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14. Alternative Feasibility Study

14.1 General

. This section deals, as previously described in 1. General, with a
study for_é project comprising Phase I and Phase 11 in order to explore

the feasibility.

14.2 Proposed Water Supply Plan

The project area for the target year covers approximately 1,980 ha,
the population served increases to 42,840 and the total water demand is

9,800 cu m/d, which are described in the preceding sections of this part.

The schematic‘diagram and the location of major facilities for pro-
posed water supply systems are shown in Figs 3.14.1, 3.14.2 and 3.14.3.
The facilities to be constructed are récapituléted in Table 3.14.1.

Iﬁe construction schedule is as Fig 3.14.4 ana the pxoject cost and the
disbursement schedule are shown in Table 3,14,2 and Table 3,14.3 respec-

tively.
14.3 Financial Feasibility Analysis

14.3.3 Sourcé. of Funds and Rate of Interest on'Borrowinq

In this financial feasibility study, forecasts are constructed on
fhe_assumption'that 25 % of the total capital investment is financed by
government susidieés and the rest by the government loans, Forecasts of

loan disbursement and debt service are presented in Financial Table 3.

- These estimates are based on the assumption that the Water bistrict
will be able to obtain loan funds through government sources (LWUA}, which

represent a blending of funds obtained locally and intexnationally.
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The assumed interest rate is 9.0 percent por annum and atheérx
assumed texrms 1nclude a six-year perxod (constructlon period) of grace

on principal payment, and twenty—four year instalment repayment.

Approxlmateiy 60% of the project cost is composed of forexgn cur-
rency pOLthHS and ‘the rest composed of local éwrrency portzons. In
view of the maqnitude of foreign currency’ requzrements, the government
is recommended to seek loans from foreign sources such as the Qverseas
Economic Cooperatibn Fund, Japan.{OECF), thé World Bank or the Asian
Development Bank, though the effect of such borrowlng will not directly

affect the forecasts of the Water District's flnancxal performance
14.3.2  Financial Peasibility

Carefully constructed financial forécasts based on the above
mentioned assumptions indicate that the project covering Phases I and
IT will be positively viable in financial terms.
14.3.3  wWater Rate

In calculatinq revenue, water rates for domestic users were
projected less than 5% of the average household income of the Water
District Area. {See Financial Table 7)

One of the salient features of the projest is that the revenue

units costs at 1981 constant prices of production toward the target -

yeaxr period 1990-1993, will be significantly lower than at present.
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14.4 Econchic Feasibility Analysis

14.4.1 Increase of Served Population and Area

Tagbilaran

( I+ 11}

‘Served population in the target year is estimated at 49,840 which

is a gain of 101 % over the present served population. And the served

area will increase from 480 ha to 1,980 ha in the target year.

14.4.2 Intexrnal Economic Rate of Return

_The internal econcmic rate of return calculated proved positive

economic vaibility as to the recommended master plan as shown below.

1}
2}
3)
4)

Based
Based
Based

Based

on Cost Value
on Cost Value
on Cost Value

on Coskt Value

without Conversion:
with Conversion A
with Conversion B :

with Conversion C :
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PRLACION o ¢
- it

LEGEND

Ocep Well s Pump Sta.
Distribution Main
_____ Transmissicon

Ground Reservoir

_ Elevated Tank -
{Poolac Pump Station

Division of Served Area

Fig3,14,2 Proposed Water Supply System for Year 1993
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Table 3.14.1 Facilities to be Constructed

Group I Works

1) Pbistribution

Group II Works
1} Transmission
2) Ground Reservoir
3) Pump Station

4) Elevated Tank

5) Distribution

Group IXE Works
1) Deep Well

2) Deep Well Pump Sta.

3) Transmission

3-98

#2250 mn L = 1000 m
#2200 mm L= 750m
BA15G mm L = 9600 m
#1100 mm L = 5300 m
$200 mm L = 3100 m
Reinforced Céncrete Made
1350 m3

HWL 45 m

62.9 1/s (Capacity)

30 m (Total Dynamic Head)
Electric Motor Drive
Reinforced Concrate Made
100 m3

HWL 65 m

¢250 mm L = 2500
14.5 1/s (Capacity)

70 m (Total Dynamic Head)

#$250 m {Casing Diameter)
60 m (Depth)

14.5 1/s (Capacity)

29 Ky

Electric Motor Drive
$200 mm 1= 1900 m
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4)

6)

)

Group
n

2)

3)

Ground Reservoir
Pump Station

Eievated Tank

Distribution

1V Works
Deep Well

Deep Well Pump Sta.

Distribution

Reinforced Concrete Made
800 m3

HWL. 48 m

39.1 1/s (Capacity)

30 m (Total Dynamic Head)
Eleckric Motor Drive
Reinforced Concrete Made
HWI, 65 m, 100 w3

#200 mm L =1750 m

#250 mm'(Casing Diameter)
50 m (Depth)

11.6 1/s (Capacity)

29 KW

Electric Motor Drive

Meters, Valves and Other Appurtenances

1)
2)
3)

4)
5)
6)

N

Water Meter
Water Metexr & Connection

Bulk Meter

Chlorinator
Fire lydrant

Valve

Pressure Gauge

- 3-99

#1000 mm L = 11500 m
#13 mm 1800 pcs.
#13 mm 5960 pes.
#250 ma 3 pcs.
$200 wm 9 pes.
#150 mm 7 pos.
$100 mm 2 pos.
4 pcs.
127 pcs.
$250 mm 12 pes.
#200 mm 13 pes.
$150 mm 32 pcs.
#100 mm 56 pcs.
10 pcs.
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Fig 3.14.4 Construction Schedule

Year

‘82 ‘83 *84 '85 '86 87 ‘88 '89

Work item

{Appraisal & loan Procedure) ﬁﬁﬁ

Engineering Services

Procurement

- Transmission & _
distribution pipes,
punps, water meters, etcg,

Civil Work

- Group I Works

-~ Group II Works
- Group 111 Works
- Group IV Works

- Meters, valves and
other apparatus

Note: 0D = Detailed Design
SV = Supervision of Construction .
T = Tendering Procedure (Advertisement/Pendering/Evaluation/Award)
M = Manufacturing & Shipping
C = Construction/Installation
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Project Cost

Note: ~ Unit = One Thousand Pesos =
.~ Prices as of 1st July 1981
- Foreign Exchange Rate: US § 1.00 = Peso 7.80

'O00 Pesos

Cost
work' Items Foréign Local
Total ] .
Currency Currency
Cost ) : .
Component Component
A. Group I Works 4,457 2,987 1,470
B. Group II Works 5,425 2,817 2,608
C. . Group III Works 4,090 1,968 2,122
D.  Group IV Works 2,645 1,645 1,000
E. Meters, Valves and Other 6,370 4,742 1,628
Appurtenances
| sub Total 22,987 14,159 8,828
Detailed Design Cost ( 10.5% ) 2,414 1,448 266
Supervision Cost { 3.5 % } 805 483 322
F_Land Cost 7 - 71
Total 26,277 16,090 10,187
Physical Contingency ( 10°% ) 2,628 1,609 1,019
Total - 28,905 17,699 11,206
Price Contingency 22,286 13,887 8,399
Grand Total { Project Cost } 51,191 31,586 19,605
(Equivalent -(Bquivalent {Equivalent
to to to
USS6.56 M) US$4.05M) | USS2.51 M)
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FINANCIAL TABLE 1

TAGBILARAN _ WATER SUPPLY PROJECT
PORJECT COSTS BY YEAR OF CONSTRUCTION
{r1,000*'s) .
I _ + IX
. Project Compbnents Costs as of 7-1-81 By Conétructioanear‘ L
_ By Major Blements "'p v v |7 103 1984 | 1985 | 19e6 | 1987 | 198e
. Vehicies' 210 - 140 - 70 - -
2. Chlorinators 40 < 20 - 10 - 10
3. Wells & Pumps | 2,864 | . - 1,012 . 1,682 | 170 -
4. Meters & Gauges | 4,327 - 1,155 552 917 845 858
bistribution . o . ; . 4
5. gystem 8,635 - 4,223 594 - 1,748 | 2,070
Transmission e e N E '
6. " gustem . 1,950 - 1,209 - 741 - -
7. Ground Reservoir| 2,354 - 1,372 - 982 - -
8. Elevated Tank 814 - 407 ~ 407 - -
9. valves 503 - 233 37 43 62 128
10. Fire Hydrants 901 - 623 - l40 138 -
11. Engineering 2,414 | 2,414 - - - - -
12. Supervision 805 - 291 3 147 | 147 147
13. Land 71 - 37 - 29 - 10
14. Stored Materials 1389 ~ 229 - = 160 -
Physical = _ . _ .
15, ' -Contingency- 2,628 242 | 1,095 125 516 327 323
16.
17.
18.
TOTAL, 7-1-81 28,905 | 2,656 | 12,046 | 1,381 | 5,679 | 3,507 | 3,546
ESCALATION FACTORS 1.322500 )1.520875 |1,703380 [1.907785 [2,136719 k. 39312
ESCALATED COSTS 51,101 | 3,513 [ 18,320 | 2,352 | 10,834 | 7,686 | 8,486
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FINANCIAL TABLE 2
WATER SUPPLY PROJECT

(p1,000's)

OPERATION AND MAINTENANCE COSTS

Tagbiiaran

I+ 1Ix

Fixed, 7-1-81 Costs

Escalatéd Costs

Year Powar Chemicals 0tﬁ¢r$' Total Factor 1/ ~Amount
198)1 239 69 354 662 1.000000 - 662
1982 247 71 352 670 1.150000 771
1983 257 .74 344 675 1.322500 893
1984 267 77 _ 336 680 1.520875 1,034
1985 269 77 397 743 1.703380 1,266
1986 283 81 416 780 1.907785 - 1,488
1987 300 86 439 825 2.136719 1,763
1988 315 o1 508 914 2.393126 2,187
19389 332 9% 562 990 2.680301 .2,653
1990 351 101 606 1,058 2.948331 _3,115
1991 '370- 107 655 1,132 3.243164 3,671
1992 392 113 703 1,208 3.567480 4,310
1993 414 119 752 1,285 3.924228 5,043
1994 414 119 752 1,285 4.316651 5,547
1995 414 119 752 1,285 4,748316 6,102
1996 414 119 752 1,285 5.223148 :6,712
1997 414 119 752 1,285 5.745463 7,383
1998 414 119 152 1,285 6.320009 8,121

1/ Escalation currently

15 percent per year to 1984 (1981 = 1.00),
" 12 percent per year between 1985 and 1989 and 10 percent per year
in 1920 and afterwards.

3~106




Tagbiléran

FINANCIAL TABLE 3

_ TAGBILARAN ‘ WATER SUPPLY PROJECT
LOAN DISBURSEMENTS AND DEBT SERVICE
{(H1,000"s) I+ IX
, _ Disburseﬁent 1/ |Loans Ouéséanaing Inﬁerest:Payments Principal, Total

veax G#ang  Loan Beginning] Ending gi::tgz EZ;?: Pa{;fnts gi?ticé
1981

1982
1983 878 2,635 2,635 118 118
1984 4,580 | 13,740 2,635 | 16,375 618 237 855
1985 ses | 1,764 | 16,375 | 18,139 79 | 1,473 1,552
1936' 2,708 8,126 | 18,231 | 26,265 365 | 1,631 1,996
1987 1,922 | 5,764 | 26,254 | 32,029 259 | 2,362 2,621
1988 2,121 | 6,365 32,018 | 38,394 286 | 2,880 3,166
1980 ' 38,394 | 38,286 3,450 108 3,558
1990 38,286 | 37,606 3,427 680 4,107
1991 37,606 | 36,854 3,366 752 4,118
1992 36,854 35,764 3,292 1,090 4,382
1993 35,764 | 34,434 3,187 1,330 4,517
1994 34,434 32,840 3,062 | 1,594 4,656
. 1995 32,840 | 31,246 2,920 1,594 4,514
1996 31,246 | 29,652 2,778 1,594 4,372
- 1997 29,652 | 28,058 2,633 1,594 4,227
1998 - 28,058 | 26,464 2,489 1,594 4,083

1/ From Financial Table 1.

