&M expenditures Scenario-wise

3 .Capital Investment expenditures
1) Construction works in 2019 for the

switch over of the water supplied by NGNG673Mil. Estimated by Project Team
LUD-WTP Phase-3&4

2) Procurement in connection with the Scenario-wise Estimated by Project Team
scenarios as shown in Chapter 3.3

4. Depreciation

Estimated by Project Team
mostly equipment and vehicle
Estimated by Project Team

1)  Procurement of above 3-2) 10 years

2)  Other assets including the construction

of switch-over and Phase-384 20 years (most!y fgC|I|t|es, installations,
and pipelines)
5. Price escalation Not applied Judged by Project Team

6.Tariff: weighted average between the

) ) NGN90/m3 Estimated by Project Team
domestic and commercial customers

7. Collection ratio of water tariff against bills Estimated by Project Team

raised 31.3% average rate of four years from
2014 to 2017
8. Allocation and remittance to FCTA Not applied Assumed by Project Team

Source: Project Team
(2) Profit and Loss (P/L) Statement

Based on the above pre-conditions, the P/L statement of each scenario is estimated. Table 3-
6 shows the summary of the year 2023. The details over five years from 2019 up to 2023 of
each scenario are presented in Appendix-6.

With-project cases (five scenarios) will obviously make a larger profit than without-project case
(no scenario).

Table 3-6 Summary of P/L Statement of the Year 2023 by Scenario (Million Naira)

No Scenarios
Account Items .
Scenario a b c d e
1.Revenues 7,829 10,306 10,239 9,547 9,824 8,668
2.Expenditures 2,799 2,895 2,886 2,844 2,824 2,815
3.PIL=1-2 5,030 7,411 7,353 6,703 7,000 5,853

Source: Project Team
(3) Cash Flow (C/F) Statement

The C/F Statement refers to cash-inflows and cash-outflows in a given period categorizing
such activities as operational, investment and financial. The difference between the cash-
inflows and the cash-outflows comes out to “net cash flow” at the end. Table 3-7 presents the
C/F Statement for the year 2023 estimated based on the above conditions. The detailed C/F
statements can be referred year-wisely from 2019 up to 2023 in Appendix-7.

With-project cases (five scenarios) will apparently generate the net C/F more than without-
project case (no scenario). Moreover, the net C/F will surely soar if reducing the number of un-
paid customers.

It should be noted that the expenditures for switch-over construction planned in 2019 is to be
funded by the Government. However, the Scenario-a and Scenario-b could remain negative
even though funded because of a heavier investment amount in the year than that of other
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scenarios; this negative amount should be raised for from the Government or other party

accordingly.
Table 3-7 Summary of C/F Statement of Year 2023 by Scenario (Million Naira)
Activities No Scenarios
Scenario a b c d e
1.0perational 714.5 1,451.3 1,434.6 1,220.4 1,325.0 965.1
2_|nvestment 0 - 1000 - 91 0 - 189 - 384 - 205
3.Financial 0 0 0 0 0 0
4. Net C/F = 142+3 714.5 1,351.3 1,343.6 1,201.5 1,286.6 944.7

Source: Project Team
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4. NRW Reduction Operations Plan
4.1 NRW Reduction Operations

Overall NRW reduction operations from Scenario-a to Scenario-e are shown in Table 3-1. All
the NRW reduction operations contains 20 activities. Scenario-a consists of most activities
among five scenarios, while Scenario-e consists of least ones.

4.2 Workflow of NRW Reduction Operations

The following show breakdown of the activities and workflows which are composed of the
breakdown of each scenario are indicated in Figure 4-1 to Figure 4-5.

(1) Network Drawings and Data
(2) Customer Enumeration
(3) DMA Design, Creation, Prioritization
(3)-1 DMA Design, Creation and Prioritization
(3)-2 DMA Prioritization in NRW Reduction
Zonal Prioritization
Field Inspection
Isolation by installing Flow-meters and Valves
Step-Test in DMA
Zonal Measurement
Leakage Detection
Patrol of Surface Leaks
Repair of Leaks and Recording
Identification of lllegal Connections and Meter Inaccuracy
)-1 Identification of lllegal Connection
)-2 ldentification of Meter Inaccuracy
Measures against lllegal Connection and Meter Inaccuracy
)-1 Measures against lllegal Connections
)-2 Measures against Meter Inaccuracy
Data Collection of Monthly Billed Consumption
Data Collection of Monthly SIV
Monthly Water Balance Analysis
Measurement of One-week SIV
Installing Water Meters
Survey on Trunk, Distribution Mains and Reservoirs
Preparation for Pipe Replacement Plan

AN AN AN S S S S S~
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5. Scenario that FCTWB selected and the Background

In order to carry out NRW reduction operations, considering the following reasons, the
Management of the Water Board Selected “Scenario-d” which states that, “Only FCTWB HQs
will take NRW reduction operations such as systematic leakage survey, illegal connection
survey, and installation of water meters but NOT create DMAs. FCTWB will target on NRW
ratio of 35.1% for the year, 2023”.

Practical goal of NRW ratio

Insufficient data of the existing water supply facilities

Vulnerable structure of areas offices

Insufficient number of skilled staff of Area Offices

Expected accommodation of disbursement due to approved autonomy of FCTWB and
appointment of board members

Making the most use of skills and know-how which were obtained through the Project as
much as possible so that FCTWB’s capacity on NRW reduction especially at individual
level is sustained
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6. Budget Allocation for Five Years

In the past three years, FCTWB made a budget of 40million to 50million yearly, but suffered
from delayed or no release of the budget to implement the pilot projects as scheduled. From
the current condition of release, Budget for the year 2018 has not been approved and released
as of April 2018. It is most likely that approval and release of budget for the year 2019 will be
delayed. Therefore, the Project Team allocated a budget up to about 35million apart from
Scenario-a, b and ¢ which requires huge initial investment for the first year in accordance with
FCTWB's prospect.

Cost for NRW reduction operation is composed of the following expense items:

Field Allowance for staff

Equipment such as flow-meters, valves, water meters, leak detectors

Materials such as fittings for leak repairs, 24hour-flow measurement, water meter error
test, consumption survey, etc.

Water meter laboratory

Fuel for vehicles

Vehicles

Maintenance and insurance for Vehicles

Training for human resource development

Table 6-1 shows budget allocation for five years.

Cost of Scenario-a for first three years is higher than that for other two years, because of
concentrating on DMA creation. In addition, cost of Scenario-a and Scenario-b in 2019 and
2020 is higher than that of other years with procurement of leak detectors for their delivery to
Area Offices. Meanwhile, cost of Scenario-d and Scenario-e from 2022 to 2023 is higher than
that 2019 and 2020 with procurement of vehicles.

Table 6-1 Budget Allocation for NRW Reduction Operations

Scenario (T;)itﬁlNCérzt) 2019 2020 2021 2022 2023
Sconarion 883.3 2417 185.4 178 1 139.7 138.4
100% 27% 21% 20% 16% 16%
Sconarioh 804.5 2252 169.0 161.7 123.8 124.8
100% 28% 21% 20% 15% 16%
Sconarion 326.9 115.8 59.3 50.7 50.7 50.5
100% 35% 18% 16% 16% 15%
Sconariod 2227 34.1 34.6 50.7 51.4 52.0
100% 15% 16% 23% 23% 23%
Sconarion 123.5 14.2 14.7 30.9 315 322
100% 12% 12% 25% 26% 26%

Source: Project Team
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7. Staffing Plan and Responsibility

Number of staff is calculated as following conditions:

® National Holiday: New Year’s Day, Good Friday, Easter Monday, Workers' Day,
Democracy Day, Id el Fitr, ide-el-Kabir, National Day, Id-el-Maulud, Christmas Day, Boxing
Day = Total 13 days

® Annual Leave: 30 days include Saturday and Sunday (Eight non-working days): 22 days

® Working days per week: 5 days per week x 52 weeks = 260 working days

® \Working days per year: 260 days -13 days — 22 days = 225 working days per year

7.1 FCTWB Headquarters

a) NRW Unit

Staff of the Unit should carry out the plan mainly and organize other Units for the
implementation of the plan. The necessary number of staff as follows:

Table 7-1 Necessary No. of Staff by each Scenario for NRW Unit

2019 2020 2021 2022 2023
Scenario-a 4 4 4 4 4
Scenario-b 3 3 3 3 3
Scenario-c 3 3 3 3 3
Scenario-d 11 11 11 11 11
Scenario-e 9 9 9 9 9

Source: Project Team

® \When FCTWB choose scenario-a, four staff will be required for all the years.

® \When FCTWB choose scenario-b and c, three staff will be required for all the years.

® \When FCTWB choose scenario-d, 11 staff which consists of three teams will be required
for all the years.

® \When FCTWB choose scenario-e, nine staff will be required for all the year.

b) GIS Unit

Staff of the Unit should work for making pipeline maps and customer maps mainly. The
necessary number of staff are as follows:

Table7-2 Necessary No. of Staff by each Scenario for GIS Unit

2019 2020 2021 2022 2023
Scenario-a 3 2 2 2 2
Scenario-b 3 2 2 2 2
Scenario-c 3 2 2 2 2
Scenario-d 3 2 2 2 2
Scenario-e 3 2 2 2 2

Source: Project Team

When FCTWB proceeds the plan, three staff will be required in the first year, but two staff will
be required for the other years.

c) Distribution Unit

Staff of the Unit should work for inspection of trunk main, distribution main, their fittings, villages
and public taps. The necessary number of staff are as follows:

Annex16-75




Table 7-3 Necessary No. of Staff by each Scenario for Distribution Unit

2019 2020 2021 2022 2023
Scenario-a 1* 1 1 1 1
Scenario-b 1 1 1 1 1
Scenario-c 1 1 1 1 1
Scenario-d 1 1 1 1 1
Scenario-e 1 1 1 1 1

Source: Project Team
Note: * Annual average necessary number of staff is one person, but for inspection of trunk mains and distribution
mains two person are required.

Table7-4 Required No. of Staff by each Scenario for Distribution Unit

2019 2020 2021 2022 2023
Scenario-a 3 3 3 3 3
Scenario-b 2 2 2 2 2
Scenario-c 2 2 2 2 2
Scenario-d 2 2 2 2 2
Scenario-e 2 2 2 2 2
Source: Project Team
d) Billing Unit

Staff of the Unit should work for customer enumeration and data collection of billed
consumption mainly. The necessary number of staff are as follows:

Table 7-5 Necessary No. of Staff by each Scenario for Billing Unit

2019 2020 2021 2022 2023
Scenario-a 2 2 2 2 2
Scenario-b 2 2 2 2 2
Scenario-c 2 2 2 2 2
Scenario-d 2 2 2 2 2
Scenario-e 2 2 2 2 2

Source: Project Team
When FCTWB proceed the plan, two staff will be required in the first year.
e) Commerce Unit

Commerce staff should work on eliminating illegal connections. The necessary number of staff
are as follows:

Table 7-6 Necessary No. of Staff by each Scenario for Commerce Unit
2019 2020 2021 2022 2023

Scenario-a
Scenario-b
Scenario-c
Scenario-d
Scenario-e
Source: Project Team

RN (PN KN IS\ SN
Alalalala
Alalalala
[N [P\ KN L ) SN
Alalalala

7.2 Area Offices
a) Distribution Staff of Area Offices

Distribution staff of Area Offices should work on leakage survey and repairing, meter
installation and so on. The necessary number of staff are as follows:
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Table 7-7 Necessary No. of Staff by each Scenario for Distribution Staff of Area Office

2019 2020 2021 2022 2023
Scenario-a 5* 5 5 5 5
Scenario-b 5 5 5 5 5
Scenario-c 5 5 5 2 2
Scenario-d 2 2 2 2 2
Scenario-e 1 1 1 1 1

Source: Project Team

Note: * Annual average necessary number of staff is 1-5 person, but for leakage repair 6 person are required.

Table 7-8 Required No. of Staff by each Scenario for Distribution Staff of Area Office

2019 2020 2021 2022 2023
Scenario-a 6 6 6 6 6
Scenario-b 6 6 6 6 6
Scenario-c 6 6 6 6 6
Scenario-d 6 6 6 6 6
Scenario-e 6 6 6 6 6

Source: Project Team

b) Commerce Staff of Area Offices

Commerce staff of Area Offices should work on sorting out customer map and accompany with
distribution staff when necessary. The necessary number of staff are as follows:

Table7-9 Necessary No. of Staff by each Scenario for Commerce Staff of Area Office

2019 2020 2021 2022 2023
Scenario-a 2 2 2 2 2
Scenario-b 2 2 2 2 2
Scenario-c 1 1 1 1 1
Scenario-d 1 1 1 1 1
Scenario-e 1 1 1 1 1

Source: Project Team
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8. Human Resource Development (HRD) Plan

8.1 Background

FCTWB was established in October 1989, saddled with the responsibility of Medium Strategic
Plan.

8.2 Scenarios and Goal

Scenario d has been proposed and accepted by the FCTWB Management, and that implies
that FCTWB Headquarters will coordinate the activities of NRW including leakage detection
survey, illegal connection survey and water meter survey but not to create the DMA. FCTWB
will target on NRW ratio of 35.1% for the year 2023.

8.3 Human Resource Development

Human resource management is recruiting, hiring and managing employees. Project Team
focused on human resource development in terms of staff’'s individual capacity in NRW
reduction.

8.4 Content of Human Resource Development

(1) Necessity of HRD for NRW Reduction

At present, there is no systematic HRD plan for NRW reduction in FCTWB, but It is necessary
to create systematic HRD plan and deepen staff's understanding of NRW, so that NRW ratio
will be decreased in FCTWB'’s service area.

The purpose of the plan is to deepen understanding of NRW among staff of FCTWB and to
contribute to NRW reduction.

(2) Training Curriculum
The HRD plan consists of seven curriculums. The curriculums are as follows:
A. Training Curriculum 1: Basic and Common Knowledge about NRW

The lecture “Basic and Common Knowledge about NRW” consists of three contents such as
Meaning of NRW Reduction, Outline of IWA Water Balance Analysis and Outline of NRW
Reduction Operation.

A.1 Target and Style of Curriculum 1
A.1.1 Target Staff:
Area Manager, Assistant Area Manager, Staff at HQ
A.1.2 Lecturer:
Staff of NRW Unit
A.1.3 Number of Participants of one Training Course:
Maximum 10 Persons
A.1.4 Style and Duration of Training:
Lecture: One Day
A.2 Contents 1-1: Meaning of NRW Reduction

Explanation of effect from NRW Reduction: Increase Revenue, New Water Resources
Development

A.2.1 Expected Effect:
Participants can understand about NRW Reduction and its effect.
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A.2.2 Items on the lecture of Meaning of NRW Reduction:

Effects of NRW Reduction

A.3 Contents 1-2: Outline of IWA Water Balance Analysis

Explanation about each item, discussion and question about each item to know what is NRW
and Revenue Water.

A.3.1 Expected Effect:

Participants can get the knowledge about IWA Water Balance Analysis and image
NRW and Revenue Water.

A.3.2 Items on Outline of Water Balance Analysis:

Authorized Consumption:

Billed Authorized Consumption (Billed Metered Consumption, Billed Un-Metered
Consumption), Unbilled Authorized Consumption (Unbilled Metered Consumption,
Unbilled Un-Metered Consumption)

Water Losses:

Apparent Losses (Unauthorized Consumption, Customer Meter Inaccuracies Data
Handling Errors)

Real Losses (Leakage in Transmission and Distribution Mains, Leakage and
Overflow at Utility’s Storage Tanks, Leakage on Service Connections up to Point of
Customer Metering)

A.4 Contents 1-3: Outline of NRW Reduction Operation

Explanation about each activities, discussion and question about each activity to know what is
NRW Reduction Operation.

A.4.1 Expected Effect:

Participants can understand NRW Reduction Operation and involve it.

A.4.2 Iltems on the lecture of Outline of NRW Reduction Operation:

Network Drawings and Data

Customer Listing

Design and Creation of DMA

Prioritization of each Zone

Field Inspection of Existing Valves, etc.

Installation of Flow-meter and Isolation Valves

Step-test in DMA

Measurement of Minimum Night Flow (MNF) by Zone

Leakage Detection

Patrol of Surface Leakage and lllegal Connections

Repair of Leaks and Recording

Identification of lllegal Connection and Meter Inaccuracy

Data Collection and Billed Consumption Before/After NRW Reduction
Measures against lllegal Connections and Meter Inaccuracy
Water Balance Analysis before/after NRW Reduction Operations
Examination of Replacement Plan

B. Training Curriculum 2: Management of Pipelines

The lecture “Management of Pipelines” consist of three contents as follows: Outline of GIS,
Outline of Pipe Materials and Outline of Hydraulic Analysis.

B.1 Target and Style of Curriculum 2
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B.1.1 Target Staff:
Area Manager, Technical Assistant Area Manager, Technical Staff at HQ
B.1.2 Lecturer:
Staff of GIS Unit and Staff of NRW Unit
B.1.3 Number of Participants of one Training Course:
Maximum 5 Person
B.1.4 Style and Duration of Training:

Lecture: One Day
Work Shop: Two Days (GIS and Hydraulic Analysis)

B.2 Contents 2-1: Outline of GIS

Explanation and workshop of GIS information and its utilization: Data Collection assisted by
Area Office, Necessary Data for NRW Reduction Operation.

B.2.1 Expected Effect:
Participants can understand about GIS and effect of it.
B.2.2 Items on the lecture of Outline of GIS:

® Necessary Data

® How to create network drawings
® Update of GIS Data

® Base Map

B.3 Contents 2-2: Outline of Pipe Materials
Explanation about pipe materials: Characteristics of pipe materials, Jointing methods.
B.3.1 Expected Effect:
Participants can get knowledge about pipe materials and its characteristic.
B.3.2 Items on the lecture of Meaning of NRW Reduction:

® Kinds of pipe materials
® Jointing methods
® | eakage caused by poor joint skills

B.4 Contents 2-3: Outline of Hydraulic Analysis:

Explanation and practice about hydraulic analysis: consideration upon analysis, Necessary
data and Confirmation of analysis result.

B.4.1 Expected Effect:
Participants can get knowledge about Hydraulic Analysis.
B.4.2 Items on the lecture of Meaning of NRW Reduction:

® Necessary data

® Data collection methods

® Data confirmation methods
® Use Pressure Data Logger
® Practice

C. Training Curriculum 3: Management of Data

The lecture “Management of Data” consist of two contents as follows: Meter Reading and
Meter Test (Meter Inaccuracy).

C.1 Target and Style of Curriculum 3
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C.1.1 Target Staff:
Area Manager, Commercial Assistant Area Manager, Meter Reader
C.1.2 Lecturer:
Staff of NRW Unit
C.1.3 Number of Participants of one Training Course:
Maximum 10 Person
C.1.4 Style and Duration of Training:

Lecture: One Day
Work Shop: One Day

C.2 Contents 3-1: Meter Reading

Explanation and Workshop of Meter Reading: Importance of meter reading, visible leakage
survey and illegal connection survey.

C.2.1 Expected Effect:
Participants can understand about Importance of meter reading and visible survey.
C.2.2 Items on the lecture of Meter reading:

Customer Map

Meter Check

Compare Current Meter Reading and Former Meter Reading
Make Excel format of Meter Reading Results

Visible Leakage and lllegal Connection Survey

Report faulty meter and unreadable meter

C.3 Contents 3-2: Meter Test
Explanation and Practice of Meter Test: Meter Inaccuracy, Practice of meter test.
C.3.1 Expected Effect:

Participants can understand about Importance of meter accuracy and how to test
meter.

C.3.2Items on the lecture of Meter Test:

® Meter inaccuracy
® How to test meter
® Practice of meter test

D. Training Curriculum 4: Leakage and lllegal Connection Survey

The lecture “Leakage and lllegal Connection Survey” consist of three contents as follows:
Kinds of leakage survey equipment, Leakage Survey methods and lllegal connection survey.

D.1 Target and Style of Curriculum 4
D.1.1 Target Staff:
Area Manager, Technical Assistant Area Manager, Plumbers
D.1.2 Lecturer:
Staff of NRW Unit
D.1.3 Number of Participants of one Training Course:
Maximum 10 Person

D.1.4 Style and Duration of Training:

Annex16-81



Lecture: One Day
Work Shop: Two Days

D.2 Contents 4-1: Kinds of Leakage Survey Equipment

Explanation of Kinds of Leakage Survey Equipment: Kinds and how to use leakage survey
equipment.

D.2.1 Expected Effect:
Participants can understand about kinds of leakage survey equipment.
D.2.2 Items on the lecture of kinds of leakage survey equipment:

® Acoustic Bar

® Electro Listening Stick

® [ eak Detector (Ground microphone)
® Correlator

® Ultrasonic Flow Meter

D.3 Contents 4-2: Leakage Survey Methods
Explanation and practice of Leakage Survey Methods: How to detect leakage.
D.3.1 Expected Effect:
Participants can get knowledge about leakage survey methods.
D.3.2 Iltems on the lecture of leakage survey methods:

® Point Survey using Acoustic Bar or Electro Listening Stick
® Line Survey using Leak Detector (Ground Microphone)

® Confirmation Survey

® Water Flow Measurement using Ultrasonic Flow Meter

D.4 Contents 4-3: lllegal Connection Survey
Explanation and practice of lllegal Connection Survey: How to find illegal connection.
D.4.1 Expected Effect:
Participants can get knowledge about lllegal Connection Survey.
D.4.2 Items on the lecture of lllegal Connection Survey:

® Listing of Target Customer (Small Consumption Customer)
® Visible Inspection

® Checking Water Flow Sound (When Water Meter Stop)

® Checking Residual Chlorine (Borehole User)

E. Training Curriculum 5: Streamlining of billing system and examination on unifying
water meters

The lecture “Streamlining of billing system and examination on unifying water meters” consist
of three contents as follows: Examination on unifying water meters, Streamlining of meter
reading and billing and development of customer data.

E.1 Target and Style of Curriculum 5
E.1.1 Target Staff:
Area Manager, Commercial Assistant Area Manager, Meter Readers
E.1.2 Lecturer:
Staff of Billing Unit, Staff of distribution Unit and Staff of NRW Unit
E.1.3 Number of Participants of one Training Course:
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Maximum 10 Person
E.1.4 Style and Duration of Training:
Lecture: One and half Days
Work Shop (discussion): One and half Days
E.2 Contents 5-1: Examination on unifying water meters
Explanation and discussion about each meter type

E.2.1 Expected Effect:
Participants can understand about characteristic of each water meter and merit of
unifying water meter.

E.2.2 Items on the lecture of Examination on unifying water meters:

® Characteristic of each meter type
® Advantage and disadvantage of each meter type

® Merit of unifying water meter
E.3 Contents 5-2: Streamlining of meter reading and billing
Explanation and discussion of present condition of meter reading and billing: How to streamline
them.
E.3.1 Expected Effect:
Participants can get knowledge about streamlining of meter reading and billing.
E.3.2 Items on the lecture of Streamlining of meter reading and billing:

® Present condition and process of meter reading and billing
® Challenges of meter reading and billing
® Explanation of handy terminal

E.4 Contents 5-3: Development of customer data
Explanation and discussion about customer data: How to develop customer data.
E.4.1 Expected Effect:
Participants can understand about importance of customer data.

E.4.2 Items on the lecture of Development of customer data:

® Making customer map
® Arrangement of customer data using PC

® Analysis of customer data

F. Training Curriculum 6: Plumbing for repair and or replacing pipelines

The lecture “Plumbing for repair and or replacing pipelines” consist of three contents as follows:
Repair jointing for large scale and small scale pipeline, Laying pipelines and Install valves,

flow-meters, saddle, etc.
F.1 Target and Style of Curriculum 6
F.1.1 Target Staff:
Area Manager, Technical Assistant Area Manager, Plumbers
F.1.2 Lecturer:
Staff of distribution Unit
F.1.3 Number of Participants of one Training Course:
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Maximum 5 Person
F.1.4 Style and Duration of Training:
Lecture: One Day
Work Shop: Two Days
F.2 Contents 6-1: Repair jointing for large scale and small scale pipeline
Explanation and practice about repair jointing for large scale and small scale pipeline
F.2.1 Expected Effect:

Participants can get knowledge of repair jointing for large scale and small scale
pipeline.

F.2.2 Items on the lecture of Repair jointing for large scale and small scale pipeline:

® Type of pipeline materials

® Characteristics of pipe materials

® Repair methods of each pipe materials
® Procedure of pipe repair

F.3 Contents 6-2: Laying pipelines
Explanation and practice of laying pipelines: How to lay pipelines.
F.3.1 Expected Effect:
Participants can get knowledge about laying pipelines.
F.3.2 Items on the lecture of laying pipelines:

® Safety measures for laying pipelines
® Pipe joint type
® Pipe laying standard

F.4 Contents 6-3: Install valves, flow-meters, saddle, etc.
Explanation and discussion about customer data: How to develop customer data.
F.4.1 Expected Effect:
Participants can get knowledge about Install valves, flow-meters, saddle, etc..
F.4.2 Items on the lecture of Install valves, flow-meters, saddle, etc.:

® Characteristics of Gasket type
® Allowable Water Pressure for Flange
® Type of valves, flow-meters saddle, etc.

G. Training Curriculum 7: Basic operation of personal computer, graphing by using
excel

The lecture “Basic operation of personal computer, graphing by using excel” consist of three
contents as follows: PC operation, Calculation by using Excel and Drawing graph by using
Excel.

G.1 Target and Style of Curriculum 7
G.1.1Target Staff:

Area Manager, Technical Assistant Area Manager, Commercial Assistant Manager
Staff of HQ

G.1.2Lecturer:
Staff of NRW Unit or a right person
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G.1.3 Number of Participants of one Training Course:
Maximum 5 Person
G.1.4 Style and Duration of Training:
Lecture and Practice: Two Days
G.2 Contents 7-1: PC operation
Explanation and practice about PC operation
G.2.1 Expected Effect:
Participants can get knowledge about PC and use PC.
G.2.21tems on the lecture of PC Operation:

® Data saving to flash memory (USB memory)
® (Getting data using internet.
® Using Wi-Fi and tethering

G.3 Contents 7-2: Calculation by using Excel
Explanation and practice of excel: How to use excel.
G.3.1 Expected Effect:
Participants can get knowledge about excel and use excel.
G.3.21tems on the lecture of Calculation by using Excel:

® Basic function of excel
® Making table using excel
® Reference to another sheet

G.4 Contents 7-3: Drawing graph by using Excel.
Explanation and practice of Drawing graph by using Excel: How to make graph by using excel.
G.4.1 Expected Effect:
Participants can get knowledge about graph types make graph by using excel.
G.4.21tems on the lecture of Drawing graph by using Excel:

® Suitable type of graph to present result of making tables
® Making graph of water input volume for analyse water consumption and minimum
night flow.

(3) Training Schedule

The HRD plan consists of seven curriculums which will be conducted within two years.
Curriculums and their tentative schedule are as follows:
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Table 8-1 Training Schedule

Curriculums

2019

2020

1/4

| 24 | 34

4/4

14|

2/4

3/4

4/4

Curriculum 1: Basic and Common Knowledge about NRW

» Meaning of NRW
Reduction

-

» Outline of Water Balance
analysis

B

» Outline of NRW Reduction
Operation

(|

.

.
=
=

Curriculum 2: Management of P

ipelines

» QOutline of GIS

» Outline of Water Balance
analysis

» Outline of NRW Reduction
Operation

AR 1
-
AR

|

Curriculum 3: Management of D.

ata

» Meter Reading

» Meter Test

Curriculum 4: Leakage and lllegal Connection

» Kinds of lllegal Survey
Equipment

» Leakage Survey Methods

> lllegal Connection Survey

RSP R SR [/, ) S P
c
S
<
(1]
<

LB

tem and examination on unifying

ate

3

» Examination on unifying
water meters

» Streamlining of Meter
reading & billing

» Development of customer
data

1
I
I
|
Curriculum 5: Streamlining of billing sys
i
I
I
1
I
I
I
T
I
I
I

SRRV SRR EPRIPRIEN (P R DU

———d e el D == ===

T (e

LELBLE

Curriculum 6: Plumbing for repair and or replacing pipelines

» Repair jointing for large
scale and small scale

» Laying pipelines

> Install valves, flow-meters,
saddle, etc.

B LB

LALE D

i
I
I
i
T
I
I
I
n

by

using excel

» PC operation

Curriculum 7: Basic operation of personal computer, graphing
1

» Calculation by using Excel

» Drawing graph by using
Excel

LR AR

Source: Project Team

(4) Training Cost

Cost of seven curriculums for HRD plan is shown in Table 8-2. The cost estimated based on
the training schedule is to be about NGN6.0million (NGN2.5mil. for the year 2019 +NGN3.5mil.
for the year 2020) for two years.

Unit prices (as of May 2018) applied for the Mid-term Strategic Plan 2019-2023 are as follows:

® Fuel: NGN145 per litter

® Stationery: NGN50O0 per set
® Daily allowance for lecturer: NGN5,000 per lecturer
® Refreshment: NGN2,000 per person

Other conditions such as daily driving millage, etc. are as below:

® Daily driving millage: 50km per vehicle
® Fuel consumption: 5km per litter
® Number of participants for a lecture: 15 persons (Max.)

Annex16—86



Table 8-2 Training Cost

Training Curriculum

2019

2020

Number of Subjects
Days of Lecture

(attending lecture

and going sites) (k. NGN)

Fuel for lecture

Stationery

Field allowance for lecturers
(k. NGN)
Refreshment
(k. NGN)

Number of Subjects
Days of Lecture

(attending lecture

and going sites) (k. NGN)

Fuel for lecture

Stationery

Field allowance for lecturers
(k. NGN)
Refreshment
(k. NGN)

Curriculum 1: Basic and
Common Knowledge
about NRW

(5 Area Offices)

22

23

15 90

Curriculum 2:
Management of Pipelines
(3 Area Offices)

39

68

45 | 270

23

15 90

Curriculum 3:
Management of Data
(5 Area Offices)

29

30

20 120

29

30

20 120

Curriculum 4: Leakage
and lllegal Connection
Survey

(5 Area Offices)

65

68

45 270

Curriculum 5:
Streamlining of billing
system and examination
on unifying water meters
(5 Area Offices)

65

68

45 270

Curriculum 6: Plumbing
for repair and or replacing
pipelines

(5 Area Offices)

65

68

45 270

Curriculum 7: Basic
operation of personal
computer , graphing by
using excel

(3 Area Offices)

26

45

30 180

Sub-total (k. NGN)

90

120

80 | 480

271

308

205 | 1,230

770

2,014

Materials for training

Number of
PCs & anti-
virus to be
purchased

Unit price
(k. NGN)

Total Price
(k. NGN)

Number of
PCs & anti-
virus to be
purchased

Unit price
(k. NGN)

Total Price
(k. NGN)

PC (Laptop PC) to be
purchased

7

250

1,750

6

250

1,500

Sub-total (k. NGN)

1,750

1,500

Ground-total (k. NGN)

2,520

3,514

Source: Project Team
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9. Recommendation

Generally, FCTWB has a number of challenges to not only implement NRW reduction in the
long term but also become an autonomous body pursuing revenue.

9.1 Distribution
(1) Improvement in As-Built Drawings and Drawing Management

FCTWB has operated and maintained facilities, while FCDA has been in charge of
infrastructure development.

It is important for FCTWB to review and improve procedures of drawing collection from FCDA
and feedback issues in O&M to FCDA. In addition, all the documents required for O&M should
be sorted out so that everyone can access information avoid monopolization for information at
individual level.

(2) Calibration of Customer Meters

Even though water meters are replaced with new ones and or installed newly, meters will be
inaccurate gradually without regular maintenance and periodical replacement. For example,
the participants for the training in Japan observed that replacement of water meters are
regulated in Japan every eight years, regardless of meter types. Conventional meters available
in local markets vary in quality, so FCTWB needs to establish a simplified meter laboratory for
meter-accuracy test by using reference meters, and also prepare a fact-finding report for
guideline on meter standardization in the future.

9.2 Commerce
(1) Improvement in Update of Customer Database

Management of customer data including meter-reading data and payment records has not
been unified timely among HQ and Area Offices.

FCTWB HQ should unify database of customers’ information among HQ and Area Offices,
update, improve it and well-manage customer data.

(2) Streamlining of Customer Category

Customers are categorized as domestic, commercial (un-coded), major consumer (co-operate
body, mini-hotel / restaurant, major consumer, petrol station / plaza, private school / clinic),
institution (embassy / high commission, ministry, liaison office, religion), public tap /
convenience & kiosk, and lifting point (bulk selling. This mixture caused difficulty in data
assembling in the pilot project.

FCTWB should lessen a number of categories for simplified customer management.
(3) Simplification and Quality Assurance of Customer Meter

The strategic plan includes an operation to review customer meter types by meter laboratory
using reference meters so that FCTWB brings the future metering policy, standardization and
licensing in view.

In order to simplify billing system of FCTWB, the best way is to unify water meters. However,
if it difficult for FCTWB to unify them from political aspect in terms of procurement of water
meters, FCTWB should establish a work process of periodical field monitoring with function
check of AMR and prepaid meters and improve bank statement monitoring for prepaid meters
against technical issues of AMR and prepaid meters for the time being.

(4) Elimination of Estimating Billing System

In order to bill the amount accurately for computing IWA water balance, FCTWB should give
responsibilities of reading to Area Offices close to customers, then HQ' Units should specialise
supervision of them.
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The strategic plan includes an operation to eliminate flat-rate customers by installing or
replacing meters, but FCTWB should prevent reoccurrence thoroughly.

To reduce estimating bills, FCTWB should discuss enhancement in staff's performance of
duties with awareness-rising, adequate logistics, thorough monitoring of reading regardless of
meter types, review of reading frequency (i.e. once a month to once in two months), meter
installation and replacement of malfunctioning maters, and meter reposition to outside property
or empowering FCTWB for reading accessibility or illegal connection check.

(5) Duplicated / Return Bills

In order to ensure correct billing for computing IWA water balance and avoid complain from
customers, FCTWB should deactivate or eliminate duplicated/return bills promptly, and
establish proper addressing, procedures and management of billing information to prevent
reoccurrence.

(6) Simplification and Revision of Water Tariff System

To simplify financial analysis for computing IWA water balance, FCTWB should review water
tariff system for simplification on the occasion of autonomy as well as revision (reduction) in
tariff as a result of financial analysis as stated in ‘3.4".

(7) Elimination of Unauthorized Consumption

Regardless of meter types and customer categories such as domestic and large consumers,
technical staff and meter readers need to inspect water meters, surroundings and monitor
consumption data routinely to track irregularities. FCTWB should pay attention to possible
illegal connections on service pipes which may be extended to public taps located in informal
settlements, so-called “villages”.

9.3 Finance

The following management of the FCTWB is not functioned effectively; this caused us a great deal
of difficulty for the financial study. Regardless to say, a quick and timely provision of the data and
information to the managerial officers is also an important role. The enhancement of the functions
is duly taken account as well as the regular financial activities of the Department.

(1) Fixed Asset Management

Every fixed asset must be booked and managed properly in the following manners envisaging a
regular maintenance and future renewal.
® Entry: acquisition date and price, specification, place located, department responsible, etc.
® Disposal: sale, disuse and retirement, etc.
® Inventory check: periodically once a year visa-vis the fixed assets book

(2) Water Cost Management

A cost center has to be functionalized to learn the actual water cost of FCTWB; the unit cost,
Naira/m?, should be calculated at least once a year. The data in chronological order will suggest a
lot of managerial information through analysis on why increased or decreased and setting a water
tariff as well.

9.4 Administration

(1) Improvement in ICT System and Intranet

FCTWB have no well-established system using information and communication technology as
well as an intranet and or internet with security protection, so FCTWB should develop them for
smooth information sharing and communication.

(2) Improvement in Office Environment
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HQs’ office is composed of small rooms which are not suitable for a water utility office, and
also Area Offices use ordinary flat house, prefabricated house or container. FCTWB should
improve office environment as electric power is stabilized for doing with daily work efficiently.

(3) Human Resource Development

FCTWB should prepare comprehensive training programme based on assessment for each
level of staff in accordance with business plan and the strategic plan.
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Appendix-1: Cost for NRW Reduction Operations in PMA

Table A1-1 PMA (Gudu)

Area Office
Commercial Distribution Cost
ltems Man- Man- Field Cost
Man | Days days Man | Days days Allowance (k. NGN)
(NGN)

One Week Interval Meter Reading 16 14 224 14 14 196 1,000 420
Leakage Suney 3 21 63 14 21 294 1,000 357
Leakage Repair 1 10 10 13 10 130 1,000 140
llegal Connection Survey 1 21 21 14 21 294 1,000 315
Measurgs against lllegal 9 6 12 8 6 48 1,000 60

Connection
Meter Installation 0 0 0 10 3 30 1,000 30
Tank Investigation 16 5 80 14 5 70 1,000 150
Meter Test (Meter Inaccuracy) 1 21 21 14 21 294 1,000 315
ll\:/:g\aNsurment of 24 hours Water 1 7 7 7 7 49 1,000 56
Step Test 4 10 40 6 10 60 1,000 100
Fuel for Operations 2,500 |L 145 [NGN/L 363
Sub-Total Cost 2,306

HQ
ltems Man | Days Man- AIIc'):\;vealcrjlce Cost
days (NGN) (k. NGN)
One Week Interval Meter Reading 0 0 0 1,000 0
Leakage Suney 3 21 63 1,000 63
Leakage Repair 3 10 30 1,000 30
llegal Connection Suney 3 21 63 1,000 63
Measures against lllegal Connection 3 6 18 1,000 18
Meter Installation 3 3 9 1,000 9
Tank Investigation 0 0 0 1,000 0
Meter Test (Meter Inaccuracy) 3 21 63 1,000 63
Measurment of 24 hours Water Flow 3 7 21 1,000 21
Step Test 3 10 30 1,000 30
Fuel for Operations | 10.5 |L/day | 99 |days 145 [NGN/L 151
Sub-Total Cost 448
Equipment and Materials (k.NGN)

Suney Equipment from Japn 35,382
Equipment for PMA Making (Valves, Flowmeters etc.) 623
Materials for MPA Making (Chamber Making) 120
Materials for NRW Reduction Activities 2,071
Sub-Total Cost 38,196
Ground Total (k. NGN) 40,949

Source: Project Team
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Table A1-2 PMA (Jabi)

Area Office
Commercial Distribution Cost
ltems Man- Man- Field Cost
Man | Days days Man | Days days Allowance (k. NGN)
(NGN)
One Week Interval Meter Reading 12 5 60 0 0 0 1,000 60
Leakage Suney 8 10 80 8 12 96 1,000 176
Leakage Repair 0 0 0 8 13 104 1,000 104
llegal Connection Survey 8 4 32 6 10 60 1,000 92
Measurgs against lllegal 0 0 0 4 8 32 1,000 32
Connection
Meter Installation 6 7 42 9 26 234 1,000 276
Tank Investigation 0 0 0 0 0 0 1,000 0
Meter Test (Meter Inaccuracy) 8 14 112 10 14 140 1,000 252
Measurment of 24 hours Water 3 5 6 6 9 12 1,000 18
Flow
Step Test 4 3 12 8 2 16 1,000 28
Fuel for Operations 3,000 (L 145 [NGN/L 435
Sub-Total Cost 1,473
HQ
ltems Man | Days I(\j/lan- Allcl.w:\;\(/e;(rj\ce kCSZtN
ays | ey | K NeN)
One Week Interval Meter Reading 0 0 0 1,000 0
Leakage Suney 3 12 36 1,000 36
Leakage Repair 3 13 39 1,000 39
llegal Connection Surey 3 10 30 1,000 30
Measures against lllegal Connection 3 8 24 1,000 24
Meter Installation 3 26 78 1,000 78
Tank Investigation 0 0 0 1,000 0
Meter Test (Meter Inaccuracy) 3 14 42 1,000 42
Measurment of 24 hours Water Flow 3 2 6 1,000 6
Step Test 3 2 6 1,000 6
Fuel for Operations 22.1 |L/day 87 |days 145 |INGN/L 279
Sub-Total Cost 540
Equipment and Materials (k.NGN)
Suney Equipment from Japn 35,382
Equipment for PMA Making (Valves, Flowmeters etc.) 2,638
Materials for MPA Making (Chamber Making) 280
Materials for NRW Reduction Activities 7,186
Sub-Total Cost 45,485
Ground Total (k. NGN) 47,498

Source: Project Team
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Table A1-3 PMA (Garki |)

Area Office
Commercial Distribution Cost
ltems Man- Man- Field Cost
Man | Days days Man | Days days Allowance (k. NGN)
(NGN)
One Week Interval Meter Reading 8 6 48 0 0 0 1,000 48
Leakage Suney 5 10 50 7 10 70 1,000 120
Leakage Repair 0 0 0 7 20 140 1,000 140
lllegal Connection Survey 5 5 25 7 5 35 1,000 60
Measurgs against lllegal 0 0 0 7 5 35 1,000 35
Connection
Meter Installation 0 0 0 7 25 175 1,000 175
Tank Investigation 0 0 0 0 0 0 1,000 0
Meter Test (Meter Inaccuracy) 6 50 300 4 50 200 1,000 500
Measurment of 24 hours Water 2 1 2 7 1 7 1,000 9
Flow
Step Test 2 1 2 7 1 7 1,000 9
Fuel for Operations 2,500 (L 145 [NGN/L 363
Sub-Total Cost 1,459
HQ
Man- Field Cost
Items Man | Days Allowance
days (NGN) (k. NGN)
One Week Interval Meter Reading 0 0 0 1,000 0
Leakage Survey 3 10 30 1,000 30
Leakage Repair 3 20 60 1,000 60
lllegal Connection Survey 3 5 15 1,000 15
Measures against lllegal Connection 3 5 15 1,000 15
Meter Installation 3 25 75 1,000 75
Tank Investigation 0 0 0 1,000 0
Meter Test (Meter Inaccuracy) 3 50 150 1,000 150
Measurment of 24 hours Water Flow 3 1 3 1,000 3
Step Test 3 1 3 1,000 3
Fuel for Operations | 12.9 |L/day | 117 |days 145 |[NGN/L 219
Sub-Total Cost 570
Equipment and Materials (k.NGN)
Survey Equipment from Japn 35,382
Equipment for PMA Making (Valves, Flowmeters etc.) 8,969
Materials for MPA Making (Chamber Making) 240
Materials for NRW Reduction Activities 2,318
Sub-Total Cost 46,909
Ground Total (k. NGN) 48,937

Source: Project Team
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Appendix-2: Initial & Recurrent Cost and Yielded Revenue by NRW Reduction

Operations

Table A2-1 Initial & Recurrent Cost of the NRW Reduction Operation

No. Items Main Causes of NRW Gudu Jabi Garki |
Initial Cost incurred for the
(1) Pilot Project (k. NGN) 40,949 47,498 48,937
Nominal Excess Use 23.4 25.9 47.3
(2) | Ratio of Cost (%) Dnbilled Unmetered & 2.4 30 18.2
naccuracy
lllegal & Physical Losses 741 45.1 34.5
Initial Cost by Measure (k Nominal Excess Use 9,582 12,302 23,147
3) | NGN) :anllled Unmetered & 083 14,249 8.907
(1) x (2) /100 naccuracy _
lllegal & Physical Losses 30,343 21,422 16,883
- Nominal Excess Use 19,164 24,604 46,294
Initial & Recurrent Cost for Unbilled Unmetered &
NRW Reduction Operation 1,966 28,499 17,813
(4) (k. NGN) Inaccuracy
(3') x 2 times lllegal & Physical Losses 60,686 42,843 33,767
Total 81,816 95,946 97,874
Source: Project Team
Table A2-2 Yielded Revenue by NRW Reduction Operations
No. Items Main Causes of NRW Gudu Jabi Garki |
Nominal Excess Use (%) 7.0 1.2 12.1
Unbilled Unmetered &
(1) | Baseline Inaccuracy (%) 4.0 -1.6 6.5
lllegal & Physical Losses (%) 42.2 70.5 56.1
Total (%) 53.2 70.1 74.7
Nominal Excess Use (%) 6.4 0.3 4.7
Unbilled Unmetered &
(2) | Ex-Post Inaccuracy (%) 3.4 2.4 59
lllegal & Physical Losses (%) 10.6 28.3 241
Total (%) 204 31.0 34.7
Nominal Excess Use (%) 0.6 0.9 7.4
. Unbilled Unmetered &
3) (Rsfi(tzjc):tlon Percentage Inaccuracy (%) 0.6 -4.0 0.6
lllegal & Physical Losses (%) 31.6 42.2 32.0
Total (%) 32.8 39.1 40.0
(4) | System Input Water Volume (m3/day) 3,102 7,119 2,852
Nominal Excess Use 19 64 211
Reduced NRW Volume Unbilled Unmetered & 19 285 17
(5) | (m3/day) Inaccuracy
(3) x (4) /100 lllegal & Physical Losses 980 3,004 913
Total 1,017 2,784 1,141
Nominal Excess Use 6,793 23,386 | 77,033
Reduced NRW Volume Unbilled Unmetered & 6,793 | -103,937 6.246
(6) | (m3/year) Inaccuracy
(5) x 365 days lllegal & Physical Losses 357,785 | 1,096,540 | 333,114
Total 371,371 ] 1,015,988 | 416,392
Average Water Sales
() | Price (NGN/m?) 90 90 90
Nominal Excess Use 611 2,104 6,932
Expected Water Sales Unbilled Unmetered &
(8) | per year (k. NGN) Inaccuracy 611 -9,355 562
(6) x (7) / 1,000 lllegal & Physical Losses 32,200 98,688 | 29,980
Total 33,422 91,437 | 37,474
(9) Nominal Excess Use 1,833 6,312 20,796
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No. ltems Main Causes of NRW Gudu Jabi Garki |
Expected Water Sales ﬂ’;ﬁi’j{f’agy”metered & 1,833 | -28,065| 1,686
:g'; three years (k- NGN)' iiegal & Physical Losses 96,600 | 296,064 | 89,940
y Total 100,266 | 274,311 | 112,422
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Appendix-3.1: Conditions for estimating Man-day required for NRW Reduction
Operations

Table A3-1 Condition for estimating Man-day

Scenario

Condition for estimating Man-day a|blc|d]e

(1) Network Drawings and Data (all Scenarios)

1) Print base maps:

One person for Area Office x 5 days

=5 man-days/Area Office (GIS Unit)

Number of Area Offices where the work will be done by year:
- 1st year: 4 Area Offices

- 2nd to 5th year: 3 Area Offices each year X | X | X | X]|X
Total man-days:

- 1st year: 5 man-days/Area Office x 4 Area Offices

= 20 man-days (GIS Unit)

- 2nd to 5th year: 5 man-days/Area Office x 3 Area Offices
=15 man-days (GIS Unit)

2) Site investigation and drawing pipelines:

3 persons for Area Office x 5 days

= 15 man-days/Area Office (Area Office)

Number of Area Office where the work will be done by year:
- 1st year: 4 Area Offices

- 2nd to 5th year: 3 Area Offices each year X | X | X | X | X
Total man-days:

- 1st year: 15 man-days/Area Office x 4 Area Offices

= 60 man-days (Area Office)

- 2nd to 5th year: 15 man-days/Area Office x 3 Area Offices
= 45 man-days (Area Office)

3) Confirmation and revising of drawings at the site:

1 person per Area Office x 2 days

= 2 man-days/Area Office (GIS Unit)

2 persons per Area Office x 2 days

= 4 man-days (Area Office)

Input data of the handwriting drawings to GIS mapping

3 persons per Area Office x 10 days

= 30 man-days/Area Office (GIS Unit)

Number of Area Offices where the work will be done by year:
- 1st year: 4 Area Offices

- 2nd to 5th year: 3 Area Offices each year

Total man-days:

[For GIS Unit]

- 1st year: (2 + 30) man-days/Area Office x4 Area Offices
=128 man-days

- 2nd to 5th year: (2 + 30) man-days/Area Office x 3 Area Offices
=96 man-days

[For Area Office]

- 1st year: 4 man-days/Area Office x 4 Area Offices

=16 man-days

- 2nd to 5th year: 4 man-days/Area Office x 3 Area Offices

=12 man-days

(2) Customer Enumeration

a) Customer Map (all Scenarios)
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1) Print plots maps:
1 person for Area Office x 5days
= 5 man-days/Area Office (GIS Unit)
Number of Area Offices where the work will be done by year:
- 1st year: 4 Area Offices
- 2nd to 5th year: 3 Area Offices each year
Total man-days:
-1st year: 5 man-days/Area Office x 4 Area Offices
= 20 man-days (GIS Unit)
- 2nd to 5th year: 5 man-days/Area Office x 3 Area Offices
=15 man-days (GIS Unit)

2) Site investigation and writing customer information on plots maps:
3 persons for Area Office x 5days
= 15 man-days/Area Office (Area Office)
Number of Area Offices where the work will be done by year:
- 1st year:4 Area Offices
- 2nd to 5th year: 3 Area Offices each year
Total man-days:
- 1st year: 15 man-days/Area Office x 4 Area Offices
= 60 man-days (Area Office)
- 2nd to 5th year: 15 man-days/Area Office x 3 Area Offices
= 45 man-days (Area Office)

3) Input data of the handwriting drawings to GIS mapping:
3 persons for Area Office x 10 days
= 30 man-days/Area Office (GIS Unit)
Number of Area Offices where the work will be done by year:
- 1st year:4 Area Offices
- 2nd to 5th year: 3 Area Offices each year
Total man-days:
- 1st year: 30 man-days/Area Office x4 Area Offices
= 120 man-days (GIS Unit)
- 2nd to 5th year: 30 man-days/Area Office x3 Area Offices
=90 man-days (GIS Unit)

b) Customer Enumeration (DMA, Scenario-a)

1) Prepare customer lists and annual water consumption of customers:
1 person for Area Office x 10 days

= 10 man-days/Area Office (Area Office)

Number of Area Offices where the work will be done by year:
- 1st year: 4 Area Offices

- 2nd to 5th year: 3 Area Offices each year

Total man-days:

- 1st year: 10 man-days/Area Office x 4 Area Offices

= 40 man-days (Area Office)

- 2nd to 5th year: 10 man-days/Area Office x 3 Area Offices
= 30 man-days (Area Office)

2) Calculate hourly water consumption:

1 person for Area Office x 1 day

= 1 man-day/Area Office (Area Office)

Number of Area Offices where the work will be done by year:
- 1st year: 4 Area Offices

- 2nd to 5th year: 3 Area Offices each year

Total man-days:

- 1st year: Tman-day/Area Office x 4 Area Offices

=4 man-days (Area Office)

- 2nd to 5th year: 1man-day/Area Office x 3 Area Offices
= 3 man-days (Area Office)

c) DMA Coding (DMA, Scenario-a)
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DMA coding by data from Area Offices:

1 person for area x 5 days

=5 man-days/Area Office (Billing Unit)

Number of Area Offices where the work will be done by year:
- 1st year: 4 Area Offices

- 2nd to 5th year: 3 Area Offices each year

Total man-days:

- 1st year: 5 man-days/Area Office x 4 Area Offices

= 20 man-days (Billing Unit)

- 2nd to 5th year: 5 man-days/Area Office x 3 Area Offices
= 15 man-days (Billing Unit)

d) Customer Enumeration (Zone, all Scenarios)

1)-1. Prepare customer lists and annual water consumption of customers
from billing system:

1 person for office x 1 day

=1 man-day/Area Office (Billing Unit)

1)-2. Elimination of return/duplicated bills:

1 person for Area Office x 5 days

= 5 man-days/Area Office (Billing Unit)

Number of Area Offices where the work will be done by year:

- 1st to 5th year: 16 Area Offices each year

Total man-days:

- 1st to 5th year: (1+5) man-days/Area Office x 16 Area Offices
= 96 man-days (Billing Unit)

2) Calculate hourly water consumption:

1 person for Area Office x 1 day

=1 man-day/Area Office (Billing Unit)

Number of Area Offices where the work will be done by year:
- 1st to 5th year: 16 Area Offices each year

Total man-days:

- 1st to 5th year: 1 man-day/Area Office x 16 Area Offices

= 16 man-days (Billing Unite)

(3) DMA Design, Creation and Prioritization

a) The choice of DMA (Scenario-a)

1) Choose DMA:

3 persons for Area Office x 1 day

= 3 man-days/Area Office (NRW Unit)

3 persons for Area Office x 1 day

= 3 man-days/Area Office (Area Office)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done

by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

[For NRW Unit]

- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices

=9 man-days (NRW Unit)

- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices
= 6 man-days (Area Office)[For NRW Unit]

[For Area Office]

- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices

=9 man-days (Area Office)

- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices
= 6 man-days (Area Office)
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2) Print pipeline network drawings:

One person for Area Office x one day = 1 man-day/Area Office (GIS Unit)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices

= 3 man-days (GIS Unit)

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices

= 2 man-days (GIS Unit)

3) Enumeration of existing and required flow meter and valves for
isolation:

1 person for Area Office x 1 day

= 1 man-day/Area Office (NRW Unit)

1 person for Area Office x 1day = 1 man-day/Area Office (Distribution Staff of
Area Office)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

[For NRW Unit]

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices

= 3 man-days

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices

= 2 man-days

[For Distribution Staff of Area Office]

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices

= 3 man-days

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices

= 2 man-days

4) Confirmation of inlet and outlet points of pipeline network boundary:
1 person for Area Office x 1 day

=1 man-day/Area Office (NRW Unit)

3 persons for Area Office x 1 day

= 3 man-days/Area Office (Distribution Staff of Area Office)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

[For NRW Unit]

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices

= 3 man-days

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices

=2 man-days

[For Distribution Staff of Area Office]

- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices

=9 man-days

- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices

= 6 man-days

5) Preparation/Update of customer information within the DMA:
1 person for Area Office 1 day

= 1 man-day/Area Office (commercial staff of Area Office)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices

= 3 man-days (Commercial Staff of Area Office)

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices

= 2 man-days (commercial Staff of Area Office)
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6) Identification of functional customer water meters and valves:
3 persons for Area Office x 5 days

= 15 man-days/Area Office (Distribution Staff of Area Office)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

- 1st to 3rd year:15 man-days/Area Office x 3 Area Offices

= 45 man-days(Distribution Staff of Area Office) (Area Office)

- 4th to 5th year:15 man-days/Area Office x 2 Area Offices

= 30 man-days (Distribution Staff of Area Office) (Area Office)

7) Request quotation and purchase flow meters and valves:
1 person for Area Office x 5 days

= 5 man-days/Area Office (NRW Unit)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Tota man-days:

- 1st to 3rd year: 5 man-days/Area Office x 3 Area Offices

=15 man-days (NRW Unit)

- 4th to 5th year: 5 man-days/Area Office x 2 Area Offices
=10man-days (NRW Unit)

8)-1. Design chambers for flow meters and valves:
1 person for Area Office x 10 days
= 10 man-days/Area Office (NRW Unit)
8)-2. Inspect building chambers and installation of flow meters and valves:
1 person for Area Office x 5 days
= 5 man-days/Area Office (NRW Unit)
3 persons for Area Office x 5 days
= 15 man-days/Area Office (Distribution Staff of Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:
- 1st to 3rd year: 3 Area Offices each year
- 4th to 5th year: 2 Area Offices each year
Total man-days:
[For NRW Unit]
- 1st to 3rd year: (10 + 5) man-days/Area Office x 3 Area Offices
=45 man-days
- 4th to 5th year: (10 + 5) man-days/Area Office x 2 Area Offices
= 30 man-days
[For Distribution Staff of Area Office]
- 1st to 3rd year: 15 man-days/Area Office x 3 Area Offices
=45 man-days
- 4th to 5th year: 15 man-days/Area Office x 2 Area Offices
= 30 man-days)

b) Prioritization in NRW Reduction in DMA (Scenario-a)
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1) Make SMAs two or three in DMA:

1 person for Area Office x 1 day

=1 man-day/Area Office (NRW Unit)

1 person for Area Office 1 day

= 1 man-day/Area Office (Distribution Staff of Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

[For NRW Unit]

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices
= 3 man-days

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices
= 2 man-days

[For Distribution Staff of Area Office]

- 1st to 3rd year: 1 man-day/Area Office x 3 Area Offices
= 3 man-days

- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices
= 2 man-days

2) Measure night water flow of each SMAs by step test:
3 persons for Area Office x 1 day
= 3 man-days/Area Office (NRW Unit)
5 persons for Area Office 1 day = 5 man-days/Area Office (Distribution Staff of
Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:
- 1st to 3rd year: 3 Area Offices each year
- 4th to 5th year: 2 Area Offices each year
Total man-days:
[For NRW Unit]
- 1st to 3rd year: 3man-day/Area Office x 3 Area Offices
=9 man-days
- 4th to 5th year: 3 man-day/Area Office x 2 Area Offices
= 6 man-days
[For Distribution Staff of Area Office]
- 1st to 3rd year: 5 man-day/Area Office x 3 Area Offices
=15 man-days
- 4th to 5th year: 5 man-day/Area Office x 2 Area Offices

=10 man-days

3) Prioritize SMA by MNF and customer data:

3 persons for Area Office x 1 day

= 3 man-days/Area Office (NRW Unit)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices
=9 man-days (NRW Unit)

- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices
= 6 man-days (NRW Unit)

(4) Zonal Prioritization (Scenario-d and e)

1) Collect data:

1 person for all zone x 1day/time

= 1 man-day/all zone/ month (NRW Unit)

Number of times how often the work will be done by year:
- 1st to 5th year: 1 time/ month x 12 months in a year
Total man-days:

- 1st to 5th year: 1 man-day/time x 12 times/year

=12 man-days (NRW Unit)
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2) Prioritize zone:

1 person for all zone x 1day/time

=1 man-day/all zone/ month (NRW Unit)

Number of times how often the work will be done by year:
- 1st to 5th year: 1 time/ month x 12 months in a year
Total man-days:

- 1st to 5th year: 1 man-day/time x 12 times/year

=12 man-days (NRW Unit)

(5) Field Inspection (Scenario-a)

a) Confirm existing flow meters and valves at the site

Confirm existing flow meters and valves at the site:
1 person for Area Office x 1 day
=1 man-day/Area Office (NRW Unit)
3 persons for Area Office x 1 day
= 3 man-days/Area Office (Distribution Staff of Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:
- 1st to 3rd year: 3 Area Offices each year
- 4th to 5th year: 2 Area Offices each year
Total man-days:
[For NRW Unit]
- 1st to 3rd year:1 man-day/Area Office x 3 Area Offices
= 3 man-days
- 4th to 5th year: 1 man-day/Area Office x 2 Area Offices
= 2 man-days
[For Distribution Staff of Area Office]
- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices
=9 man-days
- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices

= 6 man-days

b) Procurement of necessary flow meters and valves for making DMA

Request quotation and purchase flow meters and valves:
1 person for Area Office x 5 days

= 5 man-days/Area Office (NRW Unit)

Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

- 1st to 3rd year: 5 man-days/Area Office x 3 Area Offices
=15 man-days (NRW Unit)

- 4th to 5th year: 5 man-days/Area Office x 2 Area Offices
=10 man-days (NRW Unit)

(6) Isolation by Installing Flow-meters and Valves
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1) Design chambers for flow meters and valves:

1 person for Area Office x 10 days

=10 man-days/Area Office (NRW Unit)

2) Inspect building chambers and installation of flow meters and valves:
1 person for Area Office x 5 days

=5 man-days/Area Office (NRW Unit)

3 persons for Area Office x 5 days

= 15 man-days/Area Office (Distribution Staff of Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

[For NRW Unit]

- 1st to 3rd year: (10 + 5) man-days/Area Office x 3 Area Offices
=45 man-days

- 4th to 5th year: (10 + 5) man-days/Area Office x 2 Area Offices
= 30 man-days

[For Distribution Staff of Area Office)

- 1st to 3rd year: 15 man-days/Area Office x 3 Area Offices

= 45 man-days

- 4th to 5th year: 15 man-days/Area Office x 2 Area Offices

= 30 man-days

(7) Step-test in DMA (Scenario-a)

a) Step-testing DMA

Step-test in DMA:

