‘Legaspi

(I +11)

14.  Alternative Feasibility Study

14.1 General

This section deals, as pfeviously described in 1. General, with a
study for é‘project conprising Phase I and Phase II in orxder td'explOre

the feasibility.

14.2 Proposed Water Supply Plan

The project area for the tardet year covers approximately 2,100 ha,
the population served increases to 55,030 and the total water demand is

13,230 cu m/d, which are described in the preceding sections of this part.

The schematic diagfam and the location of major facilitieé for pro-
posed water supply systems are shown in Figs 3;14}1 and 3.14.2,
The facilities to be constructed are recaéitulated in Table 3.14.1.
The construction schedule is as Fig 3.14.3 and the project cost and
disbursement schedule are shown in Table 3.14.2 and Table 3.i4.3 respec—

tively.
14.3 Financial Feasibility Analysis

14.3.1 Source of Funds and Rate of Interest on Borrowing

In this financial feasibility study, forecasts are constructed on
the assumption that 20 % of the total capital investment is financed by
government susidies 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 District
will be able to obtain loan funds through government sources {(LWUA), which

" represent a hlending of funds obtained locally and internationally.
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The assumed interest rate is 9.0 peréent per annum and other
assumed téms lnclude a slx-year perlod (construction perxod) of grace

on pr1n01pa1 payment, and twenty-four year instalment repayment._

Approxxmately 60% of the pro;ect cost is. composed of forexgn cur-
ren&y portions and the rest composed of lccal culrency porticas. 1In
view of thé gaqn;tude of Eor21gn cur;ency requlrements, the goverﬁmeﬁt
is recommended to seek loans from forei@ﬁ sources such as the Overseas
Economic Cboperation rund, Japan (OECF);‘the World Bank or the Asian
Development Bank, though the effect of such borrow1ng will not dlrectly

affect the forecasts of the Water District's flnan01al performance,

14,3.2 Financial Feasibility

Carefully constructed financial forecasts based on the above
mentiohed assuﬁptjons indicate that the project covering Phases I and

II will be positively viable in financial terms.
14.3.3 Water Rate

In.calculating revénue, water ratés for domestic user were
projected less than 5% of the aveﬁage héusehold income of the Water
District Area. {See Financial Table 7)

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

units costs at 1981 coastant prlces of productlon toward the tarqet

year period 1990-1993, will be significantly lower than at present o
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14.4 Economic Feasibility analysis

14.4.1 Increase of Served Population and Area

Legaspi - :
(1+ 11)

_ Served population in the target year is eétimated at 55,030 which

is a gain of 295 3 over the present served population. And the served .

area will increase from 790 ha to 2,100 ha in the target year.

14.4.2

Internal Economic Rate of Return

The internal economic rate of return calculated proved positive

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

1)
2)
3)
4)

Based on Cost Value
Based on Cost Value
Based on Cost Value

-Based on Cost Value

without Conﬁeréion: 16

with Cénversion A : 15

with Conversion B : 18 °

with Conversion C : 14
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Q 6,480 M%/d
BUYOAN SPRING SYSTEM
. SPRINGS
COLLECTION CHAMBERS ™ C ‘_J
500M3x1 —
300M3x 2 SPRING
TRANSMISSION PIPELINE
@ 300mm x 500M
GROUNDRESERVOR
| 2000M 3x1
Q=7,000M3/d

RIVERBED WATER SYSTEM

_v_"\‘ o | DISTRIBUTION PIPELINE
— ~<== WALTRATION GALLERY @ 350mm x5,500M

4, 000mm x 350M

24aMBx2unts T RIVER

TRANSMISSION PIPELINE
8300mm x 3,800M

LEGASP!I PORT AREA

OLD ALBAY AREA

DISTRIBUTION PIPELINE
@ 350mm XLOOOM

J | 6rROUND RESERVOR
2,300M 3 x 1 '

Fig 3.14.1 Proposed Water Supply System

{(Target Year : 1993)
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Table 3, 14 - Facxlltxes requ1ted

1}

2)

(Tatget Year : 1993)

Buyaan Spring Systei (6,880 -slda})
. . .

1.

b

Consitﬁétlon of Collection Chaaber?
Hade of tetaforied coactetc

~Capaclty and Nuaberz 500 o’ x1 uull- and

360 I3 x 2 unlts

Installa:!cn of t:nns-lsslon Elpeiine.

~ {Froam the Buyoan Soring {Collectien Chamber) to the

gtounv& _use_:vott_‘)
Ofameter aad Length : § 300 aa x 500 =

Loastruction of Ground Resexvolrt

. Hade of telaforced concrete

Capacity: 2,000 ma
Numbder of basta: 1 basie

Tastallation of Distribatlen Plbglide:
{From the veservair to the catvance of Legaspl Pore)
Oiemeter 2nd Leogth 3. 0350 sa x 5,500 w

Riverbed Vater System on the Yaws River {7,000 mslday)

Ce

4.

Construbtion of Infiltratien Gallery:

Material t Refoforced concrete plpe
Dlameter and Length 3 # 1,000 oa x 350 a

Tatake Pump and Pump House:

Type of puap ¢ Turbine pump

Capacity 1 2.46 -3Inln x 60 m x 55 kv
Number of uaits: 2 unlts

lnstallat(&ﬁ of Tcaasmission Pipelines

_ (Frea the lnflltralion gallery to the ;tound ceservain)}

D!areter and 1¢ngth. $300 aa x 3,800 =

€oustruction of Ground Reservolr:
Hade of cefaforced concrete
Capaclty: 1,3ob cl'

Nunber af ‘basins 1 Basin.

,lnstallatlon of D!st:!butlon ?[peltne-

{From the resetvoi: to the entrance aof Old Atbar)
Olamater ind Lengtht #3150 e x 1,000 &

- td be continued-
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zefaforcement.

E
b‘.
s
d.
24

f.

#3900
B299
$150
$100
b 15
p 50

a

5

v

ma

X %5 A K ®onr:

and Expansion of Distributfon Pipelines:

1,500 @
140 =
1,510 =
3,520 »
16,360 m
3,280 =

Other fquipment

d.

Seyvlce Meter:

D 1Y am x 10,200 piecss

Bul% Heter:

#3150
H300
#100

At
g

=

Valves

x

x

x

12 pieces

H piécgs
? pleces

L niece

(p300 22 - P 75 za}

Fire Nydrant:

an pleces

2 sets

3 unfcs

Vehicle:

.Chlorinatur:
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Engineering Services

grocgyement

- Transmission &
distrxibution pipes,
punps, water meters, etc.

Civil Work

- Buyoan System

- Riverbed Water System
- Distribution Pipelines

- Service Meter

{1 + 1)
Fig 3.14.3 Construction Schedule
(Target Year : 1993) *
. Year
work Item 's2. | '83 | a4 | 85 |'s6 | 's87 | vs8 | ‘89
(Appraisal & Loan Procedure)

- Note: DD = Détailed Design _
sV = Superv1510n ofF Coustructlon :
T._
M= Manufacturlng & Shlpplng
c:

Constructkon/Instal1at10n
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Pable 3. 14, 2

- Prdjeét Cbét

Note- - Unxt = One Thousand Pesos = '000 Pesoé
- Prices as of lst July 1981

LegasPl

{Target Year : 1993)(I+II)“

PQSO??.QO

-~ Foreign Exchange Rate: US § 1. 00 =
. Cost -
Work Items :Tétél _ :?Ofeién j Local
Cost Currency | Currency -
: ) Componént | Component
A, Buyéan Systém 8,413__ : 4,133  4,280
B. Riverbed Water System 9,670 4,903 4,767
C. Reiﬁfprcément/Expaﬁsion of : 4,663 3,124 _1,539
Distribution Pipelines -
D. Other Equipment 7,880 5,939 1,941
1" sub Total 30,626 18,099 12,527
petailed Design Cost { 10.5% ) 3,216 1,901 1,315
SupeIV1slon Cost ( 3.51%) : 1,0?2 634 438
Land Cost 143 L ‘.'143_
Total ' _ _ 35,057 20,634 14,423
Ph?Sicai Contingency ( 10°% ) 3,506 2,064 1,442
Total 38,563 22,698 | . 15,865
“Price Contingency - 28,839 15,659 13,180
Grand thal- { Project Cost 5,: .67;462 38;357_ 29,045
(Equivalént' KEquivalent (Equivalent
| to to to
US$8.64 M) US$4.92 M) | Us$3.72 M)
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FINANCIAL TABLE 1

'WATER SUPPLY PROJECT

PORJECT COSTS

(11,000's)

BY YEAR OF CONSTRUCTION

Pr&je-:%t Co;ﬁﬁdnelits Cost; as c;f 7_-—_1_-—Bi ﬁy Construction ,Ye.a‘r._ '
By Major Elements [ g4,y 1983 1984 1985 1986 1987 | 1988
Collection : :
1. chambers 3,780 | 1,780 - - - -
2. Reservoirs 3,870 "900 900 725 | 1,345
3. pumps 1,700 - 1,156 | 544
4. Transmission _: 4,198 488 866 2,354 490 -
s.nistr;pnﬁidn 9,798 - 4,313 | 2,372 | 2,474 482 157
6.1/G ;,406' - - 700 700 -
7 Meters 6,682 3,37 | 2,397 306 306 302
s.uydrants 536 134 139  176 50 '37
' 9, Chlorinators 20 19 - - 1
10. Vehicles 210  140 70 - - -
1. Engineering 3,216 3,216 - - - - -
12. Lands 143 a8 30 30 35
13. physical Cont. 3,506 322 1,060 ‘712 846 358 208
14, Valves 432 109 109 157 “30 27
15. Supervision 1,072 216 213 213 213 217
16.
17.
18,
TOTAL, 7-1-81 38,563 | 3,538 | 11,659 7,827 ) 9,312 3,933 é,294
ESCALATxdﬂ FACTORS 1.322500 1.520875 [1. 703380 1.907785|2.136719|2. 393126
FSCALATED COSTS. 67,402 ] 4679 | 17,732 | 13,332 12,765 | 8,404 5,490
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FINANCIAL TABLE 2
LEGASPT = WATER. SUPPLY PROJECT