2/ Disbursements assumed to be equally spread dﬁring year. Charge
with 50 per cent of annual interest in first year,

g/ Principal payments according to LWUA year plan.
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FINANCIAL TABLE 4

Tagbilaxan

TAGBILARAN  WATER SUPPLY PROJECT T+ 11
CASH REQUIREMENTS PER REVENUE UNIT
{8l ,000"s}

e T o [ [t cone wse nevome [t rer
Year Sexrvice Costs if Reserves= UanS 3/ Unit 2/
1981 662 - 662 662 | 1,714 0.39
1982 771 771 771 1,832 0.42
1983 118 893 1,011 1,011 1;916 0.53
1984 855 1,034 1,889 1,889 2,130 0.89
1985 1,552 1,266 2,818 2,818 2,235 1.26
1986 1,996 1,488 3,484 3,484 2,386 1.46
1987 2,621 1,763 a,384 4,384 2,560 1.71
1988 3,166 2,187 5,353 5,353 2,776 1.93
1989 3,558 2,653 6,211 311 | -s,522 3,014 2.16
1930 4,107 3,119 7,226 361 7,587 3,275 2.32
1991 4,118 3,671 | 7,789 779 | 8,568 3,557 2.41
1992 4,382 4,310 _8;692_ 869 | 9,561 3,829 2.50
1993 4,517 5,043 9,560 956 | 10,516 4,064 2.59
1994 4,656 5,547 | 10,203 1,020 | 11,223 4,064 2,76
1995 4,514 6,102 10,616 1,062 | 11,678 4,064 2.87
1996 4,372 6,712 11,084 1,108 | 12,192 4,064 3.00
1997 4,227 7,383 | 11,610 1,161 | 12,771 4,064 3.14
1998 4,083 8,121 | 12,204 i;ézo 13,424 4,064 3,30

1/ Reserve
. for the

2/ Reserve

3/ Resexve

estimate equal to 10 per cent of total costs. {5 per cent

first two years})

units from Tables 9A, 9B and SC.

units divided into costs with reserves,
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FINANCIAL TABLE 7
TAGBILARAN _ WATER SUPPLY PROJECT

ILLUSTRATIVE RATE SCHEDULE

DOMESTIC AND GOVERNMENTAL SERVICE CONNECTIONS, 1/2%

lrirst 10 m3 Cﬁérqe for Each Added m®> 2/ | Charge 3/
Year - 1/ _ ) per ' -
_ = 11-20 21-45 over 45 Revenue Unit
1981 27.50 1.32 1.54. 187 1.10
I 1982 27.50 1.32 1.54 1.87 1.10
1983 36.25 1.74 2.03 | 2,47 1.45
1984 36.25 1.74 2,03 2,47 1.45
1985 36.25 1.74 2.03 2,47 1.45
| 1986 45.00 2.16 2.52 3.06 1.80
1987 45.00 2.16 2.52 3.06 1.80
1988 45.06 _ 2,16 2,52 3.06 -_1.80
1989 55,00 | 2.64 3,08 3.74 2,20 |
1990 55.00 2.64 | .3.,08 3.74 2.20
1991 55,00 2.64 | 3.08 3,74 2.0
1992 62.50 3.00 3.50 4.25 2,50
1993 62.50 3ﬂoo 3.50 4,25 2.50
Note: 1/ .To ogtain charge per m3 for the first 10 m3 classified by

connaction size, multiply R.U. charge shown in

3/ above by the following connection size factors.

Domestic :'1.0 for 3/8"; 2.5 for /2% 4.0 for 3/4"; 8 for 1"

Commerical: 5.0 for 1/2%; 8.0 for 3/4"; 16.0 for 1"; 40.0 for
o1 1/2v ‘ : '

2/ To obtain charge for each added w3, multiply R.U. charges
“shown in 3/ by the following block factors.

| Domestic : 1.2 for 11-20 m3; 1.4 for 21-45 m3; 1.7 for over

45 m3.

; Coﬁmércial{ 2.4 for 21-45 m3; 2.8 for 45-100 m3; 2.4 for over

100 m3
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FINANCIAL TABLE SA
TAGBILARAN

WATER SUPPLY PROJECT

CALCULATION OF REVENUE UNITS . I+ 1t
A) AVERAGE NUMBER OF CONCESSIONAIRES 7
_ _ Residénfial-and Goverhmént‘ Commexrcial and Ind@strial
Year |Tyian | 1y2%] 3747 § 1v | s-Total| 172" |374" | 1" |1 127 s-Tota1] ‘Ot
1981 643] 1,478 19 2 | 2,142 330 34 20 2 386 2,528
1982 [ 959 1,676] 22 ] 2 2,429 | 332 35 | 20 2 389 2,818
| 1983 “855] 1,962] 24 3 2,844 | 351 36 22 2 411 3,255
1984 903} 2,076 27 3. ] 3,000 337 | 36 20 2 395 3,404
1985 1,002| 2,305 30 3 3,340 | 340 36 20 2 398 3,738
1986 1,113| 2,560 33 4 3,710 | 342 36 20 3 401 4,111
1987 | 1,254| 2,884 38 4 4,180 | 346 36 20 3 405 4,585
19288 | 1,380 3,174 - 41 5 4,600 | 367 39 21 3 430 5,030
1989 | 1,521| 3,498 46 5 5,070 | 389 41 22 3 455 5,525
-1990 | 1,704| 3,919 s1 6 5,680 | 410 43 24 3 480 6,160
1991 1,908| 4,388 57 7 | 6,360 an 45 25 4 505 6,865
1992 2,133| 4,906] 64 7 7,110 | 453 48 25 4 530 7,640
1993 | 2,379 5,472] 71 8 7,930 | 474 50 27 4 555 8,485
B) SERVICE REVENUE UNITS PER CUBIC METER
Residential and Government Commercial and Industrial
Y3 700 [ 2.50[ 4.0 | 8.0 Js-total| 5.0 | 8.0 | 16.0 | 40.0 | sororar] Tetal
1981 643 3,695 76 16 § 4,430 1,650 272 | 320 80 | 2,322 6,572
1982 729} 4,190 88 16 5,023 ] 1,660] 280 320 80 | 2,340 7,363
1983 813} 4,673 96 24 5,606 | 1,675} 280 320 8o | 2,355 7,961
1984 a03| 5,190! 108 24 6,225 | 1,685 288 320 80 | 2,373 3,598
1985 | 3,002| 5,763 120 | 24 6,900 | 1,700] 288| - 320 g0 | 2,388 | 9,297
1986 1,113| 6,400 132 32 7,677| 1,710| 288 320 120 | 2,438 10,115
1987 | 4,254| 7,210] 152 32| s,648| 1,730 288| 320| 120 | 2,458 | 11,106
1988 | 1,380] 7,935} le4 40 | 9,519|1,835{ 312| 336| 120 2,603 { 12,122
1989}y 5210 8,745 184 40 | 10,490 | 1,945} 328 352| 120 | 2,745 13,235
1930 1,704 9,798 204 48 | 11,754 | 2.050{ 344 3g4| 120 | 2,808 14,652
1901 | 1,908{10,970 228 s6 | 13,162 2,155¢ 360 | a00| 160 | 3,075 | 16,237
1992 | 2,133}12,265 256 s6 | 14,710| 2,265] 384 400] 160 | 3,209 17,919
1993 2,379{13,680] 284 64 | 16,407| 2,370% 400 432 160 | 3,362 19,769
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ECONOMIC TABLE 1

3-119

TAGBILARAN WATER SUPPLY PROJECT
SUMMARY OF PROJECT COST
Costs as of July 1, 1981 in 1,000 Pesos I + II
Componénts Total zzziégzy gi:iéncy
: Cost Portion Portion
1. vehicles 210 105 105
2. Chlorinators 40 36 4
3. Wells & Pumps 2,864 1,532 1,332
4. Meters & Gauges 4,327 3,337 990
5. Distribution System 8,635 5,786 2,849
6. Transmission System 1,950 1,306 644
7. Ground Reservoir 2,354 589 1,765
8. Elevated Tank 814 204 610
9. valves 503 367 136
10, Pire Hydrants 901 594 307
11. Engineering 2,414 1,448 966
12. supervision 805 433 322
13. Land 71 - 71
14. Stored.Materials 389 304 85
15.
16.
17.
Source:; From Cost Bstimates.
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ECONOMIC TARLE 4-0

TAGBILARAN

WATER SUPPLY PROJECT

ECONOMIC COSTS DISTRIBUTED TO YEARS

B x 1,000

Tagbilaran

I+ 1K
value without CONVERSION
Components " Total 1983 1984 1985 1986 1987 1988
1. Vehicles 210 - 140 - 70 - -
2. Cchlorinators 40 - 20 - 10 - 10
3. Wells & Pumps 2,864 - 1,012 1,682 170 -
4. Meters & Gauges 4,327 - 1,155 552 917 845 858
5 _Distribution System 8,635 ~ 4,223 594 - 1,748 | 2,070
5,Trénsmission Systemn 1,950 - 1,209 - 741 — -
- 77Ground Reservoir 2,354 - 1,372 - ag82 - -
8. Elevated Tank 814 - 407 - 207 - ~
9.valves 503 - 233 37 43 62 . 128
10.rire Hydrants 901 - 623 - 140 138 -
11.Engineering 2,414 2,414 - ~ - . -
12.Supervision 805 - 291 73 147 14? 147
13.1and n 37 - 24 - 10
14. Stored Materials 389 - 229 . _ 160 _
15.
16.
17.
18.
Total 26,271 | 2,414 10,951 | 1,256 5,163. 3,270 | 3,223
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Tagbilaran

ECONOMIC TABLE 4-A

TAGBI LARAN . WATER SUPPLY PROJECT

ECONOMIC COSTS DISTRIBUTED €0 YBARS

P % 1,000
: : I+ II
Value with CoﬂvBRSION_A
~ Components ‘Total 1983 1984 1985 1986 1987 1988
1. vehicles | 231 - 155 - 76 - -
2. chlorinators 49 - 25 - 12 - 12
3. Wells & Pumps 2,873 - 1,006 - 1,695 172 -
4. Meters & Gauges 5,023 | ¢ - 1,341 641 | 1,064 | o83 996
5. bistribution System 9,683 - 4,744 678 - 1,937 | 2,324
6. Tfanémission System 2,172 .- 1,347 - 825 - -
7. Ground_Reservoir 1,897 - 1,100 - 797 — —
8. Elevated Tank 656 - 328 - 328 = -
9. valves 564 | - — 259 39 51 68 147
10. fire Hydrants 979 - 675 - 157 147 -
11. Enginesring 2,728 2,728 - - - - -
12. Supervision 910. - 328 90 164 164 164
13. pand 68 - 35 - 23 - 10
1. srorea Materials 461 = 271 - -~ 190 ~
15.
16.
17. |
18. |
Total 28,294 2,728 -;1,614 1:448 5,192 | 3,659 | 3,653
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ECONOMIC TABLE 4-B
TAGBILARAN  pagpR SUPPLY PROJECT

ECONOMIC COSTS DISTRIBUTED TO YEARS

“‘Tagbilaran

24,269 2,366 9,981 1,223

B x 1,000 I+ II
Value with CONVERSION B

Components Total 1983 1984 |. 1985 1986 1987 }ogs
1. vehicles 205 e 137 - 68 - -
2. chlorinators 40 - 20 - 10 - 10
'3. wells & Pumps 2,490 - 472 - 1,469 149 -
4. Meters & Gauges 4,188 - 1,118 534 888 818 930‘
5. Distribution System 8,236 4,036 577 ~ 1,647 | 1,976
6.. Transmission System 1,845 - 1,144 - -701 -
1. Grouﬁd Reservoir 1,750 - 1,015 - 735 - —
a. ‘Elevated Tank 6505 - 303 — 302 - -
9. valves 472 - 217 33 42 57 123
10, Fire Hydrants 830 - 573 - 133 124 -
1. Enginecering 2,366 2,366 - - - - -
12. Supervision 789 -- 284 72 142 142 142
13. yands 68 - 35 - 23 10
14. stored Materials 385 227 158
15.
16.
17.
is.

Total 4,513 | 3,095 3,091
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_ECONOMIC TABLE 4-C

TAGBILARAN

MATER SUPPLY PROJECT

ECONOMIC COSTS DISTRIBUTED TO YEARS

R x 1,000
' I+ II
Value with CONVERSION C
Components Total 1983 1984 31985 1986 1987 1988
1. Vehicles 236 - 158 - 78 - -
2. Chlorinators ao| - 25 - 12 - 12
3. Wells & Pumps 3,237 - 1,133 - ﬁ1,910 194 -
4. Meters & Gauges 5,16l - 1,378 658 { 1,094 | 1,008 | 1.0237
_5. Distribution System 10,082 - 4,940 706 - 2,016 | 2,420
6. Transmission System 2;277 - 1,412 :T 865 - -
7. Ground Reservoir 1,245 - 1,128 - 817 - -
g. Elevated Tank 865 | - 433 - 432 - -
2. valves 595 - 274 42 5: 71 154
10. rire Hydrants 1,050 - i 7é5 - 168 157 -
11. Engineering 2,776 | 2,776 - - . - -
312, Supervision 926 - 333 22 167 167 167
13, Lands 71 - 37 - 24 - .10
14. Stored Materials 465 — 274 - — 191 -
15. |
~16.
17.
18.
Total 29,735 2,776'_ 12,250 1,498 | 5,621 3;304 3,786
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ECONOMIC TABLE 5

_ TAGBILARAN yargRr SUPPLY PROJECT
OPERATION AND MAINTENANCE EXPENSES

 Tagbilaran

3-128

Costs as of July 1, 1981 in 1,000 Pesos I+11
Year Powey Chemicals 6thers Tota1 Net Costs
1981 239 69 354 662
1982 247 71 352 670
1983 257 74 344 675 5
1984 267 77 336 680 10
1985 269 77 397 743 73
1986 283 8l 416 780 110
1987 100 . 86 439 825 155
1988 315 91 508 ‘914 244
1989 332 9 562 950 320
1990 351 101 606 1,058 388
1991 370 107 655 1,132 462
1992 392 113 703 1,2oé 538
1993 414 115 752 1,285 615
Base Year = 1983
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I+ 11
ECONOMIC TABLE 6-0
TAGBILARAN  WATER SUPPLY PROJECT
LIFE EXPECTANCY AND REPLACEMENT SCHEOULES
B X 1,000
Value without CONVERSION
: Life Expectancy of Compénents
Compenents . .
1 Years 15 Years 50 Years Infinite Total
1. Vehicles 210 210
2. Chlérinators 40 _ 40
3. wells & Pumps 2,864 2,864
4. Meters & Gauges 4,327 _ 4,327
5. Distribution System 8,635 8,635
6. Transmission System 1,950 1,950
7. Ground Reservoir 2,354 2,354
8. Elevated Tank 814 814
9. valves 503 503
10. Firé Hydrants a6l 901
11. Land 73 71
12. Stored Materials 389 389
7 Year Items Years of Installation Years of Replademehﬁ
1. Vehicles 1984|1986 1991 | 1993}1998 | 2000 | 2005 |537
2. Chlorinators 1984|1986 | 1988 1991 | 1993|1995 | 1998} 2000 38§
201
3. Stored Materials 1984] 1287 1991 | 1994|1998 | 2001 | 2005
2008 | 2012
15 Year Items Years of Installation Years of Replacement
1. Wells & Pumps 1984 |1986 | 1987 1999 [2001 [2002
2. Meters & Gauges 1984 | 1985 | 1986|1987 11988 | 1999 2000 |2001 } 2002 | 2003
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I + II
ECONOMIC TABLE 6-3
TAGBILARAN . yATER SUPPLY PROJECT
LIFE EXPECTANCY AND REPLACEMENT SCHEDULES
B x 1,000
value with CONVERSION A
: Life Expectancy of Compeonents
Components i )
: ' 7 Years 15 Years 5G¢ Years Infinite Total
1, vehicles 231 231
2. chlorinators _ 49 49
3. wells & Pumps 2,873 : 2,873
4. Meters & Gauges 5,023 ' 5,023
S'Distribution-System ' 9,683 9,683
6. Transmission System 2,172 2,172
7. Ground Reservoir " 1,897 _ 1,897
8. Elevated Tank 656 . 656
9- valves 564 564
10. Fire Hydrants 279 979
11. Langd : _ 68 68
12'Stored Materials 461 461
7 Year Items : Years of Installation Years of Replacement
1. Vehicles 1984} 1986 19931 1993 | 3998 200012005
2. Chlorinators 1984 | 198611988 1991 (1993 | 1995 1998 2000
3. Stored Materials 1984 | 1987 1991 |1994 {1998 | 2001|2005
2008 | 2012
15 Year Items Years of Installation Years of Replacement
1. Wells & Pumps 1284 1986 _198? 1999 {2001 | 2002
2. Meters & Gauges 1984 11985  |1986 | 1987 01988 |1999 [2000 {2001 | 2002
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ECONOMIC TABLE 6-B

I + IX
__‘TAGBILARAN __ " WATER SUPPLY PROJECT
LIFE EXPECTANCY AND REPLACEMENT SCHEDULES
R X 1,000 :
value with CONVERSION B
Life¢ Expectancy of Components
Components : - -
. 7 Yeaxs 15 Yeéars 50 Years Infinite Total
1. vehicles 205 205
2. ¢hlorinators 40 40
3. Wells & Pumps 2,490 2,490
4. Maters & Gauges 4,188 4,188
5. Di_stribution System 8,236 8,236
6. Transmission System 1,845 1,845
7. Ground Reservoir 1,750 1,750
8. Plevated Tank 605 605
9. Valves 472 472
10. rire Hydrants 830 1830
11l. rands 68 68
12. stored Materials 385 385

7 Year Items Years of Installation Years of Replacément
1. vehicles }984 1236 1991 ) 1993]1998 | 2000 | 2005
2, ¢hlorinators 1984 1986 | 1988 1991 | 1993[1995 [1998 | 2000
- 2002 [ 2005 {2007 |2009 | 2012
3. Stored Materials 1984 {1987 1991 | 1994|1998 | 2001 | 2005

15 Year Items Years of Installation Years of Replacement
1. wells & Pumps 1984 | 1986 | 1987 1999 | 2001 2002
2. Meters & Gauges 1984 | 1885 | 198611987 1988 | 1992 { 2000} 2001] 2002 2003
.
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ECONOMIC TABLE 6-C

o 1+ 1L
_ TAGBILARAN  WATER SUPPLY PROJECT
LIFE EXPECTANCY AND REPLACEMENT SCHECULESV
B x 1,000
Value with CONVERSICN C
Life Expectaricy of Components
Components - '
7 Years 15 Years 53 Years Infinite Total
1. Vehicles 236 | 236
2. chlorinators 49 49
3.Wells & Pumps 3,237 _ 3,237
4.Mcters & Gauges ' 5,161 5,161
5.pistribution System . 1 10,082 10,082
6.Transmission System : 2,217 : 2,277
7.Ground Reservoir 1,945 : 1,945
8.Elevated Tank 865 865
9.valves 595 595
10.Fire Hydrants 1,050 1,050
11.Lands . | 7 71
12.stored Materials 465 ) I 465
7 Yeaxr Items Years of Installation Years of Replacement
1. Vehicles 1984 | 1986 ' 1991 1993 {1998 | 2000 [ 20053397
2. Chlorinators 1984 | 1986 | 1988 1991 |1993 ]1995 | 1998 | 2000
_ 2002 |2005 |2007 | 2009 | 2012
3, Stored Materials 1984 | 1987 1991 1994 1998 | 2001 ] 2005 %g?g
15 Year Items Years of Installation Years of Replacement
1. Wells & Pumps 19384 | 1986|1987 1999 |2001 |2002
2. Meters & Gauges 1984 | 1985 (1986 |1987 11988 | 1999 12000 {2001 ] 2002 |2003
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ECONOMIC TABLE 7-0

I+ XX : . . :
TAGBILARAN = WATER SUPPLY PROJECT
CALCULATION OF SALVAGE VALUES
B ¥ 1,000
Value without CONVERSION
Components Base Year Percentage of g;itayza;ase
PO ‘ Value Base Year Value 9
: . Year Values
Infinite Life,
"Y¥ear Purchased
1984 37
1986 24 1 5% 53
1288 10
50 Year Life,
Year Constructed
1 1984 8,067 42% 3,388
2 1985 631 44% 278
3 1986 2,313 46% 1,064
4 1987 1,948 483 935
5 1988 2,198 50% 1,099
15 Year Life, .-
Year of Replacement
i 19299 2,167 7% 152
2 2000 552 13% 12
3 2001 2,599 20% 520
4 2002 1,015 27% 274
5 2003 858 333 283
7 Year Life, Years of
Final Replacement
-1 2007 a0 14% 11
2 2008 160 29% 46
3 2009 10 43% 4
4 2012 389 | 86% 335
Total 8,514
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ECONOMIC TABLE 7-A

Tagbilaran

TAGBILARAN  WATER SUPPLY PROJECT I+
CALCULATION OF SALVAGE VALUES
B x 1,000
Value with CONVERSION ‘A
Base Year Percentage of 3ist ?ear .
Components . Salvage Base
Value Base Year Value
: Year Values
Infinite Life,
Year Purchased
1984 35
1986 23 nh8 75% SL
1988 10
50 Year Life,
Yeay Constyucted
1 1984 8,453 42% 3,550
2 1985 L7 44% 315
3 1986 2,158 - 46% ag3
4 1987 2,152 482 1,033
5 1988 2,471 50% 1,236
15 Year Life,
Year of Replacement
1 1999 2,347 7% 164
2 2000 641l 13% 83
3 2001 2,759 20% 552
4 2002 1,153 27% 311
5 2003 9co% 33% 329
7 Year Life, Years of
Final Replacement
1 1907 88 14% 12
2 1908 190 29% 55
3 19209 12 432 5
4 1912 451 86% 388
Total 9,077
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ECONOMIC TABLE 7-B

I+ I1
TAGBILARAN - WATER SUPPLY PROJECT -
CALCULATION QF SALVAGE VALUES
R x 1,000
Value with CONVERSION B
c N Base Year Percentage of g;i:aYZa;ase
omponents value Base Year Value 3
: Year Values
.Infinite Life,
Year Purchased
1984 35
1986 23 638 75% 51
1988 10
50 Yeay Life,
Year Constructed
1 1984 7,288 42% 3,061
2 1985 610 443 268
3 1986 1,913 46% 880
4 1287 1,828 48% 877
5 1988 2,099 50% 1,050
15 Year Life, )
Year of Replacement
1 3999 i,990 7% 139
2 2000 534 132 69
3 2001 2,357 20% 471
4 2002 967 273 261
5 2003 830 33% 274
7 Year Life, Years of
Final Replacement
1 1907 78 14% 11
2 11908 158 29% 46
3 1909 10 43% 4
4 1912 384 86% 330
7,792

Total
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ECONOMIC ' TABLE 7-C .

Tagbilatan

TAGBILARAN WATER SUPPLY PROJECT T+ 11
CALCULATION OF SALVAGE VALUES
B x 1,000
Value with CONVERSION C
Cor ts Base Year Percentage of g;i:ayza;ase
OmMPONEnts Value Base Year Value g8
e Year Values
Infinite Life,
Year Purchased
1984 37
1986 24 71 75% 53
1988 ‘10
S0 Year Life,
Year Constructed
1 1984 8,912 42% 3,743
2 1985 748 44% 329
3 1986 2,336 46% 1,075
4 1987 2,244 48% 1,077
5 1988 2,574 50% 1,287
15 Year Life,
Year of Replacement
1 1999 2,511 7% 176
2 2000 658 13% 86
3 2001} 3,004 20% 601
4 2002 1,202 27% 325
5 2003 1,023 33% 338
7 Year Life, Years of
Final Replacement
1 1907 20 14% 13
2 1308 1921 29% 55
3 1905 12 4T% 5
4 1912 457 863 393
Total 9,556
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ECONOMIC TABLE 8-0

Ty TAGBILARAN WATER SUPPLY PROJECT
SUMMARY OF ALL PROJECT COSTS
Costs as of July 1, 1981 in 1,000 Pesos
Value without CONVERSION
‘{éar ' gziilgfzi(as Ne't.o E M :Rn:‘z:.agi;ts Total Salvage Net Cost
1982 . '
1983 2,414 | 5 2,419
1984 10,951 ‘10 10,961
1985 1,328 73§ 1,401
1986 5,091 110 5,201
1987 3,270 155 3,425
1988 3,223 244 3,467
1989 320 L 320
1990 388 388
1991 462 389 851
1992 ' : 538 538
1923 615 80 . 695
1994 615 160 .75
1995 615 10 . 625
1996 615 ' 615
1997 . 615 615
1998 615 | 389 1,004 ]
1999 615 2,167 2,782
2000 615 632 1,247
2001 615 . 2,759 3,374
2002 615 | 1,025 1,640
2003 615 858 1,473
2004 ' 615 615
“2005 615 | 389 1,004
2006 615 L 615
. 2007 615 ' 80 695
2008 615 160 175
2009 615 10 625
2010 ' " 615 615
2011. 615 615
2012 615 389 1,004
Total 26,277 14,605 9,497 50,379 (8,514) 41,865
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ECONOMIC TABLE 8-A

TAGBILARAN _ WATER SUPPLY PROJECT L+ I
SUMMARY OF ALL PROJECT COSTS
Costs as of July 1, 19281 in 1,000 Pescos
Value with CONVERSION A

