APPENDIX 8.2.1.B

PROJECT COST WITH FOREIGN AND LOCAL CURRENCY
BREAKDOWN (1986 Price Level, Angeles City)
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SUMMARY
Phase I, Stage 1l
(Unit: thousand E)
F.E.C Local Total
Direct Construction Cost 23,052 18,292 41,344
Physical Cont. (8% of D.C.C.) 1,844 1,464 3,308
Sub Total 24,896 19,756 44,652
Leakage Detectdion - 990 990
Detailed Design (10% of 5.7T.
in Stage 1 & Stage 2) 4,397 4,397 8,794
Construction Supervision
(4% of 5.T.) 893 893 1,786
Total 30,186 26,036 56,222
Phase I, Stapge 2
(Unit: thousand B)
P.E.C Local Total
Direct Construction Cost 25,221 14,858 40,079
Physical Cont. (8% of D.C.C.} 2,018 1,188 3,206
Sub Total 27,239 16,046 43,285
Construction Supervision
(47 of B.T.) 228 1,503 1,731
Total 27,467 17,549 45,016
Phase II1
(Unit: thousand B)
F.E.C Local Total
Direct Construction Cost 71,592 45,496 117,088
Physical Cont. (8% of D.C.C.) 5,727 3,640 9,367
Sub Total 77,319 49,136 126,455
Detailed Design (10% of 5.T.) 6,323 6,323 12,646
Construction Supervision
(4% of 5.T.) - 5,058 5,058
Total 83,642 60,517 144,159



The following tahles show the breakdown of the project cost in
each design year. The unit of all figures 1s thousand pesos. Project cost
1s further broken down into the Foreign Exchange Compornent and the Local

Currency Compornent. Abbreviations in the tables are as follows:

COST  ==— Construction Cost

C.FEC = Cost for Civil Work in the Foreign Exchange Compornent

C.DOM  ——— Cost for Clvil Work in the Local Currency Compornent

C.D.UNSKL —-~ Cost for Unskilled Laborer of Civil Works in the Local
Currency Compornent.

E.FEC —— Cost for Equipments in the Foreign Exchange Compornent

E.DOM w—- Cost for Equipments in the Local Currency Compornent

COST = C,FEC + C.DOM + E.FEC + E,.DOM
The exchange rates used In the cost estimates are as follows:

Rr20 = $1
81 = %155
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APPENDTX 8.2.1.C OPERATION AND MATINTENANCE COST (Angeles City)

(cost: thousand peso)

Stage 1 Stage 2 Phase I1
Ttem Cost Cost Cost
Operation & Maintenance Cost

Salary 2,000 p/M.H 1,104 1,752 2,688
Power 0,3  RB/kwh 323 986 2,016
Chemical 27 B/kg 95 245 471
Miscellaneous 838 2,207 3,877
Maintenance 629 1,725 3,063
Total 2,989 6,916 12,115
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APPENDIX  9.3.1 MARKET SURVEY

The market survey was conducted‘by interviews to the residents
in the study area using the LWUA's interview sheet as per attached in the

end of this section.

The total number of respondents and its estimated coverage

ratio to the total number of households in the study area are as follows:

Total Number of Estimated Total Caverage Ratio to
Respondents Household Total Household
6,556 24,025 27%

The results of the market survey are obtained as shown in TABLE
9.3.1.

Froem Lhe market survey, the income disttribution of the

respondents are shown as follows:

Income Bracketl/ Ave.Pesos Number
P900 and below 722 903
RO0L1 to B1500 1,292 1,754
P1,501 to B2,500 2,132 1,339
B2,501 to B4,500 3,486 1,358
B4,501 and ahove 8,256 945

The existing sources of water for the respondents and their

willingness to connect to each source are indicated as follows :

1/ Residential, exeluding no-income and no-answer
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Total Number of Respondents:
l.

TABLE 9.3.1

6556

MARKET SURVEY SUMMARY

Distribution According to Building Type

a. Residential
b. Commercial
c. Industrial

.
a
.
.
»

Distribution According fto Scurce of Water

a. Connected to Systenm
b. Neldghbor's Connection
¢. Public Faucet

d. Private System
e, Water Vendor
f. Others

Average Persons Per Household

a. Residential / Number of Sampie
b. Commercial / Number of Sample
¢. Industrial / Number of Sample

Willinaness To Connect (%)

Residential Commercial
a. Yes ¢ 59,43 49.12
b, No 15.16 18.30
c. Undecided 0.39 0.00
d. W Own Conn.: 25,02 31.58
Average Monthly Water Needs
Type 7/ Number of Sample ! Residential
a. Kerosene Can / 1032 13.39
b. Drum /5302 5.99
c. Gallon / 185 97.76
d. Others / 29 63.66

.
.

No. %
6359 97,40
171 2,61
26 0.40
No. %
1653 25.21
850 12.97
239 3.85
3786 57.75
3 0.05
25 0.38
6.55 / 6355
6.83 / 171
9.27 / 26
Industrial Total
46.15 80.11
19.23 15.28
3.85 0,40
an.77 25.21
Commercial Industrlal
23.90 7.75
4,14 5.17
45,21 2.00
010 0.00

Ave. Monthly Electric Bills for Residential Users (PESO):148.18

Number of Effective Respondents

Income Distribution

6163

( Residential, Excluding No-Income and No-Answer )

AVE.PESO
a, P800 and Below : 722
b. P01 to PIBO0 1292
c. P1501 to P2500 2132
d. P2501 to P4500 3486
e. P4501 and Abave : 8256

- 109 -
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Willingness to Gonnect

Sources of Water Distribution Yes No
Connected to System 25 % -2 -2
Neighbor's Connectian 13 79 21
Public Faucet 4 76 24
Private System 58 79 20

The private system 1is the wmajor source of water for the

respondents, followed by the system, neighbor's connection and public

faucets.

In addition, only 0.4% of the respondents depend on water
vendors and others for 1its water sources. The above table shows that

majority of the respondents are willing to connect to the waterworks

system.

The following are the distribution of water sources and the
respondents’ willingness to connect according to income bracket as

obtained from the market survey.

TABLE 9,3.2 DISTRIBUTION OF WILLINGNESS TO CONNECT BY INCOME BRACKET

Income Bracket

Sources of Water BE900 B901- B1,501~ B2,501- B4,501-

& below BL,500 82,500 P4,500 & above

Connected to System 12 % 20 % 27 % 31 % 37 %
Neighbor's Connection .29 19 11 5 2
Public Faucet 8 5 3 1 0
Private System 50 55 58 62 60

Willingness to Connect

Yes 63 63 60 58 50
No 25 16 13 11 13
Undecided 1 1 0 0 0
With Owm Connection L1 20 27 31 36
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As the vresult of the market survey, the respondents'

willingness to connect and the user's types are shown as follows :

Angwer Residential Commercial  Induskrial  Total
Yes ' 59.4 % 49.1 % 46.1 % 59.1 %
No : 15.2 19.3 19.2 15.3
Undecided : 0.4 2.0 3.3 0.4
With Own Conm. : 25,0 31.6 30.8 25,2

Residential users account for 97% of the total respondents, so
respondents' willingness to connect is approximately 60% of the total,
while unwillingness to connect is 15%Z. 1IL was observed from the results
of the survey that the majority of the vespondents in all income brackets

are willing to connect to the waterworks system.
Judging from the above, it 1is safe to conclude that the

majority of the residents in the study area are willing to connect to the

new system when the water supply system is expanded.
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INTERVIEW SHEET FORMAT USED IN THE MARKET SURVEY
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AAPENDIX  9.7.1 FINANCIAL INTERNAL RATE OF RETURN (FIRR)

In the calculation of Financial Internal Rate of Return (FIRR),
the following two indicators are normally used to evaluate Ffinancial

profitability of a project.
(1) Internal Rate of Return on Investment (IRROI)

The term IRROT indicates the internal rate of return on total

capital investment, and assesses the profitability of the Project as a

whole and the ability to recover funda invested in the Project.

The IRROI is calculated based on the assumption that the total
capital investment is covered by its own capital. Therefore, the
financial conditions such as the loan conditions on borrowed capital,
changes on the ratio of equity to total capital requirement and others
have no effect on the IRROI. Accordingly, the IRROL indicates the
profitability of the Preject itself.

(2) Internal Rate of Return on Equity (IRROE)

The term IRROE indicates the internal rate of return on equity,
and assesses the profitability only with respect to equity and the
ability to recover funds invested in the Project as equity. Here, the
IRROE is calculated on the basis of such financial conditions proper to

the Project as the loan conditions on borrowed capital and amount of

capital owned.
In this study, the FIRR was calculated using the same method

applied in the study report of the BACOLOD CITY WATER DISTRICT PHASE II
WATER SUPPLY FEASIBILITY STUDY, DRAFT REPORT VOLUME 3 by LWUA.
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APPENDIX  9.8.1 PROPOSED WATER BATE

The proposed water rates for 1/2 inch connections of commercial
users, and 3/4 inch connections of domestic and commercial users to

achieve financial self-sufficiency are as follows :

(n Water rate for 1/2 inch connections of commercial users
Rate/

Period  Unit First 10cu.m 11=20cu.m 21-35cu.m Above 35cu.m
1988 Bl.0 B 50.0 R 6.2 B 8.0 B 10.6
1589 1,2 60.0 7.6 9.6 12.6
1990 1,2 60.0 - 7.6 9.6 12.6
1991 1.8 90.0 11.2 14.4 19.0
1992 2.7 135.0 16.8 21.6 28.4
1993 2.9 145.0 18.2 23.72 .30.4
1994 3.1 155.0 19.4 24.8 32.6
1995 3.1 155.0 19.4 24.8 32,6
1996 3.3 165.0 20.6 26 .4 34.0
1997 3.3 165.0 20,6 26.4 3.6 .