OPERATION AND MAINTENANCE COSTS

(PI,OOO'S)

'Léééspi

I+ I

Fixed, 7-1-81 Costs

Escalated Costs

gear . . . Powex Chemicals| Others ._T§t§} .FﬁdFOY‘Ef ' 'AEODHé
1981 22 4 '1';140 | 196 1000000 196
1982 22 34 159 215 1.150000 _243'
1983 22 3 [ 179 '235 1. 322500 3
- l9Ba 22 - 35 108 £ 255 i.520375 388
1985 - 66 | 217 285 1.1d$330 485
1986 - 3 | 21 348’ | 1.907785 664
1987 - 78 | 343 éélf 2.136519 :899
1988 37 o1 a01 '_529' 2,393126 1,266
1989 - 87 108 459 654 2.680301 | | 1,553
1990 145 127 | s27 | 190 | 2.048331 2,356
1991 210 149 s0a 953 3.243164 3,091
11992 284 174 652 1,110 | 3.567480 3,960
1993 369 202 710 1,281 3.924228 5,027
1998 369 202 710 1,280 |.4.316657 5,530
1995 369 200 | mo | a8 [a7aem16 | 6,083
1996 369 202 '-_'710 _ '1,23; 5;223143 6,691
1997 369 - 202 710 | 1281 5.745463 | 7,360
71993 169 202 "_710 | 1,281 6.320009 8,096

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 19%0 and afterwards.
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FINANCIAL TABLE 3

LEGASPI

WATFR SUPPLY PRQJECT

LOAN DISBURSEMENTS AND DEBT SERVICE

(81,000's)

‘| ‘disbursement 1/

Loaps'bﬁtsiéﬁaiﬁq

Interest ?ayments

4/

| Year

‘Grant

‘Loan
"20% | g0

Begihnihéz-Enaihg‘

" Firsk

Year, 2/

~Laker ;

Years

Principal
Payments

¥

‘Total

‘Service

bebt

1981

1982

osy

938 3,743

3,911

11984 !

3,546 | 14,186

3,911

19,087

1985

2,666

16,666

19,087

31,950

1986 - |

3,553 | 14,212

31,950

49,676

1987

1,681 | . 6,723

49,676

51,172

—

1988

1,098

61,172

71,266

1989

4;39é

- 11,266

71,103 -

- 6,414

163

6,577

1996 .

71,103

70,308

6,399

795

1,194

1991

70,308

68,977

6,328

1,331

7,659

1992

68,977

66,907

6,208

2,070

18,278

1993

| 66,907

64,358

6,022

2,549

8,571

1994

64,358

61,389

5,792

2,969

8,761

1995

61,389

53?425i

5,525

3,969 |

8,494 -

1986

58,420

55,451

5,258

2;969’

8,227

1997

'$5,45} -

52,482 -

4,991

2,969

7,960

'1993

52,&82;

49,513,

‘lq,?géﬁ

2,969

7,692

l/ From F1nanc1al Table 1.

'2/ Dlsbursements assumed to be eQUally spread durlnq year.

with 50 per cent of annual interest in first year.

3/ Principal payments are made in equal yearly 1nsta1ments.

ﬁ/ Interest is capitalized during construction.

3-102
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- FINANCIAL TABLE 4
LEGASPI :

WATER SUPPLY PW&JECT

CASH REQUIREMENTS PER- REVENUE UNIT '
’ (Fl OOO'S)

- {egaspi .

T IX

Year

-6eb£, _
“Service

tTotal _
Costs |

E Estxwated

Reserves

Cost Wlth
ReserVes

Revenue
Un;ts 2/

Cosf Fer
Revente
Unic 3/

1981

196,

196 :

S

B _71§6

845

0.23

1982

o |

‘247

871.

- 0.28°

1983

247

i3

311 :

311

924

1984

- 388

388

" 951

0.41

19385

485

a5

. 485

1,756

. 0.28

1986

“'664;

664

664

1,087

0.33

1987

899

899

899

2,268

0.40

1988

1,266

1,266 |

1,266

2,597

1,753

. 8,330

417

3,003

6,577

7,194

2,356

9,550

| 478 -

8,747

10,028

3,493

7,659

3,091

10,750

1,075 |

11,825

4,073

‘8,278

3,960

12,238

1,224

- 13,462

. 4,709

8,571

5,027

13,598

1,360

14,598

5,422

2.69

8,761

5,530

;14,291;

1,429

315;72q'

5,422

2.90

11995

8,494

6,083

14,577

1,458

16,035

.5,§22

2.96

1996

© 8,227

6,691

14,918

1,492

© 16,410

5,422

3.03

1997 ..

174960

7,360

15,320

M'jl 532

16,852

5,@22

3.11

’1§éa

.7L692'

]’a'oééji

i-1"5 ?QB; i

'L, 579

1 17,367

- 5,422

- 3.20

:1/ Reserve estimate equal to 10 pet cent of total ¢osts.

. for the first two years)

2/ Revenue units from Tables QA, 9B and 9C.

. 3/ Revenue un1ts lelded 1nto costs w1th reserves.

:-3«103
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FINANCIAL TABLB 7
LEGASPI . HATBR SUPPLY PROUECT
| ILLUSTRATIVE RATE SCHEDULE

DOMESTIC AND GOVERNMENWTAL SERVICE CONNECTIONS; 1/2"

= First 10 o3| Chorge for Each Added m® 2/ Charge 3/
Year Ty = — ————= pex
. = 11-20 . 21-45 _over- 45 Revenue Unit
1981 15.00 072 | o84 | 102 0.60
1982 15.00 0.2 | e 1.02 | 0.60
1983 23.75 | L4 _'1;33 ] we2 ) ouss
1984 37,50 | 180 2.16' S 2.55 150
1985 . - 37.50  1.30 2,10 | 2055 11.50
1986 42.50 - 2.08 3.38. 2.89 __ 170
1987 42,50 2,06 | 2.38 | 2.8 | 170

1088 150.00 N 2,40 _ 2.80  3.40 2.00
'1959 So;qo._ 2.40 - 2.80. 0 3.40 2.00
1590 61.25 20 | 3.43 4,17 2.45
1991 61.25 2,99 [ 3,43 a1 | 2.45

1992 67.50 | 3.24 | 378 | - 4.59 ' '2.%9:
1933 67.50 | 3.24 '. 378 4,59, 2,70

Note: l/ To obtaln chatge per m3 for the Elrst 10 m3 cla331fzed by

connection size, multlply R.U. charge shown in

-3/ above oy the follow1ng connection sizé factors.

Domestic { 1.0 for 3/3", 2.5 for 1/2"; 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

-1 122"

To obtaln charge for each added m3, multxply R. u. charqes
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 : : _
Commercial: 2.4 for 21- 45 m3;" 2.8 for 45-100 m3; 2.4 for éver
: 100 m3 . '
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- Legaspi
FINANCIAL TABLE 9A

R ¢ LEGASPL WATER SUPPLY PROJECT
' CALCULATION OF REVENUE UNITS

A) AVERAGE NUMBER OF CONCESSIONAIRES

. | Residential and Government : . Commercial and Industrial
.Year'. 3/8“ 'l/Zf 3/4" IQ Sgrotal 1/2" 3/4" 1 | 1/2'f s-Total Total
1981 | 0363 gie] 1| 2| r,2mn | a3} 1a | 7 | 2| 15 1,367
1982 | 363 g36| 11| 1 | 1,211 | 133) 14 7 2. 156 1,367
1983 | 392 | go2| 12 L1307 ) 13| 14} 7 | 2 156 | 1,463
1984 | 4281 os| 13 1| 1,427 | 1] 15 7 2 i65 | 1,592
1985 | seo {1150 15| 2 | 1,667 | 175 18 | 10 2 205 1,872
1986 | 587 )1,350| 18 2| 1,957 | 280 27 | 15 3 305 2,262
11987 676 |1,555| 20| 2 | 2,253 | 380 40 | 22 3 445 | 2,098
1988 | 852 |1,060] 26 2 | 2,880 | 391 | a1 | 23 3 458 - | 3,298
1989 1,090 | 2,506 | 33 3 3,632 | 402 42 | 24 3 471 '4;103
1990 1,408 | 3,239| a2 s | a,60a | a13| aa | 24 3 484 5,178
1991 |1,838 [4,227] 55 6 | 6,126 | 24| 45 | 25 3 497 | 6,623
1992 ]2,435 5,601 73 9 8,118 436 46 25° 3 510 . 8,628
1993 {3,315 | 7,625 9o | 311 [11,050f 448| 47 | 26 3 525 | 11,575
B) SERVICE REVENUE UNITS PER CUBIC METER
' T Residential and Government | Commercial and Industrial
Year - - - - - - Total
| 100 2.50}4.0 | 8.0 [s-totat]| 5.0 | 8.0 |16.0 [ 40.0 | s_Totat
1981 | ‘363 |2,000| 44 8 | 2,505 [ 665 | 112 [ 112 [ s0 969 | 3,474
1982 | 363 2,000 a4 8 { 2,505 | ee5 ) 112 | 112 ]| so 969 | 3,474
1983 | 302)2,255| 48| 8 | 2,703 | ees| 112 | 122 | 80 | 9so | 3,672
1984 | gag | 2,463]  s2 8 | 2,051 ] 705 | 120 | 112| s | 1,007 | 3,068
1985 | 500 |2,875| 60| 16 | 3,451 | 875 | 144 | 160 | 80 | 1,250 | 4,710
1986 | sa7|3,375| 72| 16 | 4,050 [1,300 | 216 | 240 | 120 } 1,876 | 5,926
1987 | "e76 |3,888| 80 | 16 | 4,660 (1,900 | 320 | 352 | 120. | 2,602 [ 7,352
1988° | gs2 ta,000) 104 [ 16 | 5,872 [1,955 | 328 | 368 | 120 | 2,771 | 8,643
1989 1,090 {6,265| 132 | 24 | 7,511 |2,010| 336 | 384 | 120 | 2,850 | 10,361
1990 11,408 [8,098| 168 | 40 | 9,714 |2,065 | 352 | 38a | 120 | 2,021 | 12,635
1991 - 1;933 16,568 220 |- 43 12,674 12,120 | 360 -400; 120 3,000 | 15,674
1992 [2,435 [i4,003{ 2021 72 |16,802 |2,180 ] 368 | 400 | 120 | 3,068 | 19,870
| 3993 [3.395 Jo,063]| 396 | 88 | 22,862 |2,240 | 376 | 416 | 120 | 3,152 26,014
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LegéSPi