Year ggi;lgiies Net O & M zzﬁiagz;ts Total Salvage Net Cost
1982

1983 2,728 5 2,733
1984 11,629 10 11,639
1985 - 1,510 73 1,583
1986 5,082 110 - 5,192
1987 3,683 155 - 3,838
1988 3,662 244 | 3,906
1989 320 320
1990 B 188 _ 288
1991 462 451 913
1392 538 538
1993 615 83 703
1994 615 190 805
1995 - 615 12 627
1996 615 615
1997 615 615
1998 615 451 1,066
1999 615 2,347 - 2,962
2000 615 729 1,344
2001 615 2,949 3,564
2002 615 1,165 1,780
2003 RS 996 1,611
2004 615 ' 615
*2005 ‘ © 615 451 1,066
2006 615 615
2007 _ 615 88 703
2008 | 615 : 190 805
2009 615 12 627
2010 | 615 . 615
2011 615 _ T els
2012 615 451 1,066
Total 28,294 14,605 10,570 53,469 (9,077) 44,392
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1+ 11

ECONOMIC TABLE 8-B

TAGBILARAN WATER SUPPLY PROJECT
SUMMARY OF ALL PROJECT COSTS
Costs as of July 1, 1981 in 1,000 Pesos
Value with CONVERSION E
Year gzzzlgiies Net O & M i:giagigts Total éélvage Net Cost
1982 _
1983 2,366 5 2,371
1984 9,994 10 10,004
1985 1,275 73 1,348
1986 4,421 110 4,531
1987 3,115 155 3,270
19g8 3,098 244 3,342
1989 320 320
1990 388 388
11991 462 384 846
1992 538 . 538
1993 615 78 693
1994 615 158 773
1995 615 10 625
1996 615 615
1997 615 615
1998 615 384 999
1999 615 1,990 2,605
2000 615 612 1,227
2001 615 2,515 3,130
2002 615 977 1,592
2003 615 830 1,445
2004 615 615
* 2005 615 384 999
- 2006 615 615
2007 615 78 693
2008 615 158 773
2009 615 10 625 o
2010 615 615
2011 615 615
2012 615 384 7%999
Total 24,269 14,605 8,952 47,826 {7,722) 40,034
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ECONOMIC TABLE 8-C

Taqbiiaran_

TAGBILARAN WATER SUPPLY PROJECT T
SUMMARY OF ALL PROJECT COSTS
Costs as of July 1, 1981 in 1,000 Pesos
value with CONVERSION C

Yeax gzizlziies Net O & M ;zﬁiagggts Totai Salvage Ret Cost
1982 :
‘1983 2,776 5 2,781
1984 12,265 10 12,275
1985 1,563 73 1,636
1986 5,508 110 5,618
1987 3,828 155 3,983
1988 3,795 244 4,039
1989 320 - 320
1990 388 388
1991 462 457 919
1992 538 538
1993 615 90 705
1994 - 615 191 " 806
1995 615 12 627
1996 615 615
1997 615 615
1998 615 457 1,072
1999 615 2,511 3,126
2000 615 748 1,363
2001 615 3,195 3,810
2002 615 1,214 1,829
2003 615" 1,023 1,638
2004 615 615
" 2005 615 457 1,072
2006 615 615
2007 615 90 705
2008 615 191 806
2009 615 i2 627
2010 615 615
2011 615 615
2012 615 457 1,072
Total 29,735 14,605 11,105 55,445 (9,556) 45,889
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I+ 11

ECONOMIC TABLE 9

TAGBILARAN ~ WATER SUPPLY PROJECT
BENEFITS AT 1981 PRICES
{g x 1,000)
Year . volume Qualitative Eigicizzi TFotal gﬁtégggé
Adjustment
1982
1983
1984 407 398 206 1,011 1,112
1985 618 795 227 1,640 1,804
1986 921 1,193 250 2,364 2,600
1987 - 1,288 1,193 280 2,761 3,037
1988 1,732 1,193 308 3,233 3,556
1989 2,224 1,193 339 3,756 4,132
1990 2,753 1,193 379 4,325 4,758
1991 3,135 1,193 | 424 4,732 5,205
1992 3,855 1,193 472 5,520 6,072
1993 4,296 1,193 526 6,015 6,617
1994 4,296 1,193 526 6,015 6,617
1995 4,296 '1,193 526 6,015 6,617
1996 4,296 1,193 526 6,015 6,617
1997 4,296 1,193 526 6,015 6,617
1998 4,296 1,193 526 6,015 6,617
1999 4,296 1,193 526 6,015 6,617
2000 4,296 1,193 526 6,015 6,617
2001 4,296 1,193 526 6,015 6,617
2002 4,296 1,193 526 6,015 6,617
2003 4,296 1,193 526 6,015 6,617
2004 4,296 1,193 526 6,015 | 6,617
2005 4,296 1,193 526 6,015 6,617
2006 4,296 1,193 526 6,015 6,617
2007 4,296 1,193 526 6,015 6,617
| 2008 4,296 1,193 526 6,015 6,617
2009 4,296 1,193 526 6,015 6,617
2010 4,296 | 1,193 526 6,015 6,617
2011 4,296 1,193 526 5,015 6,617
2012 4,296 1,193 526 6,015 6,617
Total 102,833 33,404 13,405 149,642 164,616
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" ECONOMIC TABLE 10-0

Tagbilaran

. _TAGBILARAN __ WATER SUPPLY PROJECT I+ II
INTERNAL RATE OF RETURN COMPUTATION
Cost Value without CONVERSION
Year cone Benefit Net menetit | | FENC
1982 '
1983 2,419 - -2,419 -2,419
1984 10,961 1,112 -9,849 -8,361
1985 1,401 1,804 403 390
1986 5,201 2,600 -2,601 -1,591.
1987 3,425 3,037 -388 =201
1988 3,467 3,556 89 39
1989 320 4,132 .3,812 1,427
1990 388 4,758 4,370 1,388
1991 851 5,205 4,354 1,174
1992 538 6,072 5,534 1,267
1593 695 6,617 5,922 1,151
1994 775 6,617 5,842 964
1995 625 6,617 5,992 839
1996 615 6,617 6,002 714
1997 615 6,617 - 6,002 606
1998 1,004 6,617 . 5,613 481
1999 2,782 6,617 3,835 279
2000 1,247 6,617 5,370 332
2G0L . 3,374 6,617 3,243 170
2002 1,640 6,617 4,977 221
2003 1,473 6,617 5,144 194
2004 615 6,617 6,002 192
2005 1,004 6,617 5,613 153
2006 615 - 6,617 6,002 139
2007 695 6,617 . 5,922 116
2008 775 6,617 5,842 97 -
2009 625 6,617 5,992 85
| 2010 615 6,617 6,002 72
2011 615 6,617 6,002 R}
2012 1,004 6,617 14,127% 122* |-
Salvage(-) 8,514
Total 41,865 164,616 122,751, 1

Rate of Return =

0.18
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ECONOMIC TABIE 10-A

TAGBILARAN WATER SUPPLY PROJECT

TE INTERNAL RATE OF RETURN COMPUTATION
- Cost Value with _ CONVERSION A

feér .zz:il IEEEZ;it Net Benefit égﬁgfff
1982 |
1983 2,733 - -2,733 . -2,733
1984 11,639 1,112 -10,527 9,034
1985 1,583 1,804 o221 . 163
1986 5,192 2,600 -2,592 -1,638
1987 3,838 3,037 -801 -434
1938 3,906 3,556 -350 -163
1985 320 4,132 3,812 1,523
1990 388 4,758 4,370 1,498
1991 913 5,205 4,292 1,263
1992 538 6,072 5,534 1,397
1993 703 6,617 5,914 1,281
1994 805 6,617 5,812 1,080
1995 627 6,617 | 5,990 956
1996 " 615 6,617 6,002 822
1997 615 6,617 6,002 705
19598 1,066 6,617 5,551 560
1999 2,962 6,617 3,655 316
2000 1,344 6,617 5,273 302
2001 . 3,564 6,617 3,053 195
2002 1,780 6,617 4,837 265
2003 1,611 6,617 5,006 235
2004 615 6,617 | 6,002 242
2005 1,066 6,617 5,551 192
2006 615 6,617 6,002 178
2007 703 6,617 5,914 | 151
2008 805 6,617 5,812 127
2009 627 6,617 5,990 112
2010 - 615 6,617 6,002 97
2011 615 6,617 6,002 . 83
2012 1,066 | 6,617 14,628* 173

Salvage(-) 9,077 .
Total 44,392 164,616 120,224 4
¥ Yalues include salvage. Rate of Return = 0.17
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ECONOMIC TABLE 10-B

 Tagbilaran

I+ IX
TAGBILARAN _ WATER suépnt'PauJECT
INTERNAL RATE OF RETURN COMPUTATION
Cost Value, with CONV‘ERSIOM
-
Year ggz:l ‘lla‘::i:;it Net rBenéfil: ég:esff‘f
[ 1982 N
1983 2,371 - -2,371 ~2,371 T
1984 10,004 1,112 8,892 7,457
1985 1,348 1,804 456 o321
1986 4,531 2,600 -1,931 -1,139
1987 3,270 3,037 =233 -115
1988 3,342 3,556 214 89
1989 320 4,132 3,812 1,326
1990 388 4,758 4,370 1,275
‘1991, 846 5,205 4,359 1,067
1992 538 6,072 5,534 1,136
| 2903 693 6,617 5,924 1,020
1994 773 6,617 5,844 844
1995 625 6,617 5,992 726
1996 615 6,617 6,002 610 |
1997 615 6,617 6,002 511
1998 999 6,617 5,618 a0
1999 2,605 6,617 4,012 240
2000 1,227 6,617 5,390 27}
200} . 3,130 6,617 3,487 147
2002 1,592 6,617 5,025 178
2003 1,445 6,617 5,172 153
12004 615 6,617 . 6,002 149
2005 - 999 6,617 5,618 117
2006 615 . 6,617 6,002 105 |
2007 693 6,617 5,924 87
2008 773 6,617 5,844 72
2000 | 625 6,617 5,992 62
2010 615 6,617 6,002 52
2011 615 6,617 | 6,002 ~ 44
2012 999 6,617 _ 13,410* 82*
Salvage (-} 7,792 _
Total | 40,014 164,616 124,582 3
- —
* Values include salvage. rate of Re£urn = 0.19
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_ Tagbi laran

ECONOMIC TABLE 10-C

B TAGBILARAN ~  WATER SUPPLY PROJECT
INTERNAL RATE OF RETURN COMPUTATION
Cost Value with  CONVERSION C
Year zz:il ;Z::;it Neét Benefit present
[ i082 | _ .
1983 | 2,781 - 3,781 ~3,7861
1984 12,275 1,112 111,163 ~9,646
1985 1,636 1,804 168 . 125
1984 5,618 2,600 3,018 -1,94?
1987 3,5&3 3,037 ~946 -528
1988 4,039 3,556 ~483 ~233
1989 320 4,132 3.812 1.587
1990 388 4,758 4,370 1,572
1991 919 5,205 4,286 1,333
1992 538 6,072 5,534 1,487
19393 705 6,617 5,912 1,373
1994 806 6,617 5,811 1,166
1995 627 6,617 5,990 ‘1,039
199 . 615 6,617 6,002 899
1997 615 6,617 6,002 777
1998 1,072 . 6,617 5,545 620
1999 3,126 6,617 3,491 338
2000 1,363 6,617 5,254 439
2001 . 3,810 6,617 2,807 203
2002 i 1,829 6,617 4,738 299
2003 | 1,638 6,617 4,979 268
2004 615 6,617 6,002 280 -
2005 1,072 6,617 5,545 223
| 2006 615 6,617 6,002 209
20067 " 705 6,617 5,912 178
| 2008 806 6,617 5,811 151
2009 627 6,617 5,990 134
2010 615 6,617 6,002 116
| 201 615 6,617 6,002 101
2012 1,072 6,617 15,101* _339*
salvage (-} 9,556 '
Total 45,889 164,616 118,727 1

* Values include salvage.

Rate of Return =
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Appendix 1. Water Quality Analysis

Resulis of water quality analyses of the existing and potential
water sources and the Water Quality Standard for Drinking Water of the
Philippines are shown in Tables'l, 2 and 3, Remarkable characteristics

of the analytical results are summarized below.
1) Existing Deep Wells

a. All the deep well water does not contain turbidity.

b. Hardness is higher than the permissible level of the Standard.

