TABLE 8.4,1 MWSS WATER TARIFF SCHEDULE
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Customer Type/ . Up £0  —mmmmemmmeemme e TN ——
Consumption volume 12/31/91 Jan:-16  Feb 16 ‘Mar 16 Apr 1 May 16
RESIDENTAL A |
First 10 cu.m. P18.50/conn. ?20,50 P22.50 PZ4.50 PZB.EO P28.00
Next 10 cu.m. 2,45/cu.m. 2,65 2.85 3.05 3.25 3.40
Next 10 co.m. 3.20/cu.n. 3.40 3.60 3.80 4.00 4,15
Next 10 cu.m. - 4.25/cu.m. 4,45 4.65 " 4.85 5.05 " 5.20
Next 10 cu.m. 5,05/cu.m. 5.25 5.45 5.65 5.85 6,05
Next 10 cu.m. -§.60/cu.m. 5.80 6.00 - 6,20 6.40 6.55
Next 20 cu.m. 6,30/cu.m, 6.50 6.70 8.90 T7.10 7.25
Next 20 cu.m. 6.95/cu.m. - 7.15 7.35 7.55 7.75 7.80
Over 100 Cll.M. - ?-50/0\1.!’!&. 7-70 7-90 8-10 8-30 8\45
RESIDENTAL B
First 10 cu.m..  P24.00/comn.  P26.00 P28.00 P30.00 P32.00 P33.50
Next 10 cu.m.  -3.15/cu.m. 3.35  3.55 3.75 3.95 4,10
Next 10 cu.m, 4.,45/cu.m. 4,65 4.85 5.05 5.25 5.40
Next 10 Cu.Mm., 5.15/0“-m‘ 5;35 5\55 5t75 . '5!95 6-10
Next 10 cu.m. 5,70/cu.m. 5.90 6.10 - 6.30 6.50 6.65
Next 20 cu.m. . 6.50/cu.m. - 6.70 6.90 7.10 7.30 7.45
Next 20 cu. . 7.06/cu.m. 7.25_ 7.45 . 7.6 7.85 8.00
Over 100 cu.m. 7.6Q/cu.m. 7. 80 8.00 8.20 - 8.40 8.60
COMMERCIAL '
First 26 cu.m.  P202.50/conn.  P207.50 P212.50 P217.50 P222.50 P226.25
Next 975 cu.m. 8,18/cu.m. 8.30 8.50 8.70 8.90 9,05
Qver 1000 cu.m. §.558/cu.m. 8.75 . 8.95 9.15 . 9.35 - 9,50
INDUSTRIAL '
First 25 cu.m. p222.50/conn. P227:50 P232.50 P237.50 -P242.50 P246.25
Next 975 cu.m. 8.90/cu.m. 9,10 9.30 - 9.50 9.70 9.85

Qver 1000 cu.m. 10,60/cu.m, 10.80 . 11.00 11.20 11,40 11,55

OVER-ALL AVERAGE _ e
TARIFF P5,48/cu.m. 5.68 5.8  §.08  6.28 6.43
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Reference : Board Resolution No. 250-91
Prepared By: The Corporate Planning Group
Date -+ January 17, 1992



TABLE 8.4.2 PROJECT COST FINANCING

(unit: P1000)
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CONSTRUCTION WORKS

1:
2l
3.
4.
..5‘

8,

1.

3v

6.'
T,

Existing Well Rehabilitation
New Well Construction
Elevated Water Tanks
Transmission Pipeline

Booster Pumping Station No.l

Booster Pumping Station No.2
Communication Wiring

Distribution Reservoir

Distribution Main
Inner Network
Fire Hydrant
Service Connection

New Well Conmstruction

Elevated Water Tanks

Surface Water Dist. Fac.

ENGINEERING SERVICES (D/D, 8%)

1.
2.
3.

Existing Well Rehabilitation
New Well Construction
Surface Water Dlst. Fac.

ENGINEERING SERVICES (C/S, 4%)

1

2.
‘3.

Existing Well Rehabilitation -

New Well Construction
Surface Water Dist, Fac.

CONTINGENCIES

.

"2,

Physical Contingency
Price Contlngency

3. Taxes '

“4.
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TOTAL LOAN GOV’T INTERNAL
CosT EQUITY CASH G.

4,838 4,838

_ | 0 0
13,317 13,317 0 0
23,448 23,448 0 0
58,343 58,343 0 0
42,223 42,223 0 0
49,201 49,201 0 0
5,383 5,383 0 0
14,308 ~ 14,308 0 0
65,355 65,355 0 0
23,761 0 23,761 0
3,461 0 3,461 ()
58,570 0- 0 58,570
360 0 360 .0
2,400 0 2,400 0.
9,585 0 9,585 0
387 ‘0 387 0
2,941 0 2,941 0
25,648 0 25,648 0
o194 0 194 0
1,471 0 1,471 0
12,824 - 0 12,824 0
41,801 27,642 14,159 0
203,020 133,362 69,658 0
73,837 0 73,837 0
66,304 0 ',0 66,304

802, 970 437,420 240, 676 124, 874

100, 00% 54 48%  29.97%  156.55%!
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TABLE 8.4.5  PROJECTED REVENUE

{In Thousand Pesos)

e 2 R RS e BB e i L b b e e e e L L L T LT e +

ADD'L RATIO ADD'L LEAKED AVERAGE  ADD'Y, BILL PROVISION ACb'IS CASH

WATER OF S0LD HATER WATER HATER COLL’'N FOR RECEIV- RECEIPTS

i i
1 L]
' ¥
H PROD. SOLD WATER RECOVERY TARIFF  SALES EBFF. BAD ABLES FROM H
! YRAR VOLUME WATER VOLUME VOLUME REVENUE DEBTS OPER’H " |
H (NCH} (%) (MCH) {MCH) (Pfady (1000P) - (X} (1000BY (1000R)Y (1000P) |
] . . - N - R

80.00% 4.00%  16.00%

‘ !
' 1992 0.00 55.0% 0,00 0.00 6.43 0 0 0 0 0!
1 1983 0.00 60.0% 0.00 0.00 7.07 0 0 0 0 0!
P 1094 0.3¢ 65.0%  0.22 0.64 7.78 6,743  80.00% 270 1,079 5,394 !
1995 0.68  70.0% 0.48 0.82 8.56 11,143 81.77% 446 1,783 9,993 !
! 1896 1.26 70.0% 0.88 0.B2 - 9.24 15,740 62.03% 630 2,518 14,375 !
1 1997 1.83 70,0% 1.:28 0.82 8.95 20,996 B82.14% 8§40 3,359 19,315 !
! 1998 2.40 70.0% - 1.68 ©.82 10.78 26,997 82.21% 1,080 4,320 24,957 !
11998 2.97  70.0% 2.08 0.82° 11.64 - 33,819 - 82.27% 1,353 - 5,411 31,375 !
! 2000 3,55 70.0% 2.48 0.82 12,57 41,565 B82.30% 1,663 6,650 - 38,663 !
! 2001 4,060 71.0%X 2.84 0.86 13.58 50,192 82.34% 2,008 8,031 45,804 }
i 2002 4,44 72.0% 3.20 0.90 14.67 60,065 - 82,36% . 2,403 9,610 56,083 |
! 2003  4.88  73.0%  3.57 0.93 15,84 71,339 82.37% 2,854 11,414 66,682 !
! 2004 ° 5.34 T4.0% 3,85 0.87 17,11 84,186  82.39% 3,367 13,470 78,763 !
12005 5,79 75,08 4.34 1.00 18.48 98,798 ~ §2.40% ' 3,952 15,808 . 92,509 !
! 2006 6,15  75.0% 4.61 1.00 19,95 112,087 82.47% 4,483 17,934 105,478 !
b 2007 6.51 75.0% 4.88 1.60 21,55 126,870 ' 82.43% 5,075 20,299 119,430 }
12008 6,87  75.0%  5.15 1.00  23.28 143,301 B82.48% 5,732 22,928 134,940 |
! 2009 7,23 75.0% 5.42 1,00 25,14 161,549 82.48% 6,462 25,848 ~ 152,167 !
! 2010 7.5 75.0% 5.89 1.00 27.15 181,799  §2.48% 7,292 29,088 171,287 !
! 2011 7.59  75,0% 5.69 1.00 29.3z 196,343 B2,58% 7,854 31,415 186,182 !
¢ 2012 7.58 75.0% 5.69 1.00 - 31.67 212,051 B2,58% 8,482 33,928 201,055 @
1 2013 7.59 75.0% 5.69 1.00 34.20 229,015 82.58% 9,161 36,642 217,140 ;
} 2014 -7.59 75.0%  5.69 1.00 - 36.94 247,336 82,58% 9,893 39,574 234,511 |
' 2015 7.58 75.0% 5.69 1.60 39.89 267,123 82.58% 10,685 42,740 253,272 '
¢ 2016 7.59  75,0% 5.69 1.60 43,08 288,492 82.58% 11,540 46,158 273,534 |
{2017 7.59 75.0% 5.68 1.00  46.53 311,572 82.58% 12,463 49,851 295,416 !
! 2018 7.5 75.0% 5.69 1.00 50,25 336,498 62.58% 13,460 53,840 319,050 !
12019 7.59 75.0%  5.69 1.00 54.27 363,417 82.58% 14,537 58,147 344,574 |
12026 7.59  75.0%  5.69 1.00 58.61 392,491 - BZ,58% 15,700 - 62,789 372,139 i
Y 2021 7.59  75.0% 5.69 1.00 63,30 423,880 82.58% 16,956 67,822 401,911 !
o 7 e 0 a2 0 Y e A 8 A e o e 0 B o ik o e e = s e e e e e +



TABLE 8.4.6

FINANCIAL INTERNAL RATE OF RETURN
{Groundwater and Surface Water)

e o 2 " s o PV T T W e e e e S G M W W e

___________________________________________________ +
CASH CASH INVESTMENT FINANCIAL |}
, RECEIPTS  EXPENSES IN NET |
YEAR . "FROM FOR PROJECT BENEFIT |
o OPER’N O & M FLOW d
“(1000P) (1000P) (1000P) {1000P)
—-;—-,n.—- ______________________________________________ :
1992 0 0 6,951 {6,951)
1993 - 0 : 0 36,286 (36,286}
1994 5,394 1,337 28,719 {24,662)
1995 9,993 1,948 46,051 {38,006)
1996 14,375 3,173 62,214 (51,012)}
1997 19,315 5,020 318,505 - (304,210);
1998 24,957 12,624 112,805 (100,472}
1999 "31,375 16,349 108,630 '(93,604l:
2000 38,663 23,533 82,807 {(67,677)
2001 . 46,804 29,931 0 16,873
2002 56,083 36,571 0 19,5612
2003 86,682 55,177 0 - 11,505
2004 78,763 52,104 0 26,659
2005 . 92,509 61,147 0 31,362
2006 105,478 " 69,914 0 35,564
2007 - .119,430 79,580 0 . 39,850
2008 134,940 90,230 0 44,710
2009 - . 152,167 101,960 0. 50,207
2010 171,287 114,873 0 56,414
2011 186,162 122,274 -0 63,888
2012 201,055 130,199 0 70,856
2013 . 217,140 160,219 0 56,921
2014 . 234,511 147,784 0 86,727
2016 = . 253,272 157,533 0 95,739
2016, 273,534 167,983 0 105,561
2017 295,416 - 179,189 0 116,227
2018 . 319,050 191,209 0 127,841
2019 344,574 204,105 0 140,469
2020 372,139 217,945 0 154,194
2021 401, 911_ 232 801 0 169, 110
_____________________________________ !
NPV at 3.47% WACC 100,120 |
————————————— :.,..,....,.,...____,__.,.__..______,._________,,,__'__.__._....._,.'_..._._.__.__ :
FIRR 4.46%!
___________________________________________________ +
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TABLE -8,4.9 PROJECTED REVENUE
(Croundwater only)

O i i o e e e e A o Y P 33 A SR T . o e S Y R R e K 3 T R S v &
H " ADD’L . RATIO ADD'L  LEAKED AVERAGE  ADB’L  BILL PROVISION ACC'TS  CASH |
' WATER | ' OF = - SOLD  WATER WATER  NATER COLL'N  FOR - RECEIV- RECEIPTS !
: PROD, “SOLD WATER RECOVERY TARIFF ~ SALES  EFF, BAD ABLES  FROM
! YEAR VOLUME WATER VOLUME VOLUME REVENUE . DEBTS OFER'N ' §
] 1
] L)

ey - (%) (MCH) {MCH) (P/md) (10009 (%) [(1000P} {1G00P} (1000P)

+ 1
1 1
' L ; 80.00% 4.00% 16.00% :
' 1992 .0,00 . 55.0% 0.00  0.00  6.43 0 S I e .0
11893  :0,00 . 60,0% ©0.0¢ - 0.47 7.07 . 3,292 80.00% 132 527 . 2,634 }
{1994 © 0.34 . 65.0% 0,22 0.64 7.78 6,743 81.45% . 270 1,079 5,921 !
{1995 0.68 ' 70.0% 0,48 . 0.82 8,56 11,143 81.77% - 248 1,783 9,993 |
' 1996 © 1.26 ‘70.0% 0,88  0.82  9.24 15,740 82.03% - 630 2,518 14,375 !
! 1997 © 1,83 . 70,0X 1,28 0.82  9.98 20,996 82.14% . 8440 3,359 19,315 !
{1888 2,40 70.0% 1.68 0,82 10.78 . 26,897 82.21% 1,080 4,320 24,957 !
! 1999  2.88  "70.0% 2,001 . 0.82 11.64 33,030 82.31% 1,321 5,285 30,744 !
1 2000 2.88 70.0% 2.01  0.82 - 12.57 35,673 82.58% 1,427 5,708 33,823 |
J 2000 . 2,88 . 71.0% 2,04 0.8 13,58 39,403 82.53% 1,676 6,305 . 37,230 !
1 2002 . 2,86 (72.0% 2.07  0.80 14,67 43,563 82.53% 1,740 6,860 - 41,107 !
! 2003 © 2,88  73,0% 2,10 0.93 15,84 48,006 82,53% 1,920 7,681 45,365 }
{2004  #,88 74.0% 2,13 0,97  17.1L.. 52,951 8§3.53% 2,118 8,472 50,042 |
! 2005 | 2.88 75.0% 2:16 1.00 18.48 58,380 §2.53% 2,335 9,341 55,176 |
12006 ° 2.8 .°75.0% 2.16 © 1,00 19,95 63,050 - 82.58% 2,522 10,088 59,781 !
12007 . 2.88 ° 75.0%  2.16  1.00 - 21,55 68,094 82.58% 2,724 10,895  €4,563 !
12008 2,88 :75.0% 2,16  L.00 23,28 . 73,542 82.56% 2,942 11,767 69728 !
! 2000 2,68 75,0% 2.16 1,00 25,14 ~ 79,425  82.58% 3,177 12,708 75,307 !
' 2010 . 2.88 75.0% 2,16  1.00 27.15 85,779 82,58% 3,431 13,725 81,331 |}
}2001 0 2:88 . 75.0%  2.16 . 1.00 29.32 92,641  8Z,55% 3,706 14,823 = 87,838 |
12002 . 2;88 "75,0% 2.16 1.00  31.67 100,053 82.58% 4,002 16,008 94,865 !
} 2013 © 2,88 775,08 2,16 1,00 34.20 108,057 82.58% 4,322 17,288 102,454 !
120014 2.88 -95.0% 2,16  1.00. 36.94 116,702 82.58% 4,668 18,672 ~ 110,650 }
{2015 . 2488 . 75.0% 2,16  1.00 39.89 - 126,038 82.58% 5,042 20,166 119,502 }
! 2016 ¢ 2,88, 775;0%  2/16 . 1.pd  43:08 136,121  82.58% 5,445 21,779 129,963 !
§ 2017 © 2,88 75,0% 2.1  1.00 . 46.53 147,010 82.58% 5,380 23,522 139,388 |
{20186 2,83 . 75.0X 2,16 1,00 50.25 158,771 82.58% 6,351 25,403 150,539 !
! 2019 2,88 ..75.0% 2,16 1,00 54,27 171,473 82.58% 6,859 27,436 162,582 |
12020 2,86 75,0% 2:16 1,06 58.61 185,191  82.58% 7,408 29,631 175,588 }
2021 2.88 75.0% - 2.16  1.00 63,30 200,006 82.58% 6,000 32,001 189,635 !

B T L T R R SRR Y D e e g 3 8 R ey ke T e Y [ ——— +



TABLE 8.4.10

project from 1993.

FINANCIAL INTERNAL RATE OF RETURN
{Groundwater only)

b o ot e T i e e +
f - CABH CASH INVESTMENT EINANGIAL ;
. RECEIPTS ~ EXPENSES ’ IN NET :
| YEAR ‘"FROM FOR PROJECT BENEFIT |
' OPER’N OPER’N - FLOW A
v {1000P) (1000P) {1000P) llOOOP) o
I___'_______“__“_______'____'_, ___________________________________ 1
; | s
] 1992 0 0 16,764 {16, 764)}
i 1993 2,634 : 96 78,969 (76,431)}
1 1994 5,921 1,932 91,527 {87,538},
I 19856 9,993 3,080 60,253 - (53,3401,
! 1998 14,375 4,856 43,834 - (34,315),
v 1997 19,315 6,573 0 12,742 |
101998 24,957 8,139 0 16,818 |
i 1999 30,744 9,608 0 21,136 |
t 2000 © 33,823 10,089 0 23,734 |
12001 37,230 ¢ 10,598 0 26,632
vo. 2002 41,107 11,136 0 29,971 ¢
i 2003 45,365 22,945 "0 22,420 |
v 2004 50,042 12,310 0 37,732 |
v 2005 85,176 12,949 -0 42,227 %
1 20006 59,781 13,627 0 46,164 |
- 2007 64,563 14,346 0 50,217 |
| 2008 69,728 ~15,109 0 54,619 |
! 2009 75,307 - 15,919 0 59,388 |
12010 81,331 16,780 0 64,551 |
12011 87,838 17,695 0 70,143 }
2012 . 94,865 18,668 -0 76,187
1 2013 102,454 41,233 0 61,221 |
1 2014 110,650 205805 - S0 89,845 |
2015 ©119,502 21,980 0 97,522 |
2016 129,063 23,231 -0 :105 832 !
;2017 139,388 - - 24,5866 =0 114, 822_}
1 2018 150,539 25,990 o 124,549
! 2019 162,582 27,511 0 135,071 |
v 2020 175,588 29,135 -0 146,453
| 2021 189,635 30 870 -0 1568, 765 }
{__;__u- ____ B T e ot e e e o et i e i H
; NPV at 3.46% WACL 565 807 '
b o o o e oo o . i e o e o n b m m m m N . R . T P W T o T o s o D e b o e 7t 3
[} 1
: FIRR 11.43%)
+-——*--**v“--———ﬂ———d———-——————““f“f“"-——~"~—“——4-——+
NOTE: To reduce the NRW, distribution network replace-
ment and construction was assumed to be imple-
mented with an amount of 80% of initial proposed



TABLE 8;4y11_fINCREASE IN CONSUMER SATISFACTION

e e o e e %
! . ADD'L EATIO ADD’L  LEAKED AVERAGE ECONOMIC ECONOMIC |
' . WATER  OF  SOLD _ WATER ~ WATER VALUE  WATER |
|YEAR DPROD. -SOLD WATER RECOVERY TARIFF ~PER  REVENUE |
] ]
1 :
| 1
]

VOLUME WATER VOLUME = VOLUME - Cu.M
(MCM) (%) {MCM) {MCM) (P/mn3) (P/m3) (P1,000)

etk Mk e i A Y Y A S i Y T Taen e e 2 (e e b4 LB D SR BB R U AP s S e o e e 367 M MK AR Y MY B o e e e ke e s e s ke e ek e e B3 el

1

11992 0.00 55.0% 0,00 0.00 6.43  7.72 .0
L1693 0.00 .- 60.0% -0.00 . 0.00 6.43 7.72. 0!
11994 . 0.34 65.0% 0.22 . 0.64 6.43 7.72 6,687 )
11995 0.68 70,0% 0.48 0.82 6.43 7.72 10,046 !
11996 1,26 70.0% 0.88 . 0.82 6.43 7.72 13,140 |
11997 1.83 70.0% 1.28 0.82 6.43 7.72 _16,229.1
11998 2.40 . 70.0% 1.68 0,82 6.43 ~7.72 19,322 !
11999 2,97 70.0% 2.08 0.82 6.43 7.72 22,411}
12000 3.55 . 70.0% -2.48 . 0.82 6.43 7.72 25,504 )
12001 4,00 71.0% .2.84 0.86 6.43 7.72 28,517 !
12002 4,44  72.0%. 3.20  0.%0 6.43 7.72 31,598 ]
12003 4,89 73.0% 3.57 0.93 6.43 7.72 34,749 )
12004 . 5,34 74.0% . 3.95 .. 0.97 . 6.43 7.72 . 37,969 )
12005 5,79 75.0% - 4.34 . 1.00 6.43 | 7.72 41,259 | .
12006  6.15 75.0% 4.61 1,00 6.43  7.72 43,341 |
12007 6.51. '75.0% . 4.88 .. 1.00 6.43  7.72 45,423 |
12008 6.87  75.0% 5.15 1.00 6.43 7.72 47,506 |
2009 7.23 . 75.0% 5.42 .. 1.00 6.43 7.92 49,588 |
t2010 - 7.59 - 75.0% © 5.69 1,00 6.43  7.72 51,670
12011 7.59 . 75.0% 5.69 - 1.00 6.43 7.72 51,670 !
12012 7.59 75,04 5.69 . 1.00 6.43 7.72 51,670 } .
12013 7.59 75.0% 5.69 1.00 6.43 . 7.72 51,670 !
12014 7.69 75.0%  5.69  1.00  6.43 - 7.72 51,670 |
12015 7.59 75.0% 5.69 1.00 6.43 7.72 51,670 ;
12016 7.59° 75.0% 5.69 . 1,00 6.43 7.72 51,670 } .
12017 7.59 . 75.0% 5.69 .. 1,00 6.43 7.72. . 51,670 ).
£2018 7.59 75.0% 5.69 1.00 6.43 - 7.72 51,870}
12019 7.59-. 75.0% 5.69 = 1,00 6.43 7.72 __51 670 §. .
12020 7.59  75.0% 5.9 1,00 6.43 . 7.72 51,670 !
12021 ' 7.59.. 75.,0% 5,69 .1.00 6.43 7.72 51,670}

B D T ——————— ———— -

SEE B TOTAL INCREASE IN CONSUMER SATISFACTICH 1,093,329 !
o o e e e L a8 e L R TR 0 €7 A S 3 L 7 e i e +

* Economlc value per CU. T was assumed to be 1.2 tlmes of the price,



TABLE 8.4.12 ° MEDICAL EXPENSE FOR A' WATER-BORNE DISEASE .

LABORATORY TEST

CRBC

Stool Exewination for Amoebianis
Sensitibit? to Antibiotice
Culture of Amoebiasis Organism
Widal Test '

Blood Culture

Electroiyte Detsrnination
Proctosigzoidiscopy

SUB~TOTAL
HOSPITALIZATION

Thrae (3) days confinement

Antibiotics @P6D/dey for 30 days

Dextrose 4 1it. @P80/hottle
Rehydration medicine @P8.00/day
Vitamins for revitalizing body
@P4.20/day for 30 davs
Doctors fee average of 3 visgits

SUB-TOTAL
FOLLOW-UP (CHECK-UP)

Stocl Exaeination

Second Culture of Amoebiasis Organisa

Doctors Fee
Follow-up Medicines

SUB-TOTAL

GRAND TOTAL

AVERAGE OF THE THREE HOSPITALS

SOURCE: F/S, RPNSIP

EAST AVENUE
MEDICAL CENTE

B70.00
35.00
150.00
150.00
120.00
200.00
120,00
" 100.00

P945.00

' @p65/day= P195.00

420,00
' 320.00
180,00

126, 00
195.00

?250.00

- $7,631.00

8-~56

ST. LUKE'S

MEDICAY, CENTE

P110.00
70,00
200,00
240.00

216.00

430,00
'219.00
500,00

P1,570,00

@P150/day= P450,00
- 420.00

320,00

180,00

126,00

LUNG CENTER
OF THE PRIL.

P95, 00
. 60.00
" 170.00
1'170.00
160,00
‘200,00
180,00
* 350,00

p1,385.00

@r100/day= P300,00
' 420,00
320,00
180,00

126,00
: 300,00 -

-

P1,646.00

P§0.00
170,00
100.00

P3,436.00

=x===Eges



“-“TABLE 8.4.13 THEALTH BENEFIT

e e e e +
e .1/ - COST OF  LOSS . COST TOTAL  ECON. LOSS!

L ADD’L " TIME LOSS DUE.TO . OF ECONOMIC REDUCTION !

' YEAR SERVED - DUE TO  PREMATURE MEDICAL  LOSS - BY PROJECT|
! POP’N  ILLNESS  DEATH EXPENSES . - 20% |
! % (P1,000) (P1,000) (P1,000) - (P1,000) (P1,000) !
; , _ : : Y

e e S L e Ty M T T L Ak L T S A AL T L T U UL et . T M Cn T e TR T M M TR, S TR O e T O Lk e, AL S TR, Bt . 8 R W i S Rt e

]
]
P - o
11992 - 0 0 0 0 . I
111983 - © 0 0 - 0 0 0 0 !
11994 4,714 6 64 57 127 - 25 |
111995 79,4277 120 129 114 255 51 |
) 1996 16,429 21 . 224 198 444 89 |
11997 22,962 - 30 313 277 620 124 |
| 1998 29,208 38 399 353 786 . 158 |
11999 35,247 46 481 426 952 190 !
1 2000 41,151 54 ' 561 497 1,112 222 }
! 2001 44,329 . 58 - 605 - 535 1,198 - 240 |-
' 2002 47,508 62 648 574 1,284 257
! 2003 ‘60,686 66 692 - 612 1,370 274 !
| 2004 53,865 70 - 735 650 1,456 291 |
| 2005 - 57,043 74 778 689 . 1,541 - 308 !
1 2006 . 58;814- 77 802 710 1,589 318 |
! 2007 - 60,586 79 827 732 1,637 327§
12008 62,357 81 851 763 - 1,685 337 |
12009 - 64,129 84 - 875 774 1,733 347 |
! 2010 65,900 86 899 796 1,781 356 !
! 2011 65,900 86 - 899 796 1,781 . 356 }
| 2012 - 65,900 S86 899 796 - 1,781 - 356}
i 2013 . 65,900 86 899 796 1,781 3561
! 2014 © 65,900 86 - 899 796 1,781 356 !
' 2015 65,900 86 899 796 1,781 356 |
' 2016 = 65,900 86 899 796 1,781 356 |
! 2017 65,900 86 899. 796 1,781 356 |
)} 2018 65,900 86 899 796 1,781 356 )
! 2019 65,900 86 899 796 1,781 - 356 )
'} 2020 65,800 ‘86 899 796 1,781 356 |
! 2021 65,900 - 86 899 - 796 1,781 356 |
:.,...__'_-.._.,,_...._....-__...__'_.-.._...-....._.._.. ______ - - __._:
i TOTAL HEALTH BENEFIT . 7,832 |
e o e e i o e o i o B e i T e et et e +

1/ (Total served pop’n)*(Augmenied water share in total production)



TABLE 8.4.14 WEIGHTED AVERAGE REPLACEMENT COST OF DWELLING UNIT

ot £ 1 e 8 £ e e
! TYPE OF DWELLING UNIT _VALUE RO, -IN % TO . RVSD ¥ FOR WEIGHTED
: B B {(P1000} RIZAL - TOTAL - ANTIPOLO COsT
e o b B £
!A. Galvanized' 1ron/Alum1n1um/ . ; . S :
| Tile/Concrete/Brick Stone 1,200 :9,865 9.90% 10°00% 120,000
'B. Wood/Plywood 350 37,601 37.74% 40.00% 140,000
'C, Mixed A & B 600 34,549 34.67% 36.00% 216,000
'D. Bamboo/Sawali/Cogon/Nipa 150 12,814 12.86% 110,00% 15,000
'E. Others 18 -4, 814 4,83% -4,00%- - T20
| e e e e ot i e e o i 1 o S S e e e 18 i P At R i it ) o e e £ k5 e e
! :
! TOTAL 99,643 100, 00% 100 00% 491,720
: ~say 500,000
+...-...__._.—-.—u—__-__...__._———......—-.-.--—-——-—...—.—.——.-.-—-——--:-—_... _______ e s ke ol e D P S T B L AR
(Source: F/S, RPWSIP)
Assumed Value of Replacement Cost by'Dwélling Unit Type
+-'—""—'--’-'"""‘—"."-'--"-"'—"'"'""-_'--"'"."'——-".-'.—__"""'__“""“‘--‘---‘--""‘_-""‘—"'_- ———————— +
! Unit ‘Avg Total . |
! Type- of Dwelllng Unit Cost Area H
! ' {P/mZ) (m2) (PlOOO} H
1 o e e e e o 1 B o e 7 AL S e e e e T S = R i 1 e )
1 1
! A. Galvanized Iroanlumlnlum/ ﬂ {
! Tile/Concrete/Brick Stone 6,000 200 1,200 !
' B, Wood/Plywood 3,500 100 350 |
! C. Mixed A & B 4,000 150 600 |
bD. Bamhoo/Sawall/Cogon/Nlpa ' 2,500 - 60 150 |}
i E. Others ' 1,000 18 - 18
o e e e e e e e e e e s e = —



TABLE 8.4.15  FIRE DAMAGE REDUCTION

e e e e A e +
: 1/ TOTAL 0.76% NET :
: ADD’L  NUMBER VALUE  OVERALL  RATIO  REDUCTION !
'YEAR SERVED OF  P500,000 REDUCTIOK oF IN FIRE |}
b POP'N HOUSINGS  EACH. IN FIRE PROTECTION DAMAGE |
: {P1000) DAMAGE -~ {pl000O) |
E ____________________________________ i e s —— ...:
. ]
t . ' A |
11992 0 0 -0 0 20% - 01
11993 0 -0 0 0 20% 0!
11994 4,714 673 323,246 2,424 20% 485 |
11995 9,427 1,347 673,357 ~ 5,060 ~ 20% 1,010 ¢}
11996 16,429 2,347 1,173,500 8,801 - 20% 1,760 |
11997 22,962 3,280 1,640,143 12,301 . 20% 2,460 1
11998 29,208 4,173 2,086,286 - 15,647 20% 3,129 |
11999 35,247 5,035 2,517,643 18,882 20% 3,776 |
12000 - 41,151 5,879 2,939,357 22,045  20% 4,409
12001 44,329 6,333 3,166,386 23,748 - 20% 4,750 '}
12002 47,508 6,787 3,393,414 25,451 20% - 5,090 |
12003 50,686 7,241 3,620,443 27,153  20% 5,431
12004 53,865 7,695 3,847,471 28,856 20% 5,771 |
12005 57,043 8,149 4,074,500 30,559 -  20% 6,112}
12006 58,814 8,402 4,201,029 31,508 20% - . 6,302 |
12007 60,586 8,655 4,327,557 32,457 . 20% 6,491 1
12008 62,357 8,908 4,454,086 33,406 - 20% 6,681 !
12009 64,129 9,161 4,580,614 34,355 20% 6,871 |
12010 65,900 9,414 4,707,143 - 35,304 20% 7,061 |
12011 65,900 9,414 4,707,143 35,304  20% 7,061 |
12012 65,900 9,414 4,707,143 35,304 - 20% 7,061 !
12013 65,900 9,414 4,707,143 . 35,304  20% 7,061 |
~12014 65,900 9,414 4,707,143 35,304  20% © 7,061 |
12015 65,900 9,414 4,707,143 35,304  20% 7,061 |
12016 65,900 9,414 4,707,143 . 35,304. - 20% © 7,081 4
42017 65,900 9,414 4,707,143 35,304 20% . - 7,061}
12018 65,900 9,414 4,707,143 35,304  20% 7,061}
12019 © 65,900 9,414 4,707,143 = 35,304  20% 7,061 |-
12020 65,900 9,414 4,707,143 - 35,304 ' 20% 7,061 |
12021 65,900 9,414 4,707,142 . 35,304 - 20% - 7,061 }
“:n-________,___,_-_________u_,______;n;___;__,;__ﬁ-;_--_____m___;:
' TOTAL FIRE DAMAGE REDUCTION 155,257
e e e e et e +

i/ (Total gerved pop n}*(Augmented water share 1 otal productlon)
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TABLE 8.4.20 SUMMARY OF ECONOMIC COST

——._.._..__-....___.......-_.n...-—m__.w.--_——--—-—-u-__—u-——u—n-au.._-___.w.-

. EBCONOMIC  ECONOMIC  ECONOMIC TOTAL
YEAR = PROJECT REPLACEMENT O & M ECONOMIC .
COST CO8T COST COST
(P1000) {P1000 ) (P1000) (P1000)
1992 8,071 0 0 6,071
1993 29,499 0 1,278 30,777
1984 - 20,350 0 1,758 22,108
1995 35,371 0 2,829 38,200
1996 42,880 0 4,204 47,084
1997 212,441 0 9,052 221,493
1998 . 59,020 0 11;131 70,151
21999 51,939 -0 14,755 66,694
2000 33,446 0 17,525 50,971
12001 0 0 20,061 20,061
2002 0 0 27,796 27,796
2003 0 0 . 25,131 26,131,
2004 0 0 27,667 27,667
2006 0 0 29,695 129,695
2006 0 0 31,726 31,725
2007 0o . -0 33,7566 33,756
2008 0 2,818 36,785 38,603
2009 0 2,372 37,815 40,187
2010 0 0 37,815 37,815
2011 0 8,744 37,815 46,559
2012 0 90,001 43,0156 133,016
2013 0 26,818 37,815 "64,633
2014 0 22,636 37,815 60,451
2015 0 14,394 37,816 '52,209
2016 0 0 37,815 37,815
2017 0 0 37,815 37,8156
2018 0 0 37,815 37,815
2019 0 0 37,815 37,815
2020 0 0 37,815 37,815
2021 0 0 37,815 37,815
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TABLE B.4,22 INCREASE IN CONSUMER SATISFACTION
{Groundwater only)

__________________________ e— _..,u__,,_.._.._..____.._._d._,¢.+
ADD’L  RATIO ADD’L  LEAKED AVERAGE ECONOMIC ECONOMIC
WATER  OF SOLD WATER WATER  VALUE  WATER

| PROD. SOLD - WATER RECOVERY TARIFF ~ PER  REVENUE
YEAR VOLUME WATER VOLUME VOLUME UM |
(MCM) (%) (MCM)  (MCM)  (P/m3) (P/m3) (P1,000)

e e R 40 S o s P o sy, ik o B R ok i R A S e L e e Lt R 8 A e AL b e e VI DR B G i K 20 R W R0 o i T S g e S R R A A0 e

e E R s Y e A i S i S s e AB Ak e e o e oSS e o R il e GR M A e e YR W MR TR e e e

1
1
: '
1992 0,00 - 55.0% . 0.00 ©0.00 6.43  7.72 0}
1993 0.00 60.0% = 0.00  0.47  6.43 .72 3,501 %
1994  0.34 65.0% 0.22 0.64  6.43 7,72 6,687 |
1995 0.68 70.0% 0.48 0.82 6.43 7.72 10,046 |
1996 1.26 70.0% . 0.88 0.82 . 6.43 7072 13,140 |
1997 1.83  70.0% ~ 1.28 0.8z  6.43 7.72 16,229 |
1998 2.40 70.0% 1.68 0,82 6,43  7.72 19,322 }
1999 2,88 70.0% 2.01 0,82  6.43 7.72 21,889 |
2000 2.88 70.0% 2.01 0.82 6.43 7.72 21,889 |
2001 2.88  71.0% - 2.04 . 0.86 6.43 7.72 22,387 |
2002 2.88 . 72.0% 2.07 0.90 6.43 q.72 22,885 |
2003 2,88 73.0%z 2.10 0.93 6.43 7.72 23,383 |
2004 2.88 74.0% 2.13  0.97 6.43 7.72 23,882 |
2006  2.88 75.0% 2.16 1.00 6,43 7.72 24_380 '
2006 2:88 - 75.0% 2.16 1.00 6.43 7.72 24,380 )
2007 2.88 75.0% 2.16 1.00 6.43 7.72 24,380 |
2008 2.88 ~ 75.0% 2.16 1.00 b5.43 7.72 24,380
2009 2.88 75.0% 2.16 1.00 6.43 7.72 24,380 |
2010 2.88 75.0% 2.16 1.00 6.43 7.72 24,380 |
2011 ~ 2,88 75.0% 2,16 . 1,00  6.43 7.72 24,380 |
2012 2.88  75.0%  2.18 1.00 6.43  7.72 24,380
2013 2.88 75.0% 2.18 1.00 6,43 7.72 24,380 |
2014 2.88 75.0% 2.16 1.00 6.43 7.72 24,380 |
2015 © 2.88  75.0% 2.16 1.00 6,43 7.72 - 24,380 !
2016  2.88 -75.0% 2,16 1,00 6,43 . 7.72 . 24,380 |
2017  2.88 75.0% - 2,16 .1.00 6.43 7,72 24,380 |
2018 2.88 . 75.0% . 2.16 ' 1.00 6,43 . 7.72 24,380 |
2019 2.88 75.0% 2,16 1.00  6.43 7.72 24,380 |
2020 2.88 75.0%z 2,16 1.00  6.43 7.72 24,380 |
2021 2,88 75.0% 2.16 1.00 . 6.43 7,72 24,380

e et o —— . . -..-.,...._._.'..;_.;. ______________ +
Economic value per cu.m was assumed to be 1.2 tlmes of the pr1ce.




TABLE B8.,4,23  HEALTH BENEFIT _
: . {groundwater only)

e e e e +
1/ COST OF LOSS COST TOTAL ECO’C LOSS!

"ADD’L TIME LOSS DUE.TO OF . ECONOMIC REDUCTION |

YEAR - SERVED DUE TO  PREMATURE MEDICAL LOSS  BY .PROJECT)

' POP’N . ILLNESS - DEATH = EXPENSES o - 20% '

(1,000} (P1,000} (P1,000) (P1,000) (P1,000) }

i

I

1

[
I
)
i
H

1

t
i
H
t
!
t
1

i

!
4
1
]
1
1
t
1
i
H
]
1
1
[
i
!
H
]
|
H
1
4
i
i
¥
i
1
H
1
§
H

TS T T T R W Y S TR N ke e M R R e e ek L A R ey B M ey v e e Sy W 0 e e RS P e e AR e s W

1
3
H
1992 0 0 ] 0 0. 0!
1993 0 ‘0 0 0 o 0!
1994 4,714 S 64 57 1279 25. !
1995 9,427 -1z 129 - 114 256 51 !
1996 . 16,429 .21 224 198 444 . . B89 !
1997 - 22,962 .30 313 277 - 620 .. - 124 )
1998 29,208 38 - 398  .'353 789 158 .1
1999 34,100 . 44 465 412 921 . 184 !
2000 = 34,100 44 465 412 o921 o o184
2001 - 34,100 44 465 . 412 - . 821 - 184 %
2002 ~ 34,100 .44 ‘465 o412 921 . . 184 1.
2003 34,100 44 . 465 412 921 184 |-
2004 34,100 - 44 465 412 C 9923 . o 1Ba
2005 - 34,100 S84 465 412 S A R 184 !
2006 34,100 44 165 © 412 . 921 184 ¢
2007 34,100 - 44 465 412 921 . 184 |
2008 © 34,100 44 465 412 921 184 1.
2009 ¢ 34,100 - 44 465 . 412 923 184 !
2010 . 34,100 44 465 412 921 184 |}
2011 34,100 44 - 465" 412 921 184!
2012 . 34,100 .44 465 . 412 ¢ 921 184 !
2013 34,100 o A4 - - ABD. o412 - - 921 . 184 Y
2014 34,100 44 . 485 . 412 921 184 !
2015 . 34,100 44 © . ' 465 412 921 1848
2016 34,100 44 - - 465 T 412 - 921 . . 184 %
2017 32,100 44 0 46H 5 R V3 | 184}
2018 - 34,100 .. 44 . 465 412 o921 . 184
2019 34,100 44 - 465 412 g21 - . 1g4 !
2020 . 34,100 44 .- 485 432 . 921 . 184!
12021 . 34,100 Lo44 465 ... 412 - 921 - 184 !
i - R — [ —— ',__i
' TOTAL HEALTH BENEFIT S 4,686 !
o o e St A e 0 o P et R 0t Y L A e e T e +-

1/ (Total served .pop’ n)*(Augmented water share in total production)

67
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TABLE 8.4.24° FIRE DAMAGE REDUCTION
{groundwater only)

o e e e e e e Lt e e +
! S ) ' TOTAL 0.75% -+ ' NET H
! ADD'L - “NUMBER VALUE OVERALL RATIO  REDUCTION |
'YEAR - SERVED OF- P600,000 REDUCTION OF INFIRE !
' POP’N HOUSINGS  EACH IN FIRE PROTECTION DAMAGE |
! - s = {P1000) DAMAGE (P1600) . !
b o o ot i e e o i it s i e £ e A S e W A o e i . S o T T AR e i e o ke o i P b et e e e e BN e o 7 T ]
; s
11992 0 0 0 .0 20% 0
11993 0 0 0 0 20% - o
Y1994 4,714 673 323,211 - 2,424 20% CAB% |
11995 9,427 1,347 . 673,357 5,050 - - 20% 11,0107}
11996 16,429 - 2,347 1,173,500 4,801 20% . 1,760}
11997 22,962 ~ 3,280 1,640,143 12,301 - 20% 2,460}
11998 29,208 4,173 2,086,286 15,647 = 20% 3,129
11999 34,100 4,871 2,435,714 18,268 ~ 20% . 3,654 ¢
‘2000 ' 34,100 - 4,871 2,435,714. 18,268 20% - 3,654 |
12001 34,100 4,871 2,435,714 18,268 - 20% 3,664
12002 - 34,100 ~ 4,871 2,435,714 18,268 = 20% 3,654
12003 . 34,100 4,871 2,435,714 18,268 20% 3,654 %
12004 34,100 = 4,871 2,435,714 - 18,268 20% S 3,654 !
12005 34,100 ° 4,871 2,435,714 18,268 20% 3,654 4
12006 ° 34,100 4,871 2,435,714 18,268 = 20% - 3,654
12007 34,100 © 4,871 2,435,714 - 18,268 20% . 3,654 1}
t2008 34,100 4,871 2,435,714 18,268 20% 3,664 ¢
12009 . 34,100 4,87t 2,435,714 18,268 20% 3,654 |
12010 34,100 - 4,871 2,435,714 18,268 - 20% - 3,654 !
L2011 - 34,100 4,871 2,435,714 18,268 20% 3,654 )
12012 34,100 4,871 2,435,714 - 18,268 20% 3,654 1
12013 34,100 4,871 2,435,714 18,268 20% 3,654 !
12014 34,100 - 4,871 2,435,714 - 18,268 20% . 3,654 !
12015 34,100 4,871 2,435,714 18,268 20% 8,654,
12016 34,100 - 4,871 2,435,714 18,268 . 20% o 3,654 |
12017 34,100 4,871 2,435,714 18,268 - 20% 3,654 ¢
12018 34,100 - 4,871 2,435,714 18,268 20% 3,654 )
12019 - 34,100 4,871 2,435,714 18,268 206 - -3,6h4 %
'2020 34,100 - 4,871 2,435,714 18,268 20% v 3,654
12021 34,100 4,871 2,435,714 18,268 = 20% . 3,654
:____--_____-;__-_-mm_a,__&--__u___-__________-____;______-_;vﬁ--:
! STOTAL FIRE DAMAGE REDUCTION 92,877 |
e T S e M

1/- {Total served pop’n)#{Augmehted water share in total production)
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"TABLE 8.4.29 SUMMARY OF ECONOMIC COST
{ GROUNDWATER ONLY)

nr R e dke iy et B A ek e Rm AR WA RL4 A AL e . N R W A AR TN e R N e R R e e e M R Ay R Y N e man

et S RS oy W R Ak TR s T e PR W T T et A e aae e T S re M TR MR R Y T e SR ST Y= T SR e e e e M o L AR i me M P am o

ECONOMIC ~ ECONOMIC  ECONOMIC CTOTAL
YEAR  PROJECT REPLACEMENT O & M ECONOMIC
COST . COST “COST COST

(P1000)  (P1000) {P1000) {P1000)
1982 - 14,924 ¢ 48 14,972
1993 64,244 0 1,706 65,950
1994 . 67,573 0 2,538 70,111
1995 41,344 0 3,924 . 45,268
1996 - 26,583 0 5,181 - 31,764
1997 : 0 0 6,254 6,254
1998 0 ¢ 7,143 7,143
1999 0 0 7,143 7,143
2000 0 0 7,143 © 74143
2001 0 0 7,143 C T T4143
2002 0 0 12,344 12,344
2003 0 0 7,143 7,143
2004 0 Q- 7,143 | 77143
2006 -0 0 7,143 7,143
2006 0 "0 7,143 7,143
2007 0 0 © 74,143 C 7,143
2008 0 18,581 7,143 25,724
2009 0 25,092 7,143 . 32,235
2010 0 19,219 7,143 26,362
2011 0 12,250 7,143 19,393
2012 0 v 12,344 12,344
2013 0 0 .7,143 7,143
2014 .0 0 7,143 - 7,143
2015 0 0 7,143 7,143
2016 0 0 7,143 S 7,143
2017 0 0 7,143 7,143
2018 0 0 7,143 7,143
2019 0 0 7,143 7,143
2020 - 0. 0 7,143 7,143
2021 0 S0 7,143 75143
214,668 75,142 201,479 491,289

o o i i b i o o e sy ke 1 D e m iy S o T o e e A ke e Dt i e B o e Mo s e
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CHAPTER' 9 ' GROUNDWATER MANAGEMENT PLAN - -

LT

'@.1 OBJECTIVES OF GROUNDWATER MANAGEMENT -
g.1.1 Pormissive Yield as a Target

‘Water level :deeline, saline waler intrusion .and land - subsidence are
= negative responses of the natural aquifer system: to. human activities.
"They are anathema to the rational utilization df-groundwater;so{that it

is necessary for any sound groundwater management system to put up

“preventive measures for them.

‘- Groundwater management must be forwarded under a pertinent selection of

o management - objective.  The objective, in. other word, "“"target" of the
management may be represented by “safe yield". The safe-.yield of a
groundwater basin is the yearly amount of water whieh can be withdrawn
from it without producing an undesired result (Todd, 19569),

. Determination of safe yield of a groundwater basin requires identifica-

© . :tion of undesired results.. Four factors are gene:ally‘GOHSidered:

i) . Recharge to fhe basin

2) Economics of pumpage from the basin
3) : Puality of the groundwater

4) water rights in and near the basin

In: this study, however, the term "permissive yield" is used instead of

isafe yield. The permissive yvield is the amount of grdundwater which

- wean be allowed to be :withdrawn from the basin considering the benefits

- and risk for the -inhabitants whorare living there and‘ﬁsingigroundwater

(water Balance Research Group, 1976). Most importantly, the permissive
'yield'uséd in this study considers the four factors enumerated -above,

521:25Pré0enti0n of: Saline Water Intrusion
. ::Itnfis fconsideréd7uthat..even ‘with ‘the combined output of the various
s;edngOingrSﬁrface.water:stply projects, water supply in the MSA for a

w.iiurlong i time,  “shall still . depend ﬁon; groundwater: sources, not only for

TS



municipal use but also for commercial and industrial uses. An-objective
of groundwater management is to sustain the use of groundwater, with the
saline water intrusion in Metro Manila being contained or prevented.
Thus, the permissive yield may be determined by giving importance to ‘the

quality of groundwater.

According to Todd (1980), methods for controlling intrusion vary widely
depending on the source of the-saline water, extent of intrusion-, local
geology, groundwater use,'and economic factors. Alternative methods are

-summarized as follows:
'1) Modification of Pumping Pattern

'Changing‘the locations of pumping wells by dispersing them .inland and
‘reducing the pumping of existing wells ean effect recovery. of -ground-

water levels and sstablish a seaward hydraulic gradient. - .
2) Artifieial Recharge

Groundwater. levels can be raised and maintained by artifiéialrrecharge,
‘using ‘surface -spreading for unconfined aquifers and -recharge wells for
confined aquifers; However, this method necessitates development of a

supplemental water source.
3) Extraction Barrier

An extraection bafrier is created by maintaining a continuous pumping
~trough with a line of wells adjacent to the sea. Seawater flows ipland
from.-the ocean ito the.trough' while fresh water within the basin flows
seaward toward the.trough, as shown in Figure 9.1.1, The water pumped is
“brackish and normally is discharged into the sea. '

© 4} ‘Injection Barrier

This method maintdins a préSsure-ridgefalong*ihe“coast~by”afline of
recharge wells. Injected fresh water flows ‘both seaward and landward, as

‘indicated in Figure 9.1:2, ngh quallty 1mported water: is: requlred for"'

recharge ‘into wells. A combination of" 1n3ect10n and"extraction-barriers
- 1s tfeasible. While this arrangement reduces. both rechargeiandwextraétibn
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rates, it requires a large number of wells.
- 5) Subsurface Barrier

‘COnstruetiOn_ef an impermeable'subsurface barrier parallel to. the coast
and through the vertical extent of the aquifer can. effectively prevent
the inflow of seawater:into—the basin. (Figure 9.1.3). Materials for
construeting a barrier might include sheet piling, puddied clay, emulsi-
fied asphalt, cement grout, bentonite, silica gel, calcium acrylate, or
plastics. Chief problems are construction cost and resistance to earth-

quakes and chemical erosion.

‘Construction of injection barrier requires artificial recharge. This

- methed needs=fresh‘surface water to be injected, virtually making it

'ihapplicable-not only;iﬁ'terms of'construetion,cost;'but'also on the

.availability of fresh surface water”inrﬁetro Manila. On the other hand,

extraction barrier is riSkY considering +the locations of existing

_pumping wells. In addition, groundwater levels had ‘elready"dropped'
heavily in ‘the inland -areas of Las Piﬁas, Peraﬁaque, Muntinlupa, etec.,

thus making the extraction barrier also not applicable. :

“An example of a subsurface barrier is the underground cutoff wall that
:-was;constructed in Miyakojima Island, ~Japan to dam up and store: ground-
- water. As illustrated in'Figure§9.1;4, the underground cutoff .wall not

sonly'dams_groundwater:that=courses'to-the sea but also prevents seawater
intrusion. In this case,athe'debth'of the top of the impermeable bed is
'shaIlow, only about 50 to 60m} In contrast, the depth of. salinized
aquifer in the coastal areas of Metro Manila is approzimately 100m. In
*addition;:saline water-intrudesfinto deep aquifers laterally from Manila
" Bay and vertically from shallow .aquifer through leakage.

Therefore, the eonstruetlen of cutoff walls, or of. artificial recharge

"~ wells and: extractlon wells are extremely costly and -would prove - diffi-

:euLt@to,Jmplement,_conslderlng.the_mechanlsm.and.the areal extent of
'saline;water-intrqsion in;the:eqastallarea:of-Métro_Maniia. The reduc-
: tionmofgpumpage-151the:mﬂst,yiaﬁleyoptione

_The / computer, simulation . predicted  that :the_.grouhdwater; level shall
deéline.by'more than 50m from its present level, and the saline water
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intruded area shall expand even in the most optimistie scenario (Pum-

page in 2010: 1,064,000 CMD). Thus considered, plans for the reduction

of pumpage in the Metro Manila groundwater basin: were prepared and

evaluated through computer simulations. A pumpage reduction plan in

terms of prevention: of saline water intrusion was ‘éstablished, in which
“‘a reduced pumpage is proposed as a tentative permissive yield- of the
'bésin,'a target of the groundwater management.

9.2 - INSTITUTIONAL AND LEGAL ASPECTS.
9.2.1 Institutional Structure

Presently, the National Water Rescurces Board (NWRB) is- the bedy :respon-
sible for coordinating and integrating all activities related to water

resources development and management.

‘The Board is attached to the Depariment of Public Works ‘and Highways
(DPWH) and is composed of the heads of six departments and four line
agencies involved in water resources. The departments ‘are -the DPWH,
Department of Agriculture (DA), the Nafional Economic and Development
‘Authority (NEDA), the Department of Trade and Industry (DTI), the De-
 partment of-Health”(DOH), and the Departusient of Environment and. Natural
Resources (DENR); and the line agencies are the Metfopolitan Waterworks
and Sewerage System  (MWSS), the WNational- Irrigation"Administration.
(NIA), the Local Water Utilities Administration (LWUA) and the 'National

Power Corporation (NPC).

The: NWRB has a full-time working staff’composedﬁof some: 71 engineers,
specialists, economists, and’legal specialists and some Goradministra-

tive, financial and technical supporti personnel.

The NWRB opefatés'through'its'five-divisions,'whichahaveffdur“(4) Sec~
‘tions each, as illustrated in Figure 9.2.1. The organizatiohaletructﬁfe
is in consonance with NWRB’s operational programs and directed to the
main functional areas of -Policy Formulation: Prcgram/ProjbétfEvaluation
and Coordination; Water Use Regulation; Regulation of W&ter*ﬁtilities
Qperationsg; and Monitoring of Water Appropriation and Utilization.
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