(2) Water rate for 3/4 inch connection of domestic users
Rate/

Period  Unit First 10cu.m 11~20cu.m 21-35cu.m Above 35cu.m
1988 BLl.0 B 40.0 B 5.0 B 6.4 B 8.5
1989 1.2 48.0 6.1 7.7 10.1
1990 1.2 48,0 6.1 7.7 10,1
1991 1.8 72.0 9.0 11.5 15.2
1992 2.7 108.0 13.4 17.3 22,7
1993 2.9 116.0 14.6 18.6 24.3
1994 3.1 124.0 15.5 1.8 26.1
1995 3.1 124.0 15.5 19.8 26.1
1996 3.3 132.0 16.5 21.1 27.7
1997 3.3 132.0 16.5 21.1 27.7
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(3) Water rate for 3/4 inch connection of commercial users

Period gizil First 10cu.m 11-20¢u.m 21=35cu.m Above 35cu.m
1938 21.0 B 80.0 ?10.0 212.8 ?17.0
1989 1.2 96.0 12.2 15.4 20.2
1990 1.2 96.0 12.2 15.4 20.2
1991 1.8 144.0 18.0 23.0 30.4
1992 2.7 216.0 26.8 34.6 45 .4
1993 2.9 232.0 29,2 37.2 48.6
1994 3.1 248.0 31.0 39.6 52.2
1995 3.1 248.0 31.0 39.6 52.2
1996 3.3 264.0 33.0 42.2 55 .4
1997 3.3 264,0 33.0 42,2 55.4

- 115 ~












APPENDIX 3.4.1 DECORP POWER RATES (AS OF FEB, 1986)

Residential
First 100 kwh
Next 100 kwh

Excess kwh

Commercial

Classifiication

X-1

(Conn. Load: 1-5,000
watts)

X2

(Conn,load: ovexr 5,000
watts)

Industrial

Demand'charge

Plus Energy charge

Street light rates

125 watts Mercury lamp
250 watts Mercury lamp

400 watts Mercury lamp

¥ 0.575 per kwh
.5385 per kwh

.390

Tirst 150 kwh
Next 150 kyh
Next 300 kvwh
Excess kwh
First 600 kwh
Next 600 kwh
Next 1200 kwh

Excess kwh

First 200 hrs.
Next 200 hrs.

Excess hrs.

per kwh

P0.575 per kwh
.590 per kwh
.B0U per kwh
.610 per kwh

P0.575 per kwh
.590 pexr kwh
.600 per kwh
.610 per kwh

$10.00 per kwh
.550 per kwh
.530 per kwh
.514U per kwh

¥24.00 per month

48.00 per month

73.80 per month



APPENDIX 4.2.1 DISCHARGE RATE OF THE EXISTING PUMP

The discharge rate of the pump was measured.by weans of potable

flow meter covering fifteen existing pumping statioms.

The time period for measurement was arranged in accordance with
operation schedule for each pump since most pumps are being operated
within the limited hours from the economical viewpoint. With regard to
the situation of pump operation, measurement was conducted for a period of
one hour for a majority of the pumps., However, the discharge rate at the
four pumping stations (No. 2, No. 4, No. 5 and No.lb) were measured through
the day. Two of these pumping stationms (No. 2 and No. 4) are being operated
through the day. Other two pumping stations were consideved for one day
measurement to analyze the influence by the former two pumping stations,

egpecially during the period when the pumps stop operating.

Implementation Schedule

The implementation schedule was made in consideration of the
available set of potable flow meter (3 sets) and associated with other surveys.:

TABLE 4.2.1. 1 shows overall schedule for this survey.

TABLE 4.2.1.,1 IMPLEMENTATION SCHEDULE

No. of Measurement
Date P.S. Time R.M.
June 18 No, 12 9:30 10:30
15 9:40  10:40
11 11:25 12:25
7 11:35 12:35
8 14105 15:05
14 14400 15410



No.of © Measurement

vate p.S. - Time R.M.

June 19 No. 6 8:45  9:45
3 8:50 9:50

16 | o 10:30 11:30 No. 1b PS was repaired after

measurement

1 10:45 11:45
4 14:20 15:20
10 14:30 15:30
9 16:20 17:20
June 26 4 16:00 16:00
27 2 22:00 22:00
July 26 5 18:00 18:00
27 16 18:00 19:00

Measurement Result

Measurement results for the four pumping stations are shown
in TABLE 4.2.1.2. Regarding the results of the four pumping stations, the
fluctuation ot hourly discharge rates 1g less than 5 percent to the average

figure,



TABLE 4.2.1.2 ONE DAY MEASUREMENT RESULT
AT THE FOUR PUMPING--STATIONS

Pumping C
Station No. 2 No. 4 No. 5 No. 16
. (cu.m/hr) {cu.m/hr) {cu.m/hr) {cu.m/hr)  Kemarks
Time ‘ s _
0~ 1 63 62 0 0
1 - 2 62 62 0 0
2 - 3 64 62 0 0
3 - 4 04 63 0 0
b - 5 63 64 { 0
5- 6 60 64 U 0
6~ 7 59 ' 64 20 - 0
71 - 8 6l 64 20 38
8- 9 b2 64 20 40
9 - 10 6l 64 20 41
10 - 11 62 62 19 40
11 - 12 &2 64 20 41
12 - 13 - - 20 41
13 - 14 - - 20 40 No. 2 & No. 4
14 - 15 - ‘ - 19 39 Brownout
15 - 16 - - 19 39
16 - 17 63 63 19 39
17 - 18 61 65 19 39
18 - 19 60 65 19 39
19 - 20 61 b4 1y 40
20 - 21 61 - 64 19 39
21 - 22 62 62 19 41
22 - 23 62 61 0 0
23 - 24 b4 62 0 0

Hourly Average Rate ‘
(cu.m/hr) 62 63 19 40

Daily Dicharge Rate
(cu.m/hr) 1,488 1,512 456 960
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APPENDIX 4.2.2 ©PUMP EFFICIENCY TEST

The required condition in conducting pump efficiency testing are

given below:

(1) There ig an existing functioning gate valve, sounding hole
and pressure gauge located properly at the pump station.
(2) There is a proper and convenient place to install the

portable flow meter.

Voltage, electric current and discharge rate measurement should be

made several times depending on the water pressure varilation.

Selection of pump station for pump testing

During the survey, the éxisting facilities,of the pump stations
were investigated, especially the existence of functioning gate valve, pressure
gauge and sounding hole. ALl the pump stations had no pressure gauges and
sounding holes. Out of the fifteen (15) pump stations, Wo. 10 located along
Arellano St. has a record on pumping water level. TABLE 4,2.2.1 shows the

collected information.

Pump station No. 10 was selected for this test in the light of
the aforementioned requirements. However, a hole was drilled to install
the pressure gauge. The reliable data about the pumping water level provided

by the DAWASA engineers was also utilized.

Field measurement

Variations of water pressure and discharge rate were mezasured
at the different opening ratio of the gate valve. TABLE 4.2.2.2Z shows the

test data obtained at pump station No. 10,
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TABLE 4.2.2.2

TEST DATA ON PUMP STATION No. 10
DAGUPAN CITY, PANGASINAN

1.4
Pd [PWL [TDH ="V AVE.

STEP [(LPS} [{m) |{m} |{m} ](Volts} %A::?i ngPxil ngpkij g;??;;lﬁ/ ?g?PZI ?ﬂg)éj
1o 7.72]6.1(10.7|17.8 | 220 20,3 [1.B|134l6.6|4.9 ¢ 27.3 32.1 5.6
2 | 7.70| 6.5[10.7]18.2] 225 20 18611 2716.6(4.9 | 27.9 32.8 5.6
3 17.65]6.8{10.7{18.5) 225 20 1386{1.396.6(4.9 | 28.2 33.2 5.6
4 | 7.61] 7.7{10.7|19.4 | 225 20 194(LA56.614.9 | 29.4 34,6 5.6
| 7.58| 795(10.7{19.7| 221 20.5 |186jLAG[7.7(5.0 | 29.3 34.5 5.7
6 | 7.51| 8.4(10.7[20.1 | 221.7 |19.5 |1s8{148{6.4(4.8 ] 20.9 36.4 5.4
7 | 7.50] 8.8j10.7|20.5] 223 19,0 |202L.50/6.2|4.6 | 32.6 8.4 5.1
8 | 7.4519.2(10.7|20.9| 222.7 |18.5 |2.05/L536.1]4.6 | 33.6 39.5 5,2
9 | 7.37|9.9(10.7{20.6 | 221 18.5 [2.09().56[6.0]4.5 | 34.8 40.9 5.1

10 | 7.3210.2{10.7(21.9 | 221 18.0 |2.11§1.5715.944.4 | 35.8 42,1 5.0
11 | 6.25|13.0(10.7(24.7 | 220 18.0 |2.031.5L|5.8]4.3 ] 35.0 41.2 4.9
12 | 5.68[13.5{10.7(25.2 | 218.5 4.9

18.0 |L.89|LALS.8|4.3 (0 32.6 8.4

1/ TDH
2/ wup
3/ 1P
4/ OVERALL EFF

PUMP EFF

I8 I
— -

BHP

OVERALL EEf |

Pd + Ps (PWL) + hf, WHERE hi is ASSUMED 1.0 m

(Q x TDH) / 76.1

(VAVE x I AVE % 3 x P.F_)/J.QOO 3 ASSUMED P.F. = Q.85

(WHP? x 10GQ) / IHP

oo EEf ¢ ASSLMED MOTOR Eff = 0.85

WHP / PUMP eff = IHP x MOTOR Eff.



APPENDIX 4.2.3 WATER PRESSURE IN THE SERVICE AREA

Variaticns in pressures at strategic points in the distyibution
system and in the pump stations were monitored on a 24-hour basis utilizing

automatic pressure recorders and pressure gauges,

The following approach was employed to achieve the purpose of

this pressure survey.

A. Preparatory Work
(1) Preliminary survey and discussion with the waterworks personnel
to pinpoint the proposed pressure test points.
(2) Made some posters/placards informing the public regarding the
on-goling pressure survey.

(3) Hired some personnel/recorders for this survey.

B. Implementation of the Survey

(1) Briefing of the hired personnel/recorders regarding this

pressure survey.

(2) Brought the personnel/recorders to their designated area.
" (3) Field meagsurement itself.
The following were considered in selecting the test points:

a) All the existing pump stations should be included in this survey.

b) The total number of test points should be around thirty (30).

The test point locations are shown in FIGURE 4.2.3.1. TABLE

4.2.3.1 shows the 24-hour pressure recordings.

-10-—



TABLE 4.2.3.1

24-HOUR PRESSURE RECORDING IN YTHE DLSTRIBUTION SYSTEM

Prassure .
Range2 Consumer Diameter
Ho. Location Recorded (kagfcm™) Type of Connection
pump 1 Galvan St, 6-29~86  0.70-0.99 - A.F.,R. was installed
Station 2 Infront of City 6-29~86 1,22-1,33 - on the discharge pipe
" Hall
Rl 3 Rizal St. 6~28-86 0.25-0.49 - "
" 4 A.B,F, East 6=-29~86 0.92-0,9% - "
" 5 Burgos St. 6«23=86 0.,17-0.42 - "
" 6 -Perez St. (Mkt.) 6-30-86 0,07-0,42 - "
" 7 Dag-Malved Rd, 6~-27-36 0,25-0,63 - n
" 8 Nable St. 6-28-36 0,32-0,63 - "
n 9 Cuanglaan 6~29-86 0,50-0,92 - "
" 10 . Arellanoc St. 6-29.86 0,63-1,0 - "
" 11 Pogo Grande 6-27-86  0,14~0,33 - "
" 12 -~ Amado St. 6-31l-86 0,21-0.53 - "
" 14 ' Nable St, 6-26=-86 0,70-1,02 - "
" 15 Dag~Binmaley Rd. 6-27-86 0,42-0.77 - "
" 16 A.B.F, East 6-28~86 1,12-1,48 - "
Sarvice 1 Back of Regita
Area Mktg, 7-4=86 0,04=-0,35 Public k"
" 2  Fernandez St, 7=4=86 0 ~0.28 Faucet
" 3 Lasip Grande
Elem, Sch, 7-1-86 0 -0.21 Institutional i
" 4. Amado St. 7-2-86 0 «(0,28 Public Faucet %
" 5  A.B.F. West Ext, 7-2-86 1.06-1,06 " 34"
" 6 Cueenan Sk, 7-4+86" 0,28-0,69 " K
" 7 Bonifacio St. 6-27-86 0,07-0,32 " L
" & HNable St. 6-28-86 0,07-0,63 " 3/40
" 9 Nable St. 6-26-86 0,63-1,06 " 3/4"
" 10 Nable St. 6-27-836 0,46-0,%9 " 3/4"
" 11 Avellano St, 7-03-86  0,04-0,35 o 3/4"
" 12  Avellano St, 6-26-86 0,30-1.0 " Lo
N "13  Along Wat'l., Hi-way 7-03-86 0.07-0.56 " "
" 14  Pperez St. {Mkt,) 7-03-36 0,11-0,60 " L
" 15 pantal St. 6-26-86 0,4 -1,2 Domestic L
" 16 A.B.F. West 6-26-86 0,5 -1.2 Public Faucet %"
" 17 Caranglaan North 6-26-86 0 0.7 Domestic L
! 18 DBgy. Lucao- 6-26-86 0 ~0,4 Domestic kv
" 19 Lucao 7-31-86 0,18-0,56 Domestic LM
" 20 A,B,F, East 6-26-86 1.5 ~2.2 Commercial 3/4"
" 21  Arellano St, 6-26-G6 0,3 -1,0 DPublic Faucet %"
" 22  Lasip Grande 7-31-86 0 -0,07 Domestic k"
! 23 A. B.F. East 6-26-86 1.0 -2.2 Commerical

-11-
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APPENDIX 6.6.1.2 WELL LITHOLOGIC LOGS
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GAMMA LOG PENETRATION RATE SELF POTENTIAL RESISTIVITY CONGUCTIVITY { 14 ¢/cm)
DEFTH {COUNTS PER SECONDS) {min,} - fmv) {onm-m} FROM HUD AFTER GIRCULATION
CAm) ® 30 it e 100 RN “e¥ e a [ 19 ] ) TR e 1T ol Bl T
Bt N R — Rmr—— et s Y
e
e [} T T TITIT T
I | i [T
|4 J F | R
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TR L A
S b
—— 80— A T
; i
IO | R AT R L
g ?? i 1 -"1-:3 —‘
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—— a0 H 2 4 i
e = ! %E
11 | \
120 !
ki = lit \
(] 3
Hi,
e 140 | 3 ﬁ
all ==
1 {
180 wre) 1 -
I . -
— o - i == :
T ? | }
b 200 !2 __J [y I! “t Il?
[
A I 7
— 220 — ; 7
L it
i ] i ]
240 i) o “
— 26t
STRATA DESCRIPTION WELL ODESIGN WELL DATA

SILT WITH SHELLS

SAND AHD GRAVEL
WITH SILT AMD SHELLS

SHYY SAND WITH SHELLS

SILT WITH GHAVEL
ANG SHELLS

5AND AHD GRAVEL
WITH ST

SILTY Sald AND
GRAVEL WITH SHELLS

SILT WITH oRAVEL

SILTY SANG WITIH SHELLS

SAND AND QRAYEL

SAND ANO GRAVEL
Wity siLr

ST
SILY WITH GRAVEL

SAND AHD GAAVEL
WilH 5ILY

SILT

SAHO ANO GAAVEL
WITH sLT

re ).

5 i
.. A ORAVEL PiPE
v >
. NIB
e il
. !l
[t e
3 u 280mw 4 CASING
3 v
* Hle
N MIB 400mm 9 BOREHOLE
‘
! ‘|
]
e
. i
e :
< [

200mm 4 TASING

CEMENT GRQUTING

GRAVEL PACK

||| 2000m 0 PERFORATED
bl f—— 'Iusma
Fo Iy m

Lwua - JICA WELL ND' D
ELEVATION . 2 m smsl
WELL DEPTH. 250 m
WELL DIAMETER | 240 ANOD 260mm
STATIC WATER LEVEL . + 1,37 m byl
PUMPING WATER LEVEL @ 25.6 m bql
OISCHARGE | 32 Ips

«md
SPECIFIC CAPACITY ! 1rm2
DATE OF TEST ! FEBRUARY, (380

WATER QUALITY

PRYSICAL T
COLOR 29 APHA
TURBIOLTY 2 JTu
T0S Y ppm CalOxy

CONDUCTIVITY. ISBQ s mhes 7em

CHEMIC AL |
pH 7.8mg/l
TOTAL ALKALIMITY.— 96
PHENOPFHALEIN .G
ALKALINITY
TOTAL HARONESS e 56
CALCIUM HARDNESS 52

MAGHESIUM HARDNESS 4

IRON 0.65
FLOURIOE [$2]4]
CHLORIDE 884
SULPHATE 58
NITRATE 0,13
NITRITE Q.2
MANGANESE e 0
S0ODIUM __ S 380
FOTASSIUM_______ 72

CARBCGNATE ALKALINITY _ O
BICARBONATE ALKALINITY_98
AKMONIA SR I
HYDRQGEN SULFIDE GAS_
NEGATIVE ON LEAD
ACETATE PAPER

6.6.1.2
WELL LITHOLOGIC LOGS
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APPENDIX 6.6,2.1 GEORESISTIVITY SURVEY

A surface georesistivity survey was performed at the alluvial
plains encompassing the municipalities of Binmaley, Calasiao, Sta.
Barbara, Mangaldan and Dagupan City. The investigation was aimed to
explore the stratigraphic sequence of the different lithological units
In terms of resistivity and thickness; to define the extent of saline
water intrusion into the shallow aquifer and to select the most favorable

area for groundwater exploitation.

1} Location of Measurements

A total of 37 Vertical Electrical Soundings (VES) including some
calibrations were carried out at Cullaoc, Malanay, Gueguesangan in Sta.
Barbara; San Miguel, Amhonao, Calit and Banaoang in Calasiao; Tebeng in

Dagupan City; and Amulid in Mangaldan.

2} TFieldwork

Resistivity prospecting involves the passage of an electric current
into the ground through a palr of circuilt electrodes (AB) and the measure-
ment of the resulting potential drop on the earths surface between a
pair of potential electrodes (MN). The arrangement of measurements
was patterned after the Schlumberger configuration with a maximum

current electrode geparation of 1,800 m.

The impressed current (I) and the resulting potential drop (V)

were recorded for consecutive MN/2 and AB/2 separation., The results

_32_



‘were then recorded on the data sheet where the apparent resistivity
(Pa) was calculated using the formula below:

(ap/2)% - oa/2)? AV kv

PA = MN T T

3) Method of Interpretation

The field data gathered were plotted on tramsparent double log
paper with the measured apparent resistivity representing the ordinate

and half the current electrode separation as abscissa.