¢. No.6 well has a remarkably high concentration of chloride.
ﬁos.l, 2 and 3 wells have higher concentrations of chloride
than the permissible level of the Standard.

d. Bacteria and coliform groups are not contained in the water.
2} Other Potential Sources
~a. The surface water of the Loboc and the Abatan Rivers has high
value of turbidity and numberless bacteria and coliform groups.

b. Water of the Bilibili spring is potable,

The private well water contains high hardness and low turbidity.
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Table 1 Water Quality of Existing Wells

M}S Vell { 2
Ttess ! Ne. 1" { ¥o. ? |No.} Wo, 4 I¥o. § No. & |[No. ? Ko. 8 No, 9
Sacpling Oste ; 8 July | 8 July ¥ Joly [ 8 Suiy 8 Juiy 7 July | 20 oct T July 11 Juty
Veather Cloudy 1| Fine Fins Fine ! Fine | Fine Fine Fine Cloudy
| [ . -t —~
Avmoshperie ) | P
Tesperature (°¢) 2.0 31.0 29.0 31.0 31.0 10,0 - 30.0 30.0
H
Water H . .
Temperazure (°¢) 21.5 2.5 1 27.5 | 27,5 27,5 22,0 8.0 27,5 8.0
Turbidity ) 1] Q 1] 0 ! [} o 0 [+
o i
Conductivity(plfcnl 1100 1700 1500 700 550 2660 600 500 500
Hardness {og/l)
{25 €aCo,) 500 600 540 370 350 680 340 210 340
Caleton (=gfl) 192 232 ! 160 126 116 1 0 104 108 12
. H ;
Hegnesium (mg/1) ?? 7.3 1.3 $.1 1 8.1 1 1.9 10 4.9 1.3
]
!
! H
°H 7.3 7.4 1.2 7.3 ; 7.3 7.4 7.8 1.2 7.0
B
— e ; i
Alkaltatzy (mg/1) 160 180 169 130 ] 140 8o 190 100 £50
5 ; T o
Chlorlde (mz/1) L70 370 00 110 H 2% i 1540 10 30 0
! :
. ! ! .
Sulfate (mz/1) i 54 15 33 3 2 84 s 1.5 7.5
Ammonia-N (l'g“)'y less thanless thanless thanléss thanless thanless than]less thagless thadless thay
- 0,3 0,3 0,3 T 0.3 0.3 0,3 0.3 0,3 0.3
. _ ! .
Nitrate-N (mg/1)} 15.8 3 ! 14 16,7 17.6 18 23.3 13.6 0.2
Iron {mg/1) 0,02 0.01 , 0,01 0.02 0.01 0.0 0.02 2.01 0.01
i
[~— H
Manganese {mg/1) 0,08 9,20 0.13 0.18 .10 0.0 0.2 0.0 0.1
L S i '
i
Sactertal(/ml) negative negative negative negative 10 600 30 0 230
Cotiform |
Crouns ( /100 ml) inegative negative negatlve negative pegative 32 10 7 150
Dissolved ll
Oxygen (mz/t) [ 6.09 5.62 4.53 5.3 6.25 5.97 5,23 4,37 5,19
Dissclved I l
: | ! .
Oxygen (1) | 18 712 58 68 80 1% 70 56 67

y A teadfine of less thas 0,3 Is not calibrated in the equipaeat,

2/ The well was abandoned July 1981 baecause of - the salinization of water.
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Table 2 Water Quality of Potential Water Souices o

Ssapling Polat The Loboq The 2311151 14f Cabawan | Naonga Tetptip | Taloto Cogon Cégon
River | Abatan Spring | Spring | Private |[Private [Frivate Private} Private
ltems River i Veltl Vell Vell weli{1}] Well{2}
Saopling Date 11 July ! Lt July | 1l July [ 9 July i 9 July | 10 Julyp 9 July 1¢ July] 10 July
{
1
Veather cloudy | éloudy | <loudy fine ; fine floe | fioe fine fiae
E]
Atroshperie ) P .
ross o 31,8 | 3t.0 32,0 32,0 7 30,0 31,0 .0 32,0 32.0
Tevgerature { C) :
Jater 26,95 28.0 27.0 6.5 8.0 18,5 8.0 27.5 28.5
.0 -
Temoerature { ¢)
Turbidtey 50 10 o 9 o 9 b0 0 15
i
Conductivity (uBfcal 373 1,800 | ss0 520 1,900 500 | 800 500 $50
!
)
. 7 3
Hardness {me/1) 10 - 320 - - 360 b 390 160
(as €aCo,) i
Calcium {wg/ft) 64 | - 122 - - - - - -
Hagnesium {og/1) 6.t . 6.1 - - - - - -
£H 1.0 1.7 7.2 7.8 1.6 1.4 7.4 7.8 1.8
Alkalintey (mz/1) 100 . 180 - - 139 - 160 170
Chtoride (mr/1) 18 200 12 - - 30 - 18 55
" Sulfate {mgsl) 4 - 2 - - - - - .
i R less less
Avaoata-N (ma/DY} 4 g - 0.3 0.4 - than 0.3]| - 0.5 | than 0.3
Hitrate-N (mz/1) 18.9 N 15 - - - - - -
Iron (ex/1) 0.13 - 0.03 - - - - - -
Hanzanese {mp/f1) 0.18 - 0.0 - - . - - -
. more
3actertal/mi) 2,000 1,000 ! 35 1,000 | - 30 - than -
3,000 |
cottf : moce
oltfora 1,000 350 |negative sd0 | - 15 - than .
Group ( /100 m1) ) o : 1,000 )
Dissolved
1.9 5.97 5,868 5.54 5,97 G.46 5.89 6,712 6,26
Oxygen {mg/fl) ) .
Dissolved
axygen (1) 92 7 72 70 7 s 13 86 az

i/ A reading of less than 0.3 is not calibrated in the equipment.
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1/

Parameters—
Coliform groups
Total Bacteria
Qdor
Taste
Color
Turbidity
Total solids
pH
Total hardness
Calcium, as Ca
Magnesium, as Mg
Chloride, as Cl-
Sulfates, as 504
Nitrate, as NO3
¥ron, as Fe

Manganese, as Mn

Table 3 Water Quality Standard

Key Parameters of Phiiippines

Standard for Prinking Water

2/

Egrmissible Leyel—

Maximum Permissible—

2/

No detecting in 100 ml
10/ml
Unobjectionéble
Unobjectionabie
5 units
5 units
500
7.0 -
100
75
50
200
200

8.5

50 units
25 units
1500
6.5-- 9.2
500
200
150
600
400
30
1.0
0.5

1/ The above table shows only main paraméters of the Standard,

which are considered essential for judging characteristics

of drinking water quality.

2/ All units are in mg/l, unless otherwisé stated.
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Appendix 2. Tap Water Pressure Examination

In order to investigate tap water pressure and its variation during:
24 hours in Tagbilaran City, the'présgure recordings were carried out at
six strategic points in the distribution network, as shown in Fig 1 and

Fig 2, July in 1981.

R-1 is located nearby the distribution main from the No.8 well water

source and had rathex high pressure ¢ompared with others.

R-2 had pressure of arcund 1.0 Kg/anz during 24 hours aithough it

is located inside the poblacion.

R-3 and R-4 had low pressure of less than 0.4 Kg/cm2 and alrost no

water for a few hours a day.

R-5 and R-6 had almost no water all day long.
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Fig 1 Location of Tap Water Pressure Survey
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Appendix 3 Study on Water Sources

1. General
' Stud!_hreai the city area of Tagbilaran inc¢luding its petiphery, tha
Loboc Rivér and its basin, 17.5 km east of the city, and the Abatan

River and its basin, 8.5 km north of the city.

Purpdée of Study: to explore possible water sources; surface and

ground, for the use of the Tagbilaran Water District.

Method of Study: reconnaissance in the field, analysis of existing

‘data and geoelectrical resistivity survey.

Period of Field Investigations: July 6, to July 13, 1981

2. Topography

The coastline of Tagbilaran City generally has Steep cliffs 7 to 8 n
high. The ground surface rises up to about 20 m at a distance of 200 m
from the coast. The land undulates with a range of 5 m, gradually rising
up to an elevation of 45 m at a point 5 km away from the coast. Beyond

this point the elevation of the ground is generally 45 to 50 m.

As can be seen in Figs 1 and 2, the contour lines depict cleérly
the undulating topography with numerous circular or oval depressions, the
diameter of which ranges from SO m to 800 m. The depressions have rather

steep slopes and their bottoms are fairly flat.

in the stﬁdy area, there are two conspicuous hills with an elevation
. of 100 m ox higher, one in the northwest and the other in the southeast
of the city, which are topographically the characteristic features of the

area.

A3-1
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The above-mentioned depressions have been formed due to erosion by
the rain water. This phenomenon is characteristic of the land composed
of limestone. The rain water infiltrates into the ground dissolving the

limestone, resulting in development of depressions and few rivers,

Due to the characteristic-formation of the land consisting of lime-
stone, there are not many alluvial formation in the area, with a very
narrow belt in the coastal areas. Sediments to be flushed away by the

rviver flow are scarce because they are soluble,

The Loboc and the Abatan Rivers have alluvial plains at their rivex-
mouths, but the plains are usually small. Of the two plains, that of the
Loboc River is a little wider, as its basin has some clayey and silt Forma-

tion.

3. Geology

Table 1 shows the geological stratigraphy of formations in the areas

of Tagbilaran City, the Loboc River and the Abatan River.

Table 1 Geoloqidal Stratigraphy around Tagbilaran City

- Formation Geological Period
Alluvium, coral reef Quarternary
Maribojoc formation | Tertiary
Carmen formatidn Tertiary

In the above table the formations are oldexr in the order from top
to botton. '

Distribution of the formations is shown in Fig. 3. The study area
is predominantly composed of Maribojoc formation. Carmen formation is
distributed in only the Loboc¢ basin and the northeast of the city.

Alluvium is found along the seacoast forming a very narrow belt.
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The characteristics of the formations are shown in Table 2 below.

Table 2 Characteristics of the Formations

Formations Characteristics

Alluvium Found along the seacoast; distribution
: limiteqd.
Maribojoc formation Consists of limestone; disihtegrated by

rain into black soil; formed symmetrical
conical . hills, the cause for which is
uwknown.

Carmen formation Consists mainly of ¥Ilihan shale, Carmen
sandstone and shale, Tubigon conglomerate,
Sevilla marl, and highly tuffaceous rock.
In the south of the cily, some menbérs of
the above are overlain unconformably by

Maribojoc limestone.

The Maribojoc formation may possibly be classified into two parts,
one the symmetrical conical hills with high elevations of 100 to 140 m
and the other the lower land with an elevation of 50 m or less. However,
as both are composed of limestone and not much different in the age of

formation, they are uSually treated as same Tertiary formation.

The Carmen formation was observed at and around the Loboc dam in the
Leboc basin, to include calcareous clay, siltstone, calcaréoué sandstone,
rudstone, ctc. 1In the Loboc basin, fhere are formations with higher run-
off characteristics than the Maribojoc formation, The Loboc basin has
rather many valleys and tributary streams and developed alluvial plains,
while the area of the Maribojoc formation has no rivers except the Abatan

River and the Manga River and has many depressions.

To understand formations and stratifications in the study area, Fig 4,
Lacations of Columnar_Seétions and Fig 5, Columnar Sections are presented.
The well logs show that most of the formations in the area consist of lime-
stone with clay and sand partially included. Limestone can be sorted out
into two kinds, i.e., hard and soft, but they can be treated as same one

fyom the geological standpoint.
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4. Hydrology

4.1 Rainfall

The study area has no definite dry season and no pronocunced rainy
' perio&gf. Tagbilaran Cityrhas an_average precipitation of 1393 mm per
year {(normal 1951—70)2/, with a low average 85 mm per month from January
to May and a high average'ldl i Juné.to December. . The annual precipita-
tion of this area is fairly low compated with that of all the Philippines,
2500 mm. The area is very rarely hit by the typhoons, which generaily

" bring rainfail.

4.2 River Flow

The discharge of the_Lbboc River was measured at thé point shown in
Fig 6 on Juiy 11, 1981. The weather of the day was fine. The measured
discharge was Q= 22.0 cu m/sec = 1,900,800 cu m/d. The Loboc River has an
ahundant flow, while there are no rivers in the Tagnllaran City area.
Surface Water Supply of the Phlllpplnes (1966—1969)~/ has the following

Table.

Table 3 paily Average, Daily Maximum and Minimum
bischarges of the Loboc Rivér (cu m/sec)

Year Daily Average Daily Maximunm Daily Minimum
1966 19,7 98 6.0
67 20.6 169 5.8
68 12.3 _ 90 - 7.4
69 12.5 : 49 8.5
Average 16.3 - o 6.9

Both da1ly averages and daily nlnlmums fluctuate in only small ranges

for each year, but daily maximums show rematkable variations.
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The_averaée ﬁinimpm fiow is 6.9 cu m/sec = 596,000 cu ﬁ/d, a sizébie dis-

charge, and the river is a potential as a watér source for the water supply.

The Abatén ;nd the. Hanéé ﬁivefé'in the Maribojoc EOrmation area have
. no or extrenely small flows except durlng ralns, cau51ng sea water to flow
upstrean falrly Ear 1n1and. Thls was ver1f1ed by the fact that the’ rlver
. water has a conduct1v1ty of 2800,JU/cm at the Bili- 3111 sprlng locatlon on
,the day of the fleld 1nvestlgat10n. hhen there is a heavy rain upstream
_ of the rlver,:phe dlscharge 1ncr9ases very rapldly. Thene river are not

suitable for utilization as water source,
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4.3 Groundﬂater

'I‘he study area has no good aqulfer, namely,' extremely low groundwater
itable. Sea water tends to 1ntrude 1n1and and groundwater w1thdrawn by deep

Vwelis contalns, generally, sallnlty.-<

The area has many wells and some sprlngs. The locatlons of duq wells.
;drrlled wells and sprlnqs, and qroundwater table are shOWn in Flg 7 and |
.jthe detali of water sources in Table 4 and a dxagram showing the relatlon
between the topographic crosssectlon and groundwater tabel in F1q ‘8. As
:W111 be known in the above flgures, the c0nt0ur line of the groundwater
table is roughly parallel with the coast llne.- The gradlent of the ground-
water table rises very ‘gently toward 1n1and, whereas the land surface has
osteeoer gradlent. Accordlng to the topographical crosssect1on the land
‘elevatlon of a p01nt 2.4 km away from the sea coast is 42 m; but the
elevat1on of the groundwater table at the same point is 6 59 m above sea
1eve1 that is, the groundwater table has a gradlent of 1/364 This low
groundwater table is explalned as follows. The MarlbOJOC formations
consxstlng of lxmestone are porous, and its pores are falrly large.
Therefore, aqu1fers have poor capacrty for stoxlng groundwater, resulting

in tow groundwater table,
Groundwater, Withdrewn by shallow and deep wells a few kilometers

away from the sea coast, contain generally salinity. Sea water in the

study area is observed to intrude fairly far into the inland.
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Nymber

- .
O 00 o SN s L o R

(=TI, BCI- R R

e Ry d

Obseyved
Date

DEEPVELL

7. 1-81
T.7-81
7-7-81
1-71-31
7-7-81
7-1-81.
7-1-81
7:1-R81
1-7-41
7-9-81
7-11-81

vasing
Biareter

{rmm)

150
150
200
150

230
150
200 -
250

“1n0

SHALLOY (DUG) WELTS

?-10-81
7-49-81
7-10-81
7-13-81
1-13-81
1-9-81
C7-3-81%
7-113-81
. 1<9-R)
7-11-81

SPRINGS & SURPACE WAIERS

1-9-81
LGBOC
RIVER 7-11-81
ABATAK
REVER ?-12-81
BILI-BILL.
SPRING T-11-8%
TIPFIP
SPRING 7-7-81
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_Nell Ground
Depth Flevition WL
o T )
25
3
I 1.
43
41
20
- 18,71
27 _
53 15,13
18.3 -
48,0 16.67
F 8.8 4,81
10.0 8,17
8.0 5.61
2.5 8.18
10,5 6,04
11.0 1,92
9.5 4,85
7.8
7,0 1,67
3.1 2,11
2.0

Table 4 Details of Wells and Other Sources

PYVL  Dtscharge Conductivit

in}

37,34

1ps} i ]Fn

1300
1760
1500
100
580
1600
690
500
00
690
360"

, bt
&0 W

w Rt s

[ T4

e
2

5200
1900
§900
750
760
800
650
750

7500

175
2800
10 550

5000
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310
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'S, Hydrogeology

In thls area, the formatlon 1s composed malnly of llmestones as
shoan 1n the columnar séctlons of Flg 5. Accord1ng to the present geo-
logical survey, the llmestones compose of alternat1ng beds of hard and
compact, and soft and loose ¥ocks, Hard and oompact llmestones sometzmes

have many fxssures,‘and soft and loose rocks are poroUs includlng falrly

‘ ,younger sedlmonts of corals and other foss;ls, through which groundwater

can eas;ly pass. As was stated in sectlon of the 4. 3 Groundwater, the
groundwater lovel is extremely 1ow even in the inland distant from the
‘seashore._ The formatlon 15 poor in stor;nq groundwater, because the srze
of poxos;ty 1n 11mestones is larger than that in alluvium, This is why

the study arca. has poor aqu1fers.

- in order to get detail 1nformat10n of the geologlcal structure, &
geoelectrlo res1st1v1ty survey was carried out, Frg 9 ShOWS points of
survey, contour 11mes_of the base of the Mar1b03oo formations obtained
and the boundary line of salty and frésh_ﬁoter:obtained. The base of
the Maribojoo formatiOn is highest in thé_ﬁortﬁeast portion of the

-Tagbilaréh'cityland goes down in all directions.' The'boundary'lihe of
fresh water is 1.3 kﬁ tor1.9_km inland in parallel ﬁith the shoreline.
Geologioal crass seotions.énd the boundaries of fresh water are indicated
in Fig 10. ThHe MarlbOJOC formatlon has a thlokness from 120 m to 80 m
and is underlain by Carmen formatlon, whlch is estimated to be composed of
silt and/or clay and is impervious. The formation is oons1dered to be

- Carmen Formation from observation of outcrops and .geological structures.

All the cross sections show that thé boondory lines have a rather
steep dip and the séa vater intrusion'is wedgefshaped._ In the cross
section, W-10 weli is situated SOOIm awé&Ifroﬁ'toe seashore and 250 m
from:the:soa—fresh water boundary. The water withdrawn by this well has
- ¢hloride concentration of 370 ppm. In C angd D'orOSS sectiOns,_thé_soa
_water intruéioo“is more intense and the'boondary line is less stéep,
approaoﬁiﬁg close to the sea levolf' In tﬁis area, therefore, fresh water

cannot be easily obtained»by wells.
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C 6. thluation pf Water Sources =

6.1 _Rivefslt_

Méjor featurés of the rivers investigated are reiterated below from

‘descriptions in the previous sections.
.{a} .The Lobde River

1). The rlver has a large dlscharge of 590,000 cu, m/day oh the
_average mlnlmum flow. . o
2) ‘The flow of the rlver.ls rather constantly large, as the
river is 91tuated in the Carmen formation,
3) The water quallty of the rlver, as presented in Appendlx 1,
is svitable for dr1nk1ng, when properly treated.

{b) The‘Abatan and thé Manga Rivers

4) Ofdinary'fLOWS of the two rivers are very small, and the
river water, even considerably upstream, contains éalinity

.. dué to 'séa water intrusion.

From the standpo1nt of quantlty ang quallty, the Loboc River is re-
commended for water supply as a water source. ‘The Abatan and the Manga

W

‘Rivers are not suited for water source Eor a water supply system.

6.2 Sprihésu'

B B The Bili-Bili sprlng has an yield of about 1,000 cu m/day,
_and the water quality is suitable for dr1nk1ng, as shown in
the same Append1x as above.

2) .Other sprlngs are very poor in yield.

‘From the above, the Bili-Bili spring is a potential water source

for water supply in both quantity and quality.
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6.3 Groundwatex

To evaluate the availability of groundwaier, mdjor vesults of‘hydro-

geological survey are summed up below.

1} The stﬁdy area is predominantly composed of the Maribojoc formation
consisting of alternating beds of hard and compact, and soft and
loose limestones. . '

2) The Maribojoc formation has a thickness, 120 to 80 m, and is
underlain by another formation which is estimated to be made up
of silt and/or clay.

3) Groundwater in aquifers is not confined due to the characteristics
of the Iiﬁestoﬂe'formatiOn.' |

4) Groundwater table is cextremely low.

5) Sea water tends to intrude inland.

Based on the above facts, Fig 11 is.preparéd. It shows schematically

hydrogeological conditions.

Inflitroting

wiisr
’E:"'.: :'-.:_ g .:.'-.‘;:':-X:ii-;.}x‘. ;'xx xx% x x x
PR S SRVANS LATION o % % Xy % %
xxxxxx‘x%cmmzu FOR? X);&)(X*x
Ko g XL LA ARK A AR AARK
Fig 11 ‘§gh§gq§jgrpiégram of Hydrogeological Conditions
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In Fig. 11 the‘hatbhéd_pdrtiph $h0Ws'fre$h groundwater which‘is
being used: To check further availability'qf the groundwater, reéhafge

to this ngun@watér-ié estimated as follows.

Precipitation data (normal, 1951479) are obtainead from PAGASA.,

- Evaporation (1979) of the only data available is obtained from NIA. By
multiplyiﬁg the eﬁépdration‘data by réasdnal coefficient, taking into con-
sidératioﬁ-that_evapdtranspifation in the area with a.little rainfall has

a tendency to be large, the evapotranspiration is computed. Recharge cal-

The drainage area to réchéfgé this groundwatér is shown in Fig. 12.
Tﬁe bbrder lihes A.ﬁhd B are taXen from thé topographical nap. |
(Ang the extﬁemity_of the border lines A énd B is limited by the outcrop
in the Carmen formatioh).. Further, the border line C is the line on or
near whicﬁ the.present deep wells are located. Therefore, the drainage
area wﬁich contributes to the recharge of groundwater is M area as shown

in the same Figure.

Using the above three factors: the precipitation, the evapo4
transpiration, and the recharge area, the recharge is calculated as 3.6

million cu m/day .

Against the above recharge, the existing deepwells are currently
withdrawing about 3.2 million cu m/day. Its trap ratio is about 37 per
cant, and the present withdrawal is considered to be near the limit,

taking it into consideration that all groundwater cannot be caught by the

wells.

(1) R = (P-E_) x Am
R : Recharge of the M area (cu m) 8,600,000
P : Precipitation (m) 1.3%4
Ez: Evapotranspiration (m) 1.010
Am: Drainage area {m?) 22,34G6,000
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As some wells located near the séashote are suffering from increas-

1ng sallnlty by sea watexr intrusion, they are de51rable to be relocated

accordlng to. the follow1ng consxderatlon, keeplng the total production

below the present level.

{1)

(2)

(3)
(1
(S}

Wells should be located within the recomended line {C-1ine) shown
in Fig 12..

The standard spacing of WQlls'should be 1 (ohé) km.

'Well bottom should Le located above sea level.

The standard production of a well should be. 1, 000 cu m/day

No more wells should be sunk in the present wellfield.
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7. Gr0unﬁﬁater in the vicinity of Study Area

7.1 Geﬁeral

The study is carrled out to 1nvest1gate groundwater iR the outer area
of Ta9b1la1an CLty, namely, the whole area between the Abatan Rlver. north

of the CLty. and the Loboc Rlvel, east of ‘the city.
T2 Naiurél Conditiohs

Fig 13 shows the above méﬁtibnéd st&dy aréé.'GeélOgical formations and
hydrogeologlcai features in the study area are qu1te 51m11ar to that 1n the
city area as shown in F1g 3 Locatlons of exlstlng wells and water quality

théreof are shown in Fig 13 and Table 5, respectively.
2.3 Evaluation of Groundwater Source

The area between the Abatan and the Manga Rivers is small and recharge
in this area is quite 1imitéd, and besides the surface water of the twWo riveérs
and groundWatef along them are contaminated with sea water, Therefore, this

area is not fit for groundwater development.

Regarding the area east of.the city, recharge is estimated as follows.
In Fig 14, the drainage area i% delineated with border lines. The border lines,
A’ and D' are determined by the presence of the impermeable layer of the
Carmen formation. The border line B' and C are determined from topography .
Further, the border l1ne E’ is assumed as a line outsile of which no wells
are to be sunk to av01d sea water intrusion, as in the city area. The recharge
of groundwater in the above drainage area is estimated using precipitation

(3)

and eﬁapotranspiration data . The recharge is calculated as 24 million

cu m/day, an enormous amount.

From the above, it is concluded that'gfoundwatér is available in the
study area, and to take the groundwatér,'same conditions as described in the

prévibus study should be observed.

(3),

The data used are the same as that of the previous section.
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appendix 4. Basic Cost Data

This appendix 4 presénts basi¢ cost data which are applied to costs
estimates of the present feasibility study. 'Basically the unit costs are
taken from the Methodology Manual of LWUA, as far as apbiicable._ Herver.
unit costs not included in the Manual are taken from preVaiiing pricés_
in the Philippines as of July 1981. Further, some of breakdoﬁh ratios

presented in the Manual have been modified so as to fit the present case.