3 persons for Area Office x 1 day

= 3 man-days/Area Office (NRW Unit)

5 persons for one Area Office x 1 day

=5 man-days/Area Office (Distribution Staff of Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:

- 1st to 3rd year: 3 Area Offices each year

- 4th to 5th year: 2 Area Offices each year

Total man-days:

[For NRW Unit]

- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices
=9 man-days

- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices
= 6 man-days

[For Distribution Staff of Area Office]

- 1st to 3rd year: 5 man-days/Area Office x 3 Area Offices
=15 man-days

- 4th to 5th year: 5 man-days/Area Office x 2 Area Offices

=10 man-days

b) Measurement of Minimum Night Flow in DMA

Measurement of Minimum Night Flow in DMA:
3 persons for Area Office x 1 day
= 3 man-days/Area Office (NRW Unit)
5 persons for Area Office x 1 day
=5 man-days/Area Office (Distribution Staff of Area Office)
Number of Area Offices (except Jabi, Gudu, Garki I) where the work will be done
by year:
- 1st to 3rd year: 3 Area Offices each year
- 4th to 5th year: 2 Area Offices each year
Total man-days:
[For NRW Unit]
- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices
=9 man-days
- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices
= 6 man-days
[For Distribution Staff of Area Office]
- 1st to 3rd year:5 man-days/Area Office x 3 Area Offices
= 15 man-days
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- 4th to 5th year: 5 man-days/Area Office x 2 Area Offices
=10 man-days
(8) Zonal Measurement (Scenario-d and e)
1) Download water flow data from data logger at each tank:
1 person for all tanks x 3 days/time
= 3 man-days/all tanks/month (NRW Unit)
Number of times how often the work will be done by year: X
- 1st to 5th year: 1 time/ month x 12 months in a year
Total man-days:
- 1st to 5th year: 3 man-day/time x 12 times/year
= 36 man-days (NRW Unit)
2) Make a graph and analyze data:
1 person for all zones x1 days/time
=1 man-days/all zones/month (NRW Unit)
Number of times how often the work will be done by year: X
- 1st to 5th year: 1 time/ month x 12 months in a year
Total man-days:
- 1st to 5th year: 1 man-day/time x 12 times/year
=12 man-days (NRW Unit)
(9) Leakage Detection
a) Scenario-a (DMA approach, Zone approach, and Patrol)
Year 2019 2020 2021 2022 2023
1st 3 area offices (A, B, C office) DMA DMA Zone (2) Zone (2) Zone (2)
2nd 3 area offices (D, E, F office) Patrol DMA DMA Zone (2) Zone (2)
3rd 3 area offices (G, H, | office) Patrol Patrol DMA DMA Zone (2)
4th 2 area offices (J, K, L office) Patrol Patrol Patrol DMA DMA
5th 2 area offices (M, N office) Patrol Patrol Patrol Patrol DMA
Note: Zone (1) means Training period (accompany with trainer)
Note: Zone (2) means Individual survey (without trainer)
[DMA] (1st year) (3 DMAs: 3 Area Offices: refer to NRW Reduction Operation
Schedule Scenario-a)
Leakage Survey at Each House:
*Leakage survey will be done by 2 teams/Area Office
2 persons with 1 trainer (from Jabi, Gudu, Garki I)/team for 1 DMA x 2
days/week
= (2+1) x 2 man-days/team/week
= 6 man-days/team/week (distribution staff of Area Office)
1 person/team for 1 DMA x 2 days/ week
= 2 man-days/team/week (commercial staff of Area Office) X
Total man-days:
[For Distribution Staff of Area Office]
1st year: 6 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year
= 1,872 man-days/year
[For Distribution Staff of Area Office]
- 1st year: 2 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year
= 624 man-days/year
[DMA] (1st year) (3DMAs: 3 Area Offices: refer to NRW Reduction Operation
Schedule Scenario-a)
Leakage Survey along Road:
*Leakage survey will be done by 2 teams/Area Office
2 persons with 1 trainer (from Jabi, Gudu, Garki I)/team for 1 DMA x 1 day/week
= (2+1) man-days/team/week X
= 3 man-days/team/week (distribution staff of Area Office)
Total man-days:
- 1st year: 3 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year
= 936 man-days (Distribution Staff of Area Office)
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[DMA] (2nd-3rd year) (6 DMAs: 6 Area Offices: refer to NRW Reduction
Operation Schedule Scenario-a)
Leakage Survey at Each House:
*Leakage survey will be done by 2 teams/Area Office
2 persons with 1 trainer (from Jabi, Gudu, Garki |)/team for 1 DMA x 2 days/week
= (2+1) x 2 man-days/team/week
= 6 man-days/team/week (distribution staff of Area Office)
1 person/team for 1 DMA x 2 days/week
= 2 man-days/team/week (commercial staff of Area Office)
Total man-days:
[For Distribution Staff of area Office]
- 2nd to 3rd year: 6 man-days/team/week x 2 teams/Area Office x 6 Area Offices
x 52 weeks/year
= 3,744 man-days/year
[For Commercial Staff of Area Office]
- 2nd to 3rd year: 2 man-days/team/week x 2 teams/Area Office x 6 Area
Offices x 52 weeks/year
= 1,248 man-days/year

[DMA] (2nd-3rd year) (6DMAs: 6 Area Offices: refer to NRW Reduction
Operation Schedule Scenario-a)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for 1 DMA x 1 day/week
= (2+1) man-days/team/week

=3 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 2nd to 3rd year: 3 man-days/team/week x 2 teams/Area Office x 6 Area Offices
x 52 weeks/year

= 1,872 man-days/year (distribution staff of Area Office)

[DMA] (4th year) (56 DMA: 5 Area Offices: refer to NRW Reduction Operation
Schedule Scenario-a)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki |)/team for 1 DMA x 2 days/week
= (2+1)x2 man-days/team/week

= 6 man-days/team/week (distribution staff of Area Office)

1 person/team for 1 DMA x 2 days/week

= 2 man-days/team/week (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 4th year: 6 man-days/team/week x 2 teams/Area Office x 5 Area Offices x 52
weeks/year

= 3,120 man-days/year

[For Commercial Staff of Area Office]

- 4th year: 2 man-days/team/week x 2 teams/Area Office x 5 Area Offices x 52
weeks/year

= 1,040 man-days/year

[DMA] (4th year) (5 DMAs: 5 Area Offices: refer to NRW Reduction Operation
Schedule Scenario-a)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for 1 DMA x 1 day/week
= (2+1) man-days/team/week

= 3 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 4th year: 3 man-days/team/week x 2 teams/Area Office x 5 Area Offices x 52
weeks/year

= 1,560 man-days/year (distribution staff of Area Office)
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[DMA] (5th year) (4 DMAs: 4 Area Offices: refer to NRW Reduction Operation
Schedule Scenario-a)
Leakage Survey at Each House:
*Leakage survey will be done by 2 teams/Area Office
2 persons with 1 trainer (from Jabi, Gudu, Garki |)/team for 1 DMA x 2 days/week
= (2+1)x2 man-days/team/week
= 6 man-days/team/week (distribution staff of Area Office)
1 person/team for 1 DMA x 2 days/week
= 2 man-days/team/week (commercial staff of Area Office)
Total man-days:
[For Distribution Staff of Area Office]
- 5th year: 6 man-days/team/week x 2 teams/Area Office x 4 Area Offices x 52
weeks/year
= 2,496 man-days/year
[For Commercial Staff of Area Office]
- 5th year: 2 man-days/team/week x 2 teams/Area Office x 4 Area Offices x 52
weeks/year
= 832 man-days/year

[DMA] (5th year) (4 DMAs: 4 Area Offices: refer to NRW Reduction Operation
Schedule Scenario-a)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for 1 DMA x 1 day/week
= (2+1) man-days/team/week

= 3 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 5th year: 3 man-days/team/week x 2 teams/Area Office x 4 Area Offices x 52
weeks/year

= 1,248 man-days/year (distribution staff of Area Office)

[Patrol] (1st year) (10 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Patrol of Surface Leakage and lllegal Connections:

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for Area Office x 5
days/week

= (2+1) x 5 man-days/week/Area Office

= 15 man-days/week/Area Office (distribution staff of Area Office)

1 person/team for Area Office x 5 days/week

=5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 1st year: 15 man-days/week/ Area Office x 10 Area Offices x 52 weeks/year
= 7,800 man-days/year

[For commercial Staff of Area Office]

- 1st year: 5 man-days/week/ Area Office x 10 Area Offices x 52 weeks/year

= 2,600 man-days/year

[Patrol] (2nd year) (7 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Patrol of Surface Leakage and lllegal Connections:

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for Area Office x5
days/week

= (2+1) x 5 man-days/week/Area Office

= 15 man-days/week/Area Office (distribution staff of Area Office)

1 person/team for Area Office x 5 days/week

= 5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 2nd year: 15 man-days/week/ Area Office x 7 Area Offices x 52 weeks/year

= 5,460 man-days/year

[For commercial Staff of Area Office]

- 2nd year: 5 man-days/week/ Area Office x 7 Area Offices x 52 weeks/year
= 1,820 man-days/year
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[Patrol] (3rd year) (4 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Patrol of Surface Leakage and lllegal Connections:

2 persons for Area Office x 5 days/week

= 10 man-days/week/Area Office (distribution staff of Area Office)

1 person for Area Office x 5 days/week

= 5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[Distribution Staff of Area Office]

- 3rd year: 10 man-days/week/ Area Office x 4 Area Offices x 52 weeks/year
=2,080 man-days/year

[Commercial Staff of Area Office]

- 3rd year: 5 man-days/week/ Area Office x 4 Area Offices x 52 weeks/year
=1,040 man-days/year

[Patrol] (4th year)(2 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Patrol of Surface Leakage and lllegal Connections:

2 persons for Area Office x 5 days/week

= 10 man-days/week/Area Office (distribution staff of Area Office)

1 person for Area Office x 5 days/week

= 5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[Distribution Staff of Area Office]

- 4th year: 10 man-days/week/ Area Office x 2 Area Offices x 52 weeks/year
=1,040 man-days/year

[Commercial Staff of Area Office]

- 4th year: 5 man-days/week/ Area Office x 2 Area Offices x 52 weeks/year

=520 man-days/year

[Zone] (3rd year) (3 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons/team x 2 days/week

= 2 X2 man-days/team/week

= 4 man-days/team/week (distribution staff of Area Office)

1 person/team for 1 DMA x 2 days/week

= 2 man-days/team/week (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 3rd year: 4 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year

= 1,248 man-days/year

[For Commercial Staff of Area Office]

- 3rd year: 2 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year

= 624 man-days/year

[Zone] (3rd year) (3 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons/team x 1 day/week

= 2 man-days/team/week (distribution staff of Area Office)

Total man-days:

-3rd year: 2 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year

= 624 man-days/year (distribution staff of Area Office)

[Zone] (4th year) (6 Area offices: refer to NRW Reduction Operation Schedule
Scenario-a)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons/team x 2 days/week

= 4 man-days/team/week (distribution staff of Area Office)

1 person/team x 2 days per week

= 2 man-days/team/week (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]
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-4th year: 4 man-days/team/week x 2 teams/Area Office x 6 Area Offices x 52

weeks/year

= 2,496 man-days/year

[For Commercial Staff of Area Office]

- 4th year: 2 man-days/team/week x 2 teams/Area Office x 6 Area Offices x 52

weeks/year

= 1,248 man-days/year

[Zone] (4th year) (6 Area offices: refer to NRW Reduction Operation Schedule

Scenario-a)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons/team x 1 day per week X

= 2 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 4th year: 2 man-days/team/week x 2 teams/Area Office x 6 Area Offices x 52

weeks/year

= 1,248 man-days/year (distribution staff of Area Office)

[Zone] (5th year) (9 Area offices) : refer to NRW Reduction Operation Schedule

Scenario-a

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons/team x 2 days/week

= 4 man-days/team/week (distribution staff of Area Office)

1 person/team x 2 days/week

= 2 man-days/team/week (commercial staff of Area Office)

Total man-days: X

[For Distribution Staff of Aea Office]

- 5th year: 4 man-days/team/week x 2 teams/Area Office x 9 Area Offices x 52

weeks/year

= 3,744 man-days/year

[For Commercial Staff of Aea Office]

- 5th year: 2 man-days/team/week x 2 teams/Area Office x 9 Area Offices x 52

weeks/year

= 1,872 man-days/year

[Zone] (5th year) (9 Area offices: refer to NRW Reduction Operation Schedule

Scenario-a)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons/team x 1 day/week X

= 2 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 5th year: 2 man-days/team/week x 2 teams/Area Office x 9 Area Offices x 52

weeks/year

= 1,872 man-days/year (distribution staff of Area Office)
b) Scenario-b (Zonal Approach and Patrol)

Year 2019 2020 2021 2022 2023

1st 3 area offices (A, B, C office) Zone (1) Zone (1) Zone (2) Zone (2) Zone (2)
2nd 3 area offices (D, E, F office) Patrol Zone (1) Zone (1) Zone (2) Zone (2)
3rd 3 area offices (G, H, | office) Patrol Patrol Zone (1) Zone (1) Zone (2)
4th 2 area offices (J, K, L office) Patrol Patrol Patrol Zone (1) Zone (1)
5th 2 area offices (M, N office) Patrol Patrol Patrol Patrol Zone (1)

Note: Zone (1) means Training period (accompany with trainer)

Note: Zone (2) means Individual survey (without trainer)
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[Zone] (1st year) (3 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)
Leakage Survey at Each House:
*Leakage survey will be done by 2 teams/Area Office
2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 2 days/week
= (2+1) x 2 man-days/team/week
= 6 man-days/team/week (distribution staff of Area Office)
1 person/team x 2 days/ week
= 2 man-days/team/week (commercial staff of Area Office of 3 offices: refer to
NRW Reducti)
Total man-days:
[For Distribution Staff of Area Office]
- 1st year: 6 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year
= 1,872 man-days/year
[For Commercial Staff of Area Office]
- 1st year: 2 man-days/team/week x 2 teams/Area Office x3 Area Offices x 52
weeks/year

= 624 man-days/year

[Zone] (1st year) (3 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 1 day/week

= (2+1)x1 man-days/team/week

= 3 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 1st year: 3 man-days/team/week x 2 team/Area Office x 3 Area Offices x 52
weeks/year

= 936 man-days/year (distribution staff of Area Office)

[Zone] (2nd year) (6 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 2 days/week

= (2+1) x 2 man-days/team/week

= 6 man-days/team/week (distribution staff of Area Office)

1 person/team x 2 days/ week

= 2 man-days/team/week (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 2nd year: 6 man-days/team/week x 2 teams/Area Office x6 Area Offices x 52
weeks/year

= 3,744 man-days/year

[For Commercial Staff of Area Office]

- 2nd year: 2 man-days/team/week x 2 teams/Area Office x 6 Area Offices x 52
weeks/year

= 1,248 man-days/year

[Zone] (2nd year) (6 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 1 day/week

= (2+1) x 1 man-days/team/week

= 3 man-days/team/week (distribution staff of Area Office)

Total man-days:

- 2nd year: 3 man-days/team/week x 2 team/Area Office x 6 Area Offices x 52
weeks/year

= 1,872 man-days/year (distribution staff of Area Office)
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[Zone] (3rd year) (9 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 2 days/week

= (2+1) x 2 man-days/team/week

= 6 man-days/team/week (distribution staff of 6 Area Offices )

2 persons/team x 2 days/week

= 4 man-days/team/week (distribution staff of 3 Area Offices)

1 person/team x 2 days/week

= 2 man-days/team/week (commercial staff of 9 Area Office)

Total man-days:

[Distribution Staff of Area Office]

- 3rd year: 6 man-days/team/week x 2 teams/Area Office x 6 Area Offices x 52
weeks/year

= 3,744 man-days/year

- 3rd year: 4 man-days/team/week x 2 teams/Area Office x 3 Area Offices x 52
weeks/year

= 1,248 man-days/year

[Commercial Staff of Area Office]

-3rd year: 2 man-days/team/week x 2 teams/Area Office x 9 Area Offices x 52
weeks/year

= 1,872 man-days/year

[Zone] (3rd year) (9 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 1 day/week

= (2+1)x1 man-days/team/week

= 3 man-days/team/week (distribution staff of 6 Area Offices)

2 persons/team x 1 day/week

= 2 man-days/team/week (distribution staff of 3 Area Offices)

Total man-days:

- 3rd year: 3 man-days/team/week x 2 team/Area Office x 6 Area Offices x 52
weeks/year

= 1,872 man-days/year (distribution staff of Area Office)

- 3rd year: 2 man-days/team/week x 2 team/Area Office x 3 Area Offices x 52
weeks/year

=624 man-days/year (distribution staff of Area Office)

[Zone] (4th year) (11 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons with one trainer/team x 2 days/week

= (2+1) x 2 man-days/team/week

= 6 man-days/team/week (distribution staff of 5 Area Offices)

2 persons/team x 2 days/week

= 4 man-days/team/week (distribution staff of 6 Area Offices)

1 person/team x 2 days/week

= 2 man-days/team/week (commercial staff of 11 Area Office)

Total man-days:

[Distribution Staff of Area Office]

- 4th year: 6 man-days/team/week x 2 teams/Area Office x 5 Area Offices x 52
weeks/year

= 3,120 man-days/year

- 4th year: 4 man-days/team/week x 2 teams/Area Office x 6 Area Offices x 52
weeks/year

= 2,496 man-days/year

[Commercial Staff of Area Office]

- 4th year: 2 man-days/team/week x 2 teams/Area Office x 11 Area Offices x 52
weeks/year

= 2,288 man-days/year
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[Zone] (4th year) (11 Area office: refer to NRW Reduction Operation Schedule
Scenario-b s)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 1 day/week

= (2+1)x1 man-days/team/week

= 3 man-days/team/week (distribution staff of 5 Area Offices)

2 persons/team x 1 day/week

= 2 man-days/team/week (distribution staff of 6 Area Offices)

Total man-days:

- 4th year: 3 man-days/team/week x 2 team/Area Office x 5 Area Offices x 52
weeks/year

= 1,560 man-days/year (distribution staff of Area Office)

-4th year: 2 man-days/team/week x 2 team/Area Office x 6 Area Offices x 52
weeks/year

= 1,248 man-days/year (distribution staff of Area Office)

[Zone] (5th year) (13 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey at Each House:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team x 2 days/week

= (2+1) x 2 man-days/team/week

= 6 man-days/team/week (distribution staff of 4 Area Offices)

2 persons/team x 2 days/week

= 4 man-days/team/week (distribution staff of 9 Area Offices)

1 person/team x 2 days/week

= 2 man-days/team/week (commercial staff of 11 Area Office)

Total man-days:

[Distribution Staff of Area Office]

- 5th year: 6 man-days/team/week x 2 teams/Area Office x 4 Area Offices x 52
weeks/year

= 2,496 man-days/year

- 5th year: 4 man-days/team/week x 2 teams/Area Office x 9 Area Offices x 52
weeks/year

= 3,744 man-days/year

[Commercial Staff of Area Office]

- 5th year: 2 man-days/team/week x 2 teams/Area Office x 13 Area Offices x
52 weeks/year

=2,704 man-days/year

[Zone] (5th year) (13 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Leakage Survey along Road:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki |)/team x 1 day/week

= (2+1) x 1 man-days/team/week

= 3 man-days/team/week (distribution staff of 4 Area Offices)

2 persons/team x 1 day/week

= 2 man-days/team/week (distribution staff of 9 Area Offices)

Total man-days:

- 5th year: 3 man-days/team/week x 2 team/Area Office x 4 Area Offices x 52
weeks/year

= 1,248 man-days/year (distribution staff of Area Office)

- 5th year: 2 man-days/team/week x 2 team/Area Office x 9 Area Offices x 52
weeks/year

= 1,872 man-days/year (distribution staff of Area Office)
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[Patrol] (1st year) (10 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Patrol of Surface Leakage and lllegal Connections:

*Leakage survey will be done by 2 teams/Area Office

2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for Area Office x 5
days/week

= (2+1) x 5 man-days/week/Area Office

= 15 man-days/week/Area Office (distribution staff of Area Office)

1 person/team for Area Office x 5 days/week

=5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 1st year: 15 man-days/week/ Area Office x 10 Area Offices x 52 weeks/year
= 7,800 man-days/year

[For Commercial Staff of Area Office]

- 1st year: 5 man-days/week/ Area Office x 10 Area Offices x 52 weeks/year

= 2,600 man-days/year

[Patrol] (2nd year) (7 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)
Patrol of Surface Leakage and lllegal Connections:
*Leakage survey will be done by 2 teams/Area Office
2 persons with 1 trainer (from Jabi, Gudu, Garki I)/team for Area Office x 5
days/week
= (2+1) x 5 man-days/week
= 15 man-days/week (distribution staff of Area Office)
1 person/team for Area Office x 5 days/week/Area Office
= 5 man-days/week/Area Office (commercial staff of Area Office)
Total man-days:
[For Distribution Staff of Area Office]
- 1st year: 15 man-days/week/ Area Office x 7 Area Offices x 52 weeks/year
= 5,460 man-days/year
[For Commercial Staff of Area Office]
- 1st year: 5 man-days/week/ Area Office x 7 Area Offices x 52 weeks/year
= 1,820 man-days/year

[Patrol] (3rd year) (4 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Patrol of Surface Leakage and lllegal Connections:

*Leakage survey will be done by 2 teams/Area Office

2 persons for Area Office x 5 days/week

= 10 man-days/week/Area Office (distribution staff of Area Office)

1 person/team for Area Office x 5 days/week

=5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 3rd year: 10 man-days/week/ Area Office x 4 Area Offices x 52 weeks/year
= 2,080 man-days/year

[For Commercial Staff of Area Office]

- 3rd year: 5 man-days/week/ Area Office x 4 Area Offices x 52 weeks/year

= 1,040 man-days/year

[Patrol] (4th year) (2 Area offices: refer to NRW Reduction Operation Schedule
Scenario-b)

Patrol of Surface Leakage and lllegal Connections:

*Leakage survey will be done by 2 teams/Area Office

2 persons for Area Office x 5 days/week

= 10 man-days/week (distribution staff of Area Office)

1 person/team for Area Office x 5 days/week/Area Office

= 5 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 4th year: 10 man-days/week/ Area Office x 2 Area Offices x 52 weeks/year
= 1,040 man-days/year

[For Commercial Staff of Area Office]

- 4th year: 5 man-days/week/ Area Office x 2 Area Offices x 52 weeks/year
= 520 man-days/year

c) Leakage Survey by NRW Unit (Scenario-d)
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Leakage Survey at Each House:

*Leakage survey will be done by 3 teams/NRW Unit and Area Office
2 persons/team x 3 days/week

= 6 man-days/team/week (NRW Unit)

1 person/team x 3 days/week

= 3 man-days/team/week (commercial staff of Area Office)

Total man-days:

[NRW Unit]

-1st to 5th year: 6 man-days/team/week x 3 teams x 52 weeks/year
=936 man-days/year

[Commercial Staff of Area Office]

- 1st to 5th year: 3 man-days/team/week x 3 teams x 52 weeks/year

= 468 man-days/year

Leakage Survey along Road:

*Leakage survey will be done by 3 teams/NRW Unit and Area Office
2 persons/team x 1day/week

= 2 man-days/team/week (NRW Unit)

Total man-days:

- 1st to 5th year: 2 man-days/team/week x 3 teams x 52 weeks/year

= 312 man-days/year (NRW Unit)

d) Leakage Survey by NRW Unit (Scenario-e)

Leakage Survey at Each House:

*Leakage survey will be done by 3 teams/NRW Unit and Area Office
2 persons/team x 3 days/week

= 6 man-days/team/week (NRW Unit)

1 person/team x 3 days/week

= 3 man-days/team/week (commercial staff of Area Office)

Total man-days:

[NRW Unit]

-1st to 5th year: 6 man-days/team/week x 3 teams x 52 weeks/year
=936 man-days/year

[Commercial Staff of Area Office]

- 1st to 5th year: 3 man-days/team/week x 3 teams x 52 weeks/year
= 468 man-days/year

Leakage Survey along Road:

*Leakage survey will be done by 3 teams/NRW Unit and Area Office
2 persons/team x 1day/week

= 2 man-days/team/week (NRW Unit)

Total man-days:

- 1st to 5th year: 2 man-days/team/week x 3 teams x 52 weeks/year

= 312 man-days/year (NRW Unit)

(10) Patrol of Surface Leaks (Scenario-c)

1)-1 Patrol of Surface Leakage and lllegal Connections:
- 1st to 2nd year: 13 Area Offices except Jabi, Gudu, Garki | each year
2 persons with 1 trainer (from Jabi, Gudu, Garki l)/team for Area Office x 5
days/week
= (2+1) x 5 man-days/week/Area Office
= 15 man-days/week/Area Office (distribution staff of Area Office)
1 person/team for Area Office x 5 days/week/Area Office
= 5 man-days/week/Area Office (commercial staff of Area Office)
Total man-days:
[For Distribution Staff of Area Office]
- 1st to 2nd year: 15 man-days/week/ Area Office x 13 Area Offices x 52
weeks/year
= 10,140 man-days/year
[For Commercial Staff of Area Office]
- 1stto 2nd year: 5 man-days/week/ Area Office x 13 Area Offices x 52 weeks/year

= 3,380 man-days/year
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1)-2 Patrol of Surface Leakage and lllegal Connections:

- 3rd to 5th year: 16 Area Offices each year

2 persons for Area Office x 5 days/week /Area Office

= 10 man-days/week/Area Office (distribution staff of Area Office)

1 person for Area Office x 5 days/week

=5 man-days/week /Area Office (commercial staff of Area Office)

Total man-days:

[For Distribution Staff of Area Office]

- 3rd to 5th year: 10 man-days/week/Area Office x 16 Area Offices x 52
weeks/year

= 8,320 man-days/year

[For Commercial Staff of Area Office]

- 3rd to 5th year: 5 man-days/week/ Area Office x 16 Area Offices x 52 weeks/year

= 4,160 man-days/year

(11) Repair of Leaks and Recording

a) Repair for Leakage survey by Area Offices (DMA Scenario-a)

1)-1 Leakage Repair and Recording by Area Office (see Table A3-2):

- 1st year:

*Number of leakage repair is 178 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-a

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 1st year: 7 man-days/leak x 178 leaks/year:

_____________ 246 man-days/year (distribution staff of Area Office)

1)-2 Leakage Repair and Recording by Area Office:

- 2nd year:

*Number of leakage repair is 241 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-a

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 2nd year: 7 man-days/leak x 241 leaks/year

_____________ 687 man-days/year _(distribution staff of Area Office)

1)- 3 Leakage Repair and Recording by Area Office:

- 3rd year:

*Number of leakage repair is 308 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-a

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 3rd year: 7 man-days/leak x 308 leaks/year

,156 man-days/year (di ion staff of Area Office)

Leakage Repair and Recording by Area Office:

- 4th year:

*Number of leakage repair is 354 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-a

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 4th year: 7 man-days/leak x 354 leaks/year

_____________ 478 man-days/year (distribution staff of Area Office)

1)-5 Leakage Repair and Recording by Area Office:

- 5th year:

*Number of leakage repair is 400 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-a

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 5th year: 7 man-days/leak x 400 leaks/year

= 2,800 man-days/year (distribution staff of Area Office)
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b) Repair for Leakage survey by Area Offices (Scenario-b)

1)-1 Leakage Repair and Recording by Area Office(see Table A3-3):

- 1st year:

*Number of leakage repair is 182 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-b

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 1st year: 7 man-days/leak x182 leaks/year

1)-2 Leakage Repair and Recording by Area Office:

- 2nd year:

*Number of leakage repair is 249 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-b

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 2nd year: 7 man-days/leak x 249 leaks/year

1)-3 Leakage Repair and Recording by Area Office:

- 3rd year:

*Number of leakage repair is 316 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-b

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 3rd year: 7 man-days/leak x 316 leaks/year

1)-4 Leakage Repair and Recording by Area Office:

- 4th year:

*Number of leakage repair is 282 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-b

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 4th year: 7 man-days/leak x 282 leaks/year

1)-5 Leakage Repair and Recording by Area Office:

- 5th year:

*Number of leakage repair is 343 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-b

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 5th year: 7 man-days/leak x 343 leaks/year

= 2,401 man-days/year (distribution staff of Area Office)

c) Repair for Patrol by Area Offices (Scenario-c)

1)-1 Leakage Repair and Recording by Area Office(see Table A3-4):

- 1st to 2nd year:

*Number of leakage repair is 114 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-c

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 1st to 2nd year: 7 man-days/leak x 114 leaks/year

= 798 man-days/year (distribution staff of Area Office)
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1)-2 Leakage Repair and Recording by Area Office:

- 3rd to 5th year:

*Number of leakage repair is 141 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-c

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

= 7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 3rd to 5th year: 7 man-days/leak x 141 leaks/year

= 987 man-daysl/year (distribution staff of Area Office)

d) Repair for Leakage Survey by NRW Unit (Scenario-d)

Leakage Repair and Recording by Area Office (see Table A3-5):

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

*Number of leakage repair is 213 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-d and e

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 1st to 5th year: 7 man-days/leak x 213 leaks/year

= 1,491 man-days/year (distribution staff of Area Office)

e) Repair for Leakage Survey by NRW Unit (Scenario-e)

Leakage Repair and Recording by Area Office (see Table A3-5)::

7 persons (consist of one assistant area manager and six distribution staff) x 1
day/leak

* Number of leakage repair is 213 leaks/year: refer to Number of Survey
Customers and Leakage Repair for Scenario-d and e

=7 man-days/leak (distribution staff of Area Office)

Total man-days:

- 1st to 5th year: 7 man-days/leak x 213 leaks/year

= 1,491 man-days/year (distribution staff of Area Office)

(12) Identification of lllegal Connections and Meter Inaccuracy

a) Identification of lllegal Connection (Scenario-a, b, and c)

1) Identification of small consumption user:

- 1st to 5th year: 16 Area Offices each year

1person for Area Office x 1day

=1 man-day/Area Office (commercial staff of Area Office)
Total man-days:

- 1st to 5th year: 1 man-day/Area Office x 16 Area Offices
=16 man-days (commercial staff of Area Office)

2) -1 lllegal connection survey:

- 1st to 2nd year (13 Area Offices except Jabi, Gudu, Garki |):

2 distribution staff with 1 trainer (from Jabi, Gudu, Garki I) for Area Office x 1
day/week

= (2+1) x 1 man-days/week/Area Office

= 3 man-days/week/Area Office (distribution staff of Area Office)

2 commercial staff for Area Office x 1 day/week)

= 2 man-days/week/Area Office (commercial staff of Area Office)

Total man-days:

[For distribution staff of Area Office]

- 1st to 2nd year: 3 man-days/Area Office/week x 13 Area Offices x 52 weeks/year
= 2,028 man-days/year

[For commercial staff of Area Office]

- 1st to 2nd year: 2 man-days/Area Office/week x13 Area Offices x 52 weeks/year

= 1,352 man-days/year
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2)-2 lllegal connection survey:

- 3rd to 5th year (16 Area Offices):

2 distribution staff for Area Office x 1 day/week

= 2 man-days/week/Area Office (distribution staff of Area Office)
2 commercial staff for Area Office x 1 day/week)

= 2 man-days/week/Area Office (commercial staff of Area Office)
Total man-days: X | X
[For distribution staff of Area Office]

- 3rd to 5th year: 2 man-days/Area Office/week x 16 Area Offices x 52 weeks/year
= 1,664 man-days/year

[For commercial staff of Area Office]

- 3rd to 5th year: 2 man-days/Area Office/week x16 Area Offices x 52 weeks/year

= 1,664 man-days/year

b) Identification of lllegal Connection (Scenario-d and e)

1) Identification of small consumption user:

- 1st to 5th year: 16 Area Offices each year

1 person for Area Office x 1 day

= 1 man-day/Area Office (commercial staff of Area Office)
Total man-days:

-1st to 5th year: 1 man-day/Area Office x 16 Area Offices
= 16 man-days (commercial staff of Area Office)

2) lllegal connection survey:
* lllegal connection survey will be done by 3 teams/NRW Unit and Area Office
2 persons/team x 1 day/week
= 2 man-days/week/team (NRW Unit)
2 persons/team x 1day/week
= 2 man-days/week/team (commercial staff of Area Office)
Total man-days:
[For NRW Unit)]
- 1st to 5th year: 2 man-days/team/week x 3 teams x 52 weeks/year
= 312 man-days/year
[For commercial staff of Area Office]
- 1st to 5th year: 2 man-days/team/week x 3 teams x 52 weeks/year
= 312 man-days/year

c) Identification of Inaccuracy Meter (all Scenarios)

1) Meter test at site:

3 persons for one to five meters in a same day x 1 day/week
= 3 man-days/week (NRW Unit)

1 person for one to five meters in a same day x 1 day/week
=1 man-day/week (commercial staff of Area Office)

Total man-days: x | x
[For NRW Unit]

- 1st to 5th year: 3 man-days/ week x 52 weeks/year
= 156 man-days

[For commercial staff of Area Office]

- 1st to 5th year: 1 man-day/week x 52 weeks/year

= 52 man-days

2) Meter test at inspection office (Test meters and record meter inaccuracy
10% of procured meters) :

3 persons for 10 meters in a same day

= 3 man-days/10 meters/day (NRW Unit)

Number of inspection meters: 2,000 meters in a year

Total man-days:

- 1st to 5th year: 2,000 meters/year x 10/100(10%)/10 meters/day x 3 man-days
= 60 man-days (NRW Unit)

d) Inspection of Meter Inaccuracy for the preparation of Meter Standardization (all
Scenarios)
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1) Record product year, maker name, meter type of all tested meters:

1 person x 1 day/week

=1 man-day/week (NRW Unit)

2) Analyze data and make a report for standardization of meters:

1 person x 1day/month

=1 man-day/month (NRW Unit)

Total man-days:

- 1st to 5th year: 1 man-day/week x 52 weeks/year + 1 man-day/month x 12
months

= 64 man-days (NRW Unit)

(13) Measures against lllegal Connections and Meter Inaccuracy

a) Measures against lllegal Connections (Scenario-a, b and c)

1)-1 Inform the illegal user disconnection of illegal connection and
disconnect it (see Table A3-6):

- 1st to 2nd year:

* Number of counter measure is 68 in a year: refer to Number of Survey Customers
and Countermeasure for lllegal Connection (Scenario-a, b and c)

1 person for 1 illegal connection x 0.5 day

= 0.5 man-days/illegal connection (commercial staff of Area Office)

2 persons for illegal connection x 0.5 day

= 1 man-days/illegal connection (distribution staff of Area Office)

Total man-days:

[For commercial staff of Area Office]

- 1st to 2nd year: 0.5 man-days/illegal connection x 68 illegal connections/year

= 34 man-days/year

[For distribution staff of Area Office]

- 1st to 2nd year: 1 man-days/illegal connection x 68 illegal connections/year

= 68 man-days/year

2)-1 Legalize illegal user (see Table A3-6):
- 1st to 2nd year:
* Number of counter measure is 68 in a year: refer to Number of Survey Customers
and Countermeasure for lllegal Connection (Scenario-a, b and c)
1 person x 0.5 day/illegal connection (user)
= 0.5 man-dayl/illegal connection (Commerce)
Total man-days:
0.5 man-dayl/illegal connection x 68 illegal connections/year
= 34 man-days/year (Commerce)

1)-2 Inform the illegal user disconnection of illegal connection and
disconnect it (see Table A3-6):

- 3rd to 4th year:

* Number of counter measure is 104 in a year: refer to Number of Survey
Customers and Countermeasure for lllegal Connection (Scenario-a, b and c)

1 person for 1 illegal connection x 0.5 day

= 0.5 man-days/illegal connection (commercial staff of Area Office)

2 persons for illegal connection x 0.5 day

=1 man-daysl/illegal connection (distribution staff of Area Office)

Total man-days:

[For commercial staff of Area Office]

0.5 man-days/illegal connection x 104 illegal connections/year

= 52 man-days/year

[For distribution staff of Area Office]

1 man-days/illegal connection x 104 illegal connections/year

= 104 man-days/year

2)-2 Legalize illegal user (see Table A3-6):
- 3rd to 4th year
* Number of counter measure is 104 in a year: refer to Number of Survey
Customers and Countermeasure for lllegal Connection (Scenario-a, b and c)
1 person x 0.5 day/illegal connection (user)
= 0.5 man-day/illegal connection (Commerce)
Total man-days:
0.5 man-dayl/illegal connection x 104 illegal connections/year
= 52 man-days/year (Commerce)
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1)-3 Inform the illegal user disconnection of illegal connection and
disconnect it (see Table A3-6):

- 5fth year:

* Number of counter measure is 44 in a year: refer to Number of Survey Customers
and Countermeasure for lllegal Connection (Scenario-a, b and c)

1 person for 1 illegal connection x 0.5 day

= 0.5 man-days/illegal connection (commercial staff of Area Office)

2 persons for illegal connection x 0.5 day X
=1 man-days/illegal connection (distribution staff of Area Office)
Total man-days:
[For commercial staff of Area Office]
0.5 man-days/illegal connection x 44 illegal connections/year
= 22 man-days/year
[For distribution staff of Area Office]
1 man-days/illegal connection x 44 illegal connections/year
= 44 man-days/year
2)-3 Legalize illegal user:
- 5th year:
* Number of counter measure is 44 in a year: refer to Number of Survey Customers
and Countermeasure for lllegal Connection (Scenario-a, b and c)
1 person x 0.5 day/illegal connection (user) X
= 0.5 man-day/illegal connection (Commerce)
Total man-days:
0.5 man-day/illegal connection x 44 illegal connections/year
= 22 man-days/year (Commerce)
b) Measures against lllegal Connections (Scenario-d and e)
1) Inform the illegal user disconnection of illegal connection and disconnect it (see
Table A3-7):
- 1st to 5th year:
* Number of counter measure is 20 in a year: refer to Number of Survey Customers
and Countermeasure for lllegal Connection (Scenario-d and e)
1 person for 1 illegal connection x 0.5 day
= 0.5 man-days/illegal connection (commercial staff of Area Office)
2 persons for illegal connection x 0.5 day
= 1 man-daysl/illegal connection (distribution staff of Area Office)
Total man-days:
[For commercial staff of Area Office]
0.5 man-days/illegal connection x 20 illegal connections/year
=10 man-days/year
[For distribution staff of Area Office]
1 man-days/illegal connection x 20 illegal connections/year
= 20 man-days/year
2) Legalize illegal user (see Table A3-7):
- 1st to 5th year:
* Number of counter measure is 20 in a year: refer to Number of Survey Customers
and Countermeasure for lllegal Connection (Scenario-d and e)
1 person x 0.5 day/illegal connection (user)
= 0.5 man-dayl/illegal connection (Commerce)
Total man-days:
0.5 man-dayl/illegal connection x 20 illegal connections/year
=10 man-days/year (Commerce)
c) Measures against Meter Inaccuracy (all Scenarios apart from Scenario-e)
Exchange a new meter for meter inaccuracy:
- 1st to 5th year: 16 Area Offices each year
1 person for Area Office (one to five meters in a same day) x 1 day/month
=1 man-days/month /Area Office ( commercial staff of Area Office)
2 persons for Area Office (one to five meters in a same day) x 1 day/month
=2 man-days/month /Area Office ( distribution staff of Area Office) X

- 1st to 5th year:

Total man-days:

[For commercial staff of Area Office]

1 man-day/month/Area Office x 16 offices x 12 months

=192 man-days
[For distribution staff of Area Office]

Annex16-119




2 man-days/month/Area Office x 16 offices x 12 months
= 384 man-days

(14) Data Collection of Monthly Billed Consumption

a) Data Collection of Billed Consumption every month (DMA, Scenario-a)

Data Collection of Billed Consumption (billing system):
- 1st to 5th year: 16 Area Offices each year

1 person for Area Office 1 day/month

= 1 man-day/Area Office/month (Billing Unit) X
Total man-days:

- 1st to 5th year: 1 man-day/Area Office/ month x 16 Area Offices x 12 months

=192 man-days (Billing Unit)

b) Data Collection of Billed Consumption every month (Zone, All Scenarios)

Data Collection of Billed Consumption (billing system):

- 1st to 5th year: 16 Area Offices each year

1 person for Area Office x 1day/month

= 1man-day/Area Office/month (Billing Unit) X | X | X

Total man-days:

- 1st to 5th year: 1 man-day/Area Office/month x 16 Area Offices x 12 months
= 192 man-days (Billing Unit)

(15) Data Collection of Monthly System Input Volume

a) Data Collection of System Input Volume every month (DMA, Scenario-a)

Read meters at input to DMA and record it every month:
- 1st to 5th year: 16 Area Offices each year

3 persons for Area Office 1day/month

= 3 man-days/Area Office / month (distribution staff of Area Office) X
Total man-days:

- 1st to 5th year: 3 man-day/Area Office x 16 Area Offices/month x 12 months
= 576 man-days (distribution staff of Area Office)

b) Data Collection of System input volume every month (Zone, All Scenarios)

Download water flow data from data logger at each tank:
1 person x 3 days/month

= 3 man-day / month (NRW Unit)

Total man-das: XXX
- 1st to 5th year: 3 man-days x 12 months
= 36 man-days (NRW Unit)

c) Data Collection of System Input volume every month (Bulk Meter, All Scenarios)

Download water flow data from data logger at bulk meter:

1person x 1day/month

} 1man-day/mo.nth (NRW Unit) X | x| x
otal man-days:

- 1st to 5th year: 1 man-day x 12 months

=12 man-days (NRW Unit)

(16) Monthly Water Balance Analysis

Analyze Water Balance:

- 1st to 5th year: 16 Area Offices each year
1person for 4 Area Offices x 1day/month
=1 man-day/4 Area Offices/month X | x | x
=0.25 man-day/Area Offices/month (NRW Unit)

Total man-days:

- 1st to5th year: 0.25 man-day/Area Office/ month x 16 Area Offices x 12 months
= 48 man-days (NRW Unit)

(17) Measurement of one week input volume (DMA, Scenario-a)
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1)-1 Setting Ultrasonic Flow Meter and Recording :
- 1st to 3rd year: 3 Area Offices each year

1 person for Area Office x 1 day

= 1 man-day/Area Office (NRW Unit)

3 persons for Area Office x 1 day

= 3 man-days/Area Office (distribution staff of Area Office)
Total man-days:

- 1st to 3rd year:

[For NRW Unit]

1 man-days/Area Office x 3 Area Offices

= 3 man-days

[For distribution staff of Area Office]

3 man-days/Area Office x 3 Area Offices

=9 man-days

1)-2 Setting Ultrasonic Flow Meter and Recording:

- 4th to 5th year: 2 Area Offices each year

1 person for Area Office x 1 day

=1 man-day/Area Office (NRW Unit)

3 persons for Area Office x 1 day

= 3 man-days/Area Office (distribution staff of Area Office)
Total man-days:

[For NRW Unit]

- 4th to 5th year: 1 man-days/Area Office x 2 Area Offices
= 2 man-days

[For distribution staff of Area Office]

- 4th to 5th year: 3 man-days/Area Office x 2 Area Offices

= 6 man-days

2)-1 Removing Ultrasonic Flow Meter and Recording:
- 1st to 3rd year: 3 Area Offices each year

1 person for Area Office x 1 day

= 1 man-day/Area Office (NRW Unit)

3 persons for Area Office x 1 day

= 3 man-days/Area Office (distribution staff of Area Office)
Total man-days:

[For NRW Unit]

- 1st to 3rd year: 1 man-days/Area Office x 3 Area Offices
= 3 man-days

[For distribution staff of Area Office]

- 1st to 3rd year: 3 man-days/Area Office x 3 Area Offices

=9 man-days

2)-2 Removing Ultrasonic Flow Meter and Recording:
- 4th to 5th year: 2 Area Offices each year

1 person for Area Office x 1 day

=1 man-day/Area Office (NRW Unit)

3 persons for Area Office x 1 day

= 3 man-days/Area Office (distribution staff of Area Office)
- 4th to 5th year:

Total man-days:

[For NRW Unit]

1 man-days/Area Office x 2 Area Offices

=2 man-days

[For distribution staff of Area Office]

3 man-days/Area Office x 2 Area Offices

= 6 man-days

3) Analyze one week input volume:

1 person x 1 day

=1 man-day (NRW Unit)

Total man-days:

- 1st to 5th year: 1 man-days x 1 time/ year
=1 man-days (NRW Unit)

(18) Installing Water Meters
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Installation of meters:

- 1st to 5th year: 2,000 meters each year

2 person for five meters one day

= 2 man-days/5 meters

= 0.4 man-days/meters (distribution staff of Area Office)

1 for five meters one day

=1 man-day/5 meters

= 0.2 man-day/meters (commercial staff of Area Office)
Total man-days:

[For distribution staff of Area Office]

- 1st to 5th year: 0.4 man-days/meters x 2,000 meters/year
= 800 man-days

[For commercial staff of Area Office]

- 1st to 5th year: 0.2 man-day/meters x 2,000 meters/year
=400 man-days

(19) Survey on Trunk, Distribution Mains and Reservoirs

a) Collect Data of Leaks

1) Collect and Submit Data of Leaks:

- 1st to 5th year: 16 Area Offices each year

1 person for Area Office x 1 day/month

= 1 man-day/Area Office/month (distribution staff of Area Office)

2) Collect and Analyze Data of Leaks:

1 person for Area Office x 1 day/month

= 1 man-day/Area Office/month (NRW Unit)

Total man-days:

[For distribution staff of Area Office]

- 1st to 5th year: 1 man-day/Area Office/month x 16 Area Offices x 12 months/year
= 192 man-days/year

[For NRW Unit]

- 1st to 5th year: 1 man-day/Area Office x 16 Area Offices x 12 months/year

=192 man-days/year

b) Collect, Submit and Analyze Data of Pipe Line

1) Collect and Submit Data of Pipe Lines

- 1st to 5th year: 16 Area Offices each year

1 person for Area Office x 1 day/month

=1 man-day/Area Office/month (distribution staff of Area Office)

2) Collect and Analyze Data of Pipe Line:

1 person for Area Office x 1 day/month

= 1 man-day/Area Office/month (GIS Unit)

Total man-days:

[For distribution staff of Area Office]

- 1st to 5th year: 1 man-day/Area Office/month x 16 Area Offices x 12 months/year
= 192 man-daysl/year

[For GIS Unit]

- 1st to 5th year: 1 man-day/Area Office x 16 Area Offices x 12 months/year
= 192 man-days/year

(20) Preparation for Pipe Replacement Plan

a) Inspect Trunk and Distribution Mains
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1) Walk and inspect along pipeline route of trunk and distribution main,
check their fittings such as air release valve, stop valves and wash out to
find illegal connections and leakage:

2 person x 1 day/week

= 2 man-days/week (Distribution Unit)

2 persons x 1day/week

= 2 man-days/week (distribution staff of Area Office)

2) Accompany with inspection team and record the position of fittings and pipeline
route by GPS:

1 person x 1day/week = 1 man-day/week (GIS Unit)

Total man-days:

[For Distribution Unit]

- 1st to 5th year: 2 man-days/week x 52 weeks/year

= 104 man-days/year

[For distribution staff of Area Office]

- 1st to 5th year: 2 man-days/week x 52 weeks/year

= 104 man-days/year

[For GIS Unit]

- 1st to 5th year: 1 man-day/week x 52 weeks/year

= 52 man-days/year

b) Inspect Villages and Public taps

1) Inspect water consumption condition of villages and public taps to find
illegal connections and leakage:

2 person x 1 day/month

= 2 man-days/month (Distribution Unit)

2 persons x 1 day/month

= 2 man-days/month (distribution staff of Area Office)

2) Accompany with inspection team and record the position of villages and public
taps by GPS:

1 person x 1 day/month

= 1 man-day/month (GIS Unit)

Total man-days:

[For Distribution Unit]

- 1st to 5th year: 2 man-days/month x 12 months/year

= 24 man-days/year

[For distribution staff of Area Office]

- 1st to 5th year: 2 man-days/month x 12 months/year

= 24 man-days/year

[For GIS Unit]

- 1st to 5th year: 1 man-day/month x 12 months /year

=12 man-days/year

c) Input data on GIS map

Input collected data to GIS mapping:

1person x 2 days/month

= 2 man-days/month (GIS Unit)

Total man-days:

- 1st to 5th year: 2 man-days/month x 12months/year
= 24 man-days/year (GIS Unit)

Source: Project Team
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Appendix-3.2: Basis on Condition for estimating Man-day for required for Leakage
Survey and lllegal Connection Measures

Table A3-2 Basis on Condition for estimating Man-day for Leakage Survey (Scenario-a)

(Zone)

1,000 customers

1,000 customers

1,000 customers

1,000 customers

Year 2019 2020 2021 2022 2023
Calculation Formula 3 area offices 6 area offices 6 area offices 5 area offices 4 area offices
(DMA) X 1,000 customersiye | x 1,000 customersiye | x 1,000 customerslye | x 1,000 customers/yea| x 1,000 customers/ye
Expected Survey
Customers’ Number 3,000 6,000 6,000 5,000 4,000
lyear

3,000 customers 6,000 customers 6,000 customers 5,000 customers 4,000 customers
Calculation Formula X 480 ma/dayq X 480 m%day X 480 m*/day X 480 m’/day X 480 m®/day
/ 1,000 customers | / 1,000 customers | / 1,000 customers |/ 1,000 customers |/ 1,000 customers
Expected Reduced
1,440 2,880 2,880 2,400 1,920
NRW Volume (mslday)
1 team 1 team 1 team 1 team team
X 10 area offices | x 7 area offices | x 4 area offices | x 2 area offices | x area offices
Calculation Formula customers/da customers/da customers/da customers/da
(Patrol) X 10 v X 10 " X 10 Y X 10 customers/day | x N
X 1 days/week |x 1 days/week |x 1 days/week [x 1 days/week |x days/week
X 52 weeks X 52 weeks X 52 weeks X 52 weeks X weeks
Expected Survey
Customers’ Number 5,200 3,640 2,080 1,040 0
/year
5,200 customers 3,640 customers 2,080 customers 1,040 customers
Calculation Formula X 270 m¥day 2 |x 270 m*/day X 270 m®/day X 270 m*/day -
/ 1,000 customers | / 1,000 customers | / 1,000 customers |/ 1,000 customers
Expected Reduced
1,404 983 562 281 0
NRW Volume (m*/day)
team team 2 team 2 team 2 team
X area offices | x area offices | x 3 area offices | x 6 area offices | x 9 area offices
Calculation Formula customers/da customers/da customers/da customers/da
X 5 5 customers/day | x 5
Zone (2) y y y y
X days/week |x days/week |x 2 days/week |[x 2 days/week |x 2 days/week
X weeks X weeks X 52 weeks X 52 weeks X 52 weeks
Expected Survey
Customers’ Number 0 0 3,120 6,240 9,360
lyear
0 customers 0 customers 3,120 customers 6,240 customers 9,360 customers
Calculation Formula X m’/day X m’/day X 600 2 "® X 600 m®/day X 600 m*/day
/ customers | / customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers
Expected Reduced
NRW Volume (m3/dafys) 0 0 1,872 3,744 5,616
[Totar EXpETiEu
Reduced NRW Volume 2,844 3,863 5,314 6,425 7,536
3.
2,844 m®/day 3,863 m*/day 5,314 m*/day 6,425 m®/day 7,536 m'/day
Calculation Formula /310,630 m%day > |/ 310,630 m¥day /310,630 m*/day /310,630 m*/day /310,630 m%/day
X 100 X 100 X 100 X 100 X 100
Expected Reduced o o o o o
NRW percentage 0.92% 1.24% 1.71% 2.07% 2.43%
Calculation F | 3,000 customers 6,000 customers 6,000 customers 5,000 customers 4,000 customers
(;N‘I’Z? fonrormua 30" X 30 X 30 X 30 X 30
/ 1,000 customers | / 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers
Calculation F | 5,200 customers 3,640 customers 2,080 customers 1,040 customers 0 customers
(PZ‘E:;T) lonFormuia 178 X 17 X 17 X 17 X 17
/ 1,000 customers |/ 1,000 customers / 1,000 customers |/ 1,000 customers |/ 1,000 customers
Calculation Formula 0 customers 0 customers 3,120 customers 6,240 customers 9,360 customers
X 30 X 30 X 30 X 30 X 30

1,000 customers

Total Expected Number|
of Leakage Repair

178

241

308

354

400

Annex16-124



Table A3-3 Basis on Condition for estimatin

g Man-day for Leakage Survey (Scenario-b)

Year 2019 2020 2021 2022 2023
2 teams 2 teams 2 teams 2 teams 2 teams
. X 3 area offices | x 6 area offices | x 6 area offices | x 5 area offices | x 4 area offices
Calculation Formula 5 Customers/da 5 Customers/da 5 customers/da 5 cust ” 5 customers/da
Zone (1) X v X v X N X customers/day | x ;
X 2 days/week | X 2 days/week |x 2 days/week |[x 1 days/week |[x 1 days/week
X 52 weeks X 52 weeks X 52 weeks X 52 weeks X 52 weeks
Expected Survey
Customers’ Number 3,120 6,240 6,240 2,600 2,080
lyear
3,120 customers 6,240 customers 6,240 customers 2,600 customers 2,080 customers
Calculation Formula | x 480 miiday | | x 480 m’/day X 480 m’/day X 480 m%day X 480 m°/day
/ 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers
Expected Reduced
1,498 2,995 2,995 1,248 998
NRW Volume (m°/day)
1 team 1 team 1 team 1 team team
. X 10 area offices | x 7 area offices | x 4 area offices [ x 2 area offices | x area offices
Calculation Formula customers/da customers/da customers/da customers/da
(Patrol) X 10 v X 10 v X 10 Y X 10 customers/day | x N
X 1 days/week |[x 1 days/week |x 1 days/week |Xx 1 days/week |[x days/week
X 52 weeks X 52 weeks X 52 weeks X 52 weeks X weeks
EXPECIEU SUTVEY
Customers’ Number 5,200 3,640 2,080 1,040 0
1
5,200 customers 3,640 customers 2,080 customers 1,040 customers 0 customers
Calculation Formula | 270 miyday 2 | x 270 m¥/day X 270 m¥day X 270 m¥/day X 270 m¥/day
/ 1,000 customers | / 1,000 customers | / 1,000 customers |/ 1,000 customers |/ 1,000 customers
Expected Reduced
NRW Volume (mday) 1,404 983 562 281 0
team team 2 teams 2 teams 2 teams
X area offices | x area offices | x 3 area offices | x 6 area offices | x 9 area offices
Calculation Formula customers/da customers/da customers/da customers/da
X 5 X 5 customers/day | x 5
Zone (2) y y y y
X days/week |x days/week |x 2 days/week |x 2 days/week |x 2 days/week
X weeks X weeks X 52 weeks X 52 weeks X 52 weeks
Expected Survey
Customers’ Number 0 0 3,120 6,240 9,360
/year
0 customers 0 customers 3,120 customers 6,240 customers 9,360 customers
Calculation Formula X m/day X m/day X 600 m¥/day X 600 m¥day®  [x 600 m/day
/ customers | / customers | / 1,000 customers | / 1,000 customers |/ 1,000 customers
Expected Reduced
0 0 1,872 3,744 5,616
NRW Volume (m3/day)
[Totar EXpected
Reduced NRW Volume 2,902 3,978 5,429 5,273 6,614
(rn3/dan)
2,902 m°/day 3,978 m®/day 5,429 m®/day 5,273 m°/day 6,614 m°/day
Calculation Formula /310,630 malday*s /310,630 m*day /310,630 m*/day /310,630 m*/day /310,630 m¥day
X 100 X 100 X 100 X 100 X 100
Expected  Reduced 0.93% 1.28% 1.75% 1.70% 2.13%
NRW percentage
) 3,120 customers 6,240 customers 6,240 customers 2,600 customers 2,080 customers
Calculation Formula X 30" X 30 X 30 X 30 X 30
Zone (1
( ) / 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers
. 5,200 customers 3,640 customers 2,080 customers 1,040 customers 0 customers
Calculation Formula X 175 X 17 X 17 X 17 X 17
Patrol
( ) / 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers
. 0 customers 0 customers 3,120 customers 6,240 customers 9,360 customers
Calculation Formula N 30 N 30 . 30 N 30 . 30
(Zone (2)) / 1,000 customers | / 1,000 customers |/ 1,000 customers |/ 1,000 customers |/ 1,000 customers

Total Expected Number|

of Leakage Repair

182

249

316

282

343
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Table A3-4 Basis on Condition for estimating Man-day for Leakage Survey (Scenario-c)

Leakage Repair

Year 2019 2020 2021 2022 2023
1 team 1 team
X 13 aeaoffices | X 16 areaoffices 2
Calculation Formula [y 1o  Customersida - ditto - x 10 Customersida - ditto - - ditto -
y
X 1 days/week X 1 days/week
X 52 weeks X 52 weeks
[EXPECTET SUIVey
Customers’ 6,760 6,760 8,320 8,320 8,320
Mool
Calculation F a 6,760 customers 8,320 customers
alculation Formula for| . . . '
the First Cycle X 270 m*/day s - ditto - X 270 m’/day - ditto - - ditto -
/ 1,000 customers / 1,000 customers
Expected Reduced
NRW Volume (m’/day) 1,825 1,825 2,246 2,246 2,246
1,825 m*/day 2,246 m®/day
Calculation Formula /310,630 ma/day*4 - ditto - /310,630 m*/day - ditto - - ditto -
X 100 X 100
Expected  Reduced 0.59% 0.59% 0.72% 0.72% 0.72%
NRW percentage
6,760 customers 8,320 customers
Calculation Formula X 178 - ditto - X 17 - ditto - - ditto -
/ 1,000 customers / 1,000 customers
Expected Number of 114 114 141 141 141

Table A3-5 Basis on Condition for estimating Man-day for Leakage Survey
(Scenario-d & e)

Leakage Repair

Year 2019 2020 2021 2022 2023
3 teams
Calculation Formula | X 12 cusiomersiday - ditto - - ditto - - ditto - - ditto -
X 3 days/week
X 52 weeks
Expected Survey
Customers’ 5,616 5,616 5,616 5,616 5,616
Numher/vear
5,616 customers
Calculation Formula for| . . . .
9 R R } R ) R ) R
the First Cycle X 600 m¥/day ditto ditto ditto ditto
/ 1,000 customers
E R
xpected educed 3,370 3,370 3,370 3,370 3,370
NRW Volume (m’/day)
3,370 m®day
Calculation Formula | ey 2 - ditto - - ditto - - ditto - - ditto -
X 100
Expected  Reduced 1.08% 1.08% 1.08% 1.08% 1.08%
NRW percentage
5,616 customers
Calculation Formula | x 38 "3 - ditto - - ditto - - ditto - - ditto -
/ 1,000 customers
Expected  Number - of 213 213 213 213 213
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Table A3-6 Basis on Condition for estimating Man-day for lllegal Connection Measures
(Scenario-a, b & c)

Year 2019 2020 2021 2022 2023
1 team 1 team 1 team
customers/d customers/d customers/d
X 5 X 5 X 5
ay ay ay
Calculation Formula X 1 daysiweek | - ditto - | X 1 daysiweek | - ditto - | X 1 days/week
area area
X *q X 9 X 16 area offices
offices offices
X 52 weeks X 52 weeks X 52 weeks
Expected Survey
Prepaid and AMR 3,380 | 3,380 4,160 | 4,160 4,160
Customers
Number/year
c ; 3,380 customers 4,160 customers 1,139 customers
alculation Formula for *3 . .
3 - - 3 _ _ 3
Prepaid and AMR x 80 m*/day ditto - | x 100 m*/day ditto - | x 100 m*/day
/ 1,000 customers 1,000 customers / 1,000 customers
3,021 customers
Calculation Formula for 30 3 <5
Conventional . . X m°/day
/ 1,000 customers
Expected Reduced
NRW Volume (m3/day) 270 270 416 416 205
270 416 205
Calculation Formula |/ 310,630 m¥/day ® | -ditto- | / 310,630 m¥%day | -ditto- |/ 310,630 m¥day
X 100 X 100 X 100
Expected  Reduced 0.09% | 0.09% 0.13% | 0.13% 0.07%
NRW percentage
Calculation F. o f 3,380 customers 4,160 customers 1,139 customers
alculation Formula for *7 T g T
Prepaid and AMR X 20 ditto - | x 25 ditto - | x 25
/ 1,000 customers / 1,000 customers / 1,000 customers
3,021 customers
Calculation Formula for ) ) 59
Conventional ) . X
/ 1,000 customers
Expected Number of
lllegal Connection 68 68 104 104 44
Finding
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Table A3-7 Basis on Condition for estimating Man-day for lllegal Connection Measures
(Scenario-d & e)

Year 2019 2020 2021 2022 2023
3 teams
5 customers/da
Calculation Formula y - ditto - - ditto - - ditto - - ditto -
1 days/week
52 weeks
Expected Survey Prepaid
and AMR Customers’ 780 780 780 780 780
Number/year
Calcul . o 780 customers
alculation Formula for *q . . . .
3 - - - - - - - -
Prepaid and AMR 100 m*/day ditto ditto ditto ditto
1,000 customers
Expected Reduced NRW 78 78 78 78 78
Volume (m*/day)
78
Calculation Formula 310,630 m¥day 2 | -ditto- | -ditto- | -ditto- | - ditto-
100
Expected Reduced  NRW 0.03% | 0.03% | 0.03% | 0.03% | 0.03%
percentage
Calcul . o 780 customers
alculation Formula for *3 . . . .
Prepaid and AMR 25 - ditto - - ditto - - ditto - - ditto -
1,000 customers
Expected Numbers of lllegal 20 20 20 20 20

Connection Finding
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Appendix-4: Estimated Cost and Yielded Revenue by Scenario

Estimated cost is divided into six items; Leakage Detection (Equipment), Flow Measurement,
DMA Creation, Meter, Data Collection & Analysis, Manpower Leakage Detection and Logistics.
Some of items are not required for the particular scenario.

Estimate cost for NRW reduction operations including their training and revenue by scenario
are show in Table A4-1, A4-3, A4-5, A4-7 and A4-9, while estimated revenue yielded through

NRW reduction operations are indicated in Table A4-2, A4-4, A4-6, A4-8 and A4-10.

(1) Scenario-a
1) Estimated Cost

Table A4-1 Estimated Cost of Scenario-a

ltem [ 2019 | 2020 2021 2022 2023 | Total
a. Equipment and Materials for NRW Reduction Operations
'J'zs';n?ete‘:tors (Equipment from 106,145 | 106,145 | 106,145 | 70,763 | 70763 | 459,961
PMA Creation (Flow-meter, Valve) 12,230 12,230 12,230 8,153 8,153 52,996
PMA Creation (Chamber 640 640 640 427 427 2,773
Construction)
Water Meter Installation and
Replacement for all Customer 17,962 17,962 17,962 17,962 17,962 89,812
(Meters and Fittings for 2,000/year)
Materials for Leakage Repair 1,188 1,608 2,055 2,362 2,669 9,882
Materials for 24 hours Flow 1,823 1,823 1,823 1,823 1823 9115
Measurement
Materials fpr Meter Error Test, 136 136 136 91 91 591
Consumption Survey
Subtotal 140,124 140,545 140,992 101,581 101,888 625,130
b. Water Meter Laboratory
Water mete_r I_aboratory (two test 1818 32 32 32 32 1,946
meter and fittings)
Subtotal 1,818 32 32 32 32 1,946
c. Field Allowance for NRW Reduction Operations
Field Allowance for NRW Reduction 23907 | 24538 | 23363| 23337 23331| 118476
Operations
Subtotal 23,907 24,538 23,363 23,337 23,331 118,476
d. Logistics
Fuel Cost 14,416 14,791 11,748 12,821 11,171 64,947
Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3) 57,000 0 0 0 0| 57,000
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3) 1,950 1,950 1,950 1,950 1,950 9,750
Subtotal 73,366 16,741 13,698 14,771 13,121 131,697
Training Cost 2,520 3,514 0 0 0 6,034
Subtotal 2,520 3,514 0 0 0 6,034
Grand Total 241,735 185,370 178,085 139,721 138,372 883,282

Source: Project Team

2) Estimated Revenue
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Table A4-2 Estimated Revenue of Scenario-a

Items 2019 2020 2021 2022 2023 Total
Baseline NRW Ratio i 48.3% 48.3% 48.3% 48.3% 48.3% -
Target NRW Ratio i. 45.61% 42.60% 39.20% 35.31% 31.92% -
Reduced NRW ii.= i - i 269% | 570% | 9.10% | 12.99% | 16.38% -
iv.
Reduced Water = 310,630 8351| 17,721| 28,687 | 40,764 | 51283 | 146,806
Volume (m®/day) 3
m>/day X iii.
. V. =iv. X
Revenue yielded NGNOO/m® | 274330 | 582,128 | 942,368 | 1,339,111 | 1,684,645 | 4,822,582
(k. NGN/year) X365
Note: *1 Distributed water in average from 2014 to 2017
Source: Project Team
(2) Scenario-b
1) Estimated Cost
Table A4-3 Estimated Cost of Scenario-b
ltem [ 2019 | 2020 | 2021 | 2022 | 2023 | Total
a. Equipment and Materials for NRW Reduction Operations
'J-zs';n?etecmrs (Equipment from 106,145 | 106,145 | 106,145 | 70,763 | 70,763 | 459,961
PMA Creation (Flow-meter, Valve) 0 0 0 0 0 0
PMA Creaﬁon (Chamber 0 0 0 0 0 0
Construction)
Water Meter Installation and
Replacement for all Customer 17,962 17,962 17,962 17,962 17,962 89,812
(Meters and Fittings for 2,000/year)
Materials for Leakage Repair 1,214 1,661 2,108 1,882 2,289 9,154
Materials for 24 hours Flow 0 0 0 0 0 0
Measurement
Materials for Meter Error Test, 45 45 45 45 45 297
Consumption Survey
Subtotal 125,367 125,814 126,261 90,653 91,060 | 559,156
b. Water Meter Laboratory
Water metgr [aboratory (two test 1,818 32 32 32 32 1,946
meter and fittings)
Subtotal 1,818 32 32 32 32 1,946
c. Field Allowance for NRW Reduction Operations
peld Alowance for NRW Reduction | 92682 | 23,357 | 22182 21736 | 21,835 | 111,792
perations
Subtotal 22,682 23,357 22,182 21,736 21,835 111,792
d. Logistics
Fuel Cost 13,816 14,345 11,301 9,442 9,954 58,858
Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3) 57,000 0 0 0 0] 57,000
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3) 1,950 1,950 1,950 1,950 1,950 9,750
Subtotal 72,766 16,295 13,251 11,392 11,904 125,608
Training Cost 2,520 3,514 0 0 0 6,034
Subtotal 2,520 3,514 0 0 0 6,034
Grand Total 225,152 [ 169,012 161,727 123,813 | 124,831 804,535

Source: Project Team

2) Estimated Revenue
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Table A4-4 Estimated Revenue of Scenario-b

Items 2019 2020 2021 2022 2023 Total
Baseline NRW Ratio i 48.3% 48.3% 48.3% 48.3% 48.3% -
Target NRW Ratio i. 45.59% 42.54% 38.97% 35.46% 32.37% -
Reduced NRW ii.= i - i 271% | 576% | 9.33% | 12.84% | 15.93% -
iv.
Reduced Water = 310,630 8,409 | 17,894 | 28975| 38572 | 48169 | 142,018
Volume (m®/day) 3
m>/day X iii.
. V. =iv. X
Revenue yielded NGNOO/m® | 276,223 | 587,805 | 951,829 | 1,267,088 | 1,582,348 | 4,665,293
(k. NGN/year) X365
Note: *1 Distributed water in average from 2014 to 2017
Source: Project Team
(3) Scenario-c
1) Estimated Cost
Table A4-5 Estimated Cost of Scenario-c
ltem [ 2019 | 2020 | 2021 | 2022 | 2023 | Total
a. Equipment and Materials for NRW Reduction Operations
Leak Detectors (Equipment from 0 0 0 0 0 0
Japan)
PMA Creation (Flow-meter, Valve) 0 0 0 0 0 0
PMA Creaﬁon (Chamber 0 0 0 0 0 0
Construction)
Water Meter Installation and
Replacement for all Customer 17,962 17,962 17,962 17,962 17,962 89,812
(Meters and Fittings for 2,000/year)
Materials for Leakage Repair 761 761 941 941 941 4,344
Materials for 24 hours Flow 0 0 0 0 0 0
Measurement
Materials for Meter Error Test, 45 45 45 45 45 297
Consumption Survey
Subtotal 18,769 18,769 18,949 18,949 18,949 94,383
b. Water Meter Laboratory
Water metgr [aboratory (two test 373 32 32 32 32 501
meter and fittings)
Subtotal 373 32 32 32 32 501
c. Field Allowance for NRW Reduction Operations
Field Allowance for NRW Reduction | - 51 894 | 21788 | 20,957 | 20,957 | 20837 | 106433
Operations
Subtotal 21,894 21,788 20,957 20,957 20,837 106,433
d. Logistics
Fuel Cost without Options 13,265 13,244 8,786 8,786 8,728 52,808
Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3) 57,000 0 0 0 0] 57,000
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3) 1,950 1,950 1,950 1,950 1,950 9,750
Subtotal 72,215 15,194 10,736 10,736 10,678 119,558
Training Cost 2,520 3,514 0 0 0 6,034
Subtotal 2,520 3,514 0 0 0 6,034
Grand Total 115,770 59,297 50,673 50,673 50,495 [ 326,908

Source: Project Team

2) Estimated Revenue
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Table A4-6 Estimated Revenue of Scenario-c

Items 2019 2020 2021 2022 2023 Total
Baseline NRW Ratio i 48.3% 48.3% 48.3% 48.3% 48.3% -
Target NRW Ratio i. 45.94% 43.58% 41.17% 38.63% 36.94% -
Reduced NRW ii.= i - i 236% | 472% | 743% | 967% | 11.36% -
iv.
Reduced Water = 310,630 7332 | 14664 | 22563 | 30462 | 35691 | 110,714
Volume (m®/day) 3
m>/day X iii.
. V. =iv. X
Revenue yielded NGNOO/m® | 240,863 | 481,726 | 741,208 | 1,000,690 | 1,172,461 | 3,636,947
(k. NGN/year) X365
Source: Project Team
Note: *1 Distributed water in average from 2014 to 2017
(4) Scenario-d
1) Estimated Cost
Table A4-7 Estimated Cost of Scenario-d
ltem [ 2019 | 2020 | 2021 | 2022 | 2023 | Total
a. Equipment and Materials for NRW Reduction Operations
Leak Detectors (Equipment from 0 0 0 0 0 0
Japan)
PMA Creation (Flow-meter, Valve) 0 0 0 0 0 0
PMA Creaﬁon (Chamber 0 0 0 0 0 0
Construction)
Water Meter Installation and
Replacement for all Customer 17,962 17,962 17,962 17,962 17,962 89,812
(Meters and Fittings for 2,000/year)
Materials for Leakage Repair 1,421 1,421 1,421 1,421 1,421 7,106
Materials for 24 hours Flow 0 0 0 0 0 0
Measurement
Materials for Meter Error Test, 45 45 45 45 45 297
Consumption Survey
Subtotal 19,429 19,429 19,429 19,429 19,429 97,146
b. Water Meter Laboratory
Water metgr [aboratory (two test 373 32 32 32 32 501
meter and fittings)
Subtotal 373 32 32 32 32 501
c. Field Allowance for NRW Reduction Operations
Field A]Iowance for NRW Reduction 8,003 7.897 7.897 7.807 7.807 39,591
Operations
Subtotal 8,003 7,897 7,897 7,897 7,897 39,591
d. Logistics
Fuel Cost 3,727 3,706 3,706 3,706 3,706 18,551
Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3) 0 0 19,000 19,000 19,000 57,000
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3) 0 0 650 1,300 1,950 3,900
Subtotal 3,727 3,706 23,356 24,006 24,656 79,451
Training Cost 2,520 3,514 0 0 0 6,034
Subtotal 2,520 3,514 0 0 0 6,034
Grand Total 34,051 34,578 50,714 51,364 52,014 | 222,722

Source: Project Team

2) Estimated Revenue
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Table A4-8 Estimated Revenue of Scenario-d

Items 2019 2020 2021 2022 2023 Total
Baseline NRW Ratio i 48.3% 48.3% 48.3% 48.3% 48.3% -
Target NRW Ratio i. 45.50% 42.71% 39.91% 37.12% 35.11% -
Reduced NRW ii.= i - i 2.80% | 559% | 8.39% | 11.18% | 13.19% -
iv.
Reduced Water = 310,630 8,684 | 17,368 | 26,053 | 34737 | 40962 | 127,804
Volume (m®/day) 3
m>/day X iii.
. V. =iv. X
Revenue yielded NGNOO/m® | 285276 | 570,552 | 855,828 | 1,141,104 | 1,345,615 | 4,198,375
(k. NGN/year) X365
Source: Project Team
Note: *1 Distributed water in average from 2014 to 2017
(5) Scenario-e
1) Estimated Cost
Table A4-9 Estimated Cost of Scenario-e
Item [ 2019 | 2020 | 2021 | 2022 | 2023 | Total
a. Equipment and Materials for NRW Reduction Operations
Leak Detectors (Equipment from
0 0 0
Japan)
PMA Creation (Flow-meter, Valve) 0 0 0 0 0 0
PMA Creation (Chamber
i 0 0 0
Construction)
Water Meter Installation and
Replacement for all Customer 0 0 0 0 0 0
(Meters and Fittings for 2,000/year)
Materials for Leakage Repair 1,421 1,421 1,421 1,421 1,421 7,106
Materials for 24 hours Flow 0 0 0 0 0 0
Measurement
Materials f_or Meter Error Test, 45 45 45 45 45 297
Consumption Survey
Subtotal 1,467 1,467 1,467 1,467 1,467 7,333
b. Water Meter Laboratory
Water metgr [aboratory (two test 373 32 32 32 32 501
meter and fittings)
Subtotal 373 32 32 32 32 501
c. Field Allowance for NRW Reduction Operations
Field A]Iowance for NRW Reduction 6.743 6.637 6,637 6.637 6.637 33.291
Operations
Subtotal 6,743 6,637 6,637 6,637 6,637 33,291
d. Logistics
Fuel Cost 3,110 3,090 3,090 3,090 3,090 15,470
Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3) 0 0 19,000 19,000 19,000 57,000
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3) 0 0 650 1,300 1,950 3,900
Subtotal 3,110 3,090 22,740 23,390 24,040 76,370
Training Cost 2,520 3,514 0 0 0 6,034
Subtotal 2,520 3,514 0 0 0 6,034
Grand Total 14,212 14,739 30,876 31,526 32,176 | 123,529

Source: Project Team

2) Estimated Revenue
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Table A4-10 Estimated Revenue of Scenario-e

ltems 2019 2020 2021 2022 2023 Total
Baseline NRW Ratio i. 48.3% 48.3% 48.3% 48.3% 48.3% -
Target NRW Ratio i 4719% | 46.08% | 44.97% | 43.86% | 42.75% -
E:ﬂgced NRW i.= i - i 1.11% 2.22% 3.33% 4.44% 5.55% ;

iv.

sgﬁj‘:ﬁg‘zn‘gf;:r) = 310,630" 3.448 6.895| 10343 | 13790 | 17238 | 51,714

Y md/day X iii.
Revenue yielded NGNOOm? | 113254 | 226507 | 330.761| 453015 | 566.268 | 1,698,805

(k. NGN/year)
) Y X365

Source: Project Team
Note: *1 Distributed water in average from 2014 to 2017
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Appendix-5: NRW Reduction Operations
(1) Network Drawings and Data

A. Purpose of developing network drawing and data

The purpose of this aspect of the strategic plan is to ensure that relevant, accurate and reliable
water distribution information is collected, stored and properly managed by FCTWB to facilitate
planning, analysis and decision making, not only for the NRW project but also for effective and
efficient O&M, which will in turn translate to enhanced service delivery leading to customer
satisfaction as well as improved revenue generation for the Federal Capital Territory
Administration.

B. Procedure for Development of GIS Database
B.1 Setting the Grid

The grid shall be a square of 1,000m x 1,000m and shall be set to include all the administrative
districts. The grids shall be numbered in order from the top left. In the future, it is possible to
set a sub-grid with a width of 200m, 250m, and 500m. In this project, a grid of 500m x 500m
was set for the entire FCT.

B.2 Setting the Basic Scale of GIS

The scale of the final printing is set at 1:2,000, therefore all GIS work shall be based on the
scale of 1:2,000, and the deviation from the final printing will be less.

B.3 Mapping and Attribute Data Input
GIS data is comprised of background data, map data and attribute data.
B.3.1 Background Data (Image Data)

Background data of FCT WB, which was acquired by AGIS, is a satellite image captured in
2010. Since then, it has not been updated, development of infrastructure has progressed, and
this aerial satellite image and current actual situation was greatly divergent. In this project, this
satellite image can still be utilized for data input assistance.

B.3.2 Map Data (Geographic Data)

Map data are represented by polygon, line, or node. Examples of main map data related to
water supply facilities are as follows.

Table A5-1 Examples of Map Data

ltems Described Data
Polygon data Water treatment facility, distribution tank, customer plot, etc.
Line data Trunk main, distribution pipe, service pipe, street etc.
Node data Valve, fire hydrant, wash out, meter, stopcock, etc.

Source: Project Team

Facilities that should be inputted into GIS of FCTWB are water treatment facilities
(Sedimentation, Filtration, etc.), distribution tanks, trunk mains, distribution pipes and their
fittings (such as valves, fire hydrants and wash outs), service pipes and their fittings (such as
meters and stopcock).

At present, trunk mains, distribution pipes and their fittings are given the highest priority in
terms of data input, but in the future, it is preferable to enter the water supply pipe and its
accessories.

B.3.3 Attribute Data (Property Data)
Attribute data is entered as a feature in graphic data and it include the following:
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Table A5-2 Examples of attribute data

Items Described Data
Water Treatment facility Capacity, construction year
Distribution Tank Capacity, construction year, operation water level
Trunk main Pipe size, pipe material, installation year, depth, off-set
Distribution pipe Pipe size, pipe material, installation year, depth, off-set
Service pipe Pipe size, pipe material, installation year
Valve, fire hydrant, wash out 5;2(—: size, state (open/close, functional/non-functional), installation
Customer meter Pipe S|ze,_meter type (mechanical, AMR, PPM), installation year,
customer information, etc.

Source: Project Team

Since the pipeline is installed under the ground, accurate information will be difficult to get. In
FCTWAB, data such as pipe size and pipe material can be acquired according to the memories
of staff involved in O & M; however, there are many unclear points such as installation year,
depth, off-set, etc.

Regarding the input of valve, fire hydrant and wash out, field survey is necessary to confirm
from what is actually on ground.

In addition, meter and customer information are not organized data and on-site surveys are
also necessary.

C. Data Collection and Management of GIS Database

Normally, as-built drawings are supposed to be the main source of pipeline data for input to
GIS, but at present, FCTWB does not have enough as-built drawings, which result in
contribution to difficulties in database for O&M. There are some of challenges to survey
pipeline positions at sites to obtain correct information.

C.1 Proposed Solutions to Address the Problem of Isolation due to Lack of Existing
Pipe Information:

C.1.1 Task of GIS Unit

GIS Unit should embark on mass data input of pipeline information and other water facilities
by utilizing the memories of experience of relevant staff and any available record. The satellite
image should be used as a base map on which pipeline sketches would be added including
other relevant information on pipe size, pipe material, construction id, installation year etc.

C.1.2 A Well-defined Structure and Procedure

A well-defined structure and procedure should be established to ensure submission of updated
pipeline information by the Area Offices to the GIS Unit for proper documentation.

C.1.3 A Dedicated Unit with Adequate Staff

A dedicated Unit with adequate staff should be provided to facilitate speedy and continuous
data collection and update for the entire FCTWB service areas.

C.1.4 Others
Henceforth, FCTWB should ensure that as-built drawings are submitted by contractors before
handing over facilities.

(2) Customer Enumeration

A. Purpose of Customer Enumeration

The purpose of this aspect of the strategic plan is to ensure that which customers are located
in which area including DMAs and zone, and how much water customers use.

B. Procedure for Customer Enumeration
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B.1 Customer Map

It is necessary to make a “Customer Map” for confirmation of customer condition. Customer
maps as shown in Figure A4-1 and A4-2 should be updated regularly by FCTWB HQs as well
as Area Offices. Section in Area Office as shown in Figure A4-3 is responsible for customer
enumeration.

Plot No. (House No.)
Customer's Name

Account No.

Meter No./Typd] C

Plot No. (House No.)

—®Meter No./Type

Plot No. (House No.)
Account No. Customer's Name

Plot No. (House No.)
_< ) Meter No./Type

Customer's Name

Customer's Name

Account No.  Meter No./Type__@_ Account No.
Street Name
@ Distribution Pipe M Service Connection
Metelr No./Type Metelr No./Type

Plot No. (House No.) Plot No. (House No.)

Customer's Name
Account No.

Customer's Name
Account No.

Source: Project Team
Figure A5-1 Items which should be written on Customer Map

L3122cc

Meter Type

Directiopathere
watertome from

M
b Con. (W)
144488 [Mr. DAGRE144
13333CA

Bosition of water 4%
meter —]

2lstomer Name——__

Account Number

No Building
No meter

" DINIBA FREOIZ

() Friend Houso
Ccon - {mani hotel)

Source: Project Team

Figure A5-2 Example of Customer Map
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Asst. Area Manager
Distribution

Area Supervisor

1 Commercial 2 Distribution
Staff Staff

Source: Project Team

Figure A5-3 Managing Structure of NRW Reduction Operation
B.2 Customer Enumeration

* Prepare customer lists and annual water consumption of customers.

* Calculate hourly water consumption using annual water consumption data for each
customer. The hourly water consumption data is used for hydraulic analysis and water
balance analysis.

» Allocate customers to whom water supplied from which pipelines. The data is used for
hydraulic analysis and water balance analysis.

(3) DMA Design, Creation and Prioritization

DMA means” District Metered Area”, which is an internationally used term for an isolated area
of water distribution network. The concept was developed to enable measurement of non-
revenue water through a defined boundary by installations of bulk meters (usually one or more)
at inlet (i.e. point of entry) and to outlet of distribution pipeline network or layout under
consideration. The purpose of bulk meters installation enables the non-revenue team to be
able to measure the input & output volume of water flow rate into and outside the pipeline
distribution networks.

DMAs classification depends on the pipeline network system layouts and boundaries condition.
There are three types of DMA layouts (Figure A5-4) and are:

® Single inlet DMA: as the name implies it has only one installed bulk meter at the entry
point (inlet) and no outlet point connected to other pipeline network system.

® Multiple inlets DMA: the DMA has more than two inlets (entry point) with more than two
installed bulk meters and no outlet point to the pipeline network.

® Cascading DMA: the DMA has an either single or multiple entry point with outlet point
to the pipeline network that enables measuring the inlet and outlet volume to a pipeline
network. This arrangement allows installation of isolation valves at boundaries between
two DMAs.

(3)-1 Design, Creation and Prioritization

The choice of DMA within the FCTWB NRW team shall include consideration of the following
factors such as:

General condition of the area; selection will include areas with:
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Figure A5-4 Image of DMA

i. Existing household connections ranging between (1,000- 2,500). The areas to be
selected shall comprise realistic number customers household connections identified

with features as:
® High number of flat rate or estimated bill

® High discrepancies of consumption pattern
® High volume of leakage from report enumerated through Unit heads (i.e. Customer
Care Unit; Pipeline Unit and Operation & Monitoring Unit)
® |dentified with low pressure.
Access to isolation by means of valves.
Existence of Natural boundaries or demarcation (i.e. River, road crossing, fence etc.)
Minimum number of valves needed to be closed to achieve isolation of the DMA.
Minimum requirement of one (1) to two (2) flow meter for installation at the boundaries

so as to reduce the cost of procurement and installation; which will also enhance better

flow measurement.

vi. Less effect to fluctuations in ground level and pressure for easier control

A. Enumeration of Existing and Required Flow Meter and Valves for Isolation Through:
i. Pipeline network As-built drawing of FCTWB Geographic Information System (GIS) Unit.
ii. On-Site survey and inspection by NRW Team (Headquarters’ and Area office)

B. Confirmation of Inlet and Outlet Points of Pipeline Network Boundary with

Installations of:

Flow meters at inlet and outlet point of the pipeline network system
. Valves at boundaries of DMA and flow meters necessary for hydraulic isolation
Valves at TEEs or branches of distribution network for step test.

C. Preparation/Update of Customer Information within the DMA to Calculate Both

i.
i
iii.

Annual & Hourly Water Consumption through Data Entry Proposed Template of

Customers Which Comprises of:
i. Customer ‘s Name
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ii. Plot No.

iii. Location/Zone

iv. Street Name

v. Type of Meter

vi. Date of Installation of Meter
vii. Person in charge
viii. Consumption

D. Identification of Functional Customer Water Meters and Valves for Maintenance or
Replacement.

E. Procurement of Non-Functional or Damaged Flow Meters, Pipes, Fittings, Meters, etc.
that can neither be repaired nor maintained. All Procurement Processes shall
Comply to:

i. Submission of quotations by different suppliers/companies who shall be registered
under law of the land
ii. Evaluation of submission of cost estimate by the contractors
iii. Award of the contract through FCT Tenders board or FCTWB procurement Unit.
iv. Inspection/ supervision of the supply or construction work by an approved person within
the board.
v. Certification for payment.

(3)-2 DMA Prioritization in NRW Reduction

Sub-Metering Areas (SMAs) are usually created in a DMA. It is important to prioritize in the
activities of SMAs for effective and efficient NRW reduction. The procedure of prioritization is
as follows:

® Make SMAs two or three in DMA.

® Measure night water flow of each SMAs by step test.

® Find the SMA which the largest water volume is measured by step test. It is the priority
of the target SMA to take NRW reduction operations.

® Choose the SMA where many major consumers gather when the measured water
volume of SMAs are almost same. It is the priority of the target SMA to take NRW
reduction operations.

® After finish of NRW reduction operations in the SMA, sift another SMA which second
largest water volume is measured, or major customers gather.

(4) Zonal Prioritization

The choice of areas to be prioritized for consideration shall be evaluated with respect to criteria
allocated to weighting factor amounting to 100%. The prioritization shall focus on Zones with
a high weighting factor necessary for having quick impact in the reducing FCTWB’s Non-
Revenue Water within the next five years to 40%. The criteria for consideration are shown in
Table A4-3 to Table A4-7.

Table A5-3 Criteria of NRW Condition
(Weighting Coefficient: 35%)

NRW Ratio Initial Points
More than 65% 3 points
64% to 55% 2 points
54% to 45% 1 point

Source: Project Team
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Table A5-4 Criteria of Availability of Pipeline Network Drawing
(Weighting Coefficient: 30%)

Ratio of Mapping Development Initial Points
More than 50% in mapping 3 points
50% or less in mapping 2 points
Only hard papers 1 point

Source: Project Team
Table A5-5 Criteria of Number of Major Customers
(Weighting Coefficient: 15%)

Ratio of Measure Customers Initial Points
Area where major customers make up more than 10% of the total customers 3 points
Area where major customers make up 5 to 10% of the total customers 2 points
Area where major customers make up less than 5% of the total customers 1 point

Source: Project Team

Table A5-6 Criteria of Customer Meter Type and Conditions of Collection of Water

Tariff
(Weighting Coefficient: 10%)
Ratio of One-type Customer Initial Points
Area where one-type customer meters make up 80% of the total customers 3 points
Area where one-type customer meters make up 50 to 79% of the total 2 boi
customers points
Area where one-type customer meters make up less than 50% of the total 1 voint
customers. poin
Source: Project Team
Table A5-7 Criteria of Security Condition
(Weighting Coefficient: 10%)
Ratio of Accessibility Initial Points
Area where customers apart from military base and barrack make up 90% 3 points
Area where customers apart from military base and barrack make up 80% 2 points
Area where customers apart from military base and barrack and make up 1 point

less than 80%

Source: Project Team
(5) Field Inspection

A. Purpose of Field Inspection of Existing Valves, etc.

The purpose of this aspect of the strategic plan is to ensure that which flow meters and valves
required for isolation and step-test of DMA and SMAs. And It is necessary to confirm condition
of the existing flow meters and valves whether they function well or not. If they don’t work well,

isolation or step-test cannot be done.
B. Procedure of Field Inspection of Existing Valves, etc.

After confirmation of necessary numbers of flow meters and valves, it is necessary to confirm

existence of them at site of DMA. Necessary procedure is as follows:

® Confirm existing flow meters and valves at inlet points and outlet points at the site.

® Confirm existing valves at boundary of DMA

® Confirm existing valves at branches of distribution pipe

® \When there are existing flow meters and valves at required places, confirm their
function.

® \When there are not existing flow meters and valves at required places, make bill of

quantities (BOQ) for procurement. (Diameter of flow meters / valves and their fittings,

fittings for setting them on pipe lines)
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® \When flow meters and valves are not working well, make BOQ for procurement.
(Diameter of flow meters / valves and their fittings, fittings for setting them on pipe lines).

® \When flow meters and valves are working well, use them for creation of DMA.

® |f malfunctioned flow meters and valves can work with small maintenance, they should
be used after maintenance.

(6) Isolation by installing Flow-meters and Valves

A. Purpose of Installation of Flow-meter and Isolation Valves
The purpose of this aspect of the strategic plan is to ensure creation of DMA and SMAs.
B. Installation by installing Flow-meters and Valves

If flow meters and valves do not exist or work at required places, it is necessary to purchase
them for creation of DMA. Necessary procedure is as follows:

Ask for quotation from suppliers (at least three suppliers) by BOQ.

Design and estimate cost to make chambers for flow meters and valves.

Check and compare BOQ and quotations which are submitted by suppliers.
Choose the supplier who submits the cheapest quotation for procurement.

Submit the budget for procurement to the Director attaching the quotation of equipment
and cost estimation for chambers.

Purchase flow meters, valves and fittings by quotation.

Inspect equipment which is delivered by the supplier using BOQ and the quotation
Order the contractor to make chambers using designed drawings.

Supervise construction work by comparing to the drawings.

Install flow meters and valves.

(7) Step-Test in DMA

A. Purpose of Step-testin DMA
The purpose of this aspect of the strategic plan is to learn leakage volume by SMA in order.
B. Procedure of Step-test in DMA

Step-test is used for learning leakage volume in each SMA or pipeline instead of 24-hour input
volume measuring. Step test is done at night time when water consumption is expected to be
minimum use. Necessary procedure is as follows:

® Set ultrasonic flow meter at all inlet points and outlet points of DMA same as “b.

Measurement of one-week input volume”. (Setting Points of Ultrasonic Flow Meter:

point A and D as shown in Figure A5-5)

Water flow volume at point A is inlet of DMA and passing volume to other areas.

Water flow volume at point D is passing volume to other areas.

The volume at point A minus at point D is input volume to DMA.

Start ultrasonic flow meter for measuring water flow and set logging data.

Close valve no. 2 and measure water flow volume in 5 minutes.

Decreased water volume from DMA input volume is expected to be leakage volume at

SMA 1.

Close valve no. 3 and measure water flow in 5 minutes (see Figure A5-6).

Decreased water volume from DMA input volume is expected to be leakage volume at

SMA 2.

® Measure water flow volume at A point and D point.

® The volume at A minus at B is leakage on the main distribution pipeline between A and
D.

® Open vale no. 3 and measure water flow in 5 minutes.
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® Increased water volume from DMA input volume is expected to be leakage volume at
SMA 2.

® Open valve no. 2 and measure water flow in 5 minutes.

® Increased water volume from DMA input volume is expected to be leakage volume at
SMA 1.

® Make a report of result from step test.
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Source: Project Team

Figure A5-5 Setting Points of Ultrasonic Flow Meter

Annex16-143



DA ey
| : i I
B s
I . .
. ~1" |
e @m B ..
S ¢ oO—
Water Flow N B..................................._ P “Water Flow
L\ SMA2 I
B & i
P g z 2 = .
-1 -
| STUReRsEssEsasasssasssssssrsnsnssssaes I
Legend: () Meter ﬁ Valve @ I\U/Ilgt?;osnci,(t:ting P(lazilr?tw

Source: Project Team
Figure A5-6 Operation Valves

(8) Zonal Measurement

A. Purpose of Measurement of Minimum Night Flow (MNF) by Zone
The purpose of this aspect of the strategic plan is to learn NRW of each zone to prioritize zone.
B. Procedure of Measurement of Minimum Night Flow (MNF) by Zone

Step test is used for grasp leakage volume in each SMA or pipeline instead of 24-hour input
volume measuring. Step test is done at night time when water consumption is expected to be
minimum use. Necessary procedure is as follows:

® Usually, it is every month to download water flow data from data logger at each tank.

® See the trend of water consumption of the data and find minimum water consumption
day of them.

® Convert the data to excel data and make a line graph (see Figure A4-7).

® Minimum night flow as shown in Figure A4-7 is expected to be NRW.
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Figure A5-7 Minimum Night Flow Measurement

(9) Leakage Detection

A. Purpose of Leakage Detection

The purpose of this aspect of the strategic plan is to reduce NRW by detecting leak points
underground and their repairs.

B. Procedure of Leakage Detection

Leakage survey should be carried out in structured and systematic way. Necessary procedure
is as follows:

® Plan survey area, survey methods, number of survey teams, considering leakage
occurrence, pipe materials, pipe age NRW ratio etc.
® Confirm site condition before leakage survey.

B.1 Leakage Survey at Each House (Point Survey)

Many leakages occur at service connections. Point survey can detect service pipe line and
distribution line. The acoustic bar is used for point survey to hear leak noise. Necessary
procedure is as follows:

® Visit customer’s house and inform the customer the purpose of leakage survey and
get permission to get in the property and check meter and stop valve.

® Hear leak noise at customer’s meter or stop valve using an acoustic bar or an electro
listening stick (see Figure A5-8).

® Stop valve and hear the noise again when the leak noise is detected, if leak noise
stops, leakage occurs after stop valve. If the leak noise continues, leak occurs before
stop valve.

® At same time, to observe around the meter and confirm existence of illegal connection.

® \When leakage is found, to measure leakage volume using measuring device and
repair the leakage.
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Acoustic Rod (Listening Stick) Electro Listening Stick

Source: Project Team

Figure A5-8 Devices for Point Survey

B.2 Leakage Survey along Road (Line survey)

It is necessary to survey on the road for detecting leakage on distribution pipeline survey using
a leak detector (ground microphone). Necessary procedure is as follows:

Hear leak noise on the road by using a leak detector (see Figure A5-9).

Walk along pipeline, stop and touch ground microphone on the surface of the ground
about five seconds and hear the noise at every step.

When leak noise is detected, mark the point on the ground and write report about the
place.

After checking leakage by confirmation survey, measure leakage volume and repair
leakage.

Leak sound |

Leak Point

Leak Detector (Ground Microphone) Image of Listening Leak Sound

Source: Project Team

Figure A5-9 Devices for Line Survey and It’s Image

B.3 Confirmation Survey

After point survey and line survey, confirm leakage point by digging a hole using earth drill.
Necessary procedure is as follows:

Make a hole at the point where leakage is detected using earth drill.

Check the hole which is dug by earth drill whether clean water is attached to the earth
drill or not

If clean water is attached to earth drill, there is a leakage at the point.

Dig and measure leakage volume and repair leakage

(10) Patrol of Surface Leaks

A. Purpose of Patrol of Surface Leakage
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The purpose of this aspect of the strategic plan is to reduce NRW by monitoring surface leak
points and their repairs.

B. Procedure of Patrol of Surface Leakage

Patrol of surface leakage should be done regularly and all areas. Necessary procedure is as
follows:

® |t should be done by two activities to patrol of surface leakage survey. One is patrol
by meter readers. Another is patrol by plumbers with meter reader.

B.1 Patrol by Meter Readers
Most leakage occur at service pipelines. Necessary procedure is as follows:

® Survey surface leakage on service pipelines by meter readers when they visit
customer’s house for meter reading.

B.2 Patrol by Plumbers with Meter Readers

When leakage occur on distribution pipelines, leakage water volume is large quantity.
Necessary procedure is as follows:

® Make patrol route and schedule by assistant area manager distribution.

® Arrange the schedule and staff by area supervisor.

® Patrol of surface leak survey-of distribution pipelines along roads by plumbers with a
meter reader once a week.

(11) Repair of Leaks and Recording

A. Purpose of Repair of Leaks and Recording

The purpose of this aspect of the strategic plan is to reduce NRW by repairing leak points and
data collecting for revising leakage survey plan and pipe replacement plan.

B. Procedure of Repair of Leaks and Recording

It is necessary to record leakage data such as leakage condition, pipe material pipe size, etc.
Necessary procedure is as follows:

B.1 Repair Work for Leakage
When leakage is detected, repair must be done. Necessary procedure is as follows:

® Repair leakage after confirmation of pipe condition and leakage volume.

® Make pipe joint (spigot and pipe end) clean and dry, when adhesive is used for jointing.
And, make gasket and joint to clean, when gasket is used for sealing.

® \Wash out dirty water of repaired pipeline

B.2 Record of Leakage Survey

It is necessary to make a leakage survey report (see Figure A5-10) for revising survey plan,
making pipe replacement plan and O&M. Necessary items for report are as follows:

Location: address, name

Category of facilities: trunk main pipeline, distribution pipeline, service pipeline
Category of road: public road, private road, in property

Road surface condition: asphalt, concrete, soil, others

Pipe information: pipe material, pipe diameter, pipe laying year

Estimated leakage volume

Location map, plan drawing, photo
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Leakage Record Sheet LeakNo.  4-13

Date of Survey: 2012, Oct. 13 Street Fairfield Road
Name
Address House or
(Area Name) Katahena-4 Plot No. 201/12

(?’ipe, 2. Pipe Joint, 3. Saddle, 4. Pipe Fitting
Leak Part 5. Valve, 6. Meter, 7. Tap, 8. Reservoir Tank,
9. Others

Pipe Material Dcw, 2.DIP, 3.PVC,
(Main Pipe) [4. GP, 5. Others

Leak [1. Hole, @Crack, 3. Breakage, 4. Gasket,
Pipe Diameter 100 mm Conditio |5. Loosening Joint, 6. Over Flow,
n 7. Unknown, 8. Others

Pipe Material |1. PEP, 2.PVC, 3.GP,

Corrosion, 2. Deterioration (Aging),
3. JTraffic Load, 4. Poor Construction Work,

(Service Pipe) |4. Others ( ) 5. Less Adhesive, 6. Water Hammer,
Cause |7. Defective Valve, 8. Vandalization
9. Another Company's Construction Work,
Diameter mm 10. Unknown,
11. Others ( )
Depth 20 m Surface (|1.Asphalt, 2.Concrete, 3.Gravel, 4.Grass,

Condition [5.So0il, 6.Others

1. arge, 2. Medium, 3. Small, 1. Patrol, 2. Customer Informing,
. Detected . .
Leakage Size .Water Drops Method 3. Point Survey (Acoustic Bar),
Measured ( 150  L/Min.) by flow meter etho nine Survey (Ground Microphone)
Leak Point

Hole/Crack Size:( 5cm)

N e
\Y |
Pipe Pipe Jojnt

Photo

Remarks:

Leakage water flow into the sewage pipe
Information of leak repair (Used Materials and Repair Cost )

Excavationsize: 1.5 mX 1.0 mX 12 m=( 1.8 m’) Used Material
Unit price Hour Volume Sub total Size/Type Unit price Volume Sub total

‘Worker 2.0 3 Pipe-1 DN 100 PVC 20m

Plumber 2.0 2 Pipe-2

Supervisor 2.0 1 Pipe-3

Engineer 1.0 1 Joint-1 DN 100 Coupling 2
Joint-2

Backhoe 2.0 1 Joint-3

Generator 1.0 1 Joint-4

Drainage Pump 1.0 1 Joint-5

Lighting equi Meter
Gasket

Sand 0.3 Saddle

Gravel 0.2

Asphalt 1.5

Total Total

Source: Project Team

Figure A5-10 Sample of Leakage Record Sheet
B.3 Utilization of Information from Leakage Survey

After leakage survey and its repair activities, much information is grasped. That information
should be utilized to revise survey plan. Necessary procedure is as follows:
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® Analyze information that grasped from leakage survey.
® Information about pipe condition, result of survey area and pipe surrounding are used

for revising survey plan.

® Utilization of information from leakage survey is as follows;

Table A5-8 Utilization of Information from Leakage Survey

Utilization of Information from Leakage Survey

Purpose Necessary Information

Methods

Revise of Leakage

Confirm whether the GIS information is utilized or

® [nformation about result

lan and repair plan
P pairp of survey area

® All information not for O&M and review the information revising
Survey Plan -
method and providing method
: . . ® |Information about pipe | On the information about pipe and fittings,
Basic information s . . . "
condition surrounding of laying pipe and leakage condition,
for replacement

to reflect their information for judgment of priority
of repair and replacement plan

. ® Information of location
Revise of . L
. . ® Information of pipeline
information of GIS . .
® Information of pipe

Confirm the information about pipe network map
and GIS, and revise them if necessary

and pipe drawings

surrounding

Source: Project Team
(12) Identification of lllegal Connections and Meter Inaccuracy

A. Purpose of Identification of lllegal Connection and Meter Inaccuracy

The purpose of this aspect of the strategic plan is to reduce NRW by identify illegal connections
and meter inaccuracy and take measure against them.

(12)-1 Identification of lllegal Connections
A. Identification of Small Consumption User

The consumer who gets water illegally, such as bypass meter, illegal connection to distribution pipe,
irregular use of meter and so on, use small quantity of metered water. Therefore, it is important to
inspect customer’s water consumption. Small consumption customer is suspected using water
illegally. They should be targets for illegal connection survey. Necessary procedure is as follows:

® Calculate the water consumption average of all customers in DMA

® To find customers who use water less than a half of average consumption compare
to others

® |f there are small consumption customers, illegal connection survey should be carried
out on them (targets).

® To make a list of targeted customers for illegal connection survey.

® |f there are many targets, prioritize them. Top priorities are customers who use water
less than a quarter of average. Second priorities are rest of them.

® |[f there is no small consumption customer, illegal survey is not necessary.

® |tis very important to check unusual condition of meter and small water consumption
every month.

B. lllegal Connection Surveys

lllegal connections are usually under the ground therefore, it is difficult to find illegal
connection/users. To make illegal survey easier, it is necessary to narrow down the targets to be
inspected. There are two types of illegal connection survey such as: visual inspection and survey
using equipment. Necessary procedure is as follows:

® By analysis of customer list and their consumption, the area which small consumption
customer is many should be given top priority to survey.

® Other areas also should be surveyed after top priority’s area.

® |tis very important to check unusual condition of meter and small consumption every
month.
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Inspect surroundings of meter and service pipeline whether strange pipe line is
existing or not and meter is in normal condition or not. (meter readers should inspect
them)

Close stop valve on service pipeline of target house.

Confirm stop water flow by small indicator of meter.

Hear flow noise by acoustic bar touching stop valve.

When flow noise can be detected, close inlet valve of water tank or inlet valve of house
(in case of no water tank).

If water flow noise stops, there is a bypass.

Dig service pipe before stop valve to confirm bypass.

If water flow noise continues, close outlet valve of water tank and inlet valve of house.
If water flow noise stops, there is an illegal connection.

Check residual chlorine of tap water if the user use borehole. When residual chlorine
is detected they use WB’s water.

Dig distribution pipe around service branch to confirm illegal connection.

Report to area manager and ask decision for the disconnection.

(12)-2 Identification of Meter Inaccuracy

A. Meter Test at Site

Water meter is equipment which measures the amount of water consumption accurately. Accurate
measurement of water consumption amount is very important to build a mutual relationship
between WB and customers. For confirmation of meter inaccuracy in a zone, choose about 100
samples randomly in the zone and test them by the reference meter (very accurate meter). When
a meter reader finds meter error or the customer complains about water consumption volume, test
the meter at the site (see Figure A5-11 and A5-12).

Abnormal Meter Inspection Acceptance of Meter
Request from Customer inspection

!

| Caring out Meter Error Test |

Purchase Meter

Meter or
urchase

Existin
Mew

Existing Meter

Meter Tesotf?ltclenspection | Meter Test at Site |

|
i

| Evaluation of Test Result |

| Decision of Inspection Result |

]

| Request New Meter |

!

| Request New Meter |

l

Re-installiment of existing
meter orinstallment of new
meter

Source: Project Team

Figure A5-11 Flowchart of Meter Inspection
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Remove air in pipe between existing meter
(test meter) and reference meter by the flow
of suitable water.

After that close valve B at reference meter as
shown in Figure A5-13.

Record both meters' count.

After allowing the flow of suitable water (more
than 100 liters), close valve B under water
pressure at two meters.

&

Figure A5-12 Meter Inspection at
the Customer’s House

Record both meters' count.
Water
Valve A @ Flog ﬁiB
Te tMete‘r Reference
(Customer's

Figure A5-13 Image of Reference Meter Setting

B. Meter test at the Inspection Office

Test new purchased meters at the inspection office to check their
inaccuracy.

In case there are many test meters, those meters should
be connected serially and use one reference meter. In
case of new meter test, number of test meters should be
chosen randomly (see Figure A5-14).

® Arrange object meters between reference meter and
valve B as shown in Figure A5-15.

® After removing air in pipe, close valve A and B.

® Record all meters' count.

® After allowing the flow of suitable water, close valve A
and B under water pressure at all meters.

® Record both meters' count.

® Order the supplier to replace low quality meters

Valve A
Water Flow

> I'm

Figure A5-14 Meter
Inspection at the
Office

Valve B

Reference Meter Meter)

Source: Project Team

Figure A5-15 Image of Reference Meter Setting for Multi Meters’ Test
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llegal Connection Report No.

Account No. Date
Name of Meter User Tel.
Address
Type of Meter 1.Conventional  2.AMR 3. Prepaid
Meter Size (mm) Senvice Pipe Diameter (mm)
Last three (3) Months' 1
Water Consumption 2. 8.

. 1.0ther User  2.Meter Reader  3.Inspector 4. Area Office Staff
Initial Report

5. Others ( )

lllegal Connection
Situation

1. Direct from Distribution Pipe
4. llicit Meter Counter Operation

2. Meter By-pass
5. Revers Meter Installation

3. Meter Direct Connection
6. Others (

Inspection Date

Stop Valve

In flow Valve

Water Meter

-
p— =
=

-

-

-
—_

Out flow Val

Valve atth@hou

=
ol
-

Decision
Name Section Signature
Name Section Signature
Name Section Signature
Name Section Signature
Approval
Name Section Signature
Name Section Signature
Name Section Signature
Name Section Signature

Figure A5-16 lllegal Connection Survey Report Sheet

Source: Project Team

Annex16-152




(13) Measure against lllegal Connection

A. Purpose of Measure against lllegal Connection and Meter Inaccuracy

The purpose of this aspect of the strategic plan is to reduce NRW by decreasing illegal connection
and meter inaccuracy.

B. Procedure of Measure against lllegal Connection and Meter Inaccuracy

For NRW reduction, it is necessary to learn water consumption totally in DMA and water
consumption on each pipeline in each area. Necessary procedure is as follows:

® Prepare customer lists in the area and annual water consumption of customers
(13)-1 Countermeasure against lllegal connection

The consumer who gets water illegally, such as bypass meter, illegal connection to distribution pipe,
irregular use of meter and so on, use small quantity of metered water. Therefore, it is important to
inspect customer’s water consumption. Small consumption customer is suspected using water
illegally. They should be targets for illegal connection survey (see Figure A5-16). Necessary
procedure is as follows:

Inform and make the illegal user to confirm there is an illegal connection or illegal use.
Disconnect an illegal connection after confirmation by illegal user.

Consider penalty for illegal water use.

Legalize illegal user as contract with the illegal user, if there is no contract with the
illegal user.

® Continue checking water consumption of illegal user every month.

(13)-2 Countermeasures against Meter Inaccuracy
Necessary procedure is as follows:

® Inaccuracy meter is not justice in terms of trading.

® Allowable using meter error range is plus minus 4% on International Waterworks
Association (IWA) standard.

® There are many meters which error is out of allowable using meter error range.

® At the first step, the meter which excess from plus minus 10% should be changed.

® \When meters are procured, they must be checked meter error by test meter.

(14) Data Collection of Monthly Billed Consumption

A. Purpose of Data Collection of Billed Consumption before/after NRW Reduction
Operations

The purpose of this aspect of the strategic plan is to ensure that the effect from NRW reduction
operations by calculation of NRW ratio using collect data.

B. Procedure of Data Collection of Billed Consumption before/after NRW Reduction
Operations

For NRW reduction, it is necessary to grasp water consumption totally in the area and water
consumption on each pipeline in each area. Necessary procedure is as follows:

® Prepare customer lists in the area and annual water consumption of customers

® Calculate hourly water consumption using annual water consumption data for each
customer. The hourly water consumption data is used for hydraulic analysis and water
balance analysis.

® Allocate customers to whom water supplied from which pipelines. The data is used
for hydraulic analysis and water balance analysis.

® Evaluate the effect of NRW reduction operations by using monthly billing data.

(15) Data Collection of Monthly SIV
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A. Purpose of Data Collection of Monthly SIV

The purpose of this aspect of the strategic plan is to learn monthly NRW ratio. It is important
to learn NRW ratio to confirm effects of NRW reduction operations.

B. Procedure of Data Collection of Monthly SIV

There are three activities to collect monthly SIV such as: the whole system input, zonal system
input, and system input of DMA.

Procedure of data collection is as follows:
B.1 Data collection of whole system input volume
Procedure of data collection of the whole system input volume is as follows:

® There are bulk meters to measure water volume flowing in trunk main pipelines
distributed from LUD Water Treatment Plant to tanks (distribution reservoirs).

® Staff of NRW Unit must download water flow data from data loggers in LUD Water
Treatment Plant on the first or second week of every month (one month interval).

B.2 Data collection of zone system input volume
Procedure of data collection of zone system input volume

® There are zonal meters to measure water volume flowing in distribution main pipelines
distributed from tanks to each zone.

® Staff of NRW Unit must download water flow data from data loggers at each tank on
the first or second week of every month (one month interval).

B.3 Data collection of DMA system input volume
Procedure of data collection of DMA system input volume:

® There are inlet and outlet meters to measure volume flowing in distribution pipelines
at inlet point and outlet point of DMA.

® Distribution staff must read inlet and outlet meters of DMA and record water volume
and report it to NRW Unit on the first or second week of every month (one month
interval).

(16) Monthly Water Balance Analysis

A. Purpose of Water Balance Analysis before/after NRW Reduction Operations

The purpose of this aspect of the strategic plan is to ensure that how much NRW ratio is and
what the challenges on reduction of NRW is.

B. Procedure of Water Balance Analysis before/after NRW Reduction Operations

Water balance analysis is calculated using collecting data which is collected above mentioned
procedure. Procedure is as follows:

B.1 Data Collection

Data collection procedure is already explained above chapter. In this chapter, we will discuss
which data is used in the component of water balance analysis. Necessary procedure is as
follows:

® Usually annual data of billed water consumption is used for the component “Billed
Metered Consumption” and “Billed Un-Metered Consumption”.

® But for the NRW Reduction operation, one-month billed consumption of before/after
the operation should be used.

® \Water volume of each component should be convert to cubic meter per hour.

B.1.1 System Input Volume
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System input volume is measured by zonal water flow meters.
Down load data of water flow volume at outlet of each tank every month.
System input volume of DMA is measured by bulk meter of DMA.

1.2 Billed Metered Consumption

e W o000

“Billed Metered Consumption” is conventional metered consumption, AMR metered
consumption and prepaid metered consumption in FCTWB.
Prepaid metered consumption also should be converted to hourly water volume.

B.1.3 Billed Un-Metered Consumption

® “Billed Un-Metered Consumption” is flat rate consumption in FCTWB.

® Consumption of flat rate customer should be divided two portions. One is flat rate tariff
converted to metered volume. The other one is excess use of it.

® The flat rate tariff in terms of metered volume is revenue water volume.

® Excess use of flat rate is non-revenue water volume.

B.1.4 Unbilled Metered Consumption

® Usually this component is settlement of water rate when water utility supply dirty water
to customers after construction of leakage repair work, the customer complains about
that and the water charge is settled by negotiation.

® |ts volume is very small part of water balance. It is almost 0%.

B.1.5 Unbilled Un-Metered Consumption

® This component is water volume used by water utilities such as flash water after pipe
laying work, pipe replacement work and leakage repair work

® Consumption at religious facilities, staff houses and facilities which authorized by
welfare policy in FCTWB, should be metered.

B.1.6 Unauthorized Consumption

® This component is illegal water use (illegal connection) and unidentified water volume.
® In the manual, this component is separate illegal water use (illegal connection) and
unidentified water volume.

B.1.7 Customer Meter Inaccuracy and Data Handling Errors

® Data of “(12)-2 Identification of Meter Inaccuracy” is used for the component
“Customer meter inaccuracy”.
® Volume of data handling error is very small part of water balance. It is almost 0%.

B.1.8 Leakage in Transmission and Distribution Mains

® In case of analysis for total system, this component is used.
® In case of analysis for DMA/zone, leakage of distribution is used

B.1.9 Leakage and Overflows at Utility’s Storage Tanks

® In case of analysis for total system, this component is used.
® In case of analysis for DMA/zone, there is no Utility’s Storage tank.

B.1.10 Leakage on Service Connections up to Point of Customer Metering

® Most of leakages occur at service connections.
® | eakage survey should be done at service connections.

B.1.11 Components used for Water Balance Analysis of NRW Reduction Operations

® In the activities, water balance sheet should be simple like below. Because some of
components are small volume compare to total volume.

B.2 Water Balance Analysis
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Water balance analysis is done using collected data of each function. Each collected data
should be converted to cubic meter per hour.

® Insert each data to each column of water balance sheet.
® Calculate NRW ratio using the sheet.

(17) Measurement of One-week SIV

It is necessary to measure one-week input volume of DMA and Zones to know the trend of its
water consumption in a day and a week. Average one-hour water consumption is utilized for
water balance analysis. Minimum night flow volume is utilized for leakage detection.

(18) Installing Water Meters

There are no meters for flat rate customers and public taps or water kiosks. For the calculation
of NRW ratio, it is very important to know actual water consumption and input water volume of
the system; DMAs, Zones. So, it is necessary to install meters for all customers to know the
actual water consumption.

® List flat rate customers and necessary number of meter for them

® List public taps, kiosks and other customers which have no meter and necessary
number of meter for them

® Procure and install meters to them

(19) Survey on Trunk Distribution mains and Reservoirs

A. Purpose of Survey on Trunk, Distribution mains and Reservoirs

The purpose of this aspect of the strategic plan is to learn conditions of trunk/distribution main
pipelines, reservoirs, villages, and public taps such as: leakage or illegal water use. When
trunk, distribution main pipeline leaks, it has large effect to water supply system and citizens.
There might be illegal water use at pipeline fittings, villages, and public taps.

B. Procedure of Survey on Trunk Distribution mains and Reservoirs
Procedure of Survey on Trunk Distribution mains and Reservoirs is as follows:
B.1 Survey on Trunk Distribution mains

Procedure of Survey on Trunk and Distribution mains is as follows:

® Prepare route (pipeline) map for surveying

® \Walk along pipeline route and observe road surface whether there is leak water or
not. Concurrently with the survey, check and record positon of pipeline route
especially pipe bending point by GPS survey devices.

® At fittings such as air release valves, stop valves, wash out water meter, etc., open
man-hole cover and get into the chamber. Concurrently with the survey, check and
record position of a fitting by GPS survey devices.

® Check fittings and their surroundings whether there is a leakage or illegal connection
or not.

B.2 Survey on Reservoirs
Procedure of Survey on Reservoir is as follows:

® Check crack of wall and leaks from wall.
® Check over flow facilities whether there is over flowing or not.
® Check pumping facilities and pipes whether there are leaks or not.

B.3 Inspection of villages and public taps
Procedure of Inspection of villages and public taps is as follows:
® Inspect how to use water at villages and public taps.
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® Inspect surroundings whether there is illegal connection or not.
® |f necessary, measure one-day water consumption at service pipeline for villages or
public taps by ultrasonic flow meter.

(20) Preparation for Pipe Replacement Plan

(1) Network Drawings (16)-1 Data Collection of
and Data Pipeline Information
(All Area)

(16)-2 Examination of
Pipe Replacement Plan
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Figure A5-17 Flow Chart of Examination of Pipe Replacement Plan
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Pipeline on which leaks occur frequently: because leaks is caused by pipe material or poor
plumber’s skill. Pipeline on which leaks occur at pipe body: because leaks is caused by pipe

material.

Pipeline on which leaks occur frequently: because leaks is caused by pipe material or poor
plumber’s skill. Pipeline on which leaks occur at pipe body: because leaks is caused by pipe

material.

Pipe replacement plan should be considered data on leakage repair report as follows:

For the data collection, the following operations must be done:

Make Network Drawings of All Areas (GIS Data or Handwriting)
Make Leakage Repair Report (All Areas)

It is necessary to obtain the following data for making “Pipe Replacement Plan”:

Age of Pipeline on Network Drawings (All Areas)

Pipe Materials on Network Drawings (All Areas)

Pipe Diameter on Network Drawings (All Areas)
Leakage Occurrence on Each Pipeline (All Areas)
Leakage Occurrence of Each Pipe Material (All Areas)
Leakage Occurrence of Each Pipe Age (All Areas)
Leakage Occurrence of Each Area (All Areas)

Leakage Occurrence of Each Pipe Diameter (All Areas)

A. Network Drawings of All Areas (GIS Data or Handwriting)

See “(1) Network Drawings and Data”

B. Leakage Repair Reports

When Area Offices find and repair leaks, it is necessary to make Leakage Repair Report.
Procedure and duties for each section are as follows:

Make leakage repair reports when leaks are found and repaired from the first year to
fifth year (to be continued after fifth year) (done by Area Offices)

Describe information of leakage repair reports on the copy of network drawings (done
by Area Offices)

Submit copy of them to GIS Unit and NRW Unit every year from third year (done by
Area Offices)

Input the data to GIS mapping every year from third year (done by GIS Unit)
Categorize (Leakage Occurrence on Each Pipeline, Each Pipe Material, Each Pipe
Age, Each Area and Pipe Diameter) and make excel file of occurrence of leaks every
year from the first year to fifth year (to be continued after fifth year) (done by Area
Offices)

Submit it to NRW Unit every year from the first year to fifth year (to be continued after
fifth year) (done by Area Offices)

Total submitted excel data from each Area Office and analyse them every year from
the first year to fifth year (to be continued after fifth year) (done by NRW Unit)

C. Reason of data collecting

Leakage occurs by a same cause or complex causes. Each data must be collected and
analysed at least in five years. Necessary data and its reasons are as follows:

Leakage Occurrence on Each Pipeline

When leakage occurs on same pipeline, one of the causes is poor construction work. So, it is
necessary to collect data how many times leaks occur on same pipeline.

Leakage Occurrence of Each Pipe Material

Leakage sometime occurs on same pipe materials.
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Low or middle density polyethylene pipe sometimes burst caused by its chemical structure and
production method.

PVC pipe is week against organic solvents. It's become soft and expanded by organic solvent.
It's a cause of leakage and water pollution inside of pipe. Leakage occur on PVC pipe joints,
because of luck of adhesive or jointing under wet condition.

Leakage occurs on metallic pipe because of corrosion, so, it is necessary to collect data how
many times leaks occur on same pipe materials.

® | eakage Occurrence of Each Pipe Age

Leakage occur because of pipe aging.

So, it is necessary to collect data how many times leaks occur on same pipe materials.
® [eakage Occurrence of Each Area

Some Leakage occur because of characteristic cause in same area such as: heavy traffic load,
corrosive soil area, poor construction work area, high water pressure area, the area where
sub-standard pipe material is used and so on.

So, it is necessary to collect data how many times leaks occur on same pipe materials.
® Leakage Occurrence of Each Pipe Diameter

Leakage occurrence ratio is different by pipe diameter.

So, it is necessary to collect data how many times leaks occur on each pipe diameter.

D. Data Reflection of Customer Information

Sometimes, customers complain about lack of water, low water pressure, and water leakage
in their properties. Analysis of those information is very useful to consider pipe replacement
plan. Because the water supply condition should be improved in the area where many
customers complain about it. The pipe replacement plan is also considered for customers’
satisfaction.

E. Examination of Pipe Replacement Plan

Pipe replacement plan should be considered the budget which can be allocated for the plan
such as: how many kilometers of pipeline can be replaced in a year. The target of the plan
should be considered from the financial condition. Prioritize the items such as: pipe materials,
pipe age, some areas and pipe diameters.

The dashed line part of the flow chart as shown in Figure A5-17 is a sample of selecting items
and its age. The plan must be decided by analysis of collected data.
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Appendix-6: Profit and Loss (P/L) Statement

Table A6-1 No Scenario (Million Naira)

Account Items 2018 2019 2020 2021 2022 2023
Reven | Water sales™ 5,276.6 5,276.6 7,824.6 7,824.6 7,824.6 7,824.6
ues Others™ 4.9 4.9 4.9 4.9 4.9 4.9
Total 5,281.5 5,281.5 7,829.5 7,829.5 7,829.5 7,829.5
Expen | Manpower™ 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5
ditures | Materials™ 401.4 401.4 580.5 580.5 580.5 580.5
Depreciation™ 1,017.2 1,071.2 1,075.2 1,060.1 1,060.1 1,060.1
Miscellaneous™® 75.2 75.2 75.2 75.2 75.2 75.2
Of Scenario™ 0.0 0.0 0.0 0.0 0.0 0.0
Total 2,577.3 2,631.3 2,814 4 2,799.2 2,799.2 2,799.2
Profit and Loss (-) 2,704.2 2,650.2 5,015.1 5,030.2 5,030.2 5,030.2

Note:

*1: Refer to Appendix 6-1

*2: This consists of service connection charge, analysis fee for private borehole water and tender fee as non-sale
revenue. The amount is based on average between the year 2014 and 2017.

*3: This consists of salary & wages, allowance for permanent & casual staff. The amount is based on the track
record as of 2017 (see Appendix 6-3).

*4: Refer to Appendix 6-3.

*5: Refer to Appendix 6-3.

*6: Refer to Appendix 6-3.

*7: This is an expenditure which is incurred by the NRW reduction operation by scenario. The expenditures consist
of personnel allowance, fuel and depreciation of equipment but not capital cost such as water meters, valves, etc.
Source: Project Team

Table A6-2 Scenario a (Million Naira)
Account ltems 2018 2019 2020 2021 2022 2023

Reven | Water sales™ 5,276.6 5,550.1 8,685.6 9,200.1 9,788.7 | 10,301.7
ues Others™ 4.9 4.9 4.9 4.9 4.9 4.9
Total 5,281.5 5,555.0 8,690.5 9,205.0 9,793.6 | 10,306.6
Expen | Manpower™ 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5
ditures | Materials™ 401.4 401.4 580.5 580.5 580.5 580.5
Depreciation™ 1,017.2 1,071.2 1,075.2 1,060.1 1,060.1 1,060.1
Miscellaneous™® 75.2 75.2 75.2 75.2 75.2 75.2
Of Scenario™ 0 44.8 66.5 72.6 87.5 95.8
Total 2,577.3 2,676.1 2,880.9 2,871.8 2,886.7 2,895.0
Profit and Loss (-) 2,704.2 2,878.9 5,809.7 6,333.2 6,906.9 7,411.6

Note:

*1: Refer to Appendix 6-1

*2: This consists of service connection charge, analysis fee for private borehole water and tender fee as non-sale
revenue. The amount is based on average between the year 2014 and 2017.

*3: This consists of salary & wages, allowance for permanent & casual staff. The amount is based on the record as
of 2017 (see Appendix 6-3).

*4: Refer to Appendix 6-3.

*5: Refer to Appendix 6-3.

*6: Refer to Appendix 6-3.

*7: This is an expenditure which is incurred by the NRW reduction operation by scenario. The expenditures consist
of personnel allowance, fuel and depreciation of equipment but not capital cost such as water meters, valves, etc.
Source: Project Team
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Table A6-3 Scenario b (Million Naira)

Account ltems 2018 2019 2020 2021 2022 2023
Reven | Water sales™ 5,276.6 5,552.1 8,694.7 9,234.9 9,766.0 | 10,233.6
ues Others™ 4.9 4.9 4.9 4.9 4.9 4.9

Total 5,281.5 5,557.0 8,699.6 9,239.8 9,770.9 | 10,238.5

Expen | Manpower' 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5
ditures | Materials™ 401.4 401.4 580.5 580.5 580.5 580.5
Depreciation™ 1,017.2 1,071.2 1,075.2 1,060.1 1,060.1 1,060.1
Miscellaneous™® 75.2 75.2 75.2 75.2 75.2 75.2

Of Scenario™ 0 41.0 61.6 66.5 76.8 86.5

Total 2,577.3 2,672.3 2,876.0 2,865.7 2,876.0 2,885.7

Profit and Loss (-) 2,704.2 2,884.7 5,823.6 6,374.1 6,894.9 7,352.8

Note:

*1: Refer to Appendix 6-1

*2: This consists of service connection charge, analysis fee for private borehole water and tender fee as non-sale
revenue. The amount is based on average between the year 2014 and 2017.

*3: This consists of salary & wages, allowance for permanent & casual staff. The amount is based on the track
record as of 2017 (see Appendix 6-3).

*4: Refer to Appendix 6-3.

*5: Refer to Appendix 6-3.

*6: Refer to Appendix 6-3.

*7: This is an expenditure which is incurred by the NRW reduction operation by scenario. The expenditures consists
of personnel allowance, fuel and depreciation of equipment but not capital cost such as water meters, valves, etc.
Source: Project Team

Table A6-4 Scenario ¢ (Million Naira)

Account ltems 2018 2019 2020 2021 2022 2023
Reven | Water sales™ 5,276.6 5,516.4 8,537.3 8,902.0 9,286.4 9,542.1
ues Others™ 4.9 4.9 4.9 4.9 4.9 4.9
Total 5,281.5 5,521.3 8,542.2 8,906.9 9,291.3 9,547.0
Expen | Manpower™ 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5
ditures | Materials™ 401.4 401.4 580.5 580.5 580.5 580.5
Depreciation’® 1,017.2 1,071.2 1,075.2 1,060.1 1,060.1 1,060.1
Miscellaneous™® 75.2 75.2 75.2 75.2 75.2 75.2
Of Scenario™ 0 40.0 49.2 41.2 43.1 44.8
Total 2,577.3 2,671.4 2,863.7 2,840.5 2,842.4 2,844.1
Profit and Loss (-) 2,704.2 2,850.0 5,678.6 6,066.5 6,448.9 6,702.9

Note:

*1: Refer to Appendix 6-1

*2: This consists of service connection charge, analysis fee for private borehole water and tender fee as non-sale
revenue. The amount is based on average between the year 2014 and 2017.

*3: This consists of salary & wages, allowance for permanent & casual staff. The amount is based on the track
record as of 2017 (see Appendix 6-3).

*4: Refer to Appendix 6-3.

*5: Refer to Appendix 6-3.

*6: Refer to Appendix 6-3.

*7: This is an expenditure which is incurred by the NRW reduction operation by scenario. The expenditures consist
of personnel allowance, fuel and depreciation of equipment but not capital cost such as water meters, valves, etc.
Source: Project Team.
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Table A6-5 Scenario d (Million Naira)

Account ltems 2018 2019 2020 2021 2022 2023
Reven | Water sales™ 5,276.6 5,561.3 8,669.0 9,092.7 9,514.9 9,819.0
ues Others™ 4.9 4.9 4.9 4.9 4.9 4.9

Total 5,281.5 5,566.2 8,673.9 9,097.6 9,519.8 9,823.9

Expen | Manpower™ 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5
ditures | Materials™ 401.4 4014 580.5 580.5 580.5 580.5
Depreciation™ 1,017.2 1,071.2 1,075.2 1,060.1 1,060.1 1,060.1
Miscellaneous™® 75.2 75.2 75.2 75.2 75.2 75.2

Of Scenario™ 0 14.3 171 16.2 20.7 25.2

Total 2,577.3 2,645.6 2,831.6 2,815.5 2,819.9 2,824 .4

Profit and Loss (-) 2,704.2 2,920.6 5,842.3 6,282.1 6,699.8 6,999.5

Note:

*1: Refer to Appendix 6-1

*2: This consists of service connection charge, analysis fee for private borehole water and tender fee as non-sale
revenue. The amount is based on average between the year 2014 and 2017.

*3: This consists of salary & wages, allowance for permanent & casual staff. The amount is based on the track
record as of 2017 (see Appendix 6-3).

*4: Refer to Appendix 6-3.

*5: Refer to Appendix 6-3.

*6: Refer to Appendix 6-3.

*7: This is an expenditure which is incurred by the NRW reduction operation by scenario. The expenditures consist
of personnel allowance, fuel and depreciation of equipment but not capital cost such as water meters, valves, etc.
Source: Project Team

Table A6-6 Scenario e (Million Naira)
Account Items 2018 2019 2020 2021 2022 2023

Reven | Water sales™ 5,276.6 5,388.9 8,159.1 8,327.0 8,495.0 8,662.9
ues Others™ 4.9 4.9 4.9 4.9 4.9 4.9
Total 5,281.5 5,393.8 8,164.0 8,331.9 8,499.9 8,667.8
Expen | Manpower™ 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5 1,083.5
ditures | Materials™ 401.4 401.4 580.5 580.5 580.5 580.5
Depreciation’® 1,017.2 1,071.2 1,075.2 1,060.1 1,060.1 1,060.1
Miscellaneous™® 75.2 75.2 75.2 75.2 75.2 75.2
Of Scenario™” 0 12.4 13.5 10.7 13.4 16.1
Total 2,577.3 2,643.8 2,827.9 2,810.0 2,812.7 2,815.4
Profit and Loss (-) 2,704.2 2,750.0 5,336.1 5,521.9 5,687.2 5,852.5

Note:

*1: Refer to Appendix 6-1

*2: This consists of service connection charge, analysis fee for private borehole water and tender fee as non-sale
revenue. The amount is based on average between the year 2014 and 2017.

*3: This consists of salary & wages, allowance for permanent & casual staff. The amount is based on the track
record as of 2017(see Appendix 6-3).

*4: Refer to Appendix 6-3.

*5: Refer to Appendix 6-3.

*6: Refer to Appendix 6-3.

*7: This is an expenditure which is incurred by the NRW reduction operation by scenario. The expenditures consist
of personnel allowance, fuel and depreciation of equipment but not capital cost such as water meters, valves, etc.
Source: Project Team

Annex16-162



Appendix 6-1: Yearly Revenue Water and Revenue by Scenario

Scenarios 2018 2019 2020 2021 2022 2023
No Scenario |Revenue Water Mil. m® / year 58.63 58.63 86.94 86.94 86.94 86.94
Price Naira/m°® 90 90 90 90 90 90
Revenues Naira/year 5,277 5,277 7,825 7,825 7,825 7,825
Scenario-a |Revenue Water Mil. m* / year 58.63| 61.67| 96.51| 102.22| 108.76| 114.46
Price Naira/m® 90 90 90 90 90 90
Revenues Naira/year 5,277 5,550 8,686 9,200 9,789| 10,302
Scenario-b  |Revenue Water Mil. m® / year 58.63 61.69 96.61| 102.61| 108.51| 113.71
Price Naira/m® 90 90 90 90 90 90
Revenues Naira/year 5,277 5,552 8,695 9,235 9,766 10,234
Scenario-c  |Revenue Water Mil. m* / year 58.63 61.29 94.86 98.91| 103.18| 106.02
Price Naira/m® 90 90 90 90 90 90
Revenues Naira/year 5,277 5,516 8,537 8,902 9,286 9,542
Scenario-d |Revenue Water Mil. m® / year 58.63| 61.79 96.32| 101.03| 105.72| 109.10
Price Naira/m°® 90 90 90 90 90 90
Revenues Naira/year 5,277 5,561 8,669 9,093 9,515 9,819
Scenario-e Revenue Water Mil. m®/ year 58.63] 59.88 90.66 92.52 94.39 96.25|
Price Naira/m® 90 90 90 90 90 90|
Revenues Naira/year 5,277 5,389 8,159 8,327 8,495 8,663

Note: Revenue water is based on Appendix 6-2.
Source: Project Team
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Appendix 6-2: Targeted NRW Ratio and Yearly Revenue Water by Scenario

Scenarios 2017 2018 2019 2020 2021 2022 2023
No Scenario | Distribution Mil. m®/ year| 113.38| 113.38| 113.38| 168.13] 168.13| 168.13] 168.13
NRW rate % 48.3%| 48.3%| 48.3%| 48.3%| 48.3%| 48.3%| 48.3%
Revenue Water Mil. m® / year 58.63 58.63 58.63 86.94 86.94 86.94 86.94
Scenario-a [NRW rate % 48.3% 48.3%| 45.6% 42.6% 39.2% 35.3% 31.9%
Revenue Water Mil. m®/ year 58.63 58.63 61.67 96.51| 102.22| 108.76( 114.46
Scenario-b |NRW rate % 48.3%| 48.3%| 45.6%| 42.5%| 39.0%| 355%| 324%
Revenue Water Mil. m® / year 58.63 58.63 61.69 96.61( 102.61( 108.51| 113.71
Scenario-c [NRW rate % 48.3% 48.3%| 45.9% 43.6% 41.2% 38.6% 36.9%
Revenue Water Mil. m®/ year 58.63 58.63 61.29 94.86 98.91| 103.18| 106.02
Scenario-d |NRW rate % 48.3%| 48.3%| 45.5%| 42.7%| 39.9%| 37.1%| 351%
Revenue Water Mil. m® / year 58.63 58.63 61.79 96.32| 101.03| 105.72( 109.10
Scenario-e [NRW rate % 48.3% 483%| 47.2% 46.1% 45.0%| 43.9% 42.8%
Revenue Water Mil. m® / year 58.63 58.63 59.88 90.66 92.52 94.39 96.25

Source: Project Team
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Appendix 6-3: Expenditure by Year

Items 2016| Adjust.| 2017 2018 2019 2020 2021 2022 2023
1. Manpower Salary & allowance 921.9 1,083.5 1,083.5 1,083.5| 1,083.5| 1,083.5| 1,083.5| 1,083.5
2. Material” Electricity 49/ 10% 5.4 5.4 5.4 8.0 8.0 8.0 8.0
Fuel® 7.7 10% 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Chemical™® 314.6 10% 346.1 346.1 346.1 513.2 513.2 513.2 513.2
Repair & maintenance® 37.7 10% 41.5 41.5 41.5 50.8 50.8 50.8 50.8
Cost incurred by Scenario
Total 364.9 401.4 401.4 401.4 580.5 580.5 580.5 580.5
3.Depreciation” |Existing ® 117.2 117.2 117.2] 11741 87.5 723 72.3 72.3
WTP Il & IV 900.0 900.0 900.0 900.0 900.0 900.0 900.0
On-going projects 54.1 54.1 54.1 54.1 54.1
Switch-over 33.7 33.7 337 337
Total 117.2 1017.2 1,017.2( 1,071.2| 1,075.2] 1,060.1| 1,060.1| 1,060.1
4. Other recurrent cost 68.3 10% 75.2 75.2 75.2 75.2 75.2 75.2 75.2
Total 1,472.4 2,577.3 2,577.3] 2,631.3] 2,814.4| 2,799.2| 2,799.2| 2,799.2

Note

*1: The track record for the year 2016.

*2: The track record for the year 2016 multiplied by 10 % makes amounts between 2017 and 2019. Estimated
amount for the year 2019 multiplied by increase rate of 48% which is in proportion to the rate of distributed water to
be increased, make that between the year 2020 and 2023. It is expected that distributed water increases due to
switch-over construction of the transmission pipelines at LUD Water Treatment Plant.

*3: The track record for the year 2016 multiplied by 10 % makes amounts between 2017 and 2023.

*4: Same as “2’.

*5: The track record for the year 2016 multiplied by 10 % makes amounts between 2017 and 2019. Estimated
amount for the year 2019 multiplied by the increase rate which is in proportion to the about 50% of the rate of
distributed water to be increased, figures out those amounts between the year 2020 and 2023. It is expected that
distributed water increases due to switch-over construction of the transmission pipelines at LUD Water Treatment
Plant.

*6: The track record for the year 2016.

*7: The depreciation of water supply facilities apart from the “Existing” is calculated based on the initial investment
cost of NGN18,000million for WTP [11&IV, NGN1,082million for the “On-going” and NGN 673million for the “Switch-
over” in consideration with a depreciation period of 20 years.

Source: Project Team
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Appendix 7: Cash Flow (CF) Statement

Table A7-1 No Scenario

(Million Naira)

Account Items 2018 2019 2020 2021 2022 2023

1.Profit and Loss 2,704.2 | 2,650.2 | 5,015.1 5,030.2 | 5,030.2 | 5,030.2
2.Depreciation 1,017.2 | 1,071.2 | 1,075.2 | 1,060.1 1,060.1 1,060.1
3.Total (=1+2) 3,7214 | 3,7214 | 6,090.3 | 6,090.3 | 6,090.3 | 6,090.3
4.Un-paid billed amount -3,625.3 | -3,625.3 | -5,375.8 | -5,375.8 | -5,375.8 | -5,375.8
5.0perational CF (=3+4) 96.1 96.1 714.5 714.5 714.5 714.5
6.Investment CF (= 1) + 2)) 0.0 673.0 0.0 0.0 0.0 0.0

1) Switch-over™ 0 673.0 0 0 0 0

2) For scenario 0 0 0 0 0 0
7.Financial CF’3 0 673.0 0 0 0 0
8.Net CF (=5-6+7)"3 96.1 96.1 714.5 714.5 714.5 714.5

Note:

*1: Billed amounts (water sales) multiplied by arrear ratio (68.7%, average track record between the year 2014 and
2017) make the “Un-paid billed amount”.

*2: Switch-over construction investment is to be funded by the Government.

*2 and *3: The switch-over construction investment is to be funded by the Government.

Source: Project Team

Table A7-2 Scenario a

(Million Naira)

Account Items 2018 2019 2020 2021 2022 2023

1. Profit and Loss 2,7042 1 28789 | 5809.7| 6,333.2| 6,906.9 | 7,411.6
2.Depreciation 1,017.2 1,071.2 1,094.9 1,093.6 1,107.5 1,117.5
3.Total (=1+2) 3,7214 | 3,950.1 | 69046 | 7,426.8| 8,0144 | 8,529.1
4.Un-paid billed amount™ -3,625.3 | -3,813.2 | -5,967.4 | -6,320.9 | -6,725.3 | -7,077.7
5.0perational CF (=3+4) 96.1 137.0 937.2 | 1,1059 | 1,289.1 1,451.3
6.Investment CF (= 1) + 2)) 0.0 870.0 138.6 139.1 99.7 100.0

1) Switch-over™ 0 673.0 0 0 0 0

2) For scenario™ 0 197.0 138.6 1391 99.7 100.0
7.Financial CF* 0 673.0
8.Net CF (=5-6+7)"® 96.1 -60.0 798.6 966.9 | 1,189.4 | 1,351.3

Note:

*1: Billed amounts (water sales) multiplied by arrear ratio (68.7%, average track record between the year 2014 and

2017) make the “Un-paid billed amount”.

*2 and *4: The switch-over construction investment is to be funded by the Government.

*3: This is composed of equipment such as water meters, pipe fittings & spare-parts for repair, flow-meters, valves,
etc.

*5: The negative C/F of 2019 after financing of the Government for the switch-over, 60 million Naira, should be

raised for from the Government or the third party.

Source: Project Team
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Table A7-3 Scenario b (Million Naira)

Account ltems 2018 2019 2020 2021 2022 2023
1.Profit and Loss 2,704.2 2,884.7 5,823.6 6,374.1 6,894.9 7,352.8
2.Depreciation 1,017.2 1,071.2 1,093.6 1,091.0 1,103.7 1,112.7
3.Total (=1+2) 3,721.4 3,955.9 6,917.2 7,465.2 7,998.6 8,465.6
4.Un-paid billed amount™ -3,625.3 | -3,814.6 | -5,973.7 | -6,344.8 | -6,709.7 | -7,031.0
5.0perational CF (=3+4) 96.1 141.3 943.6 1,120.4 1,288.9 1,434.6
6.Investment CF (= 1) + 2)) 0.0 857.1 125.8 126.2 90.6 91.0

1)Switch-over 0 673.0 0 0.0 0 0
2) For scenario™ 0 184.1 125.8 126.2 90.6 91.0
7.Financial CF* 0 673.0
8.Net CF (=5-6+7)" 96.1 -42.8 817.8 994 .1 1,198.2 1,343.6

Note:

*1: Billed amounts (water sales) multiplied by arrear ratio (68.7%, average track record between 2014 and 2017)

make the “Un-paid billed amount”.

*2 and *4: The switch-over construction investment is to be funded by the Government.

*3: This is composed of equipment such as water meters, pipe fittings & spare-parts for repair, flow-meters, valves,
etc.

*5: The negative C/F of 2019 after financing of the Government for the switch-over, 43 million Naira, should be
raised for from the Government or the third party.

Source: Project Team

Table A7-4 Scenario ¢ (Million Naira)
Account Items 2018 2019 2020 2021 2022 2023

1.Profit and Loss 2,704.2 | 2,850.3 | 5679.7 | 6,066.5| 6,4489 | 6,702.9
2.Depreciation 1,017.2| 1,071.2 | 1,0828| 1,0695| 10714 | 1,073.3
3.Total (=1+2) 3,721.4 3,921.5 6,762.5 7,136.0 7,520.4 7,776.3
4.Un-paid billed amount™ -3,625.3 | -3,790.0 | -5,865.5 | -6,116.1 | -6,380.1 | -6,555.8
5.0perational CF (=3+4) 96.1 131.5 897.0 1,019.9 1,140.2 1,220.4
6.Investment CF (= 1) + 2) ) 0.0 749.1 18.8 18.9 18.9 18.9

1) Switch-over 0 673.0 0 0 0 0

2) For scenario™ 0 76.1 18.8 18.9 18.9 18.9
7.Financial CF*4 0 673.0
8.Net CF (=5-6+7) 96.1 55.4 878.2| 1,001.0 | 1,121.3 | 1,201.5

Note:

*1: Billed amounts (water sales) multiplied by arrear ratio (68.7%, average track record between 2014 and 2017)

make the “Un-paid billed amount”.

*2 and *4: The switch-over construction investment is to be funded by the Government.

*3: This is composed of equipment such as water meters, pipe fittings & spare-parts for repair, flow-meters, valves,
etc.

Source: Project Team

Annex16-167



Table A7-5 Scenario d (Million Naira)

Account Items 2018 2019 2020 2021 2022 2023

1.Profit and Loss 2,704.2 2,920.6 5,842.3 6,282.1 6,699.8 6,999.5
2.Depreciation 1,017.2 1,071.2 1,077.2 1,064.0 1,067.8 1,071.7
3.Total (=1+2) 3,721.4 3,991.8 6,919.6 7,346.1 7,767.6 8,071.1
4.Un-paid billed amount™ -3,625.3 | -3,820.9 | -5,956.0 | -6,247.1 | -6,537.1 | -6,746.1
5.0perational CF (=3+4) 96.1 170.9 963.6 1,099.0 1,230.5 1,325.0
6.Investment CF (= 1) + 2)) 0.0 692.8 19.4 38.4 38.4 38.4

1) Switch-over™ 0 673.0 0 0 0 0

2) For scenario™ 0 19.8 19.4 38.4 38.4 38.4
7.Financial CF* 0 673.0
8.Net CF (=5-6+7) 96.1 151.2 944.2 1,060.6 1,192.1 1,286.6

Note:

*1: Billed amounts (water sales) multiplied by arrear ratio (68.7%, average track record between 2014 and 2017)
make the “Un-paid billed amount”.

*2 and *4: The switch-over construction investment is to be funded by the Government.

*3: This is composed of equipment such as water meters, pipe fittings & spare-parts for repair, flow-meters, valves,
etc.

Source: Project Team

Table A7-6 Scenario e (Million Naira)
Account Items 2018 2019 2020 2021 2022 2023

1.Profit and Loss 2,704.2 | 2,750.0 | 5,336.1| 5,521.9| 5687.2 | 58525
2.Depreciation 1,017.2| 1,071.2 | 1,0754 | 1,0604 | 10624 | 1,064.5
3.Total (=1+2) 3,721.4 3,821.2 6,411.5 6,582.3 6,749.6 6,916.9
4.Un-paid billed amount™ -3,625.3 | -3,702.4 | -5,605.6 | -5,721.0 | -5,836.4 | -5,951.8
5.0perational CF (=3+4) 96.1 118.8 805.9 861.3 913.2 965.1
6.Investment CF (= 1) + 2) ) 0.0 674.8 1.5 20.5 20.5 20.5

1) Switch-over? 0 673.0 0 0 0 0

2) For scenario™ 0 1.8 1.5 20.5 20.5 20.5
7.Financial CF*4 0 673.0
8.Net CF (=5-6+7) 96.1 117.0 804.4 840.8 892.7 944.7

Note:

*1: Billed amounts (water sales) multiplied by arrear ratio (68.7%, average track record between 2014 and 2017)
make the “Un-paid billed amount”.

*2 and *4: The switch-over construction investment is to be funded by the Government.

*3: This is composed of equipment such as water meters, pipe fittings & spare-parts for repair, flow-meters, valves,
etc.

Source: Project Team

Annex16-168



Annex 17:

Annual NRW Reduction Plan for 2019
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1. Background of NRW Reduction

The Federal Capital Territory Water Board (FCTWB) was established in October 1989, saddled
with the responsibility of supplying potable water to inhabitants of the Federal Capital Territory
(FCT). In carrying out this responsibility, the FCTWB has been facing challenges of operation
and maintenance of facilities as well as large proportion of non-revenue water (NRW). The
FCTWB could not effectively mitigate NRW because of limited experience, insufficient
knowledge and unskilled personnel on planning and execution of NRW reduction. NRW ratio
of urban water supply system for the FCC was estimated at 48.3% based on year 2014-2017
data.

Based on the above, in order to strengthen NRW reduction capacity of the FCTWB and
ameliorate issues of NRW, the Federal Capital Territory Administration (FCTA) and the
FCTWB has implemented “the Federal Capital Territory Reduction of Non-Revenue Water
Project” (the Project), the technical cooperation in collaboration with Japan International
Cooperation Agency (JICA).

2. Purpose of NRW Reduction and its Effect

Assumed that daily water demand per-capita is about 550litter ' /capita-day including
institutional and commercial use, and service population is about 300,000 persons, water
demand comes to about 180,000m?3/day, which is less than the Phase 1&2 production capacity
of 240,000m3/day. However, FCTWB has seriously been facing water supply rationing due to
shortage of water supply quantity. Therefore, FCTWB requires to eliminate NRW urgently in
order for users to be satisfied at FCTWB’s water supply service.

On the other hand, reduction of NRW will extensively contribute to appropriate financial status
for maintaining self-support accounting system.

3. Composition of the Planning Manual for NRW Reduction

The Mid-term Strategic Plan (2019-2023) included Introduction to NRW and Assessment of
the Pilot Project which is composed of current situation of water supply service in FCC,
definition of NRW, and overall activities of the pilot projects. In this plan, Project Team prepared
the specific planning manual of NRW reduction operation so that NRW Unit of FCTWB will be
able to review the Mid-term Strategic Plan (2019-2023) and update the Strategic Plan for
another five-year (from 2024 to 2028) and later on successively based on the results of the
NRW reduction operations for the year 2019 to 2023.

Accordingly, this manual contains the following contents:

® Results of NRW Reduction Operation for the Previous Four-year and Future
Challenges

Scenario, Goal and Cost Effectiveness

NRW Reduction Plan

Implementing Schedule and Budget Allocation

Staffing Plan and Responsibility

Human Resource Development Program

Recommendation

4. Users of the Planning Manual for NRW Reduction

NRW Unit of FCTWB led the pilot project and formulation of the Mid-term Strategic Plan,
Annual NRW Reduction plan (2019). It is also desirable that NRW Unit of FCTWB will review
the Mid-Team Strategic Plan (2019-2023) and update the strategic plan based on the lesson
learned from the technical cooperation project in cooperation with JICA Expert Team. NRW
reduction operation requires not only experiences of NRW Unit of FCTWB but also advices
from board members of FCTWB, accurate information from relevant organizations and or

' According to the track record for the year 2014 to 2017, 58.63million per year divided by service population of
about 300,000 is 535liter per capita per day (nearly; 550liter per capita per day).
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offices such as FCDA, Area offices. In addition, budget arrangement is one of indispensable
conditions to implement the NRW reduction operation.

The Planning Manual will be utilized by NRW Unit to formulate the planning of NRW reduction
operation in future as a basis of its necessity in order to ensure approval the budget required
for it from the board members of FCTWB.

5. Contents of the Planning Manual for NRW Reduction

5.1 Results of NRW Reduction Operation for the Previous Four-year and Future
Challenges

5.1.1 Outline of the NRW Reduction Operation for the Previous Four-year
The following are included in this section:

® Scenario of NRW Reduction Operation conducted by FCTWB: Process of selection will
be indicated with flow chart based on the former Mid-term Strategic Plan.

® | ocation of the Area: Zones or DMAs will be indicated in a plan view drawing.

® |solation (DMA and SMA) of the Areas: To isolate DMAs and SMAs, what kind of points
were considered will be described.

® Service Population and Pipe Distance by Zone or DMA: Service population and pipe
distance by Zone or DMA will be summarized in one table in order to calculate NRW
per capita or per km to learn NRW’s scale. The detail information will be indicated in
5.1.3.

® NRW Reduction Operations: All the operations with flow chart will be summarized in
this section.

5.1.2 Result of the Pilot Projects

Summary sheet which NRW ratio before and after-NRW reduction operations and NRW
reduction (percentage point) is indicated will be prepared as follows:

For DMAs to be targeted
NRW Ratio (%) NRW Reduction

Zone P t Point
DMA Before-countermeasure After-countermeasure (Percentage Point)
Zone-5 DMA-1
DMA-2

Zone-2 DMA-1

For Zones to be targeted

NRW Ratio (%) NRW Reduction
(Percentage Point)

Zone

Before- operations After- operations

Zone 4
Zone 3

5.1.3 Causes of NRW and their Patterns by Features of Targeted Areas
The following features of the areas will be summarized.
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Feature of Targeted Areas
Data Parameters Data in DMA/Zone

Service Population
Number of Total Connections
Year of Construction (Major pipes)
Range of Pipe Diameter (mm)
Total Pipe Distance (m)
PVC (m)
GS (m)
DIP (m)
CIP (m)
P.P (m)
S.P.(m)
A.C. (m)
Number of System Input (Nr.)
Number of Isolation Valves (Nr.)
Fulfilled customer information for domestic (%)
Fulfilled customer information for large consumer such as commercial and
institution (%)
Availability of as-built drawings (%)

Main parameters will be summarized in the following table to analyze what kinds of causes are
related to NRW.

NRW Ratio and their Causes

Data Parameter Before-Operations | After- Operations Difference

NRW Ratio (%)

Number of Authorized Customers (Domestic)
Number of Authorized Customers
(Large Consumers)

Number of lllegal Connections (Nr.)
Number of Defective (inaccuracy) Water
Meters (Nr.)

Number of Leaks (Nr.)

Number of Flat Rate (Nr.)

Number of Pre-paid Meters (Nr.)
Number of AMRs (Nr.)

Number of Conventional Meters (Nr.)

5.1.4 Cost-Effectiveness
(1) Total Cost Estimate for NRW Reduction in Targeted Areas

First of all, purpose of total cost estimate for NRW reduction operations in targeted areas will
be described in this section.

Unit prices (as of May 2018) applied for the pilot project as stated in the Mid-term Strategic
Plan 2019-2023 are as follows:

® Fuel: NGN145 per litter
® Daily allowance for staff: NGN1,000 per staff
® FEquipment and materials: Current market price or quote

Other conditions such as daily driving millage, etc. are as below:

® Fuel consumption: 5km per litter
® Daily driving millage: it depends on NRW reduction operation.

In future, the above price and conditions should be reviewed and revised, if necessary.

Cost to be spent in area offices, FCTWB headquarters and some equipment will be sorted out
in the following tables:

Annex18-5



Cost to be spent in Area office
Area Office
Commercial Distribution Cost
ltems Man- Man- Field Cost

Man | Days days Man | Days days Allowance (k. NGN)

One Week Interval Meter
Reading

Leakage Survey

Leakage Repair

lllegal Connection Survey
Measures against lllegal
Connection

Meter Installation

Tank Investigation

Meter Test (Meter
Inaccuracy)
Measurement of 24-hour
Water Flow

Step Test

Fuel for Operations XXXXX | L XXXX | NGN/L
A. Sub-Total Cost

Cost to be spent in FCTWB Headquarters

HQ
Man- Field Cost
ltems Man | Days | (s | Allowance (k. NGN)
One Week Interval Meter Reading
Leakage Survey
Leakage Repair
llegal Connection Survey
Measures against lllegal Connection
Meter Installation
Tank Investigation
Meter Test (Meter Inaccuracy)
Measurement of 24-hour Water Flow
Step Test
Fuel for Operations XXXX | L/day | XXX | days | XXX | NGN/L
B. Sub-Total Cost

Cost of Equipment and Grand Total Cost
Equipment and Materials  (k.NGN)

Survey Equipment from XXXXX

Equipment for DMA Making (Valves, Flow-meters etc.)
Materials for DMA Making (Chamber Making)
Materials for NRW Reduction Operations

C. Sub-Total Cost

Grand Total (k. NGN) (A.+B. +C.)

(2) Total Revenue Estimate yielded through NRW Reduction Operation in Targeted
Areas

First of all, purpose of total revenue estimate yielded through NRW reduction operations will
be described in this section.

Revenue yielded through NRW reduction operation will be calculated according to the process
in the following table:
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Revenue yielded through NRW reduction operation
ltems Data

NRW Ratio before Operations (%)
NRW Ratio after Operations (%)
Reduced NRW Ratio (%) (a)-(b)
System Input Water Volume (m®h)
Reduced NRW Volume (m®%h) (h)x(g)/100
Reduced NRW Volume (k. m¥/year) (e)x24x365/1000
Average Water Sales Price (NGN/m?)
Expected Water Sales per year (k. NGN) (f)x(g)
Expected Water Sales for three years (k. NGN) (h) x 3 years

SISASIS A CICACS
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(3) Cost-effectiveness in targeted Areas
First of all, purpose of estimate of benefits in targeted areas will be described in this section.

Cost-effectiveness will be sorted out based on the above ‘(1) and ‘(2) in ‘5.1.4’ in the following
tables:

Cost-effectiveness of NRW Reduction Operations
1) Initial Cost 2) Initial & Recurrent

incurred for NRW Cost for NRW 3) Estimated 3) .COSt
Zone/ . . . . | Revenue Increase Effectiveness
Reduction Reduction Operation . .
DMA . for three years (Dimensionless)
Operations (K.NGN) (K. NGN) 3)/2)
(K. NGN) '

5.1.5 Findings and Lessons Learnt
(1) Findings
Issues like the following examples are included in this section:

® Ensure budget for NRW reduction activities

® Compile information on all the customers under each area office and reflect it to billing
system at FCTWB headquarters

Develop information on the existing pipelines

Carry on regular activities such as leakage survey and illegal connection survey
Calibration of test meters

Establish the systematic measures of NRW reduction operations as easy as possible.
Others (Issues that you observed through pilot project should be described in this
sections as much as possible.)

(2) Lessons Learnt

Examples of lessons learnt from NRW reduction operations in targeted areas are included in
this section:

® Difficulty in isolation due to lack of the existing pipe information

» Describe at least three solutions what we have to do in order to solve difficulties.
Difficulty in management of customer’s information

Describe at least three solutions what we have to do in order to solve difficulties.
Difficulty in management of multiple water meter readings such as conventional, AMR
and pre-paid meters

> Describe at least two solutions what we have to do in order to solve difficulties.

® Difficulty in smooth procurement of materials because of release of budget

eVvVe
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> Describe at least one solution what we have to do in order to solve difficulties.

@ Difficulty in operation of Personal Computer (PC) in the area offices
» Describe at least two solutions what we have to do in order to solve difficulties.

® Others (Lessons that you learnt through pilot project should be described in this
sections as much as possible.)

5.2 Scenario, Goal and Cost Effectiveness
5.2.1 Overall Scenarios
[Entire NRW Reduction Activities]

Five scenarios were setup in the Mid-term Strategic Plan (2019-2023). Each scenario is
composed of some of the following basic activities.

(1) Network Drawings and Data

(2) Customer Enumeration

(3) DMA Design, Creation, Prioritization

(3)-1 DMA Design, Creation and Prioritization

(3)-2 DMA Prioritization in NRW Reduction

Zonal Prioritization

Field Inspection

Isolation by installing Flow-meters and Valves

Step-Test in DMA

Zonal Measurement

9) Leakage Detection

(10) Patrol of Surface Leaks

(11) Repair of Leaks and Recording

(12) Identification of lllegal Connections and Meter Inaccuracy
(12)-1 Identification of lllegal Connection
(12)-2 Identification of Meter Inaccuracy

(13) Measures against lllegal Connection and Inaccuracy Meters
(13)-1 Measures against lllegal Connections
(13)-2 Measures against Meter Inaccuracy

(14) Data Collection of Monthly Billed Consumption

(15) Data Collection of Monthly SIV

(16) Monthly Water Balance Analysis

(17) Measurement of One-week SIV

(18) Installing Water Meters

(19) Survey on Trunk, Distribution Mains and Reservoirs

(20) Preparation for Pipe Replacement Plan

It is desirable that the activities of each scenario set-up in the Mid-term Strategic Plan (2019-
2023) will be sustained after the year 2023, unless the targeted NRW ratio is achieved.

4
5
6
7
8

N N N N~ o~
~— N ' — ~—

For reference, feature of scenarios for NRW reduction operations of the Mid-term Strategic
Plan (2019-2023) is as follows:

Feature of Scenarios for NRW Reduction Operations

Scenario
Items
a b c d e

1. Target

1.1 Target Year 2023 2023 2023 2023 2023
1.2 Baseline NRW Ratio (%) 48.3 48.3 48.3 48.3 48.3
1.3 Target NRW Ratio in 2023 (%) 31.9 32.4 36.9 35.1 42.8
1.4 Reduction Approach DMA Zone Zone Zone Zone
2. Main Body for NRW Reduction Operations
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Items

Scenario

a

b

c

d

e

2.1 Main Body for Operations
(Supervision)

HQ's NRW
Unit

HQ' NRW
Unit

HQ's NRW
Unit

HQ’'s NRW
Unit

HQ's NRW
Unit

2.2 Main Body for Operations (Field
Actions)

Area
Offices

Area
Offices

Area
Offices

HQ’'s NRW
Unit

HQ’'s NRW
Unit

3. NRW Reduction Operations

(1) Network Drawings and Data

(2) Customer Enumeration

x| X

x| X

x| X

x| X

a) DMA

b) Zone

x

X1

x

x

(3) DMA Design, Creation and
Prioritization

XX XXX

(4) Zonal Prioritization

(5) Field Inspection

(6) Isolation by installing Flow Meters
and Valves

(7) Step Test in DMA

(8) Zonal Measurement

X XX

x

x

(9) Leakage Detection

a) by Area Office (DMA)

x

b) by Area Office (Zone)

x

d) by NRW Unit (Zone)

X

Vx|

(10) Patrol of Surface Leaks

(11) Repair of Leaks and Recording

X

a) for (9)-a)

VXX

v X

X

b) for (9)-b)

c) for (10)

X

d) for (9)-d)

XX XX

(12) Identification of lllegal Connection
and Inaccuracy Meters

X | X

X X[

a) lllegal Connection (Area Office)

x| X

x| X

b) lllegal Connection (NRW Unit)

x

c) Inaccuracy Meters

d) Labo Test of Meter Inaccuracy for
Meter Standardization

XX [ X X

(13) Measures against lllegal Connection
and Meter Inaccuracy

X | X |IX|X|

a) lllegal Connection (Area Office)

X| X | X [X

b) lllegal Connection (NRW Unit)

¢) Meter Inaccuracy

X

XX X | X |X

XX X

x| X

(14) Data Collection of Monthly Billed
Consumption

a) DMA

b) Zone

x

x

x

x

(15) Data Collection of Monthly SIV

a) DMA

b) Zone

c) Bulk Meters

(16) Monthly Water Balance Analysis

XX |X|

X|X|X|

VXXX

(17) Measurement of 1-week SIV (DMA)

(18) Installing Water Meters

(19) Survey on Trunk, Distribution Mains
and Reservoirs

(20) Preparation for Pipe Replacement
Plan

XX XXXPX|X|X| XX

X | X |X

XXX XXX

X | X |X

4. Procurement of Equipment

4.1 Flow Meters and Valves for Isolation

4.2 Leak Detection Equipment

4.3 Water Meters

XXX

X|X|
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[Criteria for selecting Scenario of NRW Reduction Operations]

Scenarios depend on goal of NRW, cost of NRW reduction operations, number of staff, etc.
Project Team prepared the criteria for selecting scenario as below, so that FCTWB will carefully
be able to select the best scenario of NRW reduction operation. It is not necessary that basic

frame of criteria for selecting scenario will be revised.

1.50r less NO
| ormmmmmeeo- reduction percentage points compared of e ------
the previous year

More than 2
reduction percentage points
compared of the previous year

NO

Ensure disbursement of

More than 3
reduction percentage points
compared of the previous year

N14.5-32.1million/year

Ensure budget allocation for area

Ensure disbursement of offices and inventory

YES

management of equipment in the
area offices, in addition, improve

N60.5-116.2million/year

Appoint at least one well-trained
staff for leakage survey

YES

Appoint 3 staff as trainers who NO
can train staff of area office to
establish NRW reduction team

YES

Ensure inventory management of
equipment in area offices

Ensure disbursement of
N124.8-225 5million/year

Ensure disbursement of
N128.1-242.1million/year

YES

Develop pipeline data accurately NO

NO

NO Ensure budget allocation for area
offices and inventory management
of equipment in the area offices, in
addition, improve office condition

and ensure time to create DMA

NO

YES

Ensure budget allocation for area

YES

offices, in addition, improve office
condition

—> : Flow to examine various conditions for taking appropriate activities

----» :Flowto have a review annually

Criteria for selecting Scenario of NRW Reduction Operations
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(Sample as Mid-term Strategic Plan 2019-2023)
5.2.2 Scenarios

Information of each scenario includes not only summary, key activities of each scenario but
also pre-condition, external factors and challenges in future, so that FCTWB will carefully be
able to select scenario of NRW reduction operation. Especially, it is essential that FCTWB wiill
consider pre-condition including budget to be required and external factors to select scenario
of the operations.

5.2.3 Cost-Effectiveness by Scenario

First of all, purpose of future cost-effectiveness in the Mid-term Strategic Plan will be described
in this section.

(1) Cost incurred for NRW Reduction Operations

Considering Man-Day required for the NRW reduction operation in the past year, FCTWB will
estimate cost incurred for the operation for five years and sort out it in the following table.

Cost comparison by Scenario for Five Years (k. NGN)
Scenario

a b c d e

ltem

a. Equipment and Materials for NRW
Reduction Operations
Leak Detectors (Equipment from Japan)
PMA Creation (Flow-meter, Valve)
PMA Creation (Chamber Construction)
Water Meter Installation and
Replacement for all Customer (Meters
and Fittings for 5,000/year)
Materials for Leakage Repair
Materials for 24-hour Flow Measurement
Materials for Meter Error Test,
Consumption Survey

Subtotal
b. Water Meter Laboratory
Water meter laboratory (two test meter
and fittings)

Subtotal
c. Field Allowance for NRW Reduction
Operations
Field Allowance for NRW Reduction
Operations

Subtotal
d. Logistics
Fuel Cost

Vehicles (Toyota Hilux 4x4) three
vehicles at HQ (19mNGN x 3)
Maintenance and Insurance Cost for
Vehicles (650kNGN/year x3)

Subtotal

Training Cost
Subtotal
Grand Total

Man-days of each NRW reduction operation was estimated based on work volume and staff
number of area offices so as to compute total cost of the operation for the Mid-term Strategic
Plan 2019-2023. For next five years after 2023, FCTWB should review and revise Man-day
due to improvement & development in the following field conditions:
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® DMA Design, Creation and Prioritization (Stated in the Mid-term Strategic Plan 2019-
2023, as ‘(3) DMA Design, Creation and Prioritization’)

® Zonal Prioritization (Ditto, as ‘(4) Zonal Prioritization’)

® |[solation by Installing Flow-meters and Valves (Ditto, as ‘(6) Isolation by Installing Flow-
meters and Valves’)

(2) Revenue yielded through NRW Reduction Operations

For the Mid-term Strategic Plan 2019-2023, total revenue were estimated based on the
following conditions:

1) Current NRW Ratio: 48.3%

2) Total System Input (water production): About 336,000m3/day by taking account of
process loss of 10% at the USUMA Treatment Plant

3) Unit Price of Water: NGN90/m3

The conditions should be reviewed for the future after the year 2023, if necessary.

Revenue yielded through the NRW reduction operation will be sorted out by using the following
table.
Estimated Revenue Yielded
ltems 2024 2025 20... 20... 20... Total
Baseline NRW Ratio (%) i.
Target NRW Ratio (%) ii.
Reduced NRW Ratio (%) ii.= i - ii.

iv.
?rsgggi;j Water Volume = 310,630
m?3/day x iii.
Revenue yielded V. =iV, X
(k. NGN/year) NGN90/m3x365

Note: *1 Distributed water in average from 2014 to 2017

Deducting cost incurred by NRW reduction operations from Revenue yielded will come to direct
benefit. Direct benefit and cost-effectiveness for five years will be sorted out in the following
table.

Cost-Effectiveness by Scenario for Five years
Scenario
a b c d e

Iltems

Cost (mil. NGN) i.
Revenue yielded (mil. NGN) ii.
Direct benefit (mil. NGN) ii=ii.-i.
Cost-Effectiveness iv. = ii./i.

5.2.4 Financial Consideration based on the Scenario

Since FCTWB has been under process of autonomous establishment and there were some
flow rate of distributed water estimated by FCTWB, Project Team was forced to assume some
data such as value of assets, etc. in the section of financial consideration of the Mid-term
Strategic Plan 2019-2023.

Project Team estimated Profit & Loss and Cash Flow based on the following fundamental
conditions:

Conditions for preparing Financial Statement (for 2019-2023)
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Note for another five years after

ltems Conditions Sources 2023
It should be reviewed and
Esti Proj
1. Baseline of NRW ratio 48.3% stimated by Project updated based on the status for
Team )
another five years after 2023.
Estimated bv Proiect It should be reviewed and
2. Incremental O&M expenditures Scenario-wise Team yrrol updated based on the scenario

for another five years after 2023.

expenditures

3 .Capital Investment

1) Construction works in 2019
for the switch over of the

Estimated by Project

It should be revised to the track
record, when the construction will

FCTA

Team

water supplied by WTP NGNGB73Mil Team commence.
phase-3 & 4
2) Procurement in connection S Estimated by Project It ~should be  reviewed an.d
. . Scenario-wise updated based on the scenario
with the scenarios Team i
for another five years after 2023.
4. Depreciation
Estimated by Project
1) Procurement of above 3-2) 10 years Team mostly -
equipment and
vehicle
Estimated by Project
2) Other assets including the Team (mostly
construction of switch-over 20 years facilities, -
and Phase-lll & IV installations, and
pipelines)
It should be reviewed and
5 Price escalation Not applied Judged by Project updateq basgd on the status with
Team consulting Finance Department
of FCTWB
6. Tarif: weighted avgrage 3 Estimated by Project | It should not be revised, unless
between the domestic and NGN90/m e .
. Team water tariff is revised.
commercial customers
Estimated by Project | It should be reviewed and
7. Collection ratio of water tariff Team average rate | updated based on the status with
. . ; 31.3% ) .
against bills raised of four years from | consulting Finance Department
2014 to 2017 of FCTWB
It should be reviewed and
8. Allocation and remittance to . Assumed by Project updateq basgd on the status with
Not applied consulting Finance Department

of FCTWB in terms of autonomy
(self-support accounting system)

5.3 NRW Reduction Operations

5.3.1

Basic NRW Reduction Operations

The specific methods of NRW reduction operations were introduced in the Operation Manual
of NRW Reduction and Appendix-4 of the Mid-term Strategic Plan 2019-2023. Basically,
FCTWB will take some of these NRW reduction operations continuously. In this manual, the
details of NRW reduction operations were excluded from this Planning Manual apart from the
following noticeable points which may be reviewed and updated in future.

® DMA Design, Creation and Perioritization (Stated in the Mid-term Strategic Plan 2019-
2023, as ‘(3) DMA Design, Creation and Prioritization’)
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® Zonal Prioritization (Ditto, as ‘(4) Zonal Prioritization’)

® |[solation by Installing Flow-meters and Valves (Ditto, as ‘(6) Isolation by Installing Flow-
meters and Valves’)

® Patrol of Surface Leaks (Ditto, as (10) Patrol of Surface Leaks’)

5.3.2 NRW Reduction Operations to be reviewed and updated
(1) DMA Design, Creation and Prioritization
First of all, purpose of designing and creating DMAs will be described in this section.

In principle, FCTWB will design and create DMAs permanently to take NRW reduction
operation efficiently and accurately. Therefore, once completing creation of the DMAs in FCC,
FCTWB will be able to skip process of design and creation of DMAs as NRW reduction
operations.

(2) Zonal Prioritization
First of all, purpose of prioritizing zone in FCT will be described in this section.

In the Mid-term Strategic Plan 2019-2023, Project Team setup the following criteria to prioritize
zones based on the lessons learnt from the pilot project. The criteria should be reviewed and

revised as status of water supply service and social condition change in future after the year
2023.

Summary of Zonal Prioritization

. - . 2) Weighting 3) Final Score
Criteria 1) Initial Points Coefficient = 1)x2)
1.  NRW Condition XXX points 35% XXX points
2. Availability of Pipeline Network Drawing XXX points 30% XXX points
3.  Number of Major Customers XXX points 15% XXX points
4. Customer Meter Type and Conditions of . .
Collection of Wate?’lr')l'ariff XXX points 10% XXX points
5. Security Condition XXX points 10% XXX points
Total XXX points
Criteria of NRW Condition
(Weighting Coefficient: 35%)
NRW Ratio Initial Points
More than 65% 3 points
64% to 55% 2 points
54% to 45% 1 point
Criteria of Availability of Pipeline Network Drawing
(Weighting Coefficient: 30%)
Ratio of Mapping Development Initial Points
More than 50% in mapping 3 points
50% or less in mapping 2 points
Only hard papers 1 point
Criteria of Number of Major Customers
(Weighting Coefficient: 15%)
Ratio of Measure Customers Initial Points
Area where major customers make up more than 10% of the total customers 3 points
Area where major customers make up 5 to 10% of the total customers 2 points
Area where major customers make up less than 5% of the total customers 1 point
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Criteria of Customer Meter Type and Conditions of Collection of Water Tariff
(Weighting Coefficient: 10%)

Ratio of One-type Customer Initial Points
Area where one-type customer meters make up 80% of the total customers 3 points
Area where one-type customer meters make up 50 to 79% of the total customers 2 points
Area where one-type customer meters make up less than 50% of the total customers. 1 point

Criteria of Security Condition
(Weighting Coefficient: 10%)

Ratio of Accessibility Initial Points
Area where customers apart from military base and barrack make up 90% 3 points
Area where customers apart from military base and barrack make up 80% 2 points
Area where customers apart from military base and barrack and make up less than 80% 1 point

(3) Isolation by Installing Flow-meters and Valves

First of all, purpose of installation of flow-meter and isolation valves for DMA will be described
in this section.

In the light of current infrastructure condition, field security, the existing pipelines, selection
methods of flow-meters and isolation valves and electric power source will be described in the
next Mid-term Strategic Plan as well as the current one 2019-2023. As mentioned above, once
completing creation of the DMAs in FCC, FCTWB will be able to skip process of isolation by
installing flow-meters and valves as NRW reduction operations.

(4) Patrol of Surface Leaks

First of all, purpose of patrol of surface leaks in zones instead of leak detection will be
described in this section.

Actually, detecting leaks by using leak detectors, Project Team did not conduct patrol of surface
leaks in the pilot project. However, Project Team added patrol of surface leak as one of the
operations in Scenario-c from aspect of lack of equipment currently. Furthermore detail patrol
of surface leak will be described in the next Mid-term Strategic Plan for future after the year
2023 based on finding and lesson learnt from the NRW reduction operations in the Mid-term
Strategic Plan 2019-2023

5.4 Budget Allocation for NRW Reduction Operations
5.41 Composition of the Cost

In the Mid-Term Strategic Plan 2019-2023, the cost which is composed of the following
expenses of NRW reduction operations for five years was estimated in terms of actual cost
incurred by the pilot project:

® Field Allowance for staff

® Equipment such as flow-meters, valves, water meters, leak detectors

® Materials such as fittings for leak repairs, 24hour-flow measurement, water meter error
test, consumption survey, etc.

Water meter laboratory

Fuel for vehicles

Vehicles

Maintenance and insurance for Vehicles

Training for human resource development

However, the expenses and Man-Day required for the future operations should be reviewed
and revised from the findings of NRW reduction operations from 2019 to 2023, if necessary.

5.4.2 Budget Allocation for NRW Reduction Operations
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First of all, purpose of budget allocation for NRW Reduction will be described in this section.
FCTWB should consider the following factors to allocate budget:

® Yearly budget released in the past three to years
® Feasibility in terms of current finance situation of FCTWB
® Equalization of budget allocation as much as possible

Budget allocation will be sorted out in the following table:

Budget Allocation of NRW Reduction Operations for Five Years

Scenario (Tnffla'N%’,\slt) 2024 2025 20... 20... 20...
Scenario-a 100% o % % % %
Scenario-b 100% % % . % % %
Scenario-c 100% — o o % % %
Scenario-d 100% K ~ o % % %
Scenario-e 100% K o % % %

5.5 Staffing Plan and Responsibility

Staffing plan is divided into two; respective staff of FCTWB headquarters and Area offices.
There are five units which consists of NRW Reduction Unit, GIS Unit, Distribution Unit, Billing
Unit and Commerce Unit in FCTWB headquarters, while there are distribution staff group and
commerce staff group in each area office. It seems that responsibility and role of each unit of
FCTWB headquarters and Area Offices’ group cannot definitely be changed in future, but
numbers of staff in each unit and group who appointed for the Mid-term Strategic Plan 2019-
2023 can be revised in terms of work efficiency, effects and impact through the actual activities
from 2019 to 2023.

The following table is a typical form (as an example of Billing Unit in FCTWB headquarters) of
number of staff:

Necessary Number of Staff by each Scenario for Billing Unit (Example)
2019 2020 2021 2022 2023

Scenario-a
Scenario-b
Scenario-c
Scenario-d
Scenario-e

5.6 Human Resource Development (HRD) Plan
5.6.1 Contents of HRD

OJT is one of the human resource development programs, but training sessions and lectures
which require actual expenses for field allowance for lecturers, fuel, stationery and refreshment,
etc. will be focused on in this section.

Based on the finding and lessons learnt from the pilot project, Project Team planned the
following curriculums:

® Training Curriculum 1: Basic and Common Knowledge about NRW
® Training Curriculum 2: Management of Pipelines
® Training Curriculum 3: Management of Data
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® Training Curriculum 4: Leakage and lllegal Connection Survey

® Training Curriculum 5: Streamlining of Billing System and Examination on Unifying
Water Meters

® Training Curriculum 6: Plumbing for Repair and or replacing Pipelines

® Training Curriculum 7: Basic Operation of Personal Computer, Graphing by using
Excel

In future, FCTWB should plan training programs as a human resource development plan,
considering the status of staff capacity to be improved through the above seven curriculums
required for NRW reduction operations. Needless to say, if an individual capacity is not
strengthened, the particular curriculums must be conducted repeatedly.

To formulate HRD plan, the following information will be planned:

1) Title of the training

2) Target staff

) Number of participants

) Period of the training and schedule
) Style of the training

) Effects to be expected

) Main theme of the training

(
(
(3
(4
(5
(6
(7

‘(1) to ‘(4)’ may be indicated in the following diagram.
Summary of Training Program

- Target Staff 2024 20 ....
Training Contents TN 174 | 2/4 | 34 [ 44
XXX Training | Analysis of IWA | XXX of FCTWB
program water  balance | headquarters

and Review of | / XXX persons |:| |:|

NRW reduction
activities

5.6.2 Training Cost

The training cost is composed of fuel & daily field allowance for lecturer, stationery,
refreshment and PCs.

Unit prices (as of May 2018) applied for the Mid-term Strategic Plan 2019-2023 are as follows:

Fuel: NGN145 per litter

Stationery: NGN50O0 per set

Daily allowance for lecturer: NGN5,000 per lecturer
Refreshment: NGN2,000 per person

PC: NGN250,000 per PC (including anti-virus software)

Other conditions such as daily driving millage, etc. are as below:

® Daily driving millage: 50km per vehicle
® Fuel consumption: Skm per litter
® Number of participants for a lecture: 15 persons (Max.)

The following table will be utilized for estimating training cost.

Annex18-17




Training Cost (Example for the Mid-term Strategic Plan 2019-2023)
2019 2020

Training Curriculum

Number of Subjects
Days of Lecture
Fuel for lecture (attending lecture
and going sites) (k. NGN)
Stationery
Field allowance for lecturers
(k. NGN)
Refreshment
(k. NGN)
Number of Subjects
Days of Lecture
Fuel for lecture (attending lecture
and going sites) (k. NGN)
Stationery
Field allowance for lecturers
(k. NGN)
Refreshment
(k. NGN)

Curriculum 1: Basic and
Common Knowledge
about NRW

(5 area offices)

w
N
N
N

23 15 90 1 1 7 8 5 30

Curriculum 2:
Management of Pipelines 3 3 39 68 45 270 1 3 13 23 15 90
(3 area offices)

Curriculum 3:
Management of Data 2 2 29 30 20 120 2 2 29 30 20 120
(5 area offices)

Curriculum 4: Leakage
and lllegal Connection
Survey

(5 area offices)

3 3 65 68 45 270

Curriculum 5:
Streamlining of billing
system and examination 3 3 65 68 45 270
on unifying water meters
(5 area offices)

Curriculum 6: Plumbing
for repair and or replacing
pipelines

(5 area offices)

3 3 65 68 45 270

Curriculum 7: Basic
operation of personal
computer , graphing by 3 2 26 45 30 180
using excel

(3 area offices)

90 120 80 | 480 271 308 205 | 1,230

Sub-total (k. NGN) 770 2,014

Number of Number of
PCs & anti- Unit price Total Price PCs & anti- Unit price Total Price

Materials for training virustobe | (k. NGN) (.NGN) | virus to be (k. NGN) (k. NGN)

purchased purchased
PC (Laptop PC) to be 7 250 1,750 6 250 1,500
purchased

Sub-total (k. NGN) 1,750 1,500

Ground-total (k. NGN) 2,520 3,514

6. Recommendation

In the light of NRW reduction operations, challenges to be improved promptly in future will be
described in this section. Challenges should be categorized into four; Distribution, Commerce,
Finance and Administration.
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