The true layer registivities and thicknesses were obtained
by comparing the field curves with precalculated auxilliary and master

curves .
4} Equipment

Georesistivity Equipment (GRM 3,000) is powered by dry cells with
a maximum output of 270 volts and can read up to 3 amperes. Tor deeper
soundings, it can be powered by a 1500 watt engine generator power
supply which can provide either direct or electyorating circuit.
5) Results of Georesistivity Survey

The interpreted true resistivity values and the corresponding

depths of geclogic contact are presented in TABLE 6.6.2.1.1 (1) to (&)

and were based from field survey graphs.
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a) Calibration Soundings

Tor hydrogeological interpfetation of electrical soundings, it is
necessary to establish the pertinent resistivity of the different litho-
logical units at depth by performing resistivity measurements at a
convenlent point as close as possible to a well with known lithology

or to the geologic outerops.

Six resistivity measurements were executed near deepwells drilled

at Bonoan Boquig, Lasip Chico, Manguin and Calmay. The relation of

resistivity to the specific lithological unit is presented in FIGURE

6.6,2.1.1 summarized bhelow.

Range of
Registivity Lithological
(ohm-m) Composition
0.5 - 1.5 Clay, silt, sand and gravel intruded with
saline water
2 - 10 Sand and gravel depogited in combination
with high percentage composition of clay
and silt
11 - 18 Silt, sand and gravel saturated with fresh
water
23 - 72 Upper Miocene to Pliocene rock units
(basement formation)
1000 -~ 3000 Isolated sand dune
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b) Interpretation of Survey Results
The result of the georesistivity survey can be summarized in the
following electrostratigraphic sections, isoresistivity maps and

isotransvetse reslstance map.

Electrostratigraphic Sections

With reference to the results of the calibration soundings, the
lateral and vertical relationships of the alluvial sediments maybe

subdivided into five layers as shown in FIGURES 6.6.2.1.2~6.6.2.1.13

Layer 1 which exhibits low to relatively high resistivity values
in the range of 0.6 to 3,000 ohm-m forms the superficial layer. The
layer with resistivity responses not exceeding 10 ohm-m corresponds to
clay and sand sediments saturated with fresh or brackish water. The
values of 50 ohm-m ar more can be correlated to comprise partly cemented
sand and gravel saturated with freshwater. The coast near areas exhibiting

resistivity values of 1,000 to 3,000 ohm-m corresponds to isolated sand

dune.

Layer Z comprises the fluvial smediments of clay, silt, sand and
gravel intruded with saline water. The invasion occurs in the western

belt of the investigation area and its approximate extent is presented
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in FIGURE 6.6.3 of Main Text. This layer is believed not to
exceed 70 m in depth and has resisgtivity value ranging from 0.5 to

1.5 ohm-m,

Layer 3 exhibits resistivity values ranging from 2 to 10 olur-m
conforming to sand and gravel deposited In combination with high
percentage composition of silt and clay. This layers abuts on the
basement formation at a depth of approximately 300 to 350 m helow ground
surface in an area northwest of Dagupan City. The éxtent of deposition
in the southern portion tends to increase in depth as it underlies

Layer 4 as shown in FIGURE 6.6.2.1.5.

Layer 4 corresponds to resistivity values in the range of 11 to 20
ohm-m. The layer is deposited as a lens-shaped formation overlying
and underlying Layer 3 as shown in most electrostratigraphic sections.
This layer is in near contact Layer 2 and oyerexploitation of ground-
water upstream may lead to this assoclation especially in zones high
permeability. Most of the déepwell drilled in the study area withdraw
water partly from this formation. Tapping this layer for groundwater
extraction maybe possible and the aquifer may yield fair hydraulie

characteristics.
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Layer 5 presented resistivity values in the range of 23 to 72
ohm-m and 1s hellaved to be the basement formation. It is assumed
part of the Upper Miocene rock sequence comprising mostly of fine to
medium grains of clastic sediments composed of mudstone and sandstone,
The lithological units are mainly expose& at the mountain plains nérth—

east and southeast of Dagupan City.

The interfinger fronts of lLayers 3, 4 and the bagement formation

are presented in FIGURE 6.6.3 of the Main Text.

Isoresgistivity Maps

The iscresistivity maps presented in FIGURES 6.6.2.1.14~6.6.2.1.16
for current electrode separations equivalent to 100,200 and 300 m, res-
pectively, show uniform trend of resistivity increases as it enters the
area immediately southeast of Dagupan City. This conforms to the
sounding points located within the boundaries of 10 ohm-m or more contour

line.

The resistivity measurements may indicate fair aquifer potentials
with good water retention capabilities in this area. The electrostrati-
graphic sections revealed that this formation has resistivity values

in the range of 11 - 20 m with an average thickness of 250 m.
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Isotransverse Resistance Map

The isotransverse resistance map presented in FIGURE 6.6.2,1.17
can be regarded as a hydrogeological map because the transverse resis-
tance is controlled by both thickness and permeability of the aquifer.
The areas bounded by greater isotransverse rgsistance contour line

should coincide te an aquifer with greater potential,

The area enclosed by 4,000 ohm-m or more contour line is presumed

to comprilse permeable layer capable of sustaining medium-capacity with-

drawal through deepwells,

The resistivity responses were translated into {ts corresponding
lithological units as interpreted from the calibration soundings shown

in FIGURE 6.6.2.1.1.

¢) Findings/Recommendations

Dagupan City is situated downstream of the hydrogeological system
that extends from the southern periphery of Lingayen Gulf towards the
noxthwestern part of Tarlac Province. Uncontrolled groundwater with-
drawal upstream of this system led to the intrusion of saline water
into the shallow aquifer deeper inland. Hence, it is not advisable to

extract water from this aquifer as rate of intrusion is not determined.

The deeper aquifer may offer fair hydraulic parameters enough
to sustain medium-capacity withdrawal through deepwells. The formation
has an average thickness of 250 m and has been identified in an area

southeagt of Dagupan City.
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APPENDIX 6.7.1 WATER QUALITY EXAMINATION
{1) Objective

The objective of this survey is to evaluate the water quality of the
existing sources., Furthermore, the survey is focused on the clarification
of geochemical feature in relation to the hydrogeological conditions of

the study area.

The examination result will be reflected in the prospective water

supply plan.
(2) Implementation period

1} Preparatory work i July 26-27

2) Field examination t July 28

3) Sampling and laboratory analysis : July 28
(3} General Approach and Methodology

1} Sampling Points

Water samples were collected from the . selected sampling

points for physical, chemical and bacteriological examination.

Selection of sampling point

The sampling points were selected considering the following conditions:
— To cover all existing deep wells.

- To evaluate the hydrogeological and geochemical features in the

study area.
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- To determine the bacteriological quality of supplied water,

The selected sampling point were shown in TabLE 6.7,1.1 and FIGURE 6.7.1.1.

TABLE 6.7.1.1 LOCATION OF SAMPLING POINT

T '
Item | .
. ?f o Saﬁg?ei Sampling Point Remarks
I Examination ;
| g
; 1 'Deep Well, Pump St. No. I, Bgy T
: 2 : " 1" No. 2’ 1
ﬁ [ 3 \‘ [A) 11 ND- 3’ La} l
g i 4 | " "  No. 4, Pantal
b . 5 " " No. 5, Bgy IV ‘ l
= ! . " |
ai i 6 " No. 6, Hexrera 3
g g 7 " " No. 7, Malued i
M : 8 " " No. 8, Pantal i
- ’ 9 " " Ne. 9, Caranglaan ?
9 10 | " " No. 10, Pantal .
B 1L ! " " No. 11, Pogo G. . N
e VA " " No. 12, Tapuac {
:1‘1 |13 " " No. 14, Pantal |
o 14 2 " " Wo. 15, Malued '
Bt 15 " "  NWo. 16, Pob. Oeste :
% 16 , Carael (BWP)
| o 17 iSpring, Bonuan Guesset |
P 18 jRiver, Mayruso River
. ~j__19_|Shallow Well, Bacayao Norte :
E.g é 20 Service Connection in Lucao W%Aw
| n - .
3‘3 % “ 21 5 ) . in Bgy I | 3
ERERS 22 EPubllc Faucet in Pantal : i
[ﬂ:4§ 1 23 " in Pob. Oeste l |

2) Sampling and Pre—~treatment

Water samples were collected and pretreated in such manner to corres-

pond respective chemical constituents to be analyzed in the laboratory as

follows:
Sample Container / Pretreatment Items to be analyzed
24 2+
0 1,000 ml polyethylene bhottle Water Temperature, pH EC, TDS, Ca” , Mg
+ - - - +
Na+, K, SO§+, CO§ . HCO3 , C1 , Fe , Mn
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o 500 ml polyethylene bottle NH3-N, NO3I-N, et
with 1 ml of conc. H2804 to

maintain pH below 1.0

o 100 ml predisinfected polye- Coliform Group Bacteria (MPHN)
thylene bottle

In addition to the chemical pretreatment, all the collected water
samples in the respective polyethylene bottles were be kept in the black
polyethylene bags with crushed ice to maintain water temperature below 4°C
during the tramsportation to the laboratory.

3) TField Examination

Water temperature, pH and EC were measured in the field at the time of

water sampling.

Implementation procedure

Since the collected water samples need to be delivered to the laboratorj
within 8 hours from the time of sampling, the water sampling was carried out
in the early morning from 6:30 to 8:00 on 28 July, 1986. Thus the water
samples were delivered to the Laboratory in Manila at 1:30 P.M.

(4) Result of water quality examination

The result of field and laboratory analysis is presented in TABLE 6.7.1.2,

The procedure of water quality analysis was based on the Philippine

Standard Method for the Analysis of Air and Water (Volume 2},
(5) Discussion and conclusion
The following facts are obtained from the water quality analysis:

1) 7 samples out of 18 samples which were collected as drinking water

sources excluding river water, are not satisfied with the National
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Standard for Drinking Water (NSDW).

2) Among those samples unsuitable to NSDW, three samples of P, 8. No.
12, No. 16 and Deep Well (Crael) are 2lso unsuitable for color.

3) The rest four samples of PS No. 6, No. 10, No. 14 and Shallow Well
(Bacayao Norte) are unsuitable for Ca, Cl and DS, or Cl and TDS.

4) pH range of the all samples is high. This can be recognized as

the gign of sea water intrusion.

5) Turbidity of the samples is within the criteria of drinking water

except for surface water sample.

6) All the samples of Fe and Mn contents are within the criteria of

drinking water.

7)  Sea water intrusion was expected for existing well No. &,
No. 10, No. 14 and Shallow Well of Bacayao Norte from the result of electric
conductivity in the field examination. This matter was proved by the analysis

of TDS, Na and Cl .
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Philippine National Standard for Drinking Water

Water Quality; Physical, Chemical and Radiological

Bacteriological Quality Standards

Requirements
Parameter Maximum Permissible
level*
Turbidity 5 units
Color 5 units (s) **
Odor Unohejetionable
Threshold odor number Note mate than 3
Taste Unobjectionable
Taotal Solids 500 (s)
pH 6.5-8.5
Phenolic substances 0.001
Radioactive Subs, Gross Alpha 3 pCift
Gross Beta 30pCift
Trace Elements Arsenic 0.05
Barium 1.0
Cadmiom 0.01
Chromium 0.05
Copper 1.0
Cyanide 0.05
Fluoride 0.6
fron 1.0
Lead 0.05
Manganese 0.5 ()
Mercury 0.002
Setenium 0.01
Zine 5.0(s)
Organie Czhmicals i Synthetic )
Detergents (MBAS) 0.5
Oil & Greass Nit
Persistent Pesticides Aldrin 0.001
DLT 0.05
Dieldrin 0.001
Chlordanc 0.003
Endrin 0.0002
Heprachlor 0.0001
Lindane 0.004
Toxaphane 0.005
Methoxychior 0.1
24 —E Q.1
2,4,5--T 0.01
PCB Nil
Other Chemicals Culcium 5
Chloride 200 (s)
Magnesium 50 (s)
Nitrate (NO4) 30
Sulfae 200 {s)
Hydrogen sulfide 0.05 (s)

Minimum Requirements on Bacteriological Quaiity

a) Chlorinated or Otherwise Disinfected Supplies

Efficient trezment culminating in chlorination or some
other form of disinfection should yield a water free or any
coliform organism however polluted the original raw water
may have been. In practice it should not be possible to
demonstrate the presence of coliform organisms in any
sample of 100mf. The efficacy of the purification process
and method of sampling should be looked into when a
sample of the water entering the distribution system
does not conform to this standard. In testing chlorinated
water, presumptive positive tubes should always be sub-
jected to appropriate confirmatory tests,

b) Non-disinfected Supplies

Where supplies of this sort exist, no water entering the dis.
tribution system should be <onsidered satisfactory if it
yields E coli in 100m2. If E, coli is absent, the presence of
not more than 3 coliform organisms per 100m® may be
tolerated in occasional samples from established non-
disinfected pipes supplies, provided that they have been
regularly and frequently tested and that the catchment area
and storage conditions are found to be satisfactory. If
repeated samples show the presence of coliform organisms,
steps should then be-taken to discover and, if possible, re-
move the source of pollution. If the number of coliform
organisms increases to more than 3 per 100m¢, the supply
should be considered unsuitable for use without disinfec-
tion. '

¢) Individual or Small Community Supplies

Where supply of waters are individual wells, bores and
springs everything possible should be done to prevent
pollution of the water. It shounid be possible to reduce
the coliform count of water from even a shallow well 1o
less than 10 per 100mf. Persistent failure to achieve
this, particularly il E. coli is repeatedly found, should,
as a general rule lead to chlorination or boiling of the
water for domestic consumption.

* All units are in mg/R unless, otherwise stated,
** (5} — Secondary standards; compliance with the standard
and analysis tre not obligatory,
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APPENDIX 7.1.1 Excerpt from LWUA Methodology Manual

F. COST COMPARISON

General
Genera:

Anaylsis and evaluation of alternative are based largely on present-worth
cost studies, taking into consideration the salvage valuse after the design
period. Cost comparison is based on present worth of net digbursement during
the period of 1980-2010 without any escalation factor applied to the 1980 unit

prices.

If the differences between net PW cost of an alternative and that of the
least-cost alternative d1s within the Limit of cost estimating accuracy
(10~15%) further cost comparison shall be made applying escalation factor to
1980 unit prices. For escalation rates, refer to Chapter VII~C: Escalation
Rates. Moreover, non-economlc parameters may also be influence the selection
of the recommended plan.

Construction Cost

Construction cost estimates of the proposed improvements are based on the
projected July 1980 unit prices. All estimates on imported materials are
based on an exchange rate of B7.40 per 1 US dollar. Further, it 1s assumed
that no custom duty will be charged on items imported for the public water
supply project. The cost of any facility to be replaced during the design
period (1980-2010) is included under the capital cost for the particular year.

Annual Cost

Annual costs are all costs associated with the maintenance, operationm,
and management of the project., These include labor, power, chemical and
malntenance costs. These estimates are carried out for the period 1980-2010.
The present-worth cost of annual expenditure 1Is based on uniform and gradient
gseries at a given interest.

Personnel and maintenance costs may abruptly d1ncrease as additional
facilities are put into operation - e.g., the power cost at a pump station
Increases in relation to the daily pumpage of water.

Jalvage Value

The salvage values of facilities at the end of the design period 2010 are
Important in calculating net present worth of the total expenditures. It is
assumed that the value of a facility depreciates limnearly throughout its
service life therefore, a facility with longer service life depreciates less
than a facility with shorter service life (Refer to Table VI-1 for service
life of different facilities). Moreover, a facility constructed at a later
stage has higher salvage value than one constructed at an earlier stage.
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TABLE VI-1 SERVICE LIFE CATEGORIES OF FACILITIES

Civil Works Economic Life Equipment : ~ Economic Life
Wells 30 years Wells (pumping engine or motors) 15 years
Springs 50 Springs (vales, pipes) 50
Transmission Mains 50 Transmission (pipes, valves) 50
Storage Facilities' 50 Storage (valves, pipes; level gauge, etc,) 50
Disinfection Facilities 50 Disinfection facilities (chlerinaters, mech-
Distribution Mains 50 . anical equipment and fllter equipment,
Internal Network 50 pipes, valves) 15
Service Connections 50 Distribution mains {pipes, valves) 50
Fire Hydrants 50 Internal networks (pipes, valves) 50
Operational Buildings 50 Service connections (meters, pipes) 50
Operational buildings (workshop, ete.) 15
Fire hydrants . 30
Vehicles 7

Net Present Worth

The net present worth cest of an alternative scheme 1s .the difference between the total
present worth of capital cost and annual cost minus the present worth of salvage values,

For Construction Cost: C =C -C
n c 5
; C1 1 -
GrexT T e
(L + 1) (1 +1)

For Annual Cost:

: 1
Co.m A % n
. (1 + 1)
whera,
Cn = net present worth comparable cost
Cc = present worth of construction cost

C = present worth of salvage value {deslgn year)
C = construction cost
8L = service life
1 = discount rate
nx = number of years between design year and base year
n = number of years between year of cpnstructicn and base year

A = annmual cost
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APPENDIX 7.2.1 ALTERNATIVE STUDY OF WATER INTAKE FACTLITY
7.2,1,1. Hydraulic Simulation of Technical Alternatives

The infiltration gallery and the radial well are considered as
the alternatives for water intake facility., To determine the design para-

meter of each facility, the following hydraulic simulation was carried out,
Radial Well
2 2
Q= * kx (H - h )/In(R/rO)

where,
Q = planned yield; 5,400 cu.m/day
k = permeability coefficient; 5x10"4‘m/sec
H = aquifer thickness; 15 m
h = effective aquifer thickness during pumping (m)
R = radius of influence area; 400 m
r = radius of radial collector {(m)

H - h = drawdown (m)

I R #

) Gl .
R 74
h.%4 SWL
" Yo
H \ A PW.L.

\QP;/

Through the trial simulation of the above formula, the design
parameter of the radial well was determined to be 9 m for the effective
aquifer thickness and 15.5 m for the darius of radial collector. By these
parameters, the planned yield dis computed to be approximately 6,010

cu.m/day. Thus, four units of radial well can meet the vequired water

demand,
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Infiltration Gallery

g=kxLzx (H2 - hg)x R 1 x (t+ 0.5%x ro)/ho x 4 (2 x h0 - t)/h0
yhere,

Q = planned yield; 5,400 2,880 cu.m/day

k = permeability coefficient; 5){10_4 m/sec

L = length of gallery (m)

H = aquifer thickness; 15 m

h = height of gallery from the bottom of aquifer; 1I m

R = radius of influence area; 400 m
t = depth of water in gallery (m)
r

= radius of gallery (m)

g

~

\\\\\\k:m
b

G.L.

=3 FRTLT

f—

U
Ny

ho

As well as the radial well, the design parameter of infiltration
gallery was determined to be 1.5 m for both the depth of water in gallery
and the radius of gallery, and 910 m for the gallery length., By these
parameters, the planned yield 1is computed to be approximately 5,400

cu.m/day.

7.2.1,2, Cost Estimates

Radial Well

The comstruction cost of the radial well is estimated to be

approximately B1,240,000 per one unit, as shown in TABLE 7.2,1.1.
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Tnfiltration Gallery

In order to install the infiltration gallery . in the river bed,
the volume of excavation and backfilling with relevant civil worke is
required. The following is a rough secketch of the cross-section of river

hed excavation,

G, L
sy

A %0

R ]
Y oY) AE RO 2.5 7200

The glven cross-section has an area of 96 sq.m. When 910 m of
the required length of Infiltratfon gallery is taken into account, the
total excavation volume will he about 87,360 cu.m, At B103/cu.m of the
unit cost for excavation, this work item will require at about B9.0
million,

7.2.1.3 Conclusion

In accordance with the above cost estimates, 1t 1s clear that the

radial well is quite economical than the infiltration gallery.
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APPENDIX 7.2.2 DATA ON THE UNIT COST FOR ESTIMATION OF PROJECT COST

(1) Deep Well Construction : Peso

Depth (m) Casing size (m/m) Cost
200 250 940,000
200 300 1,160,000
250 150 640,000
BREAKDOWN OF COSTS IN %
Local Component FEC
Material Labor Direct Indirect Total

Skilled Unskilled

Equipment 17 - - -
Civil Works 33 8 5 -
Total 50 8 5 -

20 37
17 63
37 100

(2) Deep Well Pump Station (Flectrie Motor Drive)

KW Cost

7 450
15 560
22 640
29 720
37 790
44 840
51 890
59 960
66 1,020
74 : 1,080

BREAKDOWN OF COSTS IN 7

Thousand Peso

Local Component

FEC

Material Labor Direct

Skilled Unskilled

Indirect Total

Equipment 9 - - 42
Civil Works 21 9 5 -
Total 30 9 5 42

5 56
9 44
14 100
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(5)  Pipeline Cost

Following pilpe materlals are presently available in the
Philippines:

GI (galvanized iron),

PE (poly-ethylene),

PB (poly~butylene),

PVC (poly-vinyl-chloride),
SP (steep pipe),

CI {cost 1iromn), and

AC (asbestos cement).

Among these materials, the use of CI pipe is limited due to

its high cost and AC plpe 1s also rare by safety reason.

Followings are comparison of unit cost at the 1985 priée

level.

(Unit: B/m)

Diameter {mm) GI

PE PB PVC 5P
13 20,8 13.8 8.1 - -
19 24,7 19.9 13.6 - -
25 32.3 25.3 22,0 - -
38 59.2 41.5 44.7 - -
50 87.5 6l.4 76.4 33.9 -
63 117.7 - - 48.0 -
75 180.3 - - 81.3 -
100 230.8 - - 122.4 235.0
150 - - - 256.9 250.0
200 - - - 506.5 290.0
250 - - - - 315.0
300 - - - - 425.0
400 - - - - 520.0
500 - - - - 700.0
600 - - - - 890.0

Based on the above comparison, SP is advantageous for the

diameter of 200 mm and above than PVC.

Thus, for the cost esti-

mates of major transmission and distribution pipes, SP is con-—

sidered for diameter of 200 mm and above, while PVC for diameter

of less than 150 mm taking into account the transportation cost

and easy installation.
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(3) Booster Pump Station

C = (72.16 - 13.68 log Q) x ql0+42 + 0.1 1og Q)

x H

(6/H - 0.25)
0.305(log Q - 0.7)

where,

C

= cost for electric motor drive (thousand peso)

Q = design capacity (1/sec)
H = total dynamic head (m)
BREAKDOWN OF COSTS IN %
Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskillled
Equipment 11 = - 53 2 66
Civil Works 17 9 6 - A 34
Total 28 9 6 53 100

(4) Radial Well

Collection Pipé

Inner Diameter{(m) Inner Depth (m) Length (m/hole) Unit Cost (B)

10 7.5 1,240,000
6 16 12.5 1,760,000
BREAKDOWN OF COSTS IN %
Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskilled
Equipment 1 - - 18 1 20
Civil Works 25 2 2 - 51 80
Total 26 2 2 i8 52 100
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Diameter (mm)

150 (PVC)

200(Sp)

250¢(
300(
350¢(
400(
450(
500¢(
600 (
700(

H)
H)
IT)
H)
II)
H)
li)
H)

Unit Cost (®/m)

410
520
630
760
900
970
1,160
1,330
1,600
1,910

Source : LWUA Design Dept,

BREAKDOWN OF COSTS IN %

Local Component

FEC

-76~

Material Labor Direct Indirect Total
Skilled Unskilled
- Equipment 23 - - 4 27 54
Civil Works 17 7 4 - 18 46
Total 40 7 4 45 100
(6) Valve In-place Cost
Diameter {mm) Gate Valve (B) “Butterfly Valve (R)
50 1,700 -
75 2,900 -
100 3,900 -
150 5,300 -
200 6,700 -
250 11,200 -
300 - 34,800
350 - 714,400
400 - 95,200
450 - 125,900
500 - 174,000
600 - 243,600
700 - 313,200
Source : LWUA Desilgn Dept.



BREAKDOWN OF COSTS IN %

Local Component FEC
Materdial Labor Direct Indirect Total
Skilled Unskilled
Equipment 9 - - 63 5 77
Civil Works 12 3 - 2 23
Total - 21 3 6 63 7 100
(7) Internal Network
Population Density Total Length of Unit Cost (B/ha)
Pipeline Diameter Diameter
(Person/ha) (m/ha) (100/150) (75/100)
50 64 18,300 14,900
60 67 19,300 15,700
15 72 20,900 16,800
100 80 23,100 18,700
150 90 - 25,700 21,000
200 100 28,300 -
250 108 306,400 -
300 116 32,500 -
BREAKDOWN OF COSTS IN %
Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskdilled
Equipment 22 - - 7 27 56
Civil Works 17 7 4 - 16 b4
100

Total 39 7 4 7 43
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(8) In-place of Service Connectlons

Diameter " Without Meter With Meter Meters
(inch) © 7 Bfunit ‘ ' B/unit B/unit
1/2 450 ' 810 400
5/8 - 3/4 520 1,280 880
SERVICE CONNECTION WITHOUT METER
BREAKDOWN OF COSTES IN %
Local Component FEC
Materdial Labor Direct Indirect Total
Skilled Unskilled
- Equipment 9 ~ - 60 2.5 71,5
. Total 26 3 6 60 5 100
SERVICE CONNECTION WITHQUT METER
BREAKDOWN OF COSTS IN %
Local Component FEC
Labor
Material Direct Indirect Total
' Skilled Unskilled
Equipment 4 - - 83 2 89
Civil Works 6 1 3 - 1 11
Total 10 . 1 3 83 3 100
(9) Fire Hydrant Iﬁ—place Cost
Type Size (mm) Unit Cost (B)
Commercial 150 16,800
Residential 100 9,400
BREAKDOWN OF COSTS IN %
Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskilled
Equipment 8 - - 57 5 70
Civil Works 10 8 10 - 2 30
Total 18 8 10 57 7 100
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(10) Elevated Tank/Ground Reservoir

0.615 Hl.144VO.749
.639

20.05 Vv

where, C = cost (thousand peso)

Elevated Tank: C

[

Ground Reservoir: C

H = overflow elevation above ground level

V = storage volume (cu.m)

BREAKDOWN OF COSTS IN Z

Local Component FEC

Material Labor Direct Indirect Total

Skilled Unskilled

Equipment 4 - - 3 2 9
Civil Works 53 5 7 - 26 91

Total 57 5 7 3 28 100

(11) Gas Chlorinator In-place Cost

Water Flow Maximum Chlorine  Unit cost L
Type Condition Feed (kg/day) (B)
I-A constant 22 98,100
I-B constant 45 119,100
II-A Variahle 22 147,700
I1-B Variable 45 169,300
1/ Ewpty gas cylinders and automatic switchover include
TYPE I-A, I-B
BREAKDOWN OQF COSTS IN 7%
Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskilled
Equipment 15 - - 41 5 61
Civil Works 25 ) 3 - 5 39
Total 40 6 3 41 10 100
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TYPE II-A, II-B
BREAKDOWN OF COSTS IN Z

Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskilled
Equipment 21 - - 53 2 76
Civil Works 12 6 2 - 4 24
Total 33 6 2 53 100
(12 Administration & Operation Building

Future Service Administration Bldg. Operation Center
Population (Thousand Peso) (Thousand Peso)
30,000 1,000 810
40,000 1,110 890
50,000 1,220 990
60,000 1,320 1,090
70,000 1,410 1,180
80,000 1,500 1,280
100,000 1,610 1,380
110,000 1,820 1,590
ADMINISTRATION BUILDING
BREAKDOWN OF COSTS IN %
Local Component FEC
Material Labor Direct  Indirect Total
Skilled Unskilled
Equipment 20 - - - 16 36
Givil Works 42 7 5 - 10 64
Total 62 7 5 - 26 100
OPERATION CENTER
BREAKDOWN OF COSTS IN 7%
Local Component FEC
Material Labor Direct Indirect Total
Skilled Unskilled
Equipment 14 - - 30 6 50
Civil Works 26 10 5 - 9 50
Total 40 10 5 30 15 100
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(13) Imnergy Cost

C=1™Npxh x Pux (Em)--1
Np = QxgxHx (BEf. x 1,000) "

yhere,

cost (thougand peso)

pump power demand (kw)

hours of operation

unit power cost (B/kwH)

motor efficiency (0.85)

water pumped (kg/sec)

gravity constant (9.8lm/sq.sec)
manometric head (m)

pump efficiency (average = 0.70)

{1 3]

o

=

B0 8 in

n R

Moy O FHMDS 20

=
h

{14) Chemical Cost

C = (Annual Water Demand) . D . U, x 10"3

CL
where,
= annual cost for chlorine (B)
chlorine dosage (mg/l)

CL= unit cost of chlorine gas (B/kg)

c
D
u

(15) Minimum Cost Diameter

Following cost function is applied. to determine the most
economical diameter of pipelines that are not simulated by the

network analysis,

Dmin. = 187.7 Q0486 ¢70-315 (5 106y 0 17
where,
Dmin. = minimum cost diameter
Q = water flow (l/sec)
C = "C" value (Hazen William Formula)
Ec = energy cost (B/kwh)
Qe = overall efficiency
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APPENDIX 7.3.1 COMPUTER~-AIDED HYDRAULIC ANALYSIS OF DISTRIBUTION
SYSTEM (Dagupan City)

o List of Computed Cases

Alternative D-A (1995, 2010)

D-A (Fire at LUCAG/2010)
D-B (1995, 2010)

o HNote

This appendix shows the results of Hydraulic Analysis aided by
the computer. The distribution network is shown in the figure of
following page. The nodes, however, with no flow and 20.00 m fn
Dynamlc Head was treated as a dummy node. Those nodes can be igﬂored

and have no relation to the computation results,
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;i 8.2.1.A BREAKDOWN OF COST ESTIMATES . .
APPENDTX ‘ (Unit: thousand Pesos)

" Dagupan i UNIT COST iPhase |{Staze 1)Phase [(Staze 2% Phpse | Total  Phase Il Cost
. ITEM i HUMBER +  COST i WUMBER '+ COST ! NUMBER '+ COST ¢ NUMBER r  COST
[T SOURCE FACILITY . _____ | OO — SO SO LIS S, e
CTODEER WELL CONSTRUCTION 1™ 040000 g1 biza 71 4480 157 9600 ¢ 0
(2)}DEEP VELL PUMP w/HOUSE 450000 81 3600 71 3150 151 @750 0. 0
Flow Meter D=100 25000 81 200 T4 175 151 374 ¢\ 0
(3)DEEP WELL PUMP REPAIR 252000 1g 1 2520 0! 0 101 2520 01 0
Flow Meter D=100 25000 10} 250 0 0 10} 250 0! 0
(4)RADIAL WELL 1760000 0 0 01 0 0! 0 41 7040
WELL PUMP 403000 0 0 0 0 0! 0 9| 3627
__RADIAL WELL PUMP HOUSE | _ 834000 | ____ 0l ____ ol .0 0f_____01 0 41 2536 |
SUB-TOTAL ] I {1680 N EL I {9495 13208
2 TRANSHISSION FACILITIES | | L : - ! - . R SR
([DMain Pipe D=800(Steel) 1600 01 0 0} 0! 0| 26000 416
(2)Main Pipe ! | !
B=150 {PYC Pipe) 11Q 5400 214 38501 1579 9250 1 3783 ! Q
0=200 {(Steel Pipe) 520 1500 780 10501 546 2850 1 1328 ] 0
p=250 (Steel Pipe) 830 1000 ! 630 10501 662 2050 1 1292 ! 0
D=300 (Steel Pipe) 760 750¢ 570 5501  418| 13001 988 | 2400 1824
__D=350 (Steel Pipe) 900 | 4000 1 __ 3800 7000 __ 630 400l _ 4230l _ L 0
SUB-TOTAL v i794 ' 3835 111629 v 43424
3 Stow Sand Filtration Planti 0 0 0! 0 0! 0 1+ 9544
F) .. [ 1 _ I Ql . I
o (2600 ¢ 2898 | 01 0 [€2400) ! _ 2898 [(4550) | _ 4362
— SRR AU X i 1 D 18000 1. 2584 1..3394 )
1 I N S A 5 [N EE T V748 |
Si00 Y2 0 O 079 Wake/dxl 118
— L 200KVA 1 2620 | ! 200RVA 1 2620 | 400RYA 1 _ 1020
{5)Distribution pipes ! ! ! !
I)Hain Pipes ! )
D=£50 (PYC Pipe) 410 0 0 01 0 0 a| 4160} (708
D=200 (Sieel Pipe) 520 0] 0 1780 | 928 1780 928 1030 536
D=250 (Steel Pipe) 630 0! 0| 850! 347| 550} 347| 81501 3875
D=300 (Steel Pipe) 760 440 | 334 32100 2440 3850 2774 0 0
D=350 (Steel Pipe) 800 4401 398 400 | 360 840 758 ¢ 0
D=400 (Steel Pipe) 870 300 ! 291 al 0 3001 291 01 . 0
D=450 (Stee] Pipe) - 1160 240 ¢ 278 01 0 2490 278 01 0
0=500 (Steel Pipe) 1330 290 1 385 0! 0 290 386 01 0
0=600 (Steel Pipe) 1600 1360+ 2176 01 0 13601 2176 0 0
D=700 (Steel Pipe) 1910 - 350} §69 01 0 350! 669 0 0
RIVER CROSSING CD=1.5m 1638 120 | 199 0 0 120 1 198 300 497
D=450 Materials ° 626 1200 75 01 0 1200 75 ; 0
- D=250 Materials S 340 ] ... | | S 0! 0 0! -0 3001 102}
2)Valves ! i *: '
D=150 (Cate Valve) 5300 0! 0 61 32 61 32 ui
B=200 (Gate Valve) 6700 01 0 61 40 61 40 3t 20
D=250 {Gate Valve) 11200 01 0 21 22 23 23 22} 246
D=300 (Butterfly Valve) 34800 21 T0 101 348 121 418 01 0
D=350 (Butterfly Valve) 74400 21 149 L} T4 3¢ 223 0! 0
b=400 (Butterfly Valve) 95200 1 85 0! 0 1i 95 0! 0
0=450 (Butterfly VYalve) 125800 11 126 ¢ 0 Lt 126 0! 0
0=500 (Butterfly Valve) 174000 11174 0 0 17174 0! 0
D=600 (Butterfly Valve) 243800 51 1218 al 0 51 1218 0! 0
__D=700 (Butterfly Valve)d 313200 ___ 1:¢ 313 Qi_____ 0 11 x3 0l 0
3)Internal Network ! ! ;6081
ueTo 1990 1 5048 ! o 5049 !
| UPTO 1895 s ol 0 {...898] 898 de
1)Service Conections " : i !
b=1/2 810 22791 1846 38111 3086 6090 i 4832 8B40 1 7241
7L 1280 171 22 T8 200 ¢ 31 16} 20
5)Rehabiiitation : ; 1 ; !
Water Heter (/2" 400 13921 5357 0! 0 1392 1 551 !
Water Heter 371" 880 161 14 0! 0 18 | 14
0td Laterals 1571 01 0 0r 571 !
Service Connect.wo/Meln 480 724 4 348 4 8 724 348 !
_.Service Connect.w/Meten 880 ] __1401 1 1233 o1 0 140t 1233 . ——
©Flov Heter i ! ! |
- D=600,__ __l._215000; _f 0! 0 ol L L | N WO LN W— Li L 215
TiFire Protection ! : | |
D=150 16800 01 0 0 0 01 0 621 1042
D=100 8400 0 0 0! 0 01 4] 281 1 2641
SUB-TOTAL ' 26301 0 9382 0 ' 35683 134039
5 [1}Administration Bldg : ! ! 11 1610
)dperation Center - ] L) __ 1380 ) L1 . 1380 LU 0
SUR-TOTAL TR0 ! 0 11380 [
6 lLand Acquisitlon . _____ | ¢ 601 2200 Ia2] ___ 0 0] 2200 _133] 23000 1320
}\Iﬂli.‘ll_e. ______________________ 300400 217600 T1."7560)0 31 a00 3600
Stored Material § Eouip, 01 __503 01 247 01 7501 ! 898
SUB-TOTAL, 1235 L 507 1782 3118
7 Replacemeni of Equipment | 0 ! 0 | 0 I 14582
TATAL ' 48400 1 21568 t 68949 1120400
8 leaknze fletection 240 4250 ¢ 1020 0 0 42507 1020 ! 0
GRAND TOTAL 148420 i 21589 ' T0983 1120400
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(Unit: thousand Pesos)

Dazupan - UNIT COST___1988 1889 | 19590 1991
I TEH ! N7 COST N~ COST 1 WB__ v CoStT NG 1 COST
U SGURCE FACILITY 1 ____ ! ' 1 T
CLYDEEP WELL COMSTRUCTION | 640000 0 41 2580 q 2560 2 1280
(2)DEEP VELL PUMP w/ROUSE | 450000 { 0 41 1300 -4 1800 2 900

Flaw Meter D={D0 25000 0 i 100 4 100 2 50
(3)DEEP VELL PUMP REPAJR 252000 0 10 ¢ 2520 Q 0

Flow Meter D=100 25000 0 104 250 1] 0
(4)RADIAL VELL 1760000 0 ! 0 0 0

. NELL PUMP 403000 0 ! 0 0 0
__RAOIAL VELL PUMP HOUSE | §340003% _____ ! g ' 9 LY al
SU#-ToTAL ] g 7230 14480 12330

2 TRANSMISSION FACILITIES ' ! T ! i
CL}ain Pipe 0=400(Stee]} 1800 0 ! 9 0 0
(2}ain Pipe ! 0 : 0 0

D=150 {PYC Pipe) 4i0 0 29001 189 2500 1025 1050 431

0=200 (SEeel Pipa) 520 0 1500 1 780 (i 0 01 0

0=250 {Steel Pipe) 630 ] 1000 ) 830 0 1 0! 0

D=100 {Steel Pipe) 780 0 750 ! 570 0 0 550 1 418

02350 (Steel Pipe) 900 ' 0f_ _25001 22501 1500 1__ 1350 7001 __ 630 |
SUB-TOTAL 1 | [1} ! 54191 | 2378 1479

3 i51ev Sand Filtration Plant 1 ! | | i
4 DISTRIBUTIOR FACILITIES ! ! ! !
1)Reserveir _ ! (2400) _1__ 2898 ! ]

2)Pugo factlity (Eanio.) | | 1784 ] ! 800 |

~dy = (Civail) | 1 11331 | [ 1
(3)Chlorination Faci ity 17 898100 i - o79) i i
(IrElectrie Sub-station __! L, _2630 ! !
(3)}Distribution plpes 10838 1 1089 1 1850 1991

| Matn Pipes !

0=£50 (PYC Plpe) 410 0 1] ! 0 . 0

0=200 {Steel Pipe) 520 Q 0 ! 0 1780 1 926

02250 {Steel Pipe) 830 0] 0 i 0 §501 347

0=300 {Steel Plpe) 760 Q 0 4401 334 210 2440

D=350 (Slee| Pipe) 900 0 0 440! 396 400! 360

D=400 (Steel Pipe) a0 0 Q 300! 13 0

0=450 (Sleel Pipe) 1160 0 0 2491 273 0

0=300 (Steet Pipe} 1230 ! ] 0 290 386 ! 0

0=600 {Steel Pipe) 1600 | i of taeo: 27e q : 0

0=700 {Stcel Pipe) 1910 ¢ 0 350 ¢ §69 0 ! 0

RIVER CROSSING CO=t.35m 1658 ! 0 0 120 1 199 ! 0

0=450 Materinls ' 26 ! 0 0 1200 75 i 0

#=250 Materials 340 | 0 0 i ol ___ 1 ol
2)Valves 1 !

D=150 (Gate Vaive) 5300 ] 0 0 61 32

0=200 (Gate Valve) 6700 0 0 0 6! 40

0=250 (Gaie Valve) 11200 0 0 0 2 22

0=300 (Butterfly Valve) 34800 0 0 2! 70 10 348

0=350 (Butterfly Valved 74400 0 0 21 149 L 7

0=400 (Butterfly Vaive) 95200 0 0 L 95 ; 0

D=450 (Butterfly Valve) 125900 0 0 L} 128 ! 0

0=300 (Butterfly Yatve) 174000 0 0 L 174 ! 0

0=00 (Butterfly Vaive) 243600 0 5! 1218 ; 0 ] 0

0=700 {(Butterfly Valved 2313200 0 11 313 i 0 1 0
Dlinternal Setwerk ! ! :

UPTO 1930 I 2528 Ioo2524 ;

__UpTO 1085 _ i | t 18D

4)Service Conection ! ! L

D=1/2 810 0 11391 923 [140! 923 7631 618
LM 1280 - & _ ol 9 121 Li. |
3)Renantlitation [ ! ! | ! !

Vater Yeter 1/2° 900 1392+ 557 o 0t 0! 0 :

" Gater Meter 3/4'° B30 18! 14 0, [ 01 Q !

0ld Laterais | ! ! 288 ! 285 !

Service fonnect.uo/Metn 480 242 i16 2411 16 2411 118 !
durvice fonnect u/Maten BRI 467 A1l 467 AL a7 Al
6)Flow Heter I | ! ! I ! ! I
L R N 215000 | R N AR 9 . 0 ' 4
T)ire Protection ! ! ! !

0=150 16800 : ! : '

=100 9400 ! ! ! !

SHUB-TAT AL | i 1 1ohg 1 I ERE] VBRI ¢ ' GIHE!
Sal)admimistration Blds ! ! ' ! |
2)0prration Center ! Per__Jl3aan - | S
R i 0 ! 0

- N R S— O] e damant 0}

I L300 [ X N X

i ! FA N s ]

! 1 1 ! 534 ! 1191 ! 4141

7 Replacemeni of Foninnent | ! ] 0) ! 01 ! 0 ! 01
TOTAL | | '+ 15501 133042 ¢ Vo LdH2E 1 19315

H Leakage Detectinn ! 20 1420 ¢ J4t 0 a2 aty 14190 34 ! 0l
LRAND TOTAL | 1 ! 1801 1 333631 o aGe ! v oedlsl

=Ty



{(Unit: thousand Pesos)

“Fhazunan UNIT Cosy 1982 1902 1994 1943
e ITEM : ! NG ST NG CAsT N+ £nSsT q} + CDST
[T SOLRGE FACILITY bmmmmmee o . e ! mmnmam e e
CTTOEER-VELL CONSTEUCTION !™ ™ 640000} [ I T 2y {380 T8
(2)DEEP VELL PUMP w/HIOUSE 450000 11 450 L 450 20 900 Ll 4s0
Flov deter D=100 25000 1} 25 L 25 2, 50 l; 25
" le3)DEEP VELL PUMP REPAIR 252000 i 0 ; o i 9 : 0
Flow Heter D=100 25000 i 0 : v} ! 0 1 i}
(4)RADIAL VELL 1760000 ! ) ; 0 ' 0 ! 0
VELL PUMP 403000 ! 4] ! 0 ' 0 ! L]
RADIAL VELL PUNP HOUSE ! ¢ 631000 ! 0 ! 0 ! a ! 0
SUR-TOTAL i ] v t115 11116 v 2330 V1S
27 TRANSHISSION FACILITIES _ ) ! i 1 : :
C1tain Pipe 0=600(Steel) [6a0 ' 0 TR ; 0 i )
(2)Hain Pipe : 0 ! 9 ! ] ! 0
0z150 {(PVC Pipe) 410 1100} 451 400 ¢ 164 800 ! 369 400 ¢ 164
=200 {Siee! Pipe) 520 0! 0 9 Of 4507 2347 600 32
p=250 (Steel Pipe) 630 0 Q 530 347 500! 315 0! 0
=300 (Steel Pipe) 760 0! 0 0, 0 0: 0 0: i
b=3s0 (Steel Pipe) 1 500 R Qi_..0 i ... 0l .o 0
S TOTAL i8] [} i g g
3 S)ov Sand Filtralion Plant; | ' | \ v i T
4 { t | 1 1 1
l ! 1 ' 1 1
1 1 ' 1 ]
i . - o SOV R T
¢ ' . '
1 i : H
(3)Distribution pipes i 1992, 1991 199 - (HEER
[D¥ain Pipes | H : i
0=150 (PYC Pipe) 410 ! 0 ! 1] ! Dl ! 0
D=200 (Steel Pipe) 520 i 0. : 0 ! 0 ; 0
b=250 (Sieel Pipe) 630 ! 03 ! Q ; G ! 0
D=300 {Steel Pipe) 760 ! 0 ! 0 ' 0 : 0
02350 {Siee! Pipe) 900 ! Q ! ] ! 0 ! 0
0=400 (Steel Pipe) 970 ' ] ! ] ! 0 ' ¢,
b=450 (Steel Pipe) 1160 : 9 : 0 , ] : 0
D=500 (Steed Pipe) 1330 ! 0 ' a ' ] ' ]
0=680 (Steei Piped 1600 ! Q ! Q! ' ¢ : 0
D=700 (Steei Pipe) 1810 ! 0 : 0 ! 0 ' 0
RIVER CROSSIKG CD=1.5a 1658 ! 0 ! 0 ; 0 : 0
=450 Materials ' 626 ! 0 : o ! 0 i 0
.. D290 Materials J—t 1} i a eand LY D ] ! 0]
2Vaives ' ! i '
02150 (Gate Valve) 5300 : 0 ! 0 : 0 ; 0
B=200 {Gate Valve) 6700 ! 0 ! 0 ! 0 ' 0
=250 (Gate valve) i1200 ! 0 ! 0 ! 0 ! 0
=300 (Bulterfly Yalve 34800 ! 0 ! 0 ] 0 ! 0
0=350 {(Butterfly Yalve 75400 ! 0 ! ] ! 0 ! 0
D=100 (Butterfly Yalve 95200 H ¢ ! 0 ! 0 ! g
D=450 (Butterfly Valvea 125300 ; ¢ ' 0 ! 0 : 0
D=500 (Butterfly Valve [T4000 ! 0 ! a ! 0 ! 9
D=600 (Butterfly Valve) 243600 : 0 : 0 ! 0 : 0
__b=700 (Butterfly Valve) _ 313200 ' 0 ' 0 ' 0 ' 0
I)internal Hetwork ’ | : | :
UPTD 1990 ' ' . .
_ Uty qgas . kB0 iollBQ TR TR
{)Service Conections : . .
Da1/2 810 7620 617 767, &7 7620 817 762 617
ez 120 | _____. LN I S I [ S K R I N L
YRenatifitation ™ ‘ . .
Vater Heter 1/2'' 00 ; . . ; H
Vater Heter 3/9'" 880 ! . , ; ;
0id Laterals H i ! '
Service Conneci.wo/Hetn 480 . . H ,
Lo Service Connect.w/Meten 880} o D SOV SRR VUSROG SO S
6)Flov Heter , : ] , ;
Jpmhoe 250000 L1 L . IS L RS a
T)ire Protection ! ; , :
D=1350 16800 | . . .
D=100 3400 . .
SUK-TNTAl | [ 300 IWEIR T 07
S Mdainistration Bldg , Il , ,
RXperation Center [ S NSNS (AN SRS ST
Sua-THTAL - 0. : 0 i ]
B land Acmisition [ . [ [ [ L} S i}
ehwele " T TTLI3dn000 . ol 0L Al 1N Y |
Slaved Satertal & Eourp. 1 Lol UL IR LI O S N R ]
SUB-TOTAL [ ' P R 14 24
1 Renlacement of Fautoment ! | 0 ] ) ]
HED ! | 2304 2153 A 2114
|8 Leakare Detection } 240 ¢ ] 1 fh f
L_GRAND TATAL i i LN da {thy| Y
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