Table 1 shows the prevailing land pfices in each location of the
present projects. Table 2 Labor Costs and Table 3 Unit Prices for Civil
Works are quoted from the Manual for reference. Table 4 shows percentages
of Foreign and Local compcnents of various work items which are used in
the presént feasibility study. These percentages are obtained adjusting

the percentages of corresponding work items in the Manual.

Table 1 Land Prices of Study Areca

Location prices
: {pesos/sq m)

Mountainous area 20
Unirrigated rice field 25 - 30
Irvigated rice field. a5
Poblacion 100 - 200

Table 2 Labor Costs

Items ) Unit Rates
{Pesos)

Unskilled* per day 20 - 25
Skillied. ®% [ do 40 - 45

* Mason, Pipe fitter, Pipe layer, Excavator, etc.

+% Carpenter, Tinsmith, Supervisor of labors, etc.
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Table 3

Items

Earth Work

Common axcavation

'Hardpan excavation

rench excavation
Rock excavation
Backfill dumpted
Backfill compacted
015p65a1 ﬁéterial

Gravel .blaﬁket

Concrete Work
Concrete 4,000 psi
Concrete 3,000 psi
Formwo;k vertical
Formwork horizontal

Reinforcement bars

Unit Prices for Civil Works

do
do
do
do

do
do

cu
do
sg m
do
kg

Rate

{P&sos)

40
65
5%
95
15
70
12
80

880
740
60
100
10

Table 4 Componenté of Breakdown Used in Cost Estimates
Item F/C L/C
- Deep well 29% 7%
Deép well pumping station 56 44
Tfansmissibnfdistribution
pumping station 60 40
Transmission/distribution
pipeline 67 33
valve 73 27
Service connection 77 23
Fire hydrant 66 34
Res_erv:’)ir, charber, etc. 25 75
Butk meter o 80 20
Chlorinator 90 10
vehicle 50 50

Ad-2



Tagbilaran

Appendix 5. Socio-Economic¢ Study
1. fThe Economy of the Study Area’

1.1 Commerce and Sexvices

Tagbilaran is primarily identified as a commercial and trading
center. Although considered also as the educational center of the pro-
vince, its economy is anchored basically in the inflhx of students and_
govemmment Qorkers,'whoSe needs cater to the prolifefation and growth of
business and commerce. Agriculture takes a backseat as far as economic
activity is concerned. Manufacturing industries are few except for some

unorganized cottage industries incapable of supporting the economy.

As Table 1 iﬂdicates, 72.8% of the total households in Tagbilaran
depend upon salaries and wages, These salaried and waged workers are
considered to be employed by various.types of establishments as listed in
Table 4. Of the total 1,326 establiéhments, 773 or 58.3% are engaged ip
wholesale and retail trade. Next come those engaged in community, social

and personal seérvices, nurbering 347 or 26.2%.

Most of the 927 households, 30.8% of the total household in Dauis
who are depending salaries and wages for their income are reportedly
employed by businesses in Tagbilaran and can be regarded as part of the
Tagbilaran economy as far ﬁs their productive activities are concerned.
The majority of them are living in Poblacion and Totelan where the Bohol

Provincial Waterworks is supplying piped water.
1.2 Primary Industries
As shown in Table 1, those engaged in primary industries such as

farming, livestock/poultry and fishing share 51.3% of the total own-

operated income earners,

AS5-1
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1.2.1 Faxming

Tﬁe s0il of Tagbilarah lacks natural fertility to produce crops
abundantly, As shown in Table 7, farm production in Tagbilaran is'poor.
. Tagbilaran has arcund 1,000 part-time farmers usually cultivating less
than a hectare per'fatmer. There is no real farmer in the ¢ity in the
sense that nobedy earn a living wholly dependent on the produce of soil.

{See Tables 2 and 4)

1.2.2 Livestock and Poultry

in Tagbilaran City, there are three_major swine producers and four
commercial poultry farms. ‘here are also found numerous households tending
these animals as backyard raising producers. As shown in Table 5, the
largest meat product is pork. WNext comes beef and followed by chicken

meat.,
1.2,.3 Fishing

As shown in Table 6, fishing in Tagbilaran is small-scaled with the
total tonnage of vessels weighing only 100 MT, and with annual production
amounting to less than 500 MT. The city is at times dependent on the
fish coming from nearby market,
1.3 Manufacturing

There are around 150 manufacturing establishments in Tagbilaran but

they are all smali-scaled cottage type industries engaged in food-process--

ing, furniture, handicraft, etc., (See Table 8)
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1.4 Income Distribution

The survey conducted by the Tagbilaran City Planning and bevelop-
ment Staff in 1975 revqaled that the average monthly households income in
the City of Tagbilaran amounted to P563.86 (Sece Table 9}. A review of
households income distribution by income bracket shows that 67.4% of the
total households in the city center in the bracket below P399. According
to the Municipal Planning and Development staff of Dauis, more than 60%

of houscholds in Dauis earn less than P400 monthly.

1.5 Employment

Of the population 10 years old and over in 1975, those in the force,
as revealed by the 1978 Updated Settlement Profile, amounted to 51.9% in
Tagbilaran and 58.7% in Dauis. The wnemployrment rate was 5.9% in Tagbila-

ran and 4.1% in Dauis. (See Table 10)
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 Table 1 Number of Households by Income Source
{Source of Data: 1975 Population Census)
Classification Tagbilaran Dauis
a. Own-Operated Incone 171 095
1) PFarning _ 171 695
-2) Livestock/Poultyy 252 687
3) Fishing 220 448
4) Manufacturing 100 39
5) Retail Trade _ 271 76
6} Other Economic Activity 240 130
b. Salaries and Wages 4,234 927
c. Pension and Others 356 20
Total Households 5,814 3,012
Table 2 Land Use, 1980 {Areas in Hectares)
(Source of Data: City Development Officer, Tagbilaran;
Municipal Development Officer, PDauis)
Classification Tagbilaran Dauis
1) Residential 250 132
2) Commerciat 42 5.3 .
3) Industrial 10 0.5
4) Institutional 5 0.2
5) Agricultural 542 1,038
6) Others (inclusive of unused land) 2,406 3,348
Total Area 3,207 4,524

AS-4
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Table 3 Empldyﬁent Size, Bohol Province .
(Source of Data: 1275 Population Census}

1) Agriculture, Forestry and Fisheries 66.1%
2) Mining and Qu&rryin@ 0.1%
3) Manufacturing 12.5%
4) Electricity, Gas and Water 0.1%
5) Construction 1.6%
6} Commerce 6.4%
7} Transportation, Communication and Storage 2.0%
8} Services : 11.2%

Total 100.0%

Table 4 Number of Establishments by Major Division, 1978
{Source of Data: Census Office, Tagbilaran)

Classification Tagbilaran Dauis

1) Agriculture, Fishery

and Forestry 1 -
2) Mining and Quarrying - -
3) Manufacturing 144 1
4} Electricity, Gas and Water 2 -
5} Construction 3 -
6} Wholesale & Retail Trade 773 98

7) ‘Transport, Storage and
Communication 11 1

8) Financing, Insurance, Real

Estate; Business Services 45 1
-9} Community, Social and

Personal Sexvices 347 20

Total : 1,326 121
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Table 5

1)
2)
3)
4a)
5)
6)

Table 6

1}

2}

3)

4)

an

Livestock and Poultry Animal Population, 1980

{Source of Data:

City Development Officer, Tagbilaran;

Municipal Development Officer, Dauis)

No. of Aninals

Carabaoc

Cattle

Swine

Poultry

Goat

Horse

Fishing

{Source of Data:

No.

Tagbilaran

729
1,960
7,590

23,048

587

152

Danis

200
1,166
5,612

13,229

207
13

City Development Officer, Tagbilaran;

Municipal Development Officer, Dauis)

of Fisherman

Sustenance fisherman

Commercial fisherman

. of vessels

Motorized vessels

Non-motorized vessels

Total Tonnage of Vessels

annual Fish Production

A5-5.
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ne data

no data

no data

no data

100.0 MT

489 MT

Pauis

1,200
204

204
219

450 MT

1,360 MT
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Table 7 Leading Crops, 1978
: (Source of Data: Socio-Economic Profile, 1280, prepared by
Provincial Development Staff)

‘Tagbilaran Dauis

1} Rice

In Cavans : 280 1,176

Value . P13,860 B55,242
2) Corn

In Cavans 1,672 3,520

Value P70,224 P147,840
3) Coconut

In Cavans 846,625 1,009,000

Value : P634,959 P756,750

Table 8 Number of Manufacturing Establishments By Type, 1978
{Source of Data: City bDevelopment Staff)

1) Tinsmith 11 -
2) Bakery . 10 -
3} Rice Milling 9 -
4) Ceramics/Hollow Blocks 8 -
5). Food Products 4 1
6} Home Industries 4 -
7} Furniture 3 -
8) Wreath Shop with Flowermaking 3 -
9} Others -

Total 144 1
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Table 9

Average Monthly Household In

By Income Bracket
{Source of Data:

1975 Census)

1975

No. of Households

Classification

Below P100
P100 - 199
P200 - 299
300 - 399
P400 - 499
P500 - 599
PG00 - 699
P700 - 799
PBOO - 899
PI00 -~ 999

P1000 and above

TOTAL

Table 10

816
1,271
1,051
765
431
338
263
161
161
99
453

5,808

Labor Force and Eﬁployment

(Source of Data: 1975

Population Census}

Tagbilalan

1) Population 10 yeéars old
and over

2) In the labor force

- Employed
- Unemployed

3} Not in the labor force
NOTE: a/ Labor participétion rate
b/ Ewployment rate

¢/ Unemployment rate

32,183

51.95% (100%}

48.8%  (94.13%
318 ( 5.95Y
48.13

AS5--8

come In Tagbilaran,

City Planning and Census Development Staff

Percentage

14.4%
21.8
18.1
13.1
7.4
5.8
4.5
2.7
2.7
1.7
7.8

100.0

Dawis

12,688

s8.73 (100%)

56.4%  (95.99%)
2.3%  ( 4.18Y)
41.3%
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2. Social Background

2.1 Ethnical and Cultural Characteristics

The city of Tagbilaran is predominantly inhabited by people with
parentage originally from Tagbilaran and from various places of the
province of Bohol. Following them in number are Cebuanos who have already
taken roots in the city because of their proféssions and business inter-
ests. This explains why the city's population is basically Cebuano or
Boholano speaking people, This phenomenon is sane with the Dauisanos.

As shown in Table 11, Cebuano is spoken by 98.7% of the boptlation in

Tagbilaran and by 99.5% of Dauis' population.

As demonstrated by a number of religious denominations and organiza-
tions existing in the city, its people are very religious. As Table 12
shows, 97.7% of Tagbilaran's population and 100.0% of Dauisans are Roman

Catholic.

2.2 Population Structure

As shown in Table 13, the study area has slightly more females than
males {48.76% vs. 51% in Tagbilaran-and 49.7% vs. 50.27% in Dauis}. More
than half of the population in the area are under 20 years old (See Table
14),

2.3 Educational Attainment Level

The educaticnal attainment level of the city of Tagbilaran is among
the highest not only in the Province of Bohol but also nationwide. fThis
reflects that Tagbilaran is the educational center of Bohol. It has a
total of 10 major educational institutions offering courses ranging from

nursery classes to vocational, engineering and medical courses.
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In a survey conducted by the City Planning end Development Staff of
Tagbilaran in 1§75, it was found out that students came from as far as
Davas and Jolo, Butuan and Surigao, and students and pupils enrolled in

different grade schools totalled 24,074'(See Table 15).

2.4 Dwellings

As shown in Table 16, the Households-to-Dwelling Units ratio is
1.229:1 in Tagbilaran where in-migrants outnumber out-migrants, while it
represents 0.974:1 where out-migrants are over in-migrants {See Tables

16 and 17).

As shown in Table 16, single units prevail both in Tagbilaran and
Davis. Therxe are some duplex units in Dauis. From the viewpoint of
roofing materials, nearly half of houses in Tagbilaran and Dauis use
aluminum and galvanized iron but light mateiials such as nipa also pre~

vails in a high percentage.
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Table 11 Population By Mother Tongue (Ethnic¢ Oxigin)
{Source of Data: 1975 Population Census)

Bohol | Tagbilaran

Classification Province City Dauis
Cebuano 752,564 36,834 17,869
Apayao or Isneg 1,843 - ' -
Tagalog 1,535 © 120 20
Bicol 916 - -
Aklanon 518 84 -
Bontoc 462 - 8
Hiligaynon, Ilongo 367 49 -
Maguindanao iss - -
Maranag 148 51 -
Aguyatano 120 - -
Samal - - 26
All other dialects 709 197 32

Total 759,370 37,335 17,955

Table 12 Population Classified By Religion, 1970
(Source of Data: 1970 Population Census)

Classification Tagbilaran Dauis
Roman Catholic 32,231 15,812
Protestant 496 -
Iglesia and Cristo 44 -
Aglipayan - -
Islam 1 -
Buddhism - : -
Other 210 -
None 23 -
Total 33,005 15,812
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fable 13 Potal, Urban and Rural Population by Sex, 1980
{Source of Data: 1280 Population Census)
Item Tagbhilaran Dauis
1) ‘Total :Population
Both Sexes 42,275 18,254
Male 20,614 2,076
Female 21,661 2,178
2)  Urban Populatién‘
Both Sexes 42,275 18,254
Male 20,614 2,076
Femaie 21,661 9,178
3) Rural Popﬁlation
Both Sexes - -
Male - -
Female - -
Table 15 Population 6_Years 0ld angd Over by.Highest Grade
Completed, 1975
{(Source of bata: 1975 Population Census)
Classification Tagbilaran Dauvis
1} No grade completed ~ 2,493 1,828
2) .Elementary
1st - 3rd grade 4,585 3,129
4th grade 3,001 3,129
5th grade ©2,122 2,590
6th & 7th grade 4,706 3,034
3). High School
1st - 3rd year 4,636 1,217
4th year 2,304 457
4) College (No Degree)
1st - 3rd year 2,902 365
4th or higher 585 56
5) Academic Degree Holder 3,490 295
&) Not Stated 409 296
Total 31,233 14,730
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Table 16 Dwelling Conditions (1980)
{Source of Data: 1980 Population Census and Settlement

Profile)
Tagbilaran Dauis
1} Number of Households ' 7,313 3,253
2) Number of Dwelling Units 6,537 3,341
3} Households-to-Dwelling '
Units Ratio 1,129:1 0.974:1
4} Pexcentage Distribution of '
Drxelling Units by Type of
Dxvi2lling
a. Single 82.3 95,0
b. Duplex 2.0 0.8
<. Barong-Barong 2.2 3.9
d. Other types 6.6 3.9
Total 100.0 100,0

3) Percentage Distribution of
Dwelling Units by Type of
Roofing Materials

©a. Aluminvm/Galvanized iron 49.8 42.8
b. Asbestos less than 0.1 less than 0.1
c. Tile/Concrete _ _ 0.2 0.1
d. Cogon ) 0.2 0.1
e. Nipa 49.7 56.9
E. Others 0.2 0.1

Total 100.0 100;0

Table 17 Number of Dwelling Units Occupied and Vacant
{Source of Data: Census Office, Tagbilaran)

Tagbilalan Dauis

Total . 6,636 3,341
Qccupied 6,368 3,250
Vacant 268 al
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3. Infrastructures

3.1 Land Transportation

The transportation system for Tagbilaran comprises of one airport,
one seaport and varxious land roads. The alrport connects the city with

Cebu City by four flights a week.

The port of Tagbilaran, a tertiary port, is the majoxr link of the
province with various parts of the Region and the rest of the country
via waterborne transportation,

The mode of transportation in the city depends largely on that of
buses, motorcycles, tricycles, and jeepneys which totals around 2,200
in number, as listed in Table 18.

3.2 Roads

The road network of Tagbilaran City totals 119.487 kiloweters, of
wnich 53.23% is asphalted. No rcads in the city is paved with concrete.
The surface conditions of the roads in the city are generally poor, with
36.90% of the total length left unpaved (See Table 19),

3.3 Irrigation Systems

There is no irrigation systems either maintained by the National

Irrigation Administration or by private associations.

3.4 wWaterworks and Sewerage Systems

The study area is being served by a provincial water supply system,

though its service is not satisfactory, as described in PART ORE.
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The area has no sewerage system.

3.5 Power

The study area is presently served with electric power by the Bohol
Provincial Electric Systém, a provincial government entity which pur-
chases power from the Loboc Hydro Electric Plant through the Nationail
Power Corporation. As shown in Table 20, the residential consumers in
the study area as of December 1980 total 3,493, or 47.38% of the total

households.
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Table 18 Transportation Resources in the Study Area (July, 1981)
{Source of Data: Bureau of Land Transportation)

1) Cars 326
2}  Jeeps/Jeepneys 687
3}; Trucks ' 324
4) Buses 112
%) Trailers 6
©) Motor-~cycles 1,720
7) Motor-tricycles 825

Table 19 Road Length and Surface Conditions

Total Surface Conditions

Length Earth Gravel Asphalt
1} National Road . 18,582 m = - 18,582 m
2} City Road 68,667 7,738 17,301 43,628
3} Barangay Road 32,238 4,065 26,783 1,390

Total 119,487 m 11,803 44,084 63,600 m
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Table 20  Number of Electric Consumers in Tagbilaran
(Source of Data:

As of Dec., 1979 As of Dec. 1980

1} Residential : 3,110 3;493
2} Commercial 736 770
3) Government Offices

a. Special Rate 20 20

b. Provincial | a2 44

c. Municipal ' 10 14

d. HNational 35 42

Total 3,953 4,383

Ref:

No. of Total Households (1980) : 3,493

No. of Residential-Households {1980) : 7,373

Rate of Energization : 47.38%
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4. Public Health

4.1 Causes of Morbidity and Mortality

A review of the leading causes of morbidity and mortality in Tag-
bilaran and Dauis since 1975 {shown in Table 21) shows that Gastro-
Enteritis ranks 2nd highest, dysentery 8th and cholera 9th in the city
of Tagbilaran, while dyspepsia and scabbies are found in the five leading

causes of morbidity in Dauis {(See Table 22).

As the Provincial and City Health Centers point out, these diseases
are communicable and considered due to unsatisfactory sanitary environ-
ments. Particularly, inadequate clean and potable water supply and poor

garbage disposal remain as contributing factors thereto.

4.2 Health Facilities

The City of ‘Pagbilaran has a comparatively large number of health
facilities, i.e., 5 hospitals including a medical college hospital and.
110 other facilities. The Municipality of Dauis on the other hand, has
only one facility, the municipal health center, and greatly depends upon
those health facilities located in the neighboring city, Tagbilaran ({See

Table 23).

4.3 Sanitary Toilets

In the City of Tagbilaran, nearly 60% of the total households have
flush type and water-scaled type teoilets, hut the rest are without
sanitary ones. fThe statistics for the Municipality of Daunis shows that
86% of the households have toileﬁs, though the sanitary conditions of
those toilets are not described. The sanitization of toilets in both
the City of Tagbilaran and the Municipality of Pauis is largely hindered
by inadequate water supply.
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Table 21 1975 to 1980 Leading Causes, or Morbidity and Mortality
In the City of Taghilaran
(Source of Data: City liealth Center of Tagbilaran, Bohol)

5-Year Average Half-Year Records
- _ June 1975-June 1979 July-December 1980
Causes of Morbidity Rate per 100,000 pop. Rate per 100,000 pop.

1) Influenza 185.23 1.64

2) Pnewronia 53.49 1.27

3) Bronchitis 102,81 0.74

4) Gastro-Enteritis 138.54 0.34

5) Mumps ' 0.00 0.11

6} Measles o 38,10 0.06

7) Dysentery all forms 8.29 0.06

8) Cholera 0.00 0.06

9) Tuberculosis all foxms 0.00 0.02
10) cChicken Pox 0.00 0.02

Causes of Mortality

1) Arteriosclerosis H. Disease 23.52 9.7

2) Septicemia 7.02 : 8.94

3) Pneumonia ’ 18.76 ' 8,13

4) Cerebro-Vescular Accidenf 18.42 ' 7.3

5) P.T.B. all forms 31.23 . 5.69

6). Congestive Heart Failure 15.12 4.87

7} stillbirth 1:,05 4,06

8) Prematurity 0.00 3.25

9) Gastro-Enteritis 0.00 ' 2.43
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Table 22

1)
2)
3)
1)
5
6}
7)
8)
)
10)

1)
2)
3)
4)
5)
6)
7)
8)
2)
10}

Tagbilaran

1976 to 1980 Leading Causes of Morbidity and Mortality

in the Municipality of Dauis 5-Year Average

Causes of Morbidity

Cc. Cold
Dyspepsia

Urti

Wound (infected)
Scables
Bronchitis
Fever
Parasitism
Hypertension

Hyperacidity

Causes of Mortality:

CHF

Broncho-P

Koch- P

CVA

Malignancy
Prematurity
Cirrhosis Liver
Cardio-Resp. Failure
Cong, Anomalies

Nephroses
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Rate per 100,000 Population

210
200
183
163
135
105
a4
50
a5
20

Rate per 100,000 Population

165
135
120
73
58
57
42,
34
20
15
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Table 23 Health Facilities (In Number) _ , .
 (Source of Data: City Health Center of Tagbilaran and
Municipal Health Centexr of Dauis)

The City of Tagbilaran Number
1) Hospital 5
2) Health Units, Clinics,

and other facilities 110

. The Municipality of Dauis

1} Hospital -

2) Health Units, Clinics,
ang other facilities 1

Table 24 © Number of Households and Percent of Houscholds with
Sanitary Toilets
(Source of Data: City Health Center of Tagbilaran and
Municipal Health Center of Dauis}

Tagbilaran

Total Households (In Number) 7,373
1) Household with flush & water-
sealed type toilets 58.55%
2} Households with open pit toilets 5.80%
3} Others . 35.65%
Dauis
Total Househo&@s {In Number) 3,253
1) Households with toilets 86.10%
2) Households without toilets 13.90%
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Appendix 6 Design Criteria for Planning

To prepare the master plan and the préliminaty design of feésibility

_ study on a standardized basis, the following design criteria are worked

out, 1In preparing these criteria, due consideration has been givén to

the design criteria that were made by IMUA and compiled in the Technical

- Standard Manuval. And to maké'the present criteria more realistic ang

workable, the local conditions including that of the existing water supply

facilities, in particular, are taken into account.

1.

(Per capita Consumption) For planning of the district water supply
system, average daily per capita consumptions for each study area

are projected based on records of different Whs. In this study the

.values tabulated in Table A.7.4 and Table A.7.5 shall be used as a

basis for unit consumption figures.

{Peak Factor) Since no data on maximum day and peak hour demands in

each study area are available, the following demand factors shall be

used.
Average day demand - 1.00
Maximum day demand 1.20 x average day demand
Peak hour demand 1.50 x average day demand

(Capacity of the Facilities) The capacity of the water source and

transmission facilities shall be determined based on Maximum day

demand.

The distribution facilities shall be designed based on Peak hour

demand.

(Water Pressure) Maximum static pressure on a pipeline shall not

exceed 7 Kg/sq cm. In case unavoidable, special device shall be
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installed to keep‘the'water pressure within the said limit. Minimum
water pressure at pipe ends of the distribution system shall not be

less than 7 m in head, as far as practicable,

5. (C Valﬁe) C value to be used for hydraulic calculation of new pipe

shall be:
Pipe Size {mm) C Value
600 and over e 130
500 - 250 120
2060 - 100 110
s 100
All sizes of PVC 140

C value for old pipe shall be determined according to the conditions

of pipe,

6. (pipe Material) Pipe materials’ shall be selected from the following:

ACP, CIP, DCIP, Steel Pipe, PVC.

In selecting pipe materials, the following shall be taken into con-

sideration:

1) 'Maximum static pressure and water hammey impact which
" the pipeline is to be subjected to.

2) Conditions of the road under which the pipeline is to
he laid.

3) Corrosiveness of the soil in which the pipeline is to

be burried.

7. (Fire Hydrants) Standard spacing of fire hydrants shall be 150 m.
size of pipe on which the fire hydrant to be instalied shall be
150 mm and above. In case of fire hydrant is considered indispens-
able due to the conditions of the locality, 100 mm pipe may be

utilized for installation of the fire hydrant,



8.

30.

Tagbilaran

{valves, Air Valves, angd Drain Pipe) Valves shall be installed at

the following points:

Transmission pipelines : strategic cperating points at
about 2 km intervals

Distribution mains all main crosses and branches

and at about 300 m intervals

Air valves shall be installed at the top of vertical curves of

pipelines.

Drain pipes shall be installed at the bottom of vertical curves of

pipelines, where draining from the pipeline is possible.
(Storage Capacity) The capacity of a distribution reservoir shall
be equivalent to 8 hours guantity of maximum day demand including

water for fire fighting and water for emergency.

The said capacity can be split into plural numbers of reservoir in

accordance with the needs of the locality.
(Meters) All production of water source facilities and distribution
shali be metered. For this purposé, bulk meters shall be provided

at appropriate and convenient places to measure.

House meters shall be installed at all service conneactions.
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