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CHAPTER I STUDY AREA

1.1 Drainage Basin

The urban area of Laoag City is located on the right (rorth) bank of the Laocag River 8 km
upstieam of the river mouth. Most of the urban area is drained by the Daorao-Tupek Creek
and only a small portion where local flooding is not so serious directly discharges into the
Laoag River. The study area covers the Daorao-Tupec Creek Basin (the Basin) as shown in
Fig. A.1.1.

The Basin has a total catchment area of 38.79 km? with hilly areas accounnng for 11.31 ke’
or around 30 % of the whole. The Basin occupies 38% of the city area of 102.47 km’ and it is
bounded by two (2) municipalities on the north, Bacarra and Vintar. '

The Daorao-Tupec Creek originates from a hilly land with an elevation of around 100 m

located in the north and northeast of the city. The main channel course is called Tupec in the

upper reaches until its confluence with Pandan Creek, and Daorac in the middle and lower
reaches. The Daorao-Tupec Creek has two (2) major tributaries, the San Isidro and Pandan
creeks.

The catchment atea of the Basin is divided into ten (10) sub-basins as shown in Fig. AlZ
The San Isidro Creek running through the low-lying built-up areas drains an area of 1.99 km?
ai the confluence with the Daorao Creek. The Daorao Creck runs through the northesn

~oitskirts of the urban area from east to west and follows a méandering course to the west

until 1.5 km vpstream from the mouth. Thereafter, it turns toward the north and, after passing
the sand dunes, finally emplies into the South China Sea. The sand spit extends from soulh to

~ north.

The mouth of the Daorao Creek is always clogged by sand drift from the sea. B:g -scale :

* floodwalers caused by iyphoons open the mouth by flushing the sediment deposus however,
- small-scale floodwaters in rainy season and drainage wates in dry season flow through the
- small stream along the eastern fringé of the sand dunes, which joins thé Daorao Creek 1.5 km
- upstream from the mouth, to the southern outlet of the Bacarra River. '

: Thc Laoag-lear frrigation Canal diverts ircigation ‘water from the Bacarra thar Rwer
" Basin to’ Daorao-Tupec Creek Basin. It originates from the Vintar Intake located 6 km

upstreaim of Vintar town and conveys water to the Daorao-’i‘upec Creek Basin runniag around

-~ the fringe of the hilly land to the north and northeast of Lacag City. Fig. A.1.3 presents the
- design discharge distribution of the irrigation canal. The irrigation canal serving the rice

fields in the Basin also drains local runoff of the urban area,

1.2 Socio-economic Conditions
12.1  Administration and Poputation

The Daorac-Tupec Creek Basin, with an area of 38.79 !-cm2 extends over 50 barangays in
Laoag City as shown in Fig. A.1.4. The northern part of the Basin is bounded by ‘the
municipatities of Bacarra and Vintar, The tofal administrative area and nurber of barangays
in the city aré shown below along with those included in the Basin. The Basin area accounts
for 38% of the city territory.

Al



Land Area {(km") No of Barangays
Total Basin : Total Basin

Laoag Cily 102.47 38.79 80 50

.

Laoag City has a total population of 88,336 according to the 1995 population census. The
population had increased by 4,580 at a rate of 1.07% per annum on average since 1990,
During the 1970’s, the average growth rate was 1.22% per annum and it accelerated to 1.79%
per annum during the 1980°s and 1990’s. :

The total population of the 50 barangays in the Basin was 57,883 with an average population
density of 1,492 persons/km’, Out of the 88,336 total population, 40,193 or 45.5% resided in
the city proper. The average family size in the Basin was S persons/family,

According to the National Statistics Office records of 1995, there existed a total housing of
18,612 wunits 'in Lacag City. The total housing units in the urban area was 5,466 with
Barangay (1) San Lorenzo having the largest number of 348 vnits and Barangay (14)
Sto. Tomas having the east number of 92 units. Among the rural barangays; Barangay {50)
Buttong had the largest number of 330 units, while Barangay (33-A) La Paz Proper had the
least number of 57 units (Refer to Table A.1.1).

The urban population of Laoag City was 40,717 or 46% of the total population in the 1995

census, as shown in the table below. It increased by 1,842 or 4.7% more than that of the
1990 census at an average rate of 0.93% per annum between 1990 and 1995. This growth
‘rate was lower than the rural growth rate of 1.19%. Some of the increased urban population
‘could not be absotbed by the existing town proper areas so that they emigrated to the
- surrounding rural areas. As a result; people in the surrounding areas may be counted as rural
population. Considering this situation, there is a need to expand the settlemient areas for

urban growth,  Apart from this consideration, the rural population in Laoag City was 47,619

i 1995, accounting for 54% of the total.

Year - Total e ©7 Urban _ Rural

- - Papulation. ' Population ~Share  .° Population.  Share

1990 ‘83,756 38875 - 46% - 44,881 54%

1995 188,336 40717 46% 47,619 54%
Growth Rate 1.07% . 093 S 1.19% -

. The future population of Laoag City will reach up lo around 111,400 in the year 2020,
-according to the NEDA projection.  The pmJecled urban population of the city will get to
‘around 49,800 in the year 2020, as shown in the table below. The fuiure urban population
was estimated on the assemption that the same growth trend would carry on in the future,
- The urban population accounts for 45% of the total, the percentage of which slightly went

- down from 46% in 1995 'l he rural populauon was prcqecled to increase to 61,600 or 55% in .

- 2020,

Year " Tolal “Urban K “Rural
o ___Population*1 _ Population Share . Population = - Share
2000 - 92,678 42,450 ' 46% 50,228 ' 34%
2010 101,801 46,053 45% 55,748 55%
2020 111,449 49,811 45% 61,638 55%

~ Note: *1 The projection of total population was provided by NEDA, Region L.
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1.3
1.3.1

Economic Profiles
Agriculture

Laoag City has a total land area of 10,247 hectares of which agriculiure occupies an
area of 7,710 hectares or 75% of the city land area. Agriculture plays an imporiant
role in the economic activity of the city with palay, corn and garlic as major crops.
Palay covers about 2,603 hectares with an average yield of 4.26 tons/ hectare, while
corn covers about 748 hectares with an average yield of 3.5 tons/hectare and garlic
covers about 931 hectares wilth an average yield of 3.59 tons/hectare. (Refer to
Table A.1.1)

Manufacturing and Trading Industey

Laoag City is the center of commierce iii the province. There were 469 small and
large manufacturing and trading establishments including informal industries in the
city in 1995 and the dominant manufacturmg industries are sidecar assembly (metai
works) and furniture. Food processing such as dried fish, fruit candy and other

- preserved foods is also one of the important industries. (Refer to Table A.1.1)

Social Infrastructure (Refer to Table A.1.1)
{a)  Mealth Facilities

There are three (3) rural health units, thirteen (13) barangay health stations and
four (4) private and government hospitals in the uzban area of Laoag City, while only ‘
one (1) hospital is available in the rural area. These health facilities serve not only
1acag Cily but also the nearby towns. :

(b)  Educational Facilities

Laoag City has 70 units of educational facilitics including - ]3 pre- schools 40
elementary schools, 13 sscondary schools, 3 tertiary schools and 1 umversny ’lhe ‘
tertiary schools are all operated by pnvme institutions’ and the umversny 1s operated ‘

" by the government.
-Phystcai !nfraslmclure (Refer to Table. A L 1)
"'(a) Roads ‘

‘The roads in the city are classaf’ ed as concrele, asphalt, concre!eg’asphall and gravel

roads, The national road in the city consists of 9.54 km concrete, 9.17 km asphalt and

13.76 km concrete/asphalt, while the provincial road and city streets consist of

47.54 km concrete, 20.37 km asphait and 60.5 km gravel. The barangay roads consist
of 54.18 km concrete, 0.84 km aqphall and 221.88 km gravel.

(b) lrrigation Faczlny

“There is only one (1) irrigation syslem in the cily which serves an agncullural land

area of 2,555 hectares especially ducing dry season when water is scarce.

~ Land Use

Existing Land Use

The Daorao-Tupec Creek Basin covers a land atca of 38.79 kn? or 3, 879 hectares. _
The existing tand use classifications are residential area, hilly tand tree area, towland
lzce area, orchard, grassland, paddy field, upland crops area, rivesbed and sand dune.
The respective tand areas are shown in Fig. A.1.5 and summarized as follows:



| “"Arca (ha)
{1) Residential Area 430.8 (11.1%)

(2) Tree Arca 1,1474 (29.6%)

(a) Hilly Land 1,076.3 (27.8%)

(b) Lowland 71.1 (1.8%)

{3) Orchard 20.4 {0.5%)

(4) Grass Land 36.9 (1.09%)

(5) Paddy Field 1,924.9 {(49.6%)

(6) Upland Crops Area 2314 {6.0%)

(7} River Bed 324 (0.8%)
(8) Sand Dune 54.8 (1.4%%)

Total Area '3,879.0 (100%)

1.3.2 Puture Land Use

The Hocos Norte Provincial Land Use Commitiee is in the process of preparing the
Provincial Physical Framework Plan (PPFP) delincating the direction and extent of expansion
of urban and other built-up areas of the city and municipalities within the proviace, based on
the prevailing or existing situation on socio-¢conomic and physical characteristics and the
emeiging development trends and future growth scenario for the province.

The preferred spatial development steategy of the province drawn from the PPFP sludy is a
combination of agro-indusirialization and watershed management. The strategy will guide the
- province to the direction of the agro-based indusirialized regions and cause sustainable
~ utitization of natural resources with minimal agricultural land converston for urban vse and a
balanced employment opportunity in both urban and rural areas.

The Laoag City Planning Division prepared the City Land Use Plan in 1996, Accordmg to
the land use plan, the commercial expansion zone is 100 to 200 m wide along major roads
~ such as the Manila North National Road, Laoag Airport National Road, laoag-Paoay
National Road and Laoag-Vintar Provincial Road. The. industrial zone is planned in the
. southern area of Laoag City near the boundaty of the municipality of Paocay. The residential

' expansion Zong is located north of the present built-u up area (Barangays 12 15, 16, 17, 18, 19,

~ 20, 21 and 23) and in the left bank of Laoag River (Barangays 45, 46 47,48-A, 48-B, 49-A,
- 49-B, 50'and 51).

T he expansion of the resndenual area. in the rural area of Laoag Cnly has becn deferred |

because the City Planning Office is expectmg that the ncrease of households in the sural
arcas will be absorbed by the exisling residential area or in the vicinity of the exisling
residential area.

The land .use change which is related to the swudy of Laoag City Urban Drainage
Improvenient is the urban expansion toward the north of the city such as (1) the commerciat
expansion zone aleng Manila North (Laoag- Bacarra) ‘Road and Laoag-Vintar Provincial
Road, and 2) residential expansion zone on the north of the present built-up area (Barangay
12 15, 16, 17, 18, 19, 20, 21 and 23). Fig. A.1.6 shows the locauon of the proposed expansion
-areas.

" Around 160 ha of farmland or green area will be converted to commercml or residential areas
“in the above- menttoned zones. The !and convérsion is given in Table A.1. 2,

"The urban expansion areas in the vicinity of the Daorao- Tupec Creek are frequently flooded

- at present, Improvement of the existing drainage system is necccsary for the development of

-commercial and residential lands in these areas.