. ECONGMIC TABLE 1

P LEGASPI ___ WATER SUPPLY PROJECT
- SUMMARY OF PROJECT COST
Costs as of July 1, 1981 in 1,000 Pesos

.éomﬁdnents zgzil zzi?;EZy . zzgiéncy

Portion Portlon

1. Collection Chambers = 1,780 445 11,335

2. Resepvqirs 3,870 268 2,902

3. Pumps 1,700 1,020 680

4, TranSmission . 4,198 _2,813 1,385

‘5. pistribution 9,798 6,564 3,234

(6. 1/G 1,400 350 1,050

—ff. ‘metefs' 6,682 5,147 1,535

8. jiydrants 536 354 182

9. chlorinators 20 18 - 2

10..:V¢ﬁiqles 7 210 105 105

11,1’Engineefing' _ :3,216' 1,901 1,315

12, pands 143 - 143

13, yalves 432 315 117

14.  Supervision 1,072 634 438
15.
16,
1.

Source: From Cost Estimates
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ECONOMIC TABLE 4-0

. LEGASPI

WATER SUPPLY PROJECT

Legaspi

ECONOMIC COSTS DISTRIBUTED TO YEARS: tr
B x.1,000
Value without CONVERSION

fcpmponeppé.’ “Total | 1983 | 21984 1985 1986 | 1987 1988
1. Col:l_ecti_on Chambex 1,780 1,780 - - |
2. Reservoirs 3,870 | 900 900 725 | 1,345
'3._buﬁps 1,700 - : . 1,155_ 544 .
4. Transmission 4,198 - 488 ' 866 2,354 490 -
5. Distribution 9,798 - 4,313 | 2,372 | 2,474 482 | 157
6. I/G 1,400 . 700 | 700 -
7. Moters 6,682 3,371- 2,397 | 306 306 302
g. Hydrants 536 134 | 139 176 50 37
9'Chlorinators 20 19 1
10. Vehicles 210 140 70
11. Engineering 3,216 | 3,216
12. Lang 143 48 30 30 35 -
13, valves 432 109 109 | 157 30 27
14. supervision 1,072 - 26 | 213 | a3 | 213 | 217
15. .
16.
i7. |
8. o

Total 35,057 | 3,216 | 10,599 7,115 | 8,466 | 3,575° | 2,086
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lLegaspi

I +1I

3-120

) _Eéoﬁdm_l'cf TABLE 4-A | ‘
__BEGASPL - uayER SUPPLY PROJECT
ECONOMIC COSTS DISTRIBUTED TO YEARS
- ' B % 1,000
Value with CONVERSION A
| Cotiponents | worar | 1983 | 1984 | 1985 | 1986. | 1987 | 1988
1. Collection Chamber ),434 - 1,434 - - - .
2. Reservoirs c3us | - | e 725 | 584 | 1,084
3. Pumps 1,768 - - - 1,202 566 -
4, T;aﬁsmissidn : . 4,6 76 - 544 | - 964 2,622 546 -
5 pi§tr_ibution ‘ 10,695 - 4,708 | 2,589 | 2,%01 526 | 17 :.
6. /G o 1,200 - - - 600 600 -
7. Moters | nrss - 3,912°| 2,782 355 1 355 | as1
.3,._Hy_dr.a;n_ts | . 584 - 146 151 192 55 40
9 Chlorination . 25 - - 24 - - 1
- [¥0. Veﬁicles | 231 - 154 | 77 - - - .
11; Engineering . 3,625 3,625 - - - - _
12. Laffd B | ' 136 - 46 | 29 29 K -
13, Valyg's SR 495 - 125 125 - 180 34 31
14. supervision 1,209 - 244 240 240 | 240 245
fis, . |
16.
17,
18.
~Total ‘ 36,951 | 3,625 |11,313 | 7,706 [ 8,846 3,538 | 1,923




ECONOMIC TABLE 4-B

Legaspi

| T4 I
LEGASPL . ynTER SUPPLY PROJECT
ECONOMIC COSTS DISTRIBUTED TO YERRS-
B % 1,000 :
Value with CONVERSION B
‘Components © © | Total | 1983 | t1984 | 1985 | 1986 | 1987 | 1988
1. Co_llect:‘u')n Chamwberxs 1,323 1,323 =
2. Reservoirs | 2,875 - - 661 661 518 | 1,035
3. pumps ' 1,513 S 1,029 484 -
4, Transmission 3,973 . 417 95| 2,225 476 «
5. Distribution 9,054 - 3,984 | 2,173 2,264 453 180
G160 1,112 : 556 556 -
7. Meters 6,468 | - 3,234 | 2,328 323 323 260
8, Hydrants . : 495 - 124 120 163 45 4
‘2. Chlorinators 20 - - 19 - - 1
10. yehicles | 208 | - o137 68 - -
11. Engineering _ 3,150 3,150 o - -
12. pLand , 136 | 46 29 29 32
113 vaives : 416 - 104 104 150 29 29
114. supervision 1,050 - 211 209 209 209 | 212
s, '
16.
17.
11is.
Total =~ 31,790 | 3,150) 9,640 7,544 | 7,064 2,641 | 1,751
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' Legaspi

I+ I
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| ECONOMIC TABLE 4-C
LEGASPI 7‘_-ﬁa?sR sﬁéPLY PROJECT
ECONOMIC COSTS DISTRIBUTED TC YEARS
' B x 1,000 -
value with_CONVERSION'c
Component$ 7oral | 1983 | 1984 | 1985 1986 .1987  1988
;ldlcbilecéiqn Chamber 1,80 | - | 1801 . - - -
7. Reservoir 4,112 - - 956 | 956 771 1,429
Hi;.Pumps 1,955 - N 1,320 626 -
4.'Trans¢is§ion 4,901 - | sw 1,011 | 2,748 572 -
'SA_Distfib“tion' 11,439 | - 5,036 | 2,769 2,asé 563 183
6. 1/G 1,488 | - - - 744 744 -
1| 7. meters 7,969 | - | 4,020 2,859 | 365 365 | 360
é.Hydfants 625 -  1s6 162 205 59 43
9. chlorinators 25 ] - - 24 - - 1
119 vehicles 236 | - 157 79 - - -
- 11, Engineering 3,691 | 3,691 - - - - -
12.L$nd .' 143 - 48 30 30 35 -
'13.va1y¢s 511 - 129. 128 | 186 36 32
i4isﬁpetviéion_ 1,231 - 248 245 | 245.| 244 249
s | |
: 16
{17.
18,
Total 40,217 | 3,691 2,255 | 8,263 |9,69 4,015 | 2,297




ECONOMIC TABLE 5

Legaspi

Base Year

3-123

R R S I + I
'LEGASPI -~ WATER SUPPLY PROJECT . '
OPERATION AND MAINTENANCE EXPENSES
Costs as of July 1, 1981 in 1,000 Pesos
Yeax Power _Chemicals Others Total Net Costs
1981 22 34 140 .:196 -
1982 22 34 159 215 -
1983 22 34 179 235 20
1984 22 35 198 255 40
1985 - 68 217 285 70
1986 - 73 275 348 133
1987 - 78 343 421 206
1988 37 91 401 529 314
1989 87 108 459 654 439
1990 145 127 527 799 584
1991 210 149 594 953 738
19292 284 174 652 1,110 895
1993 369 202 710 1,281 1,066
= 1983



Legaspi

ECONOMIC TABLE 6-0

I+ IX

LEGASPI . WATER SUPPLY PROJECT

LIFE EXPECTANCY AND REPLACEMENT SCHEDULE
S B X 1,000 :
value without CONVERSION
. Life Expectancy 6f Comrponents
‘Components — ‘ : .
L ' _ 7 Years . 15 Years ‘| 50 Years | Infinite Total
). Collection Chamber 1,780 ' 1,780
2. Reservoir : 3,870 3,870
3. punps 1,700 1,700
_4. Transmission 4,198 4,198
S. Distribution 9,798 9,798
Gi 1/G 1,400 1,400
7. Meters o 6,682 6,682
8. Hydrants 536 536
9. Chlorinators 20 20
10. vehicles 210 210
11. Land _ 143 143
L{f- Valves 432 . 432
.7 Year Items Years of Installation Years of Replacement
1. Chlorinators 1985 | 1988 199211995 § 1999 | 2002} 2006
' 2009 .
. - - i - — - ——]
2. Vehicles 1985 1921|1992 | 1998 | 1999| 2005
2006|2012
15 Year Items Years of Installation Years of Replacement '
- ; A D
1. Pumps 1986 [1987 2001 | 2002
2. Meters 198411985 | 1986 {1987 [1988 [ 1999 [ 2006} 2001|2002 | 2003
J —a
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LEGASPI

ECONOMIC TABLE 6-A :
_ WATER SUPPLY PROJECT.

LIFE EXPECTANCY AND REPLACEMENT SCHEDULES

B x

1,000

~value with CONVERSION A

Legaspi

I

+ I

Life Expectancy of Cqmpénents

Components — : _
7 Years 15 Years | 50 Years' | Infinite Total
1, Collection Chamber - 1,434 1,434
2. peservoir 3,118- 13,118
3. pumps 1,768 o 1,768
4. pransmission 4,676 4,676
'S. pistribution 10,695 10,695
6. 176 1,200 1,200
7. Meters 7,755 7,755
8. pydrants 584 584
2. ¢hlorinators 25 25
10. Vehicles 231 231
11. 1ana 136 136
12 vaive 495 495
- _ i - :
7 Year Items - Years of Installaticn Years of Replacement
1. Chlorinators 1985 1988 1992 | 1995 | 1999 [2002 | 2006
2009 -
2. Vehicles 19841 1985 1991 } 1992 | 1998|1999 | 2005
| | 2006 | 2012
15 Year Items Years of ;nétallation Years of Replacement
‘1. . Pumps 1986 (1987 } 2001 | 2002
2. Meters 1984 [1985 1987 | 1988]1929 | 2000 | 2001 2003 |

2002

1986
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. Legaspi

ECONOMIC TABLE 6-H

' _LEGASPI ' WATER SUPPLY PROJECT
I+1x LIFE EXPECTANCY AND REPLACEMENT SCHEDULES

2 x 1,000

Value with CONVERSION B

ST _ Life Expectancy. 6f Cocﬁpéuénts
Components — ‘ T : : _ o
| o 7 Years 15 Yearxs 50 ants _Infin;tgl Total
RS éolléctibn Chamber o 1,323 L ] 1,323
2. Resexvoir .. - : o © 2,875 1 2;@75‘
3: pumps: ' _ sz | 1,513
4. fransmission SRR 3,973 | . Sl 3,073
:5j pistribution B ‘ 1 - 2,054 | 9,054
6. i/G ] - - 1,112 R B S ¥ £
7. Meters o _ 6,468 1_. . 6,468
8. Hydrants o | ses 195 |
9. Chlorinators . 20 _ 7 : o 20
10. vehicles - . 205 . | | . 205
11. Land ' : : _ 136 136 |
12, valves - _ | ' - 416 - . 416
7 Year J.terés= ' Years of Instailation "1 Years of'Replacement
1. Chlorinators | 1985 1088} "] |1992 |1995 | 1999 | 2002| 2006
. 2009
2, Vehicles - 1984/ 1985 - 1901 [1992 | 1998 | 1989 2005
“ ' ' R ' 2006 |2012 R
 '1$_Eeér Items - Years of instéllétiﬁn.__ Years of Réblacement
1. Pumps o |sse|aesr| | | 2001|2002
2. -Meters ' 1984 | 1985) 1986 | 1987 | 1988|1999 2000 | 2001 | 2002|2003
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Legaspi

ECONOMIC TABLE 6-C A
__ LEGASPIL ' WATER SUPPLY PROJECT
LIFE EXPECTANCY AND REPLACEMENT SCHEDULES
?P x 1,000
Value with CONVERSION C -
o ‘Life _Exp’eci:ancy of-’(':orhpdnents .
Components : — : - E : T
; . 7 Years 15 Years 50 Years | Infinite Total
‘1. Collection Chambers - - S e 1,891
2. Resérvoir . - ‘ 4,112 4,112
3+ pumps 1,955 1,955 -
4. Transmission ] B - 4,901 4,901
%+ pistribution ' : . 11,439 11,439
6.1/6 | . . 1,488 - 1,488
T geters . | - 7,969 | 7,969
8. Hydrants R .. 625 625
kS Chlorinators 25 25
10. venicles ' 236 _ o 236
11. pand - . . 143" 143
12. yalves ' ‘ - 511 511"
7 Year Items - Years of Installation Years of Replacement
1. Chlorinators 1985|1988 | ' | 1992 | 1995 } 1999/2002 | 2006
_ _ | 2009 '
2. Vehicles 19841985 | | 1991 [ 1992 | 1998|1999 | 2005
' 2006 |zo012|
15 Yeaxr Items |  Years of Installation Years OF Replaé;exi;eht
1. Pumps 1986 (1987 N 2001 | 2002
2. Meters | 1984|1985 | 1986 | 19871988 {1999 | 2000 [2001 |2002 | 2003
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Tegaspi

3 ..|._ I.I. . L ECONOM_IC TABLB 7-0
LEGASPL © ~  WATER SUBPLY PROJECT
CALCULATION OF SALVAGE VALUES
- B x 1,000 '

Value without CONVERSION

31st Year
Salvage Base
Year Values

Base Year - . pexcentage of

. Components value . Base Year Value

Infinite Life, -
_Year Purchased

1984° 48 )

iggg ‘ _ggh} , ws | 7 — 107

1987 35)

50 Year Life,
Year Constructed

1 1984 6,824 42% 2,866

1985 - B 4,386 S 44w 1,930

11986 - 8,761 46% 3,110

1987 : 2,477 48% 1,189

vl oW N

1998 1,565 50% ; TET"
1989 - - s

15 Year Life,

Year of Replaceément _
1 1999 ' 3,371 7% 236

2 200 . | 2,307 | 13 312

3 2001 - 1,492 | 208 288

4 2002 ' 870 29 | 235

52003, R 302 338 100

7 Year Life, Years of

Final Reblabement

2006 . : 19 0% ' 0

2000 1 1 ' 43% a 0

2006 ' 701 0%

o w0 |

2012 - _:'- 140 i 86% 1 120

Total = - _ o 11,276
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' Legaspi

I+I1

ECONOMIC TABLE 7-A -
LEGASPI WATER SUPPLY PROJECT
CALCULATION OF SALVAGE VALUES
B x 1,000
Value withiggNVERSION A :
AT N ) . Base Year. ,Petcentage.oﬁ 'gijtaYZa;ase
rComponeq ?-i Value ‘Base Yeaxr Value| S R
. . - S ‘ T Yéaxr Values
Infinite Life, ' '
Year Purchased -
1984 46 )
138 '%3 136 75% 102
1987 32 )
50 Year Life,'
Year Constructed
1 1984 6,957 a2y 2,922 -
2 1985 4,554 443 2,004
3 1986 7,020 46% 3,229
4 " 1987 2,345 48% 1,126
5 ‘1984 1,326 50% 663
15 Year Life,
Year of Replacemeént _ )
1 1999 3,912 7% 274 .
2 2000 2,782 T 13% 362
3 2001 1,557 20% 311
4 2002 921 27% 249
5 2003 351 < 33% 116
" 7 Year Life, Years of
Final Reéplacement _
1 2006 24 0% o
2 2009 ! 433 0
3 2006 77 R K
4 2012 154 86% 132
Total 11,490
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_LGQQSpi

I+ 1K
ECONOMIC TABLE 7-B
LEGASPI  ° WATER SUPPLY PROJECT
CALCﬂLATION OF SALVAGE VALUES
P ¥ 1,000
Value with CONVERSION B
Coming £ : Base Year ~ Percentageé of - ;;i;a?zégase;
omponents Value . Base Year Value : 9. )
e C R Year Values
Infinite Life, R
Year Purchased
1984 46)
1382 33 13 D T 02
1987 32 )
50 Year Llfe,
Year Constructed - s
1 1984 6,012 428 - 2,525
2 - 1985 3,862 448 1,699
3 1986 6,019 . 46 2,769
4 1987 2,077 : 483 997
5 1988 1,218 50 , 639
15 Yeaf Lifé.
Year of Replacement
1 " 1999 3,234 ' _ 7% _ 226
2 2000 3,357 13% 436
3 2001 . 807 a0 161
4 2002 323 273 ' a7
5 2003 260 33 86
7 Year Life, Years of ‘ B ' ' o
Final Replacement
1 2006 19 or | 0
2 2009 1 43 T 0
32006 A 0% ' 0
4 2012 137 . |° T 86% 118
Total 9,845'
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"Lééaspi

ECONOMIC TABLE 7-C - : T+ 1r
LEGASPL. ~  WATER SUPPLY PRQJECT
CALCULATION OF SALVAGE VALUES
£ x 1,000

_value with CONVERSION C

ol ] 31se Year.
. - _ Basé Year - ¢ Percentage of | S
Components . i Salvage Base
. Value . . Base Year Value : .
: "l Year values N
Infinite Life,
Year Purchased
1984 o 48 )
1382 1 383 14 ' 758 107
1987 S . 35}
50 Year Life, 1 |
Year Constructed -
1. 1984 7,782 a2z 3,268
2 1985 ) 5,026 44% 2,211
3 1986 1,727 46% © 3,554
q 1987 ) 2,745 483 1,318
5 1988 1,687 -l 50% 844
15 Year Life, ' '
Year of Reéeplacemeént
1 19929 B . 4,020 ' 7% 281
2 .2000 2,859 13% 372
3 2001 . 1,604 L 208 . 333
4 2002 _ 991 27% ' 268
5 2003 _ 360 T 33% 119
7 Year Life, Years of
Final Replacement _
1 2006 ' 24 | 0% 0
2 2009 _ i " 43% : 0
3 2006 o 79 0%, )
4 2012 157 - 86% 135
Total _ : ' * 12,816
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quéspi

ECONOMIC TABLE 8-0

L LEGASPY . WATER SUPPLY PROJECT
_ SUMMARY OF ALL PROJECT COSTS _
Costs as of July 1, 1981 in 1,000 Pesos
Value without CONVERSION
Yeax gZiiliiies Net © & M gigtagi;ts Total Salvage Net Cost
Tweee | |
1983 3,216 20 3,236
1984 | 10,599 40 10,639
1985 6,249 70 6,319
1986 6,978 133 7,111
1987 5,439 206 5,645
1988 2,576 314 2,890
1989 . : 439 439
1990 584 584
1591 738 140 878 -
1992 . 895 ‘89 984 .
1993 1,066 1,066
1994 1,066 1,066
1995 | 1,066 1 1,067
1996 1,066 1,066
1997 1,066 1,066
1998 1,066 140 1,206
1999 1,066 3,460 4,526 -
2000 1,066 2,397 3,463
2001 1,066 1,462 2,528
12002 1,066 851 1,917
2003 - 1,066 302 1,368
';004 1,066 ' 1,066
"2005 1,066 140 1,206
2006 1,066 89 1,155
2007 1,066 1,066
2008 1,066 1,066
2009 1,066 1 1,067
2010 1,066 1,066
2011 1,066 1,066
2012 1,066 70 1,136
Total 25,057 ' 24,759 9,142 68,958 (11,276) 57,682
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 ECONOMIC TABLE 8-A .

Legaspi

I + 11

~PEGASPI'; . WATER SUPPLY PROJECT
. SUMMARY. OF ALL PROJECT COSTS
Costs as of July 1, 1981 in 1,000 Pesos
Value with CONVERSION A
yea;‘ g:zili:ies ugt § &M iZﬁtazzgts Tétal Salvage Net Cost
1982 T ' | |
1983 3,625 20 2,645
1984 11,313 40. 11,353
1985 6,742 70 5,812
1986 7,188 133 7,321
1987 5,614 206 5,820
1988 2,469 314 2,783
1989 439 439
1990 584 584
1991 738 154 892
1992 895 101 996
1993 1,066 1,066
1994 1,066 1,066
1995 1,066 1 1,067
1996 1,066 1,066
1997 1,066 1,066
1998 1,066 154 1,220
1999 1,066 S 4,013 5,079
2000 1,066 2,782 3,848
2001 1,066 1,557 2,623 |
?002 1,066 922 1,988
2003 1,066 351 C1,417
2004 1,066 1,066
‘2005 1,066 154 1,220
2006 1,006 101 1,167
2007 1,066 1,066
‘2008 1,066 1,066
2009 1,066 1° 1,067
2010 1,066 1,066
2011 1,066 1,066
2012 _ 1,066 154 | 1,220 _ _
Total 36,951 24,159, 10,445 72,155 {11,490) | 60,665
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Legaspi

I+ 11

- ECONOMIC TABLE 8-B

.LEGASPI'""-QATER SUPPLY PROJECT
SUMMARY OF ALL PROJECT COSTS
Costs as of July 1, 1981 in 1,000 Pesos
-~ Value Wiﬁh.ébNVEﬁSION'B'
Year ggztlgiﬁes Net 0 & M Reprace o | Total Salvage Net Cost
1983 | 3,150 20. 3,170
1984 | 9,640 40 . 9,680
1985 | g, 749 70 6,819
1986 5,634 133 5,767
1987 4,390 206 4,596
‘1988 3,227 314 72,541
1989 439 439
1990 584 584
1981 738 137 875
1992 895 87 | = .982
1993 1,066 1,066
1994 1,066 1,066
1995 . 1,066 1 1,067
1996 1,066 1,066
1997 1,066 5 1,066
1998 1,066 137 1,203
1999 1,066 3,321 4,187
2000 1,066 2,328 | 3,394
2001 1,066 1,352 2,418
2002 1,066. 808 1,874
2003 1,066 360 1,326
2004 1,066 1,066
‘2005 1,066 137 1,203
2006 1,066 Y 1,153
2007 1,066 | 1,086 L
2008 1,066 1,066
2009 - 1,066 1 1,067
2010 1,066 1,066
2011 - 1,066 1,066
2012 - 1,066 137 - 1,203 - _
Total 31,790 24,759 8,793 65,342 (9,545) 55,497
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'ECONOMIC TABLE 8-C

I+ I

LEGASPT - WATER SUPPLY PROJECT
SUMMARY OF ALL PROJECT COSTS
Costs as of July 1, 1981 in 1,000 Pesos
Valué with CONVERSION C
Yeax Ezzgliiies Net O &M izgiagz;ﬁs Total Salvage .NeF Cost
1982 . ' L
1983 3,691 20 3,711,
1984 | 12,255 40 12,295
1985 7,252 7 70 7,322
1986 7,959 133 8,092
1987 6,191 206 6,397
1988 2,869 314 3,183
1989 . L 439 439
1990 584 L 584
1991 738 157 895
1992 895 103 998
1993 1,066 1,066
1994 - 1,066 1,066
1985 - 1,066 | 1 1,067
1996 1,066 ) 1,066
1997 1,066 1,066
1998 1,066 157 1,223
1999 1,066 4,123 5,189
2000 1,066 2,859 3,925
2001 | 1,066 1,694 2,760
2002 1,066 992 2,058
2003 . 1,066 360 | 1,426
2004 - 1,066 _ 1,066
*2005 1,066 157 1,223
2006 1,066 103 . 1,169
2007 1,066 1,066
[ 008 1,066 1,066
2009 1,066 1 1,067 I
2010 1,066 | 1,066
2011 1,066 1,066
2012 1,086 157 1,223 _
Total 40,217 24,759 10,864 75,840 |  (12,816) | - 63,024
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: Legaspi'

ECONOMIC TABLE 9

3-136

1+ 11 LEGASPI ' - - WATER SUPPLY PROJECT
BENEFITS AT.1981 PRICES
(2 x 1,000}
_ o S i TR National
féar B Vblu@e .' gualitative g;;ictizi : Total ig;ﬁgsﬁgnt
1982
1983 | o | ; o
1984 67 164 | 67 | 298 ‘328
1985 2,160 | 327 89 2,577 2,835
1986 L 2,557 | . 401 116 1,164 3,480
1987 -1 3,001 491 ] 148 3,640 4,004
1988 | . 3,482 491 192 - | 4,165 4,582
1989 | 4,044 491 252 4,787 5,266
1990 | 4:803 491, 331 | 5,425 5,968
1991 § 5,184 | . 401 437 6,112 6,723
11992 5,665 491 584 6,740 7,414
1993 | 60102 | 491 |  sor 7,364 8,100
1994 6,072 491 © [ s01 4.?,364 '3,100'
1995 6,072 | 491 golr .| 7,364 8,100
1996 | " 6,073 491 801 7,364 8,100
11997 6,072 " 491 801 7,364 8,100
1998 | @ e,072 491 801 7,364 8,100
1999 6,072 | 491 801 7,364 8,100
2000 6,072 491 gol 7,364 18,100
2001 L 6,072 491 : g01 |- 7,364 8,100
2002 6,072 491 |  so1 7,364 8,100
2003 | 6,072 49 801 7,364 8,100
2004'” 6,072 421 o1 | . 7,364 'é,iQo
S00s |- 6,072 | a1 | sm 7,364 8,100
2006 6,072 | 401 so1 .1 7,364 8,100
2007. 6,072 491 801 - 7,364 8,100
3008 6,072 491 g0l 7,364 8,100
2009 6,072 { 491 | 801 7,364 8,100
L2010 6,072 491 1 7,364 8,100
2011 6,022 | a1 |- ser | . 7,364 8,100
2012 | e072 | 4o 8oL 7,364 8,100
~Total | 152,204 | 13,748 18,236 184,188 202,600




- ECONOMIC TABLE 10-0

WATER SUPPLY PROJECT

VicgaSpi

="5659P‘f' " . I+ 11
INTERNAL RATE OF RETURN COMPUTATION
Cost Value without CONVERSION
Yeax 'Eﬁﬁil Bonafit Net Benefit _u§§g§§2§fit
1982 | } R
1953 3,236 - 0 =3,236 ~3,236
1984 10,639 - 328 -10,311 ©:.8,859 -
. 1985 6,319 2,835 -3,484 -2,572
1986 7,113 - 3,480 3,631 1-2,303
1987 5,645 4,004 -1,64} 2894
1988 2,890 4,582 - 1,692 792
1989 439 5,266 | .. 4,827 1,942
1990 584 . 5,968 5,384 1,861
1991 a78 6,723 5,845 1,736
1992 _ qu_ 7,414 6,430 1,640
1993 1,066 8,100 7,034 1,542
1994 1,066 8,100 7,034 1,325
1595 1,067 8,100 7,033 1,138
1996 1,066 8,100 . 7,034 978
| 1997 1,066 8,100 7,034 840
1998 1,206 8,100 6,894 707
1999 4,526 8,100 3,574 315
2000 3,463 8,100 4,637 351
2001 . 2,528 8,100 5,572 363
2002 1,917 8,100 6,183 346
2003 1,368 8,100 6,732 323
2004 1,066 8,100 7,034 230
2005 1,206 8,100 6,894 . 245
2006 1,155 8,100 6,945 212
2007 1,066 - 8,100 7,034 184
. 2008 1,066 8,100 7,034 158"
2009 1,067 8,100 7,033 136
3010 1,066 . 8,100 7,034 117
2011 1,066 - 8,100 7,034 100
2012 1,136 8,100 ;g¢240* L
Salvage{-) 11,276 o _ , o
‘Potal | . 57,682 ' 202,600 144,018 1

0.16

Rate of Return =
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;_Eegaspi

1+ II

ECONOMIC TABLE 10-A

: LEGASPI‘

' WATER SUPPLY PROJECT

“INTERNAL RATE OF  RETURN COMPUTATION

‘Cost Value ~with CONVERSION A

Year

b

-, Total

Cost

Total'
Benefit -

Net Benefit

Present
‘Benaefit

1982

1983

3,645

-3,64%

-3,645

1984

- 328

=11,025

=9,555

1985

31,353

6,812

2,835

~3,977

~2,987

1986

7,321

3,480

~3,841

" ~2,500.

1987

- 5,820

4,004

-1,024

1988

4,582

"Lr816_
1,799

879

19897 |

~ 439

5,266

4,827

2,045

1990

584

5,968

5,384

1,977

. 199)

892

. 6,723

5,831

1,855

1992

- 996

7,414

6,418

1,770

1993

1,066

8,100

7,034

1994

1,066

8,100

77,034

1,457

1995

_8,100.

7,033

1,262

-~ 1996

S 8,100

- 1997

1,066
1,066

£,100

7,034
7,034

1,004

- 1998

1,220

8,100

6,880

804

1999 -

. 5,679

g, 100

3,021

306

2000

3,848

- 8,100

4,252

373

2001 .

2,623

8,100

5,477

416

2002

" 1,988

8,100 -

6,112

- 403

2003

1,417

8,100

. 6,683

282

2004

1,066

8,100

- 7,034

348

© 2005

1220

8,100

6,880

205

2006

1,167

8,100 -

6,931

258

2007

1,066

8,100

7,034

227

2008

1,066

- 8,100

7,034

196 -

. 2009

©1,067 .

8,100

47:Q3j

1170

2010

1,066

B 81100.

7,034

147

2011

1,066

"8;10Q

7,034

128

* values include salvage.

20tz | 3220 | se0 | 18,370+ | - 2gon
{salvage(-) 11,490 S o | o
Smotal | . 60,665 202,600 141,935 b

Rate of Return = 0.15°

3-138
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. LEGASPI

. WATER SUPPLY PROJECT

INTERNAL RATE OF RETURN COMPUTATION

Cost Value with = CONVERSION B

 togaspd

X+ IR

vear | 0 memeric | et menesic | JZOEE
Y952 T T | T
1983 3,170 - 23,170 L -3,170 -
1984 _ 9,680 328 9,352 7,93
1985 8,819 2,835 ~3,984 -2,859
1986 5,767 3,480 2,287 -1,398
19817 4,59 4,004 ~592  -307
1988 5,541 4,582 2,041 598
1989 439 5,266 . 4,827 1,803
1990 - 584 5,968 5,384 . 1,707
1991 "a75 6,723 5,848 1,573
1992 982 7,414 6,432 1,468
1993 1,066 8,100 7,034 1,363
1994 1,066 8,100 7,034 1,156
1995 1,067 8,100 7,033 981
1596 1,066 8,100 7,034 833
1997 1,066 8,100_ 7,034 707
11998 1,203 8,100 6,897 588
1939 4,387 8,100 3,713 269
2000 3,394, 8,100 4,706 289
2001 2,418 8,100 5,682 296
2002 1,874 8,100 6,226 275
2603 1,326 8,160 6,774 254
| 2004 1,066 8,100 1,034 224
2005 1,203 8,100 6,897 186
2006 1,153 8,100 16,947 159
2007 1,066 8,100 7,034 137
2008 1,066 8,100 7,034 1167
2009 1,067 8,100 7,033 99
2010 1,066 8,100 - 7,034 84
2011 1,066 8,100 7,034 71
2012 1,203 Bgido 16,742* 143% |
Séivage(—} "9,845 _ : L -
_Total | 55,497 202,600 147,103 S

* values include salvage,

Rate of Return =

3-139

0,18
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ECO&OMIC TABLE lO-C

LEQB;EI wATER SUPPLY PROJECT
IHTBRNAL RATE OP RETURR COMPUTRTION

Cost Vaiue with K

CONVERSION C

Year

Total'
Cqst~

Total .

Benefit’

Net

Bénéfitﬁ"

Present
~ Benefit

o 1982 '

1985

3,731

ERN

| 1os4

'43;?11;

. -10,480

1985

12,205
7,322

s |

2,835

11,967
~4,487

=‘3t4§i.ﬂ

1986

8,092

3,480

-4,612

-3,098

1987

6,397

4,004

-2,393

~1,408

1988

3;13i'h

4,582

- 1,399

721'*

1989

5 2663?

4,827

“.2 1?8A“

1990

584 -

5, 968

5,384

2,127

1991

895\ x..

6,723 K

5,828

. 2,017

1992

998

1, 414~

6,416

'1;944

1993

1,066

8,100

7,034

1,867 |

1994

1,066 -

8,100

7,034

1,635

1995

1067

8,100

7,033,

1,432

1996

1,066

8,100

7,034 "

1,254

3897

1,066

8,100

7,034

1,098

1968 .

1,223

8,100

6,817

940

1999

5,189

8,100

2,91

349

2600

3,925

8,100

4,175

438"

2001

2,760

- 8,100

5,340

490

12002

2,058

8,100

6,042

. 435

2003

1,426

8,100

6,674

470

2004

';oésiu

3)100

7,034

434

2005

_l 223=

8,100

6,877

372

2006

1,169

6,931

328

2007

1,066

8,100

7,034

292

. 2008

1,066

8,100

7,014

255

-ié009_

"11667f

8,200

7,033

 ;224! 

2010 0 -

~ 1,066

8,100

?;033

196

2011

1, ,066

8,100

7,034

an

20120

ﬁéw;ﬁrLJ;zl_.r

- 8,100

19,693*%

420%

Sa1§3qétf)

12, 816

Total

63)024

139,576

.*fValués include salvage. '

Tror.600 "

Rate of Return =

© 0,14

3140
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Appendix 1 Water Quality of ﬁater_ggurceé

Watey qualxty of the exlstlng water sources and potentxal ones in
the study area was’ analyzed in the présent study. Results of the
analyses are presented it Table 1. together with the. water quailty
standa:d of the Philippines in Table 2 Major - characterlstlcs of

the water quality are as follows:.
1) Spring Water

a. Water of mbst spr;ngs has good water quality, not reﬁuiring.
"'aﬁy Wwater treatment except for disinfection.

b. Generally the water is soft and not corr051ve, and concentra—;
tions of dissolved’ matters, hardnéss and chlorlde are
comparatlvely low.

c. The Bahadero-spring watex has a rather high eQnCeneratiOn.of
sul Fate, such aS‘GOO.mg/l. It is recommendable_to mix the
water with other source water having low sulfate eOncenfratiohs

for health and pipée protection.
2) Deep Well ﬂafer

a. Water of deep wells in the poblacion has high values of coelor
and odor ‘

b. Value of dissolved matters is high, which is undesirable for
domestic use, . S

c. The water is free from contamination by_domeetic waste water.
3) . Riverbed Water
- some shallow wells ‘dug on the rLVerbed and outcrops of - rlverbed

water which are being used by 1nhab1tants nearby have good water

quallty, not regquiring treatment for domestic use.

Al-}
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Table 2

Parametersl
Collforn groups
Total Bacteria
- Odor
Taste
“Colbr
“Turbidity
Total solids

pH

Total hardness

Calcium, as Ca
Maqnesiuﬂ, as.Mg
Chloride, as €1
Sulfate, as SO
Nitrate, as NO3
Iron, as Fe

Manganese, as Mn

L

%

Water Qualaty Standard

'_Legaspi..

‘Key Parameters of the' Phll1pplnes.'
-Standard for Drlnklng Water'

2/

¥ Petmiﬁsiblé’Leveiz MaximhmuPérmiSSiBle-
No aetecfiﬁgﬂin 100 ml L
10/m1 -
Unbbjectionable -
Unob3ect10nable ;
S units 50 units
S units 25 units
500 1,500
7.0 - 8.5 6.5 = 9.2
100 500
75 200
50 150
200 600
200 T400
- 130
0. S 1.0
0.1 2.9

1/ The above table shows only‘hain pérameters of the Standard,

which - are con31dered essential for ]udqlng characterxstlcs

“of drlnklnq water quallty.

2/ All units are in mg/l, unless otherﬁise stated.

Al-3
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Water qpal1ty oE the currently-used watet sources in the’ study

area was: 1nvest1gated dur1ng the f;eld survey from 9th e 2lst August

1931. Remarkable characterlstics-of Water quality except only some

sprxngs are that water of ‘some sources has odor of hydrogen sulflde,

- and some others have color in addltlon to the odor. Findings on these

Odor Intensityl/.

two matters are brlefly descrlbed below.

1) .Oddtgéf‘Hfdfdgen Suifide

As- shown 1n “Table 1. 3 1, water of deep wells in the area has strong

odor of hydrogen sulflde, Wthh is a phenomenon often seen in the volcanic

area. Hydr0gen Sulflde (M, 55) may most ‘probably have béen caused by re-
duction of sulfurlc_aCLG (HZSO 3, whlch is generally found 1n the volcanic
formatlons.: Meahwhile, water of the river, shallow wells and some_sprlnqs

has no or little order.

Regéf&ing removal of the odor, a test by aeration was carried out.

in the field. As shown in Fig. 1, aeration is very effective in reducing

“the odor within a short time.

5

i A: Water of Bitano
_} Deep Well

o B: Water of Bicol

3 _ Deep Well

, 1/: Look at Page 1-16
1

) SN Y WA L o 9

10 T 20 30 {adn) -
AeratiOnVTimé" :

Fig'l'_Test:Result of Odor Removed by Aeration

Al-4’
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2) <olor

Hater of deep wells‘ahd a spting'survéyed in the'afea haé'hiqh value
of yellow color, exceedlng the petm1531ble value specxfled by the drlnk1ng
water standard, as shown in the above—mentloned table. As the cause of the
color was con51dered to be hy dxssolved mattexs, correlatlon betweén
color and dissolved matters was inVeStlgated

It was found that manganese, among others had a hlgh correlatlon

coefflcxent 0 84 Wlth color, which is presented in Fig 2.
3) " Summary
Findings and considerations on water gquality are summarized3as'be1ew:

a.; Odor can be easily removed 5§ aeration,

b.: Color cannot. be rtemmoved by aeration. '

:c.j To oxidize and make manganese 1nsolub1e, over 10 mg/l chlorlne
| is required. i _

d. %o treat the water w1th color, a complete serles of treatment

processes w111 be needed.

Al-S.
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o

0.0069X + 0.049

g = 0.941

o .

£ =12

~ L

g

]

0

v
8

o

o

]

= .

Remarks
X : Color
¥ : Manganese
' f : Correlation Coefficient
n : Number of Data
L 2 - A — . -
0 1) : 20 30 a0

Color (Unit)

Fig 2 Correlation of Color and Manganese Concentration
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Aﬁpendix_Z © Findings on Transmission Pigeii@g“

The transmlsslon plpellnes of the Albay Prov1n01al Waterworks
 suffered heavy damages from the flood that occurred in June 1981.: As
'the plpellnes are located on the dep051ts of the volcano traver31nq the _
sklrts of Mt. Mayon, they are extremely vulnerabie to the mountaln mud
flow whlch contalns cobbles, gravel: and sand. . The present fleld survey,
therefore, was carrled out to ascertain the present conditions of
damaged pipelines and to fing out means to be taken in rehabllltation
of the plpellnes and remedy of the shortcomlngs thereof 1n connectlon
with the _project plannlng for the water dlStrlCt The survey was con-
ducted in August 1981, about two months after the dlsaeter.. Major '

findings are as follows.

1. Budiao Spring Systém

a. The pipeline had many breakeges between A and B in the attached
figure. All visible_breakages'were temporarily repaired and
pfesently the pipeline'is in service.

b. At B, the flow in the pipe was free, not filling the pipe.

C. At thr: downstream of B, CORSumeYs are taking water from the
pipe by hand pump,

d. At about the'middle'of E and C, an'air plpe was blowlng out air.

e. At C water pressure was about 0.5 kg/sq ci.

f. HMeasureéd yield at A was about 7,600 cu m/day, and past records
' say the minimur yield is-6,540 cu m/day.

g. “The carrying capacity of the*pipeliﬁe is calculated as 3,900

cu m/day, assuming C = 90.
Froin the above observation and ealculation, it is concluded that

1) there are still pipe breakage unrepaired between A and B, 2} the

present aetual flow may be far less than the calculated value,

A2-1-
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and 3) the spring has a big potehtial even when the repair is completely

' made.

2. Banadéro Spring System

.This'sprinq system had not been vepaired at the time of tﬁe'field .
survey.  As the intake fécilities'were also damaged, the actual yield

of the spring was not ascertained.’

_ From the pipe size and length, the carrying capacity of the pipeline’
is calculated as 2,200 cu m/day assuming C = 90, against the recorded

yield 2,940 cu m/day.
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Appendix 3 Water Pressure inﬁDagégg .

To investigaﬁe water pressure and ‘its variation during 24 hours
in the Daraga area, pressure rcécording was made at four strategic
pdints on the distribution mains, asishoWn in Pigs 1 and 2 , in

August 1981.

Point R-l‘onithe transmission line just before'fdrkéng into two
distribution mains. Points R-2 and R-3 are each 6n the fwo distribution
main%ujust after éhe‘above bifurcation. Point R-4 is atrthe'férthér
end of Daraga pob;aéioﬁ-ﬁhere‘wa&er'supply conditioné were extremely
pOOE.. The recorder for ghié‘ﬁoipt was placed on a service connection

which is about four meters below the main.

As is clear in the figure, all pressures of the four recorded
points.wereAvery low all Eﬁtough the day, with even the higheét pressure
less than 1 kg/ 59 cm. Especially in the daytime‘from 6 A.M. to 8 P.M.,

the pressure was as low as 0.2 kg/sq_ém.

Al-1
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Appendix 4. Study on Water Sources

1. General

Study Area: the city of Legaspl and the. munlclpalxty Df Daraga
1nclud1ng the periphery thereof.

Purpose of Study. to examlne p0551b1e sources of surface water and

grounawater for the use of Lega391 and Daraga Water Districts.

Method of Study: réconnﬂiésance'in_the field, flow measurement,

analysis.of existihg data and electric resistivity surﬁey.

period of Field Investigation: August 10 to 20, 1981.

2. ‘Topography

The region which includes the study area is characterized by
volcances., Mt. Mayon is situated in the north of Daraga énd Legaspi
and rises to an elevation of 2,462 m with a perfect conical shape.

Its volcanic activities are_vigdrous;r As the volcano has repeatedly
eruptéd, it has formed vast skirts, which extend as far as the sea-
shore 10 km away from the crater in the north east of Daraga and
Legaspi. The volcano has two types of topography: its upper portion,
about 120 m and abéve, with steep slopes; its ldwer portion, IQSS than
that, with gentle and smooth slope. The former portion is dominated

by the pyroclastic rocks; the latter portion by the mudflows. Many
small streams have devéloped in fhe radiél directions from the center
of the Qolcano. Some of the streams drain directly into the sea, and
some others afe collected by the Yawa Riﬁer, which borders the southern

skirt of the volcano.
The Yawa River flows west to east, gathering tributaries from

poth Mt. Mayon and the lower Catabrean mountains in the south of

Paraga and Legaspi, and emptles into the sea.

“A-1-
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There is a small hill, Mt. Linguiqh'ﬁifhian élevatioh'df'lss m,
located on the south of the Yawa River. Its slope is rather steep.

The hill is assumed to be an old volcano.

The YaWa Rlver has developed a small alluv1a1 plaln between the

- Rivéer and thée above- mentloned lower mountalns.

Thérlowér'mbuntains_hafé én-élévAtipn of ‘about 100 m above sea.
tevel, stretch to'soﬁth'witﬁ man?-uﬁdﬁlatioﬁs,'aﬁd have & steep slope
on the north end. “The mouwntains’ or;glnated from an old volcano, which

has come to have many valleys and summits due to erosion.

Contour llnes and c1a551f1cat10ns of the topography are shown in

the map of Fig 1, and the’ cross séction thereof in Fig 2.
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3. Geology

N The lower Catabrean mountains aré made up of lava flows, _
agglomerates, volcanzc bfeccxa, tuff with lnterbeds of conglomerate, '
sandstone and shale accordlng to the GroundWater Geology of BlCOl
Pen1nsu1a (1973)1/ The’ geologlcal age is lower Miocene and the
format1on is called Daraga formatlon‘ F1g 3 shows the geologlcai map

in the study area.

Field ev1dence shows that volcanlc rocks are massive and aggloar
eratic, and the rocks are pyroclastlc rocks, tuff, volcanxc rocks, and

volcanic breccia, which derlve from the old volcano.

Mt. Mayon is an actiyé voiééns of Kohidé‘fyPé« _The:eidptibn |
débtis are COmpbsed‘of.andeSitid pyrbclastis rocks, scbiia,‘ﬁolqanﬁc
ash and mudflows.: targé andesites, with a 1ongitudinal axis dbOuf
1. 5 T, scatter 1n the ‘volcanic ash and small scoria in the upper
portlon about 120 P 1n altltude, of the mountaln._ Pyroclastlc rocks
also EXLSt in thls-portlon. Fig 4 shows the outcrop of pyroclastic '
rocks in Budiao{'Dsraga} )

Andesitic

(M) : - and Scoria
4r = . ‘ L . |
" Black Coalor
Coarse Sand
_ A Bed
3r .

Brown Color
| coarse sand
> B Bed

Thickness .
Mo

o 2 T3 om

Fig 4 OutcroP of Pyroclastic Rocks
" (The location is shown in the Outcrop 1 of Fig -
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Thickness

‘LegaSpi‘

Mudflows, about one, metex thick, cover. the pyroclastic foéks 

and make the gentle and smooth slope of the lower portion. of the o

mounta1n._ ‘Large andesites ejected from the volcano are sometimes found

in the mudflow area. Fig 5 indicates the_qutcrgp of the mudflow observed

at Budiao, Daraga.

ey
L6 - -"__',A'J
/ T
- ’ ’ Mudf 1ow
12 ».g
08l Mudflow and pyrec-
clastic rock
04}
Pyroclastic rock
0‘_ .
Sand
e »
0O 1 2 3 0n Andesite
Distance
Fig 5 Outcrop of Mudflows :
(The lcoation is shown in the Outcrop 2 of Fig 1)
The fbllowing Table 1 explains the stratifications of the formations
in the study area.
Table 1 Geological Stratigraphy of Daraga and Legaspi Area
‘ Sediments Geological Period ‘ pithglggz
Alluvium Recent Lapilli, volcanic sand,
‘ volcanic ash, clay
Eruptions debris Quarternary Andesitic pyfoclastic'rocks
of Mt. Mayon : S and scoria, volcanic ash,
' mudflows _
Daraga formation Lower Miocene Lava fiow, pyroclastic rocks,

tuff, volcanic breccia
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The alluvium is formed of 1api11i, volcanic sand, vélcanic ash
~and ¢lay.- Thés¢ sediments derive from the eruption debris of Mt. Mayon
and the'fdrm&tioné”of the lower mountains. The alluvium, it is con-

sidered, is formed of erosichal material transported by the Yawa River.
Mt. Linguion consists m&in;y of lapilli, 3 cm to 2 mm in size,

and loam. The geology explains that_thié mountain is an old volcano,

the eruptions of which took place in the Tertiary.

A_4; 8



'Legaspi

4. Hydrology
4.1 " Rainfall

The study area has no deflnlte dry season Wlth pronounced maximum
‘rainfalls from November through January. legaspi has an annual average
rainfall 3256 mm (normal 1957—7G)~( wlth ‘a maximum monthly average 415 wm
in the perlod from November to January and a h1gh nonthly average 223 mn
from February to Oetober. The annual ralnfall of thls area is fairly

high composed W1th_the average in the whole Philippines, 2500 mm.

The reglon is frequently h1t by the typhoons durlng the period

from October to December.
4.2 River

The Yawa Rlver is a stream runnlng from hest to east with a drainage
area about 78 3 sq km. In the present field survey, the river discharge
was measured at the two points shown in Fig 1, on August 17, 198l. The
instruments used for the ‘survéy were a Price current meter for flow veiosity
and a tape for the cross sectlon of the stream. The weather of the day
was flne. The measured dlscharge was Q = 3.1 cu m/sec = 267,840 cu n/d
at the A p01nt of the main stream, and Q 1.8 cu mfsec = 155,520 cu m/d

at the B point of the tributary.

The streamflow increases very rapidly when the basin has a rainfall,
and the discharge'is not large in the period of no rain. When the discharge
is hlgh, a great amount of volcanic ash and small breccia are carr1ed

downstream.



Legaspi

4;3 Groundwater

The study area has many springs scattered in the mowitainous area
and many wells of several types in the alluvial area. Fig 6 shows the
locations of springs and wells. Table 2 indicatés details of water

SCUrces.

" Mt. Mayon has a humber of.spriﬁqs‘at.its foot, lower than 130 m in
altitude, but almost no springs above that. The distribution of springs
explains that the groundwater is recharged in the upper pqifioh_and
flows out in the lower portion of the mountainside. . These springé have
generalliy largezquantities of diéchatge. Thexe are some springs along

tributaries of the Yawa River, but their discharges arée very small.

Rain water infiltrates in the recharge area, as mentioned above,
and a part of the recharged water 6uthOWS as springs. The remaining
‘part be¢omes gr0undwatef} which is withdrawn by many wells in the
alluvial area; The water withdrawn by these wells have peculiar
offensive odour of hydrogen sulfide, which is derivea, it is cohsidered;
from the charactéristics of the volcanic¢ sediments and the reduction
of sulfides. ExCeptionally there are some small areas.where better
quality water is fdund, such as Legaspi Port and Bogtong. Flowing
wells are distributed in Legaspi Port, Gogon and the east portion of
0ld Albay. The wells scatter, with a well depth of 60 m to 80 m,'in
legaspi City.

Dug wells are distributed, with a well depth of a few meters, in
the sﬁudy area, withdraw thée unconfined water. Water level of such

wells Fluctuates with the intensity of rainfall.

The lower mountains also have many springs. Their discharges are
very small, for example,’nelapaz.wifh 0 = 0.113 1/sec = 9.8 cu m/day
in contrast withrthe discharge of Budiao springs (No. 2) of Mt. Méyon
Q= 83 1/sec = 7603.2 cu m/day. Mt.Liguion has a few springs with a
small discharges. O©One of them has good quality without odour, and

another one has an objectionable odour of hydrogen sulfide.

Ad-10
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Legaspi .

5. Hydrogeology

As already stated, the.lower mountains belong to Lower Miocene
in geoloéical-age,'which is considered tdkhQVQ'a pobr groundwater.

Springs found in the mountains have small yields.

The surface sedlments of Mayon Volcano consist of pyroclastlc
rocks in hxgner portxon than 120 " and mudflows in lower portlon.
Groundwater flows out from the anterface between the pyroclastlc rocks
and the mudflows, and from river bank of tributaries of the Yawa River.
Mudflows_are underlain by anéther formations Qf‘pyroclastic rocks, which

it is considered, also include groundwater flowing from the volcano.

In this connection, detailed characteristics of gebldgy are shown

in the columnar sections of Fig 7 and are éxplained as follows.

{1) The eruptions of the velcano ére composed of clay (ﬁudflow'
and/or loam), volcanic sand, lapilli ana volcanic breccia as
shown in No. 1 to No. 4 and No. 6 columnar sections.

{2} The.lower mountains consist 6f ¢lay, tuff, éan& and gravel which
derxived from old volcano. and limestone as indicated in No. 8
to No. 17° columnar sections.

{3) Alluvium is made up of clay, sand, and gravel as shown in

the No. 5 and No. 7 columnar sections.

In order to examine the geological structure‘of'alluvial area,
the gecelectric resxstivxty survey was carrled out. Measured points
are shown in Fig 8, the analytical results in Flg 9. In A-A créss
section line along the Yawa Rlver, geological structures are composed

of three formations:

{1} 01d volcanic rocks are the oldest of three formafions and base
rocks in the study area, which are overlain by both the youhger
and the older eruptions of the wvolcano. The volcanic rocks are

more than 60 m in depth under land surface.
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The volcanic rocks are estimated to be gsame as the geology of
Mt. Linguion. | ' . _

(2} The older'eruptiOns of the volcano have a thicknéss‘oﬁer EO m
and are in the alluvium area. The older eruptions are covered
by the'youngef erﬁptions in the skirts area of the volcano in the
north of the river. The alluvium is formed in the surface 6f the
old eruptions by the river in the area shown in Fig i. The river
always tténsp@rts the vdlcanic ash and sand to the sea, and
depoéits'éanh_in_the river bed. o

{3) The youngérferuptions 6f the volcano are the same as observea
in the field Survey. :The etuptions consist of perclastié rocks,

scoria, volcanic - ash and mudflow as discussed in 4.3 - Geology.

In both B-B' and C-C' cross sections, old volcanic rosks rise up
with a fairly steep slope to the south and reach the land surface and
become the same formation as the lower mountains. Therefore, old
'volcanic rocks are Lower Miocene in gébiogical age and include no

good aquifer as mentioned before and are impervious.

The older and the younger efuptions (Ekcept mud £16ws) have godd
aquifers, and especially the groundwater in the older eruptions is
withdrawn by the shallow wells and flowing wells in the alluvial area.
The grdundﬂater is conSidered to be recharged by rainfall in the

mountain.
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6. Evaluation of Water Rescources
6.1 River

The characteristics of the Yawa River are summarized from the

‘description of previous sections as follows.

1} The river flows west to east, gathering tributaries from
both Mt. Mayon and the lower mountains,

2} The river has a drainage area about: 78.3 sqg km.

3) The river always deposits the volcanic sand on the
river bed. )

4} The measured discharge was ¢ = 267,810 cu m/day at the

main river.

With regard to utilization of the river surfacé water, its
possibility is rather small. While the river has perennial flow owing
to the abundant rainfall in the region; no suitable sites needed for
construction of intake facilities are found along the river in the

study area.

Regarding the riverbed water of the river, however, there is a
rather high possibility, considering that the river has a riverbed
consisting of sand together with not-scarce perennial flow. To tap
the riverbed water, it is advisable to carry out further investigations

to ascertain available quantity and others, necessary for detail design.
6.2 Spring

Springs in Mt. Mayon have generally 1arge discharges and good
water quality as shown in Appendix 1. Their discharges are fairly

constant through the yvear. They are appropriate for utilization Ffor

water supply.
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6.3.1 Alluvial Area

Groundwater conditions in the alluvial area are recapitulated

from prévious sections.

1} Geological Structures

- 2)

(L)

{2)
(3)
(4}

Geological structures are cOmpbsed‘of‘three'formatioﬁs:
base formation of the old volcanic rocks, lower
formation of the older éruptions of Mt. Mayon, upper
formation of the alluvium.

The old Qolcanic rocks inciude no good aquifers.

The o6lder eruptions have a thickness over 60 m.

Alluvium

a. Alluvium spreads on the surface of the older
eruptions

b. Alluviun is widistinguishable from the older
eruptions for its consists of same volcanié

"~ sediments,

Groundwater

(13}

(2)

{3)

(4)

Groundwater is withdrawn by many wells in various depthé
in alluvium area.

Groundwater is found in the older eruptions which have
good aqﬁiférs.

Groundwater is considered to be recharged'by rainfall

in the mountain.

Groundwater withdrawn by wells has mostly peculiar

offensive odor of hydrogea sulfide.

On the basis of above facts, the groundwater conditions are

schematically shown in Fig 10,
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As rainfall amount is large through-all year, and moreover,
most of.it infiltrates_into-the pervious prbclastic rocks ‘and becomes
groundwater; récharge of the groundwatexr is eétimated to be great.
For utilization of the groundwatér, it will be needed to remove the

odor thereof.
6.3.2 Mountain Foot cof Mt. Mayon

Except springs with fairly large yields in the mountain foot

area, there are the following water sources:

1} Seepage of.gr0undwater, as described in the foregoing
éubsection 4,3 and section 5, which is presently used for
the paddy fietd..

2) Fissure waterx fldwing in lavas

3) .Groundwater i water bearing layers existing in fairly

deep portions, such as the older eruptions.

If such groundwater is trapped and collected in an efficient
manner without ihpairing the existing large springs, that will be a
desirable water source for water supply. Possibility of utilization

of such groundwater is examined as follows:
{1) Seepage Water

1) Since”grouhdwater seepage takes place spreading over a
wideraréa,_and such qrgundwaterfis flowing in very little
depth on the impervious layer, a well, sunk vertically,

cannot céliect water in sufficient quantity necessary for
water supply. . | | _ 7
2) 1f a horizontal Qellzis to be ehéloyéd to éoliégt such

groundwater, its length will be unpractically long.

{2) Fissure Water

Ad-21
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1) Detection of flowing paths of fissure water is very difficult,
whatever survey method may be used.

2) :Flowing paths often changé with eruptions of the volcano.
(3) Deep Groundwater

1) Investigations required to ascertain the location, guantity-
and the like of such groundwater areé usually very time-
consuming and costly, though possible.

2} fThe groundwater is considered to have cbjectionable odor.

From the above discreet examination, scepage water and fissure
water are not recommendable to develop, and development of deep

groundwater is not considered advantageous at the stage of the present

study.

The lower Calobrean mounlains

Mt. Mayon Yowa River

younger eruptions

older ‘eruptions [permeable)

oId volcanic rodts (impermeabdie}

7

Fig. 10 Schematic Diagram of Groundwater Cordition
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