CHAPTER 1I  EXISTING URBAN DRAINAGE SYSTEM

2.1 General

The urban area of Laoag Cily is drained by (wo (2) drainage systems consisling of
riversfcreeks, drainage mains, secondary drains and tertiary drains. One system drains most
of the urban area into the sea through tedtiary drains, secondary drains, drainage mains, San
Isidro Creek, Tupec Creek and Daorao Creek. Another systemy drains the remaining small

_porlion directly into the Laoag River through tertiary drains, secondary deains and drainage
mains.

2.2 Conditions of Creeks
2.2.1 Morphological Features

Most of the urban storm water of Lacag City is drained by the San Isidro and Daorao-Tupec
creeks. The geomorphologic characteristics of these creeks are described below.

(1) Daorao-Tupec Creek

The Daorao-Tupec Creek is very genlle in slope. The channel bed slope of the
downstream from the confluence with Pandan Creek is less than 1/2300, while its .
_ upstream is 1/900 on average. The creek meanders at many locations. The average
channel width dowastream of Daorao Bridge (8 km from river mouth) is around 30m
whlle the upsueam is around 15 m.

No dike is prowded along the creek, while small mounds of less than 50 cm in height

" 1o protect rice fields arc observed in some locations. One control gate is provided at
"13.3km distance from the mouth of the creek to dwerl water to rice fields for
irrigation use in dry Season.

~ “The allgnmenl slope, ‘width and other features of ihe creck are shown m I‘:g Azl .
*and summarized beIow )

: bocalibri (km) Slope of Channel Bed  Width{(m) .~ Remarks

p0toi1d - "~ Level 331081 " Sand dune
141045 _ " Level .. 231038 One(1)bigbend
451080 s 112300 - -251038* Thiee {3) bends
8010 105 172300 111027 Two (2) bends
10.5t0 13.4 1/800 61022 Four (4) bends

Note *: Excludiog the w1dth of Casili Bridge (6.68 km ﬁom river mouth); 14.0 m

" (2) SanIsidro Creek

Stoim and waste water from the urban resu!ent:a‘l ared is mamly drained by lhe San-

Isidro Creek. The existing alignment of the creek greatly meandm at Section 03km:

upstream from the junction with the Daorao Creek.
The San Isidto Creek is much affected by the backwater of the Daorao Creek This

~ backwater phenomenon is further aggravated by the San lsndro Creek joining Daorao .

Creek in the direction of its upstream.

No dike is prowded along the creek. The atignment, slope, width and other features
are shown in Fig. A.2.2 and summarized below.



Localibn (km) Stope of Channel Bed - - Widlh (m} Remarks

0.0to08 1270 Tto 15 except one section *
0810 1.19 1/270 091033
1.1910 1.48 1/650 1.5 box culvert

Note * ; ‘The width at Giron Street: 24 m

2.2.2  Flood Carrying Capacity

‘the existing flood carrying capacities of the two creeks, Daorao-Tupec Creek and San Isidro
Creek, were assessed by the non-uniform flow calculation method assummg the Manning’s
roughness coefficient is n = 0.035. In this calculation, the flood carrymg capac:ly was
assumed as the bankful capacity of channel sections. The flood carrying capacities of the
creeks are tabulated in Table A.2.1 and they are illusirated in Fig. A.2.3. The ﬁood carrying
capacities by stretch are estimated as follows:

:{1)  Daorao-Tupec Creek

Stretch Discharge Capacity (m'fs) Remarks
(km) Left Bank Right Bank o
0.0t0 14 o 4610 123 2810875 Sand dune
1.4t024 ‘ i51018 21033 .
24 . o 114 114 Cataban Bridge
24053 - © . 3810112 - 371066 .
°53 ‘ 273 273 - Pila Bridge
5.3106.63 36044 351052 | o
668 Y 1] 60 © Casili Bridge
- 6.68108.0 2351055 32t034 o
.80 o123 123 " Daorao Bridge
8010935 . 151098 2010 66 E _ ,
935 100 1100 SanIsidro Bridge
9.35 0 10.97 S 1616100 . 19te6% . S
1097 - . . 88 . . . 88 "' Bacarra Road

109701343 4027 11636

(2)  San Isidro Creek -

" Stretch ~ Discharge Capacity {m’fs} " Reémarks

(km) Left Bank _Right Bank
0010058 - 161037 1410 66 Excluding Bridge*
0.58t01.0 - 210 16 21w 14
~ 10148 . 2to3 2t03

Note * : Flood carrying capacny at San Isidro Bridge, 0.2 ki, is 138 m’/s

223 Mouth Clogging of Daorac Creek
'Ihe mouth of Daorao-Tupec Creek is clogged all year round, except during big-scale ftoods.
‘ '.‘\ccordmg to the interview survey with the residents of Brgy. Cataban, floodwaters of the
© 1967 Typhoon Gening opened sand drift deposits at 1.0 km upstream fcom the prcsem mouth
of the creek. During big-scale floods, the residents dredge a narrow channel by using hand
shovels to accelerale 1he outlel opening by floodwater. The downstseam of Daorao Creek is
subject to the backwater effect due to ils small mouth during flood time.



23 Division of Urban Drainage Area

The urban drainage system in Laoag City is illustrated in Fig. A.2.4 and the direction of
drainage flow is schematically presented in Fig. A.2.5. The drainage system is of combined
type and collects the sewage and storm water all over the urban area of the city. The urban
drainage area is divided into 11 sub-drainage areas as shown below.

Drainage Arca (ha) Drainage Area (ha)
DA-1 53.0 DA-7 300
DA-2 94.1 DA-8 420
DA-3 239 DA-9 362
DA-4 110 DA-10 231
DAS 170 ‘DA-11 381
DA-6 83.0 Total = 501.4 ha

‘The total urban drainage area of 501.4 hectares covers 333 7 hectares of built- -up area and
167.7 hectares of farmland. Among them, 404.0 heclares (DA-1 to DA-8) or 80% are drained
by the Daorao-Tupec Creek. The remaining area of 97.4 heclares (DA 9 10 DA-11) or 20%
are directly drained into the Laoag River.

The San Isidro Creek shoulders 199 hectares (DA 1 to DA-5) or 40% of the total vrban
drainage area of 501.4 hectares, serving a built- -up area of 168.7 hectares. :

. The central drainage areas of DA-2 and DA-3 are drairied into the San Isidro Creek through

two drainage mains passing under Laoag -Vintar krrigation Canal by box culvert. The built-up
area ratios of DA-2 and DA-3 are 91% and 100%, respeclwely,

The Laoag-Vintar Irrigation Canal also’ drains storm water in the urban areas. Storm waler in

" the catchment area of DA:1l flows into the Laoag- -Vintar Irrigation Canal theough the .

drainage channels/pipes or rice fields. Excessive food waler over the' capacity of the .
irrigation canal spills over the bank to the San Isidro Creek. According to the interview with

~ residents, the irrigation canal overﬂowed at the site of check-gate during the 1996 Typhoon
“Gloring. The check- gatc controls flood water of the icrigation canal. : . :

- The area of DA-6 is drained into the Tupec Crecks through rice fields and small drains. The
* existing drainage system in this area is very poor. According to the land Juse plan of Laoag
- City, this area is scheduled to be developed for rchennal use, :

The aress of DA-7 and DA-8 are drained into lhe [}aorao Creek - lhmugh the dramage :
channels/pipes and rice fields.

The existing built-up area of 333.7 hectares is mostly coveted by drainage main, secondary

~ drain or tertiary drain. Their structure is open channel or plpe Their lengths are summarized

below

Diainage Main - Secondary Drain * Tertiary Drain .
6.53 km : 2238km - i 5633 km




CHAPTER TII FLOOD DAMAGE ANALYSIS

31 Ftood Banmage of 1996 Typhoon Gloring

Laoag City was ravaged by Typhoon Gloring in July 1996. The JICA Study Team conducted
a detailed flood damage survey through interview with barangay captains and some residents.
~The data and information obtained include flooded area, flood degpth, affected population and
inventory of exisling assets in the flood prone area. Some of the flood damage data were
obtained from the Office of Civil Defense (OCD).

The flood damages of Typhoon Gloring were estimated by combining the data of the above
two sources, as shown in Table A.3.1. They are summarized as follows:

Laoag City _ The Basin
. . City Proper Rural Total
{1) Affected (Inundated) , :
{a) Person 19,697 7,850 3,369 11,259
(b) Family 4,592 1,860 747 2,607
(c) Dwelling Unit 1,907 1,503 545 2,048
(d) Inundation Area (ha) NA 336 - 699 1,035
() Industrial Establishment (no.) 300 L0296 2 298
. (f) Educationat Facility (no.) 43 34 8 42
© (g) Health Facility (ro.) 10 6 3 9
- (h) Road Length (km) - 136 - 100 32 132
(2) Damage Valug (Peso) _ - _ . :
(a) Infrastructurc ' © 12,138,340 NA - NA - NA
(b) Industrial Establishment TNA NA NA ONA
(¢) Agricalivre _ - 1,009,132 0 “90 351,064 351,964
- (d) Fisheries L 59,860 . 9,000 4,500 . 13,500
(¢) Livestock &Poultry - - - 863,600 0. 19,400 .- 19,400

NA: Not Available

. Fig 'A.3.1 shows the distribution of inundation area and depth in the Basin obtained fromi the ‘

~ interview survey. The inundation area covers a total land area of 1,035 hectares, equivalent to

27% of the total catchment area of the Daorao-Tupec Creek Basin. The breakdown by |

barangay is presented in Table A.3.1. The inundation area in the cily proper covers a total
land arca of 336 hectares, equivalent to 62% of the total city proper area of 540 heclares.

" The 1996 flood was considered to be as large as a flood occurring in every 2 1o 3 years in the
urthan areas of lhe Basm However, it was the largest since 1992 in the dowrislream of the
Basin. :

" The higher land in lhe= wrban areas'suffeted from scaitered local floods. ‘The low-lymg areas

along the San Isidro Creek were seriously inundated. The duration of inundation in these

areas was about six (6) hours. The duration of inundation in lhe downstream of the Daorao
Creek was about lwelve {12) hours.

- 3.2 Flood Da_mageAnalysw
3.2.1  Cause of Flooding

Heavy rainfall e'xcepl during typhoons has never induced a seriovs flood inundation to the
exisling drainage system in recent years. Some local floods eccurred in depressed areas and
where the drainage channel was clogged by garbage and sillation. The main causes of the
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inundation along the San Isidro Creck and the long flood duration (6 hours) in the utban area
are poor flow capacity of the creek, narrow flow sections at bridges and culverts, and
backwater cffect from the Daorao Creek.

Fig. A.3.2 illustrates the water level of the San Isidro and Dacrao crecks of flood with a
S-year return period. Before the improvemenat, the flood water level upsiream of narrow flow
seclions ascend steeply.

The Laoag River overflowed its right banks at the western fringe of the urban area into the
Dacrao-Tupec Creek Basin during Typhoon Gloring. It further worsened the flooding
situation in the downstream areas of the Daorac-Tupec Creek. The flood flow route at that
time is shown in Fig. A.3.1. The mouth clogging of the Daorao Creek also induced
inundation in the downstream.

Flood area caused by 1996 Typhoon Gloring is divided into four (4) districts in consideration
of main causes of flood damage (refer to Fig. A.3.3).

Districts Main Causes of Flood Damage . Remarks

City Proper i - Overflow from Laoag River
City Proper Il - - Poor flow capacity of San Isidro Creek San Isidro Creek
- Backwater of Daorao Creek : ¢ Basin
City Proper 11 - Poor flow capacity of Daorao-Tupec Creek
: - Backwater of Daorao Creck
- Rural Area - - Overflow from Laocag River

© - Mouth Clogging of Daorao Creek
- Poor flow capacily of Daorao Creek

322 Flood Damage Distribution

Based on the above flood damage survey, lhe whole damage. value was csumaled usmg the
value of dwelling units assessed by Laoag City and the flood damage rates evalualed in this

" study. The flocd damage calculation for the properlles in the above 4 dlslncls is tabu}aled in
© Tablé A.3.2 and the result is summanzed as follows

' :'.(thousand pesos)

':' Pfopeny Item City Proper 1 City Peoper 1~ - City Proper il Rural Area

" Residential 1,139 1,960 ‘ 193 597
Commercial / 4,566 27,289 436 217
-Industrial - '
Hospital : 400 . 600 S0 200 600
"~ Education o 1944 . 3,505 ‘ 134 . 1,079
Agiiculture/ - 10 o0 : 0. 375
" Fisheries S S _ ' ' : _ _
"~ Total 7,059 33,354 o %3 . 0 2868
"Grand Total : ' 44,244 ‘ ' o
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"City Proper 11 which correspoiids lo the

San Isidro Creek DBasin is the most n )
City Proper City Proper

damaged area, as graphically shown | . Rumatrea )

below. Around 75% of the total damage | 225 6.5% 16.0%
was in this area. The next damaged arca | :
was City Proper [ (16%) where the major
cause of flood damage was the overflow of
the Lacag River. The rural area in the
downstream of the Daocrao Creek, shared
only 7% of total damage. The damage

“amount in City Proper IH is very small = |
compated to other districts, The damage |
ratio is around 2% of the total damage. s e e s

If the overflow of the Laoag River and the mouth clogging of the Daorao Creek had been
solved, the flood damage value caused by Typhoon Gloring could have been feduced. The
flood duration time in the downstream of the Daorao Creek also could have been shortencd
from 12 to 4 hours. The deiails of these reduction of inundation is explained in the next
Subsection. The reduced damage amount is presénted as follows:

e : ‘ _ {thousand pesos)
City Proper I~ City Proper Il City Proper Il Rural Area

10 33,354 _ 963 956

Total ' 35,283

After the improvemenl of the Laoag River | e e
and opening of the mouth of the Daorao: '
Creek, the main flood problem in Laoag™ |
City will be the drainage of the San Isidro |}
Creek Basin (1.99 k). o

. Furthermore, the serious fiood damage in
the City Proper [ would be solved. '

L . : : ’ City
City Proper Rural Ares ©° ¥ Proper

iy M

City Proper
()
94.5%

3. 2 3 El‘fect of Overflow of the Laoag Rwer and \{ouih Cloggmg of the l)aorao Creek

The floocl inundation in the downslream of the Daorao Creek and a part of the city proper is
- causéd by the overflow of the Laoag River, ntouth clogging and poor flow capacily. The total
inundation volume is 5.46 million cubic meters (MCM) as shown in Fig. A.3.4. The share of
each cause to the inundation area and depth is estimated in this Subsection.

If the overflow from the Laoag River had been prevented and the mouth of the Daorao Creek
had been opened prior to Typhoon Gloring, the tolal inundation volume would be 1,71 MCM,
~as shown in Figs. A.3.4 and A.3.5.




The storage volume, 1.74 MCM, is computed from the data of opening size and the
hydrograph at the mouth of the Daorao Creek.  The opening size is assumed to be 20 m in
widih and 1.5 m in depth. The hydrograph at the mouth is given by the tainfall data of
Typhoon Gloring without inflow discharge from the Laoag River. (Refer to Fig. A.3.5)

The flood duration time for more than 50 ¢m of inundation depth is 4 to 5 hours which is
about one-third (1/3) of the acteal flood duration lime (12 hours) of Typhoon Gloring, as
shown in Fig. A.3.5. The peak storage volume is 1.71 MCM and the storage volume which
corresponds to the inundation depth of less than 50 cm is 0.93 MCM.

Comparison of inundation area with and without the project for the protection works against
overflow of the Laoag River and the mouth opening work of the Daorao Creek was carried
out, as shown in Fig. A.3.5. The total inundation areas for with and without the project are

' 265 ha and 676 ha, respectively. (Refer to Fig. A.3.4}

According to the in-depth interview survey, the overflow into Daorao-Tupec Créek Basin
was mainly located at three (3) portions, as shown in Fig. A.3.4. The estimated overllow
discharges of 23 m¥s, 45 m’/s and 18 m’fs were released for six (6) hours through these
portions, Inundation volume of 1.86 MCM was estimated as an overflow volume from the
Laoag River.

The share of each canse of flood inundation is p.reséme'd in the diagram below: In the case of
solving the problem of overflow of the Laoag River and mouth clogging of the Daorao Creek,

 flood damage in the downstream of the Daofao Creek would decrease to one-thicd (1/3) -
"based on the damage caused by Typhoon Gloring. '

Mouth g{:ﬂ;\:’ o:
Cloggi . g Rive
IS‘.’&?{E&I 185 MOM

35% : ME

Poor Frow Capacity )
171 MCM N .
3% - Total 5,46 MCM

A-1l



CHAPTER IV URBAN DRAINAGE IMPROVEMENT

4.1 Concept of the Urban Drainage Improvement
4.L.1  'Target Area

An urgent flood contro! plan for the San Isidro Creek Basin is proposed to solve the flood
inundation problem in L2oag City. The catchment area is 1.99 km’, The targel stretch of the
~improvement in the Urgent Plan is the San Isidro Creck and the upstream of the Daorao

Creek to solve the backwater effect of flood to urban areas and to confine floodwaters in the

channel. Two (2) drainage mains (called DM1 and DM2 in this study) connected to the San
Isidro Creek are also to be improved. (Refer to Fig. A'd.1)

As a second stage, a long term plan or Master Plan for the San Isidro Creek improvement is
proposed considering the future expansion of residential area. The drainage main (calted
DM3 in this study) for the fulure residential area covered by catchment area CA 4(0.83 km®)
is also proposed, as shown in Fig. A.4.1

4.1.2 Design Flood Probability

The Study on the Flood Control for Rivers in Selected Urban Cen(ers by JICA in 1994 had
prepared a number of urban drainage improvement plans in four {(4) regional cmcs A S-year
~ return peciod was applied for drainage systems with an area of more than 0.5 knt?, while a 3-

year retuin period was adopted for drainage systenis covering an area of less than 0.5 km’.

This is summarized below,

City - Dramage Arca Return Period Population
. (k') R o (lhousand)
- Cebu ' 0.65 278 S-year i 662
Aloilo 0.50 -8.02 - S-year 335
 Tacloban 1.21-5.12 S-year ' 167
- ) 0.14 3-year b '
~ Onnoc S i k S-year 144
: - 0.32 . 3-year : '

© Source: NauonalS!at:shcs Ofﬁce 1995 Populallon Census * !

Likewise, the drainage system in Metro Ma'nila had been improved by applying two kinds of

design flood probabilities. This also summarized as follows:

Areameject ~__ Return Peried

Cemral Mel;:) Manila Area ' ' - 10-year
\1clm Manlla Flood Conﬁlol Project - West of Mangahan FIoodway S-year '

On the other hand, the ramfall mlensny of [‘yphoon Gloring in 1996 was not so large,
although it brought about a large total rainfall over the Laoag River Basin. The maximum
- half-hour and one-hour rainfall at Laoag City were 30 mm and 55 mm, respectively, which
: corresponds to around a 2-year return period. Therefore, the flood of Typhoon Gloring in the
targel areas of the urban drainage improvemenit is considered to have a probabmly of two
years.

" By refercing to similar projects in the Philippines such as those mentioned above, the design
flood probability of the Laoag City Urban Drainage Improvement has been thus determined.
Based on the results of the present study, the design flood frequency of either a S-year or a
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10-year is applicable for the dramage improvement of San Isidro Creek Basin {(1.99 km®) dnd
the new residential area (0.83 km’).

According to the comparison of hydrographs of S-year and 10-year return periods for the San
Isidro Creek Basin as graphically presented below, a 10-year return period flood causes the
peak inundation volume of 5,400 m® for a drainage system of $-year return period which
could flow a peak discharge of 33 m’/s. Since this peak inundation volume corcesponds to
around 1 cm depth on an inundation area of 100 ha, the damage amounts of 5-year and
10-year return period floods are almost same, but the project cost of a project with a design
flood frcq’uency of 10-year return period is higher than the one with a 5-year return period.
Hence, it is concluded that the design flood frequency of S-year shall be applied for the
drainage improvement of San Isidro Creek Basin (1.99 km®) and the new residential area -

(0.83 km?).
50 - -
5] _
3y
40y Imis_
35y _ D’ ._Yei.tiﬂc_}_j_‘ipﬂ
E ' é '
TE:, 25 10 - Year Retrun
g . o Peciod -
~§ 0 F T 5 - Year Return e
8 s | ; _R_c_r!ﬂ______
o1t Co
5 . -
‘-m.—-—'“’" e e iy
0 : : : - -
0 6 ‘ 12 ] 18 X
Time {hour}

42 Design F.l-(lt"l'd Dischérge o :
- 4.2.1° Design Rainfall

(1} ' Flood Concenlratxon Time:

: Flood concemration time was calculated by the foltowmg formula which is proposed
" for urban areas by the Pubhc Works Research Institute of the Ministry - of
Construction, Japan: - :

Te=24x10" (LS50

where; .
" Tc:  Concentration time {hour)
‘L Léngth of watercourse {m)
S ¢ " Slope of ground surface
Calculation results are shown below:

Drainage Arca CL{m) Slope . ° Te(hour)

Sani Isidro Creek Basin (CA-5) 2,700 1/700 - 06
New Residential Area (CA-4) 2,000 © 3800 - 0.5
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OF |
' ~ Runoff calculation was conducted for lhe whole basm in the Daorao-’[‘upec Creek to
compute water level from the mouth. The tolal catchmem area of the basin is

Mode! Hyctograph

The model hyetograph was constructed by using the rainfall data for every 30
minutes interval of the Laocag Raingauge Station considering the above flood
concentration lime as shown in Fig. A 4.2,

Rainfall intensity-duration-frequency data at Lacag Station were prepared by the
Hydrometeorological Investigations and Special Studies Séction, Flood Forecasting
Branch, PAGASA in 1996, based on 40 years records from 1935 10 1995. The
detailed data are shown in Table A.4.1. _

The probability of flood in the uvrban area during Typhoon Gloring was estimated at
around two (2) year return period based on the flood concentration time and the
rainfall intensity-duration-frequency data. The maximum cainfall intensity of
‘Typhoon Gloring are 30 mm for 30 minutes and 55 mm for 60 minutes.

Basin Mean Rainfall _

The proposed model hyetograph which is a point rainfall at Laoag Station was
converted to basin mean rainfall by the areal conversion factor.

Since there were no sufficient data to obtain the areal rainfall, Horton’s formula,
~which has been applied to the rivers in lloilo, Cebu and Ormoc, was adopted for this
study. The areal conversion factor was expressed by the following equation: :
P = Po» EXP{-0.1+ (0.386 + 4)*"

f=PlPo

where; - . :

- fa. @ areal conversion factor
- Pt arearainfall (mm)
Po : pointrainfall (mm)
.A : basinarea

‘The areal conversion factor applied was 0.83, since the largel area for the Sludy :
- covers al least the catchment areas CA-1 to CA-5 (20 62 km? }as shown in Flg A. 4 3.
Flood Runoff Simulation’

Channel System \{odel

38.79 km’

A channel system model was constructed for the flood rurioff calculation of different
sub-basins accoeding to shape, stream network and topography. Fig. A.4.3 presenls
the basin divisions and area of sub- basms ‘which were constructéed considering the

followmg locations:

.+ The _}UnCi!Gﬂ of main stream wilh major tributaries;

< “The river sectlon bounding catchmeits with diffecent runoff characlenslncs
" and,

"¢ The existing and proposed structure sites.

The Dabrao-Tup’éc Creek basin was divided into 10 sub-basins related to 6 channels.
" Based on the basin divisions, the channel system model for the runoff calculation was

made, as shown in Fig. A.4.3.
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Runoff Model

The Storage Function Method, which was also applied for the runoff calculation of
the laoag River Basin, was employed for the Rood runoff compulation. The
adequacy of the model was already confirnied. Delails of the storage function method
are explained in the runoff analysis for the 1aoag River Basin.

Constants K, p and T for civer basin were determined in consideration of future land
use as follows: :

K=25k4""
p=0¢6
T=0.05061 0310
where;
A : catchment area (km’)
L : channel length (km) -
k ': constant of surface flow (k (Nfl“)“)
1 : slope of surface
N : equivalent roughness coefficient
Land Condition Equivalent Roughness
. i Coefficient (N)
Paddy ficld (Farm) 2
Hill 03
Residential (low density) 0.1

Residential (high density) . 0.03

The determined constants K for sub-basins are given in Table A 4. 2 T cquals zero (0)

. Since the computed T is negative.

Constants K and p of channels were estimaled by the relation belwcen ﬂood
discharge and storage volume of lhe channeIs 7' was oblained by the following
formula: : ; ' ' e

7= 0.00165LT%°

 ‘where; ; L .
L : . channellength (km)- -
I average channel slt)pc

- The determined constants K , p and 7 are given in l‘:g A 4
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4.2.3  Design Flood Discharge Distribution
Computed design flood discharge is schematically described as follows:

PANDAN
CREEX
W0m's
CATABAN FiCA DADRAD BACARRA
RIVER BRIDGE SRIDGE BRIDGE |\l, ROAD
MouTH | N N S | o
ei'.'rﬂrt\’!’s 110mYs IIUM";‘!JI 150m %y Yt Tomis || << 60m¥s
. N 7
T oY T
SAN ISIDRO
CREEX 15nYs
oM.3
26ms .
DM.| ==

-The design discharge of tribulérieé {DM1 and DMZ) of the San Isidro Creek was estimated in
consideration of these catchment areas (0.941 km? and 0.64 km?). '

4.3 Master Plan of Urban Drainage Improvement
4.3.1 lmprovement Measures

© The improvement works of the Daorao Creek, San Isidro Creek and dramage mains (D\‘ll,
- DM2 and DM3) consist of widening and deepening of channels wilh removal of acute bends
and comlrrclmns and, reconslrucuon of bottteneck culverts and blldgES

The measurev-:ntena for the 1mprovcmenl plan are based o the Desxgn Guidelines, Criteria
and Standacds of the Department of Public Works and }hghways {DPWH, Phahppmes) and
the Technical Standards for Rivers and Sabo Facilities {Ministry of Construcuon Japan)

(1) Alignnient

The upper Daorzo Creek and San lsxdro Creek will be lmprovcd along the existing

channel COUESEs except two {2) heavily meandered sections.

l‘he existing course of the upper. Daorao Creek heavily meanders around “the

confluence with the San Isidro Creek (lower meander) and around the conjunction

with the Padan Creek {upper meander), These meandered channel sections will be

cul off to secure the smooth flood flow conﬂuence of the main channel and
~ tributaries, as shown in Fig. A.4.5.

" The cutoff of the lower meander will shorlen the channel lcnglh feom 290 m lolSO m
-and that of the upper one will reduce the channel distance from 330 m to 70 m.

“The proposed alignment of the Daorao Creek, San 151dro Creek and drainage mains
(DM1; DM2, DM3) are shown in Fig. A4.6.

- (2) " Longitudinal Profile (Refer 1o Fig. A4

The Daorac Creek will be improved to decrease the flood water level in the

tesidential aréa of the San Isidro Creek basin, The design channel bed will be

improved partially for the whole stretch of the Daorao Creek. It will principally

follow the existing average channel bed so as lo nuintain existing channel bed
. conditions,

e,
ﬂh.!‘



The convex channel bed porlion of the Dacrao Creek from the conjunction with the
San Istdro Creek and around 1 km downstream will be excavated. The chanrel beds
of the San Isidro Creek and other drainage mains (DM1 (o DM3) are to be excavated
until they are not affected by backwater from the Daorao Créek of a §- ~year retura
period flood. :

The bed stope of each channel between the upper and lower sirctches is sct within the
ralio of less than 1 : 2 to assure the stability of the channel bed, except in the junction
with a tzibutary.

The flood water level is calculated by non-uniform’ flow analysts, assuming
Manning's roughness coefficient as follows:

- Channel Type Roughness Coefficient
- Existing 0.035
Improved (untined and bank slope lined) 0.030
__Improved (full lined: bed and bank slope lined 0.025

The following frecboard are applied:

Channel ___Freeboard (m)
Daorao Creek and San Isidro Creek 0.6
Drainage Main (DM1, DM2, DM3) . 0.3

The clearance between the design high-water level and the boltom of the lowest
member of superstcucturé of the bridge in the Daorao Creek is set at a minimum of -
1.0 m in consideration of ﬂoating big size debris such as wood during flood,

 The design high-water level in the residential area of the San Isidro Creek i is set to be
- equal or lower than the existing ground level excepl in the low-lying area so as not to

create drainage problems and backwalec from the Daorac Creek. It is recommended
to raise the ground elevation to at least the topmost channel level in the- pamal

' low -dying farm/open space of scattered remdenual aréas.’ :
'Flg A48 shows the companson of hlgh -water - level with/without - channel

improvement to’ bring down the water level. “The mlprovemem works are given

below:
() Wldenmg and dcepemng of the creeks from the stretch 9 km upsteeam of

“Daorao Creck to the approach of the Bengang Creek through the San Isidro
Creek. The total improvement length is around 1.8 km.

(b) - Reconstruction of four (4) bridges and one (1) Culvert; namely, Daorao
" Bridge, Vira Bridge, San I[sidto Bridge, a bndge at Giron Streel and a box
culvert undec the lmgahon canal, : . '

'A culvert alonig the Bengang Creek (a part of drainage main DM l) passing under the -

irrigation canal constricts the floed flow and causes inundation of the highland -
residentiaf area. The deésign high-water level at the constricted culvert i is proposed to
be lower than the bottom of irrigation canal with a clearance of 30 ¢cm. The design
high-water level is sel to be less than 5.9 m, since the elevations of the bottorm of -
irrigation canal and the bottem of upper slab of the box culvest are 6.65 m and 6.2 m,

- respectively, assuming that the thickness of the upper slab is 45 cm.

The approach steetch (DM1) of the Bengang Creck to the San Isidro Creek is
proposed to be deepened at more than 1 to 2 m from the original channel bed. A drop



&)

432

structire is provided at the connection of the jmproved stretch and non-improved
portion of the Bengang Creek.

Cross Sechon (Refer to hg A49)

A single ciross section channel is applied to all channels in view of the following
1€asons:

(2)  Itis necessary to minimize land acquisition and house relocation.

(b) Compound cross section channel for small creek and dréinége main  is
uneconomical,
The bank slope for cmbankment is designed at 1 : 2 and the surface of slope is

protected from erosion by sodding. A gentle bank slope at excavated channel is
considered for ease of channel maintenance and a limited space is required.

Embankmenl, in principle, is not adopted for channel improvement in farmlands in

the rural area, because it will create artificial drainage problems in farmlands inside
the new dike. A sloice is placed under the embankment in low-lying residential area

" to drain intand flood waler.

A revetment of concrele wall, however, is employed along channels in residential -

area 1o minimize land compensation and lo define the boundary of the chanael and
the private propeities. The cross section types applied for the excavated channel! are

: shown below:

~Channel/Land Use * ‘Type of Shape  Bank Slope (V : H) Slope Protection

- Daorao Creck _ .
- Farm/open space Trapezoidal 1:20 None
Future residential Trapezoidal 1:15 ' Revetment
- SanIsidro Creek o S _
© 7 Scattered . . Trapezoidal 1:1.5 . Revetment
. residential ‘ o
- DM}, DM2 and DM3 | S -
Densely residential  Trapezoidalor .~ 1:0.50r " Revetment or’

: Reclangular Ve.rtical Reinforced Conerete

| The cross section thh a bank slope ot‘ 1:15is apphed to lhe portion of the creek in

the scattered dnd future residential areas because of the existing wide farmfopen
space beside the creek. The cross section with a bank slope of 1 : 0.5 is applied to
the portion of the channel in the densely residential areas in view of economical and
social aspects, An alternative study of revetment type is described betow in the view
of economical aspect.

“Maintenance roads are provided at both banks in the San Isidro Creek and drainage -

mains (DM1, DM2 and DM3), excepl in some portions where space is limited due to

-encroachment to pnvate property, These roads may be used for strolling along’
ichannels If there is a sprce behind roads, tree plaating is recommended for
unprovcment of the scenery.

Type of Revetment
An alternative study of the revetments with the slope of 1: 1.5 and 1 : 0.5 was carried

- out in view of economical aspect. The lypical cross sections of creek with these

revelments are presented in Fig. A.4.10. Details of the cosl estimate are presented in
Fig. A.4.10.



The land compensation cost in urban area is estimated based on two (2) items: the
unit costs of farmland/open space and the tesidential arca. The resulls of comparison
study indicate that the revetment with the slope of 1 : 1.5 is more economical in the
farmland/open space and the costs of both types ate almost the same in the residential
arca as shown below:

{Pesos/linear meler)

ftems . _ Type-A(1:13) - Type-B(1:0.5)
{1) Construction Works : 22,700 24,700
{2) Land Compensalion Cost _
Farm land / Qpen Space 1,700 _ 1,500
"Residential Area 15,000 13,000
(3) Total _ '
Farmi land / Open Space 24,400 26,200
Residential Area 37,700 37,700

4.3.3  Opening of Mouth of the Daoraoc Creek

Before the onset of the typhoon season, the mouth of the Daorao Creek should be excavated
to have an opening of 20 m in width, 1.5m in depth and 30 m in length for the flood

' mmgat:on in the Daorao Creck. The mouth openmg should be maintained during the whole

rainy season,

“The Office of the Cily anineer in Laoag has, at present a set of backhoe 0.6 m) and

bultdozer {15 ton). These equipment are ordmanly used for road mainienance and other

purposes. Acquisition of a set of backhoe (0.6 m *) and bulldozer (15 ton) are proposed for the

-opening and maintenance of the mouth durmg rainy scason (May to December). The opening

volume is estimated at around 1000 m’ to be movéd out by bulldozer within a haIf -day
. period. :

C 434 Enwronmental Consideranon :

' A drainage channel performs the combined funcuon of sewage and slormwaler collecuon '
+ During the dry season, stagrant wastewater in !hc open channel bed spreads a nasty smell in

~ the' vicinity- of the San Isidco Creek.. To minimize these unhealthy and unfavorable
© environmental s:tuahons an exclusive maintenance flow pipe will be provided at both banks
~ along the improved channel. Wastewater is intércepted in this flow pipe. besnde the improvcd
* channel of the San Isidro Creek basin as shown in Fig. A4.11. S

4.3.5 Improvemeént Plan '

According to the improvement measures described abové, the Master Plan of urban drainage
improvement for the Daorao Creek, San Isidro Creek and drainage mains (DM1, DM2 and
DM3) is proposed in con51derahon of lhe future Jand use plan as shown in hgs A4, AAT
and A4.9.

" The- proposed ‘improvement works are summanzed below. Details of the dimension of
- proposed bridges and culverts are presented in Table A.4.3. The acquisition of construction

equipment for opening the mouth of Daorac Creek and the plaung of wastewater interceptor
are included:
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Item Quantity o -~ Conlents _
“Daoja0 C eek

Farth Work 1,800 m~ - Excavation and embankment (DA9.00 - DA10.80)
" Revelment ' L060m  Left bank (DA7.74 - DA10.80)
Bank slope lining, 1 : 1.5, wet masonry type
Bridge Work 3sites  Improvement of Daorao Br. and reconstruction of Vira
: Br. and Tupec Br.
Mouth Opening Iset  Acquisition of one set of backhoe (0.6 m3) and
- : bulldozer (15 ton) _
“Sluice 1 site Placing under the proposed embankment
San Isidro Creek ' _
"~ Earth Work R0 m Excavation and filting (SA0.00 - SA0.93)
Revetment - 1,740 m  Bank slope lining, 1 : 1.5, wet masonry lype
o (SHO.06 - SA0.93)
Bridge Work 3sites  Reconstruction of San Isidro Br., a pedestrian Br., and

_ Giron Street Br.
Drainage Main: DM1 : _ _
Earth Work 140m  Excavation and filling (DM1-0.00 - DM1-0.14)

Revetment - 280m  DBank stope lining, 1 : 0.5, wel masonry type; bed lining
Box Culvert Work 1 site Reconstruction of culvert under irrigation canal
Drop Work isite Approach to the Bengang Creek
Drainage Main: DM2 j
Earth Work - 440m  Excavation and filling (DM2-0.00 - DM2-0.44)
Revetment - 880m Bank slope lining, 1 : 0.5, wet masonty type; bed lmmg
Box Culvert Work “4sites  Reconstruction of culveris under 4 streets
Drainage Main: DM3 | . _ _
Earth Work . “700m  Excavation and filling (DM3-0.00 - DM3.-0,70)
"Revelment 2 1,400m  Bank slope lining, 1: 0.5, wet masony type; bed Immg
Box Culvert Work ¢ 1site Reconstruction of a culvert under one street
Wastewater Interceptor * 2,550 m© Placing of waste water interceptor along the lmproved
' channc]

43,6 hsiimated Cost

~ The construchon and land compensauon cost in the masler plan was esnmated as tabulatcd in
[able A.4.4. The results are summanzed |n the hble below
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Work liems Quantity ~ Amcunl
(million pesos)

L Construction Cost 135.65
1.1 Preparatory Works (10% of 1.2 and 1.3) 1233

1.2 Main Works 112.11

(1) Earth Woik 19.61
Excavalion _ 158,746 m’ 13.26
Embankment/Fiiling 15,919 m’ 135

(2) Revetment Work 4420 m 41.29

(3) DBridge and Culvert Work : 40.62

Bridge , " 6siles - 36.50

: - Box Culvert & sites -4.12

(4} Others o 10,59

Drop - lsite 0.22

Sluice 1 site o - D25

Waste Water Interceptor - 2550m 5.02

Mouth Opening - LS ' L 310

1.3 Miscellaneous Works {10% of 1.2) 11.21

II. Compensation Cost _ - 12.05
2.1 Land Acquisition 5.65 ha , 11.60
2.2 House Resettlement Jhouses . 0.45

1L Administration Cost (3% of 1 and ll) ' ;s 443
- 1V. Engincering Service Cost (16% of 1) - LS 2170
_V._Physical Contingency (10% of 1, H, 111 and W) LS . 17.3%

" Total ' 19122

4.4 Urgent Plan of Urban Prainage Im prove_mént

' J44 1 Improvement Plan

: Accordmg to the lmprovement measufes of the channel described in the formplation of the:
. Mastér Plan, the urgem plan of channel improvement for the Daorao Creek, San Isidro Creek
"~ and drainage mains (DMI and DM2) is proposed in cons:detauon of exnstmg land use

conditions as shown in Figs. A4, 1210 A. 4.14.

" After widening and deepening of the portion upstream of San Isidro Br;dge and the drainage
. mains (DMI and DM?2), revetment works have to be carried out. The reveiment with a slope

. of 1:1.5 is employed for the San Isidro Creek and the revetment with a slope of 1:0.5 1&.
* adopted for the DM1 and DM2, as explained in the Master Plan. S

The downstream of San Isidro Bridge and the Daorao Creck are to be lmproved by
excavauon since these areas are not urbanized yet.

"The pmposed improvement works are summarized below. The acquisition of construction

equipment for opening of thc mouth of Daorao Creek and Ihe placmg of wastewater

- interceplors are included:



Ttem Quantity Conteits

Baorao Creek

Earth Work 900 m  Excavation (DA9.G0 - DA9S.90)
Bridge Work 2sites  Improvement of Dacrao Br. and reconstruction of Vira Br.
Mouth Opening 1set  Acquisition of one set of backhoe (0.6 m”) and bulldozer
_ (15 ton)
- San Isidro Creek _
Earth Work 360m  Excavation (SA0.00 - SA0.36)
Earth Work 570 m - Excavation and filling (SA0.20 - SA0.93) =
Revelment 1,140 m  Bank slope lining, 1: 1.5, wet masonry type {SA0.36 - &
' SA0.93)
Bridge Work 3sites  Reconstruction of San Isidro Br., a pedestrian Br., and

. - Giron Strect Br,
Drainage Main: DM1

Earth Work 140 m - Excavation and filling (DM1-0.00 - DM1-0.14)
Revetment 280m  Bank slope lining, 1 : 0.5, wet masonry type; bed lining
Box Culvert Wark 1site  Reconstruction of culvert under irrigation canal
Drop Work 1site  Approach to the Bengang Creek
Drainage Main: DM2 .

Earth Work “440m  Excavation and filling (DM2-0.00 - DM2-0.44}
Revetment 880m  Bank stope lining, 1: 0.5, wet masonary type; bed lmmg

~Box Culvert Work 4 sites - Reconstruction of culveris vider 4 strcels

Wastewater Interceptor ~ 2,550 m  Placing of waste water interceptor along the lmproved
: ' channel

44.2  Structural Design

“The structural desiga is prepared based on the Design Guidelines, Criteria and Slalndards of ' 69
the Department of Public Works and Highways (DPWH, Philippines) and the Tcchnical
Standards for Rivers and Sabo Fagilities (Ministry of Construcuon Japan) :

{1) Bank SIOpc Proiec{mn Works

The channe! lmprovemenl works consist mainly of excavation, filling and bank stope
_ pro:ecuon works. The bank slope of channel is covered with revetment to protect it
from erosion by turbulent flood flows, as shown in Fig. A4.15.

On the crest bank, a Im gravcl -paved road is constructed for lhe mamtenance work
and strol]mg along the channel,

Depending on the deasity of residence, two types of revetment, as shown in
ig. A.4.15 are designed for the slope protection work. Type-RA is applied for the
San Isidro Creek where scattered residential arcas are located and Type-RB is
adopted for the DM1 and D\iz where dense residential areas are situated.

T ype- RA consists of ‘wet masonry with gravel base and base concrete, Gabion
mattress is placed for foot protecuon in consideration of flood flow velocity of 2 mys.

" Typé-RI3 consists of wet masonry with pravel base, hllmg concrete and base concrete . @
to stabilize the steep slope.. Concrele base is placed on the boltom of the channel
© because the flood flow velocity is 4 my/s for DM1 and 2 ay's for DM2 and the width
of channel bed is narrow (less than $ m).

(2)  Bridge and Culvert

" Based on the necessary width of improved channels, the length (L) of bridges and
internal width (W) of box culverls are hereinafter proposed in consideration of skew
angle of directions of road and channel:



No. Name of Existing Proposed Skew - Height
Angle
 Bridge / Street Lot W  Structure Lor W Struciure o
Daorao Creek _
Br. 1 Daorao Br. 395m DBridge 3%5m  Bridge 45° 5.7
Br.2 Vira Br. 150m DBridge  382m  Bridge °0° 5.7
San Isidro Creek _
Br.3 San Isidro Br. 125m  Bridge 297m Bridge 60° 7
Br. 4 Pedestrian Br. 14.5m Brdge 245m Bridge 90° 43
Br.S Giron Strect 25m  Culvert 233m  Bridge 90° 338
Box1  Trrigation Canal 40m Culver 5.0m Culvenn -~ 90° 28
Box 2 Mckinley Strect 25m  Culvert 52m  Culvest- 90° 27
Box3  V.Lagasca Steeet 20m  Culvert SAm Culvert  90° 26
Box4  A.Casltro Street 1.5m Culvert 50m Culvert  90° - 25
Box 5 ~ Bacarra Road © 30m  Culvert 50m Culvert 90° = 25

*: Height means design Mood water depth and freeboard

Fig. A.4.16 shows the proposed plan and section of bndges One-span bridge is

- applied except for the Daorao Bridge, because the bndge pier is an obslacle to flood

flow in the narcow channel.

" Daorao Bridge is, at presem 39 min lenglh consisting of 3 spans (12 6m+ 14 Sm+

12.0 m). After replacement work of two abutments and protection work on iwo piers
as shown in Fig. A.4.16, it will be able to flow out the design discharge of a 5-year
return period without jumping up the water level of the upstream of the bridge.

- Protection work on pier foundation of Daorao Bridge is provided, where lhe:

plcr/abulmem foundation is c\cavaied loweér than the existing foundalion elcvanon

Prestiessed concrete bndge (PC) is applied except for the Daorzo Bridge, because the
proposed span length is moré than 20 m. The existing supersieucture of Daorao
Bridge will still be utilized. Proposed Lridge width, total !cngih span lenglh and

_ bridge type are tabulated below

" No. Namc' : Width -~ Bridge Length (Spans) _~ * Skew. Bridge
' o ' o L ' “Angle - Type
Daorao Creek 3 ' ' o
Br. 1 Daorzo Br. S.0m  39.5m(3spans: 12.6 m + 45° RC
149 m+ 120 m)
Br.2 ViraBr. 50m 38.2m (1 span) 90° PC
© San Isidro Creek : ' . _ ' :
. Br.3 . SanlsideoBr. - 85m 29.7m(lspan) L 60° PC
Br.4 ' PedestrianBr. - 2.0  245m(lspan) 90° PC
Br.5 Giron Br. S5 m 23.3 m’(l s‘pan) : . 90° PC' :

The bank s!ope of upper and lower slrctches of a bndge are protected by revetment s0

- .as not to scour the back of abutment and 1he foot of foundation of pier and abutment.
*'The bank slope protection is more than 10 m stretch from the side of bridge. =

Fig. A.4.17 shows the proposed plan and section of box culverts. One-box type of
culvert is applied, because 2-box lype is an obstacle to flood ftow in the channels.
Dimensions of the interaal width and height of proposed box culvert are given below:



No. Crossing Width Height No. of Box

Structure
"~ Box 1 Irrigation Canal 50m 28m i
Box 2 Mckiniey Street 52m 27m 1
Box 3 V.Lagasca Street Sim 26m 1
Box 4 A.Caslro Street 50m 25m 1
Box 5 Bacarra Road S.0m 25m 1

(3) Other Structuges

The drop structure comprises a weir portion and channel bed protection in the
downstream apron as well as the channél bed in the upstream of the weir. The
structure is shown in Fig. A.4.18.

Fig. A4.11 shows the structure of the interceptor to drain wastewater from the
existing drainage channel and the layouwt of wastewaler interceptor beside the
improved chandel:
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CHAPTER ¥ COST ESTIMATE OF URGENT PLAN .

5.1 Construction Work Yolume

The construction work volume is summarized as follows:

Waork Items Quantity

1. Construction Main Works
(1) Earth Work

Excavation ) _ 98,000'1113
Filling : 8,000 m®
¢ (2) Revetment Work 2300m
- {3) Bridge and Culvert Work :
Bridge 5 sites
Box Culvert Co 5 sites
(4) Others ' '
Drop ' 1 site.
‘Wastewater Interceptor 2,550m
Mouth Opening (backhoe and bulldozer} _ 1 set
15 Compensation : ' o
. ¢ (1) Land Acquisition _ 0 271ha-
(2) House Resetllement . - ‘None

‘3 5.2 Consiructwn Plan and Schedule

Channel lmprovemenl is generally cxecuted from the downsireani to upslream but some

* * upstream channel .works may be conducted before excavation works of the downstream on

condition that the work shall not bnng an lmbalance of the flow capacity between lhe upper -

* and downslrearn s[relches

The filling material is taken from near the selected excavation matena! The residual volume _
of excavation matezial i is as follows: -

l ‘(1) Lxca§ahoh *V[at'crial' oo R '98'000m.
+{2) Filling Material _ B 8,000 m*
{3) Residual Excavation \‘Iatenal (1) (2) Dot 90000:11

A land of 4 S hais required to dump 90,600 m”® by assuming the ﬁllmg height as 2 m. The

- following lhree (3) polenual dumpmg sites are identified near the constmcuon site (refer to

‘Fig, A5 1)

Dumping Site . - LandUse . . . - Distance *
Site-A ' 1.28ha Farm/open space in scattered nmdenhal arca . 0km
Site-B - 5.60ha Futuce residential area L T lkm
Site-C. 383 ha Garbage disposal area / open space . 2km

* Average distance from construction site

The soit dumping of 90,000 m’ is assumed to be distribuled to the above sites. This dumpmg.
will disturb the existing land use; on the other hand it will contribute to the development of
tesidential land.



All the construction works will be éomp!e(’ed within two (2) years. The channel improvement
works and culvert conslruction will be completed within one (1) year, The overall
construction schedule is prepared, as shown in Fig. A.5.2.

5.3 Cost Estimation Criferia
The project cost is estimated on the basis of the following assumptions and conditions.
(1) Constitution of 'Project Cost

The project cost is composed of construction cost, compensation cost, administration
cost, engineering service cost and physical contingency cost. The construction cost
includes preparatory works, main works and miscellaneous works. The compensation
cost includes land acquisition cost and house resetllement cosl.

{2) Price Level
. Price level is as of June 1997,

{3) Currency Conversion Rate

 Currency conversion rates among US Dollar (USS$), Philippine Peso (¥) and !apancse _

Yen (¥) are as follows:
US$1.00 = 12260 ¥1130

(4) Foreagn and Local Currency Portions

“ Foreign curcency portion mostly covers ¢osts of eqmpment and engineering services,

and a part of materials.

Local currency portion mamly covers all costs of labor,’ valued added tax (VAT),

Cost,

The following proportion between foreign and local curre’nciés is adopled:

ltems - _ Foreign Currency .~ Local Curcency

" 1. Materials o . '
¢ Cement . : ' 07 ' 03

Re-bar .- ' 0.8 02

Stiuetural Steel ‘ 0.9 0.1
‘Stone Materials 0.4 06
ELumber 0.4 - 06
Fuel, Lubricant _ 07 0.3
2. Construction Equipment - 0.7 0.3
3. Labor L 00 1.0
4. CompensationCosl | - - 00 10
5. Administration Cost . 0.0 | 10
6. Engineeiing Cost 0.9 0.1

(5)  Compensation Cost
Compensanon cosl is estimated baséd on actial records in the past, tand/house lax
- and market prices,
(6) Government Administration Cost

The cast of project management or administeation by the government is assumed as
3% of the construction base cost of civit works and preparation and miscellancous
works.

compensation, adm:msuauon and a part of material cost and engmeermg service '
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5.4.1

Engineering Setvices Cosl

Construction supervision is to be carried out by an engineering consultant. The cost
of engineering services is adopted at 16% of the construction base cost of civil works
and preparation and miscellanzous works.

Physical Contingency
Physical contingency is estimated as 10% of the foreign and local costs.
Price Contingency

Price contingency is provided to cope with price escalation during - project
implementation. The following rates of price escalation are adopted considering
recent inflation rates: :

{a) for foreign currency porlic;n

(b} for local currency portion

Project Cost
Unit Cost

Unit costs consist of direct unit cost comprising material costs, labor costs, equipment costs
and indirect costs, including contractor’s expenses, overhead, profit, insurance, bond, field
supervision and administration, securily and safety control, Value Added Tax (VAT), etc.

~Indirect costs excluding VAT are estimated as a pércentage of direct unit cost, ie., 20%.
VAT is 10% of costs of labor and equipment in accordance with the criteria of DPWH.

Unit prices of items such as labor cost, malerial cost an_d equipment cost are the basis of the
main construction work cost. Labor costs which include all fringe benefits and material costs

are based on data collected by the District Office of DPWH in Laoag City. Equipment cost is

given on the basis of rental rates authorized by the ‘Associated Construction Equipnient

54.2

" Lessor, Inc. of the Philippines (ACEL Equipment Gurdebook 1992)

Estimated Project Cost

The total project cost is estimated at 118 0 mxlhon pesos at 1997 prices and 134.8 mzllmn

pesos includiag price escalation. These are broken down by worik item and currency poition
. as fo}iows Details are gwen in l‘able A 5.1.



Description Quantity Amount (million peso)

Porengn Local Total
L Currency Currency
1. Construction Cost 44.54 41,48 86.02
1.1 Preparatory Works 4.05 n 7.82
(10% of 1.2 3nd 1.3)
1.2 Main Works 36.81 3428 71.09
(1) Tarth Work 7.65 4.24 11.89
Excavation 98,000 m’ 7.20 4.02 1122
_ Filling 8,000 m’ 0.45 0.22 - 0.67
(2) Revetment Work 2,300 m 3.23 13.24 16.47
'-'(3} Bridge and Culvert 18.13 14.26 - 3239
 Bridge ‘ Ssites 1600 12.58 28.58
Culvert 5 sites 2,13 1.68 33
{4) Other Works 7.80 2.54 10.34
Drop ﬁ ' - 1site 0.18 0.04 022
Wastewater Interceptor 2,550 m 3.78 124 502
Mouth Opening 1sile 384 1.26 5.10
1.3 Miscellaneous Work , o 3.68 343 7.11
 (10%0f 1.2) : : :
2. Compensation Cost S 0.00 474 4.74 -
2.1 Land Acquisition - 27N ha 0.00 4.74 474
2.2 House Resettlement " None 000 - 0.0 - 0.00
3. Administration Cost SN 0.00 272 272
4. Engineering Services Cost L 1238 1.38 13.76
5. Physical Contingency : . L ~5.30 543 10.73
6.

“Tolal (1+2+43+4+5) 6222 5505 117.97

5.5 Disbursement Schedule

The annual disbursement’ schedule of the’ urgent pro_;cc! is summanzed as follows.  For
details, sec Table A.5.2.

- : (Unit: mlllton pesos)
Year  Foreign Currency Local _ Total

Portion Currency
: Portion _
1999 - 8.17( 8.50) 7.13( 8.16)  15.30(16.66)
2000 3947 (41.89)  37.28(45.67)  76.75(87.56)
L2001 14.98(16.21)  10.95(14.36). 2593 (30. 57)

\’ote Costs without parentheses are at 1997 prices, while costs in
parentheses include price contingency.

- 56  Operation and Mam!enance

- The total anrival operation and maintenance cost of the project is assumed to be 0.5% of the
construction cost for the river improvement. It amounts to 0.43 million pesos after the
- project is completed in 2001.



CHAPTER VI PROJECT EVALUATION OF URGENT PLAN

6.1 Praject Benefit in Financial Terms
6.1.}  Flood Damage Analysis

Based on the calcolation results of high water level without drainage channel improvement as
shown in Fig. A.4.8 and on the topographic map made in this study, the inundation ar¢as and
inundation depths cowresponding to the probable flood of a S-year return period were
cshmaled as presented in Fig. A6.1.

The inundation areas by 3 ranges of depth are presenled below:

lnu'nda.lion Depth O.imwod5m OS5SmtolOm 1.Omlo L.5m Total
Inundation Arca -100.7 ha 17.2ha 46ha © 1226 ha

The flood poténlial damages by each inundation depth of a 5-year flood are tabulated in
Table A.6.1. The flood damage value of a 5-year flood is ¢stimaled in financial terms in
Table A.6.2. Its total is P45.4 million which covers direct damages only. Incidentally, the

- flood damages of a 2-year flood, similar to Typhoon Gloring in 1996, are enumerated in

Table A.3.1. Iis total dam'age value is estimated at P32.7 million, which also covers direct
damages only. o '

612 Flood Dannge and Annual \l:ttgallon Benef‘t

The flood miligation- benefut in the urgent ‘plan is constnuted in  the same structure as
mentioncd in Section 1.3.1 of Appendix E in Part 2.- They consist of a direct damage and an -

" indirect d_amage. The direct damage is classified into damages 1o agricultural production;
“housing units, industrial facilities and infrastructures. The physical infrastructure damage

was assumed to be 20% of the other direct damages, although social infrastructure damage
was counted as a sort of direct damage “The md:recl damagc ‘was assumed at 10"7 of the -
above direct damages, :

The d:recl damage is simulaled as a product of the number of facnlmes mundated in the areas

flooded, an economic: 'value of inundated pmperty and a damage rate in accordance with
mundatmn depth. The number of affected facilities and the inundation depth are discussed in

*the previous section. “The damage rate is already tabulaled in Part §.

The values of damageable assels i the target area are different from the values used in
Part 2, since the target area is localed in the city proper and the assessed values of taxable
assels are apparently higher than those in other municipalities as described in the master plan
study. Referring to the assessed value by the cily assessor of Laoag, the market values of .
damageable assets are set up as shown in the following table.: The assessed values were
based on 1995 prices, so they were reassessed using the pnce mdet of 111 belween 1995 and
June 1997 :
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Damageable Property Urit = Production, Durable Movable (Household

Assels (Building, Effccts, Inventory Stock,
o Equipment, ctc.} _ele)
irrigated Field P/ha 18,000 -
Rainfed Field P/ha 13,700 -
Housing Unit P/Unit 126,000 38,000
Commercialfindusirial PUnit 443,000 210,000
Educational Facilities P/Unit - 369,000 250,000
Hospital/Health Facilities P2/Unit 680,000 600,000

The benefit is estimated in Table A.6.3 for the Urgent Plan. The benefit is estimated under
the flood occurrence intervals of 2 and 5 years. The flood mitigation benefit of the Ucgent
Plan is estimated at P43 million for a 2-year flood and P60 million for a 5-year flood. Thus,
the annual benefit of the Urgent Plan is calculated at P26 million in financial terms.

6.2 Criteria of Project Evaluation

" The criteria of project evaluation are all-inclusively explained in Chapter 2 of Appendix E
in Part 2. They arc summarized as follows:

-6.2.1 Conversion Factors

The economic costs and benefiis have to be estimated in real economic terms. The market
.. prices may not be acceptable due 1o distortions in the sociely. To deal with this problem,
* conversion faclors are applied as discussed in Chapter 1 of Appendix E in Part 2, They are
“calculated applying shadow wage and shadow exchange rates and elimination of national and

locai taxes. They are shown in the table below,

———

Item - ‘Local/Foreign Separate ~ local/Foreign
: I ' Estimate ‘ Combined
“Local “Foreign - Estimate
e ~_Portion*1 ' Porlion . . o
1.. Materials . S _ :
- Cement - : 0.53 . 1.04 088
- Aggregate (Coarse and l~|nc) C 068 i 1.06 D83
Steel L0 o106 090
Fuel and Lubneanl ' 005 L2t - 086
Lumber S 080 104 0.90
Others 0.72 105 0.89
- 2. Machinery and }*qutpmem Reatal 0.26 .11 0.85
© 3. Labor '
s Skilled - 093 - 0.93:
- Unskilled S - < 0.60 - 0.60
- 4. - Indirect Costs o :
. Qverhead, and miscellaneous 088 S 0.88
Profit S 0ss - 0.65
Value Added Tax*2 "~ =, 1000 R ' 0.00
5. - Government Expenditure*3 - 095 - " 095
"6 Engincering Services*d . 000 C1L22 ___L10

~ Note: *1 Including all national and local taxes in the Philippines
*2 Imposed on item numbers (2) and (3) only in this foim.
*3 For engineering and administeation overhead.
“*4 Detailed design and supervising services by foreign consultants
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Martket price of land has peculiar characteristics as compared with other

commodities, especially in urban aceas. -

In this study, most lands already

expropriated for riverbeds are utilized for agricultural cultivation. Then, the value of
these lands will be evalvated through crop production lost in the expropriation as

negative benefit,

6.2.2 Schedule and Evaluation Period

(3} Base Year

(b) Construction Period

(c) Diébursemjent Schedule -

(¢} Economic Life

(¢) Evaluation Period

() . Timing of Benefit Accrual

'6.2.3 * Other Criteria

" (a) ' Price Levels

- (b) Social Discount rate

(¢) - Futurc Damageable Asscts

6.3 - Economic Benefit
6.3.1 Flood Mitigation Benefits

Beginning of 1999

The year of 1999 for Detailed Design, two
years for copstruction of major works
between 2000 and 2001

Uniform distribution of project cosls
during construction period '

50 Years after completion of the project

50 years after completion of the main
flood control works (2002 - 2051)

In proportion o construction works
already completed

.7 -Cost and benefits of the project aré set at -
the end of June, 1997,

- 15% p.a.

The future flood mitigation” benefits are
estimated on the basis of population ‘and -
socio-economic projection. They would be

- expected to ‘increase in the future, as
“discossed in Chapter 2 of Appendlx Ei n
S Parl 2.

" The project benefit was alfeady estimated in financial termis in Section 6.1.  For ¢conomic

evaluation, it has to be converiéd into econontic terms. To convert the financial values, lher

conversion factors are applied, discussed in Section 6.2.1 and in further detai! calculated in

Section 2.2.1 in Appendix E of Part 2. As a cesult, the economic unit values of bcnef’c:al '

facilities are tabulated in the following table.



Damageable Property Unit Production, Durable Movables
Asscls (Building, (Houschold Effects,
Equipment, etc.) Inventory Stock, ete.)

frrigated Field P/ha 12,200 -
Rainfed Field P/ha 11,300 -
Housing Unit P/Unit 104,600 31,500
Commercial/Industrial P/Unit 376,300 176,400
Educational Facilities “B/Unit 472,300 207,300
Hospital/Health Facilitics P/Unit 571,200 504,000

Using the above economic unit values, the beaefit is estimated under the flood occurrence
intervais 'of 2 and 5 years. Table A.6.4 shows the estimated value of flood reduction by
return period and the annual benefit of the Urgent Plan. - The annual benefit is estimated at
P22 million in €ConOMIc terms.

The annval benefit under future condmons is compuled in conformity with the projection of
regional economy and population. The annual benefits in the year 2000, 2010 and 2020 are
P26 million, P41 million and £55 million, respectively, as also shown in the table.

The flood mitigation benefits are assumed to accrue in proportion to the completion of the
construction works. “The full benefits would accrué just after the completion of the entire
‘construction works. - Although the annual benefils are constant dusing the economic life
under present conditions as shown in Table A.6.6, the benefils under future conditions are
expccted to - increase annually in . proportion (o the economic growth and popuiauon
expansnon in the basin, as seen in Table A6 ‘

632 Negative Benefits

" For the nmplemenlahon of the’ pro;ect some areas have to be. expropnaled for rwelbeds and
dikes. These areas include 1.3 ha of irrigated agricultural lands for cropping.. ' Crop
production cannot be carried out when the construclion works begin: This inactivity is
considered as negative benefit of the project.” The net income is esumaled at 18,500 pesos
per ha referrmg to Table C.5.7 in Appendlx Cof Part 1.

Th:s negatwa beneﬁt is enumerated for present conditions in' Table A.6.6." Under future
conditions, the unit yield of rice is assumed to be double of the present yield (2 4 lonfha) in
the year 2020. 1 hesc negative benefits are enumeraled in Table A6.7. :

64 Eco’nqmic Cost

The financial consim_ction cost is estimated at P1i8 million in total as estimated in
Section 5.4 of Chapter V. 1l consists of the following items: |

(1) - Main construction cost;

“(2) - Compensation cost;

~(3) " Government admmlslrallon cost;
(4). Engineering service cost; and,

- {5y Physmal contingency cost, -

- As dlSCUSSCd in Section 2.3 of Appendlx E in Pant 2, the main conslruchon cost is dnvnded
- into work lprS in terms of componcnt schemes. In lhlS Laoag City Urban Drainage Project,

* these work types comprises (3) earth work, (b) revetment work, and {c) bridge and culvert
work.  The construction cost of the respective work types consist of (i) matedials, -
(ii) machinery and equipment rental, (iii) labor, and {iv) indirect costs. Then, the ¢conomic
cost of the work types is converted from the financial cosis applying the conversion factors
discussed in Section 6.2,1, Both financial and economic costs are tabulated in Table A.6.5.
As a resuit, the respeclive work types can have overall conversion factors by means of




comparing econamic costs against the corcesponding financial costs. - The results of these
conveision factors are shown in the table. They are summarized as follows.

(Unit: Million Pesos for cost figures)

Priority Project Financial Cost  Fconomic Cost  Conversion Factor
Earth Work _ 11.9 9.9 0.83
Revetment Work 16.5 11.3 0.69
Bridge and Culvert Work 324 25.7 0.79
Other Wotks 10.3 9.7 0.93
Total 7.1 56.5 0.80

The entire cost of the Urgent Plan is calculated applying the above overall conversion factors '

1o main works and the conversion factors in Section 6.2.1 to the other cost items such as

government administration cost, engineering service cost and physical contingency cost.” The
land acquisition cost is evaluated by negative benefil, as discussed in the previous Section,
The price contingency cost is excluded from economic cost.” As a result, the enlire economic
cosl is calculated at PSS million, as shown in Table A.6.6. Since the financial total cost is
P1i8 million the economic construction cost corresponds to 809 of the financial one.

The construction cost is disbursed in compliance with the construction schedule which is
discussed in the previous Section. The table below shows the annual amounts for the
construction period.

Year ' “Annual Dlsburscmem (\‘Illllon Pesos)
<1999 1

2000 : .62

2001 - : 22

Total - . -85

" The operation and mamlenance (O&M) cost is annually required during lhc economic life of _
: lhe prcgecl ‘The O&M cost is assumied (o apgregate at 0.5% of the total dicect construcuon

. “The anaual cost for O&M of lhe pro;cct amoums o P0.34 nnlhon aftcr the prcaject is

' comple(ed in 2001.

6.5 Economic Evaluation

6.5.1 Economic Viability

In this section, the pmJeCI viability of the urgent plan is cxammed from the economic point of
view. The cconomic total cost aggregates to R9S million. The economic benefits are
assumed to accrue in conformity with the construction schedule. The annual flow is shown
in Table A.6.7 under present conditions and Table  A.6.8 under future conditions. EiRR is
22.0% in the former case and 31.9% in the latter case, Other indices of economic evaluation
are in the table below. Thus, the proposed project looks feasible from the economic point of

- view, since the EIRRs are clearly over 15% of the social discount rate in the country.

lem “EIRR TUBICH NPV*1
(%) {(Miltion Pesos)
Unider Future Conditions 319 ' 245 105
_Under Present Conditions 220 1.47 G

Note *}: Discounted at 15%
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6.52  Sensitivity Test

The cost and benefits were estimated with discretion by respective experls in this feasibility
study. In spite of that, some uncertainty still exists in the estimation. In particular, the case
with long implenentation period and/or expectation of future growth have high risks from the
viewpoint of judgment on project viability. In this context, thus, the sensitivity test is
introduced as regards the following aspects, in consideration of sensitive factoss for project
feasibility.

§))] 10% higher than the cost estimated
(2)  10% lower than the benefits expected

{3) 'In case thal the regional economy grows under olher scenarios, i.e., high or low
+ scenario as discussed in GRDP projection in Section 7.3 of Appendix A in Part 1.

The influence of the above phenomena is calculated independently. The results are presented
under future conditions. As shown in the table below, the EIRRs for every aspect exceed
29%. This means that the economic efficiency of the Urgent Plan is much higher than the
rate expected as social discount rate of 15%. Therefore, the objeciive projects are feasible
from the economic viewpoint.

ftem R EIRR B/C™ NPV

, L (%) (Million Pesos)
- Base Conditions 319 245 105
- {1) 1G% Costs Up R 29.5 : 223 98
- {2) 10% Benefits Down - 292 <221 87
- {3 _l)Il_!gh Growth Scenario ' - 36.6 310 182
-_(3-2) Low Growih Scenario - 29.8 2.19 87

" Nete *}: Discounied at 15%

6.6 . Evaluation of Socio-economic Inipact’ ';

6 6.1 Creation of Job Opporlumly and Aclwanon of Regloml Economy

The 1mplementauon of the proposed project creales opporlumues of temporary Jobs dunng' '
the construction period. The temporary workers are estimated at 64,900 man-days in total,

_ which are divided into 13,300 man-days of skilled workers and 51,600 man-days of unskilled
workers during the two years between 2000 and 2001. Besides these temporary warkers,
most construclion materials will be procured from inside and outside of the basin. Moreover,

- support secvices and other materials for the construction works are required. - These support

businesses result in creating anothér job oppoﬂumly, and it will conmbule to activation of
the regtoml economy

- 662 Improvement of Social Amenity sind Public Hygierie
: People in the urgent plan area had expefienced habitual floods, always lwmg in fear of flood
- menace. Besides, people are exposed to unsanitary conditions after the flood disaster. '

* Due to the implementation of the urgent plan proposed in this study, people in the area will
* be relieved from the mepace of floods. This wilt resull in the emergence and subsequent
s pervasmn of positive mental climate among inhabitants in the area, because they will be able
to enjoy their hvmg conditions and industrial aclivities with litile worsies about flood.
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CHAPTER Vil ENVIRONMENTAL IMPACT ASSESSMENT

7.1 Existing Environmental Conditions
7.L.1  General

The urban area of Laoag Cily is located on the right bank of the Laoag River, about 8 km

upstream of the river niouth. The urban area is drained by two drainage systems. One is the
Daorao-Tupec Creek system which covers most of the urban area. Another system covers the
reniaining part of the urban area which is directly drained into the Laoag River through the
street drainage.

The study: for Laocag Clly Urban Drainage was carried out for the drainage system of
Daorao-Tupec Creek which covers most of the urban area. The exisling environmental
conditions of the Daorao-Tupec Creek drainage area are generally the same as the conditions
already described in the Environmental Impact Assessmeat (EIA) for the Sabo and Flood
Control Project of the Laoag River Basin. This Chapter, therefore, describes the existing
environmental conditions of the drainage creeks which are different from the conditions of
the sabo and flood control project area, particularly in terms of vegetation, fish and wildlife.

7.1.2  Yepetation

Vegetalion covering the area surrounding Daorao Creek and its Iributaries was surveyed and .
common names were identified. Photographs of samples were shown o the Biological
Department of the Mariano Matcos State University to confirm their names. List of the

- on- dlpterocarps bamboo and grasses observed at sne are shown in Table A.7.1.
(1) Upper Reach of Creek (Tupec Creek)

‘The creek has a steep bank slope and a smglc flow section. Both banks conmst of 2to
- 3 meters of grassland bounded by paddy fietds. Grasslands are covéred with Kogon
- or weeds. Trees on the bank are Bamboo, Camachile, Bulala, Dubat, Guava, efc.

Denslty of trees is not so much. Paddy fields adjacent to the creck are being planted

with rice or corn only due to high water level, Stagnated water surfa(:o is covercd by
' floalmg vegetation such as Kangkong or Watér Hyacinth.

_(2) Daorao Creek (Upstream of Junction w;lh San Isidro Creek)

" Growth of trees are dense along the bank of this creek. Kmds of lrees are Bulah
Acacia, Bamboo, Mango, Camachile, Mabolo, etc.

(3) Drainage Main DMI and DM2 Confluent to the San Isidro Creek

Drainage Main DM1 and DM2 2re bounded by housing lots and paddy fields. Trees
" planted on housing lots are mostly domesticated ones such as Acasia, Mango,
- Tamarind, Banana, Kamias, Ipil-ipil, Coconut, Palm: Tree, Narra,. etc. "Aquatic

vegetation is not found excepl small quanuhes of algae at the drain pipe for domestic
" sewage. :

{4) * San Lidro Cfeek

The upper reaches of San Isidro Creek which is an open space covered with weeds
“has adjacent paddy fields. Trees grow on the other side. The middle and lower.
reaches have relatively wide spaces and gentle slope of banks which are denscly ‘
covered with grass. Dénse grass covering the ground is Cadena de Amor. Trees
observed are of many varietics such as Banana, Ipip-ipit, Bulala, Acacia, Bamboo,
Mango, Camachile, Kapok, etc. Well grown Narea and Acasia are planted at the

downstreanm of San Isidro Bridge.
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Aquatic fauna and wildlife in and around Daorao Creek and its tributaries were surveyed and

Daotao Creek (between confluence of San Isidro Creek and Vira Bridge)

The Creek flows in an open space of less trees. The banks along this stretch are
covered with Cadena de Amor and weeds. Some portions of the water surface are
covered with Kangkong. Kinds of trees grown are Acacia, Bulala and Banana,

Daorao Creek {downstream of Vira Bridge up to 1.5Km poi.m from river mouth)

The creek flows from the urban area and enters the rural area. The creek meanders in
a gentle sloped farmland. The banks form a small terrace with growths of trees such
as Bamboo, Banana, Camachile, Star Apple, Acacia, Ipil-ipil, Mango, Duhat; Bulala,

‘efc, Bulalais the tree dominant in the area. The bank elevalion on the lower streiches

of this section gradually becomes the same with the water level and reed grass growth
is dense. Water Hyacinth and Kangkong are seeni but partially cover only the waler
surface. Dense Water Hyacinth prevail at the mouth of the creck.

Estuvary of Daorao Creek

The Daorao Creek flows into the sand dune area and finally emptics into the South
China Sea. Vegetalion along the creek are Kandaruma and “Lidda” (Talahib).

Threatened, Endangered or Rare Species of Plants

Based on the vegetation survey conducted and on available secondary information,

no threatened, endangered or rare species of plants have been identified in the -

Daorao-Tupec Creek Systeim. Table A.7.1 shows the observed flora and fauna along
the Paorao-Tupec Creek drainage system.

Fish and Yildlife

their common names were identified through the available secondary information. There was
no information on wildlife inhabiting the area. The list of fishes and aquatic fauna observed
or identified lhmugh the secondary information i is given in Table A.7.1.

- .
. There is small domestic or indusirial sewage mﬂow to this creek. Informallon from -
local residents show that the fish catches are Tilapia, Carp, Mudfish, Catﬁsh and Eel..

@

10N

Upper reach of Creek (T upec Creek)

Golden snails {Kuhol) were obsewed at the bank of lhc creek. This golden snail was
imported froni Taiwan and expanded nationwide due to its high productivity.

Daorao Creek (upper reach) -

- One sct of fish trap was observed at the confluence with San Isidro Creek. According

to the owner’s information, fishes caught are Tilapia; Carp, Mudfish and Gurami but

" catches differ in season and amount. Fingerlings of Guraml were observed in the

water durmg the survey. -

' Dramage Main DM1 and DM2 and San Isidro Creek

" “The watér flow is shallow and polluted with domesltc sewage however, Mudfish and

Golden Snalls were observcd

Daorao Creek (lo»u er ceach up to 1.5Km point from river mouth)

" ‘There was né fish observed except for Goldfen Snails. Boys f{ishing in the place

informed of catching Tilapia. The downstream of the creek has a deep and wide

- water flow, Fish densily becomes high. From the residents’ information, the catches

are Tilapia and Freshwater Sheimp and the quantity of Tilapia per catch is about 3 kg.
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{5) Estwary of Daorao Creek

Bocasit (snait) and Tokmem (clam) were taken by some women in this area at the
time of survey. They dip into the water, look for Bocasit or Tokmem and catch with
their bare hands. There was o information on fish in this area, but many [ishponds
breeding Tilapia exist nearby or in the sand dunes.

(6)  Threatened, Endangered or Rare Species of Plants

Aquatic fauna noted in Daorao Creek were Tilapia, Carp, Mudfish, Catfish, Eel,
Gurami, Freshwater Shrimp, Golden Snail (kuhol), Black Snail, Bocasit (snail),
Tokmem {clam), Frog, etc. The water quality of the Daorao creek is polluted due to
the wastewater entry from the urban area and agricultural waste. The poliution of the
creek may nol have reached the critical level as habitat for the above listed aquatic
fauna. The suspended and dissolved solids and mlrogen will act as nutrients for these :
fauna.

~ Based on the survey and on secondary informalion, no threatened, endangered or rare
species of aquatic fauna were identified in the Daorao-Tupec Creek System.

7.2 Future Environmental Conditions without the Project

It is essential lo weigh the project's benefits against its impacts, comparing the future
condition without the projéct against the condition where the project is implemented. Hence

- the future environmental conditions without the project are presented in this section.

Without the project, envnronmemal conditions would remain the same eYCCpl lhe followmg

. aspects. .
.. 7.2.1 . Hydrology of lhe Daorao Creek
" If the built- -up area of Laoag City is expanded to the farmlands without the project, drainage '
' condmons of the middle reaches of the creek, naniely, from the downstream of Tupec Creek

© to the Vira Bndge of Daorao Creek including the confluent tributaries, would worsen by the
' con-:enlrauon of flood discharge. Development of residential and commercial areas will

requlre heightening of lands, so that the storage capacity of farmlands will become less.

Water quahly of Daorao Creek as well as the San lsulro Creek, D‘vﬂ and DM2 will
déteriorate further due to the use of moré delergems and edlblc oif following the uplift of
citizens’ life, This problem is not directly related with the pro;ect ‘but should be con51dered '
in future for the conservation of human life. C ; ‘

7.22 Vegetation and Aquatic Fauna

Wegetation covering the project site is likely to remain the same without the proposed
drainage improvement project. Aquatic fauna will also remain the same as thc existing

_ conditions, unless water pollution is otherwise accelerated.

- 7.2.3 © Land and Resources Use
The expansion of the built-up area would bé slow The annual 1mpact of ﬂoodmg Wl" sull _

restrict the development of the urban area.

724  Socio-economlc Aspects

Without any major socio-economic mpul into the area, the present socio-economic condition

is expected lo change slowly. The development of the urban area in accordance with the land
use plan of Laoag City would be restricted or disturbed by the annual impact of flooding.
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13 Environmental Impact Assessment
731  General

‘The potential impacts of the proposed project to the environment during the construction and
operation phases were predicted and assessed. The construction phase will include channel
excavation, earth filling and the construction of revetment, bridge, culvert, etc. These
structures are all refatively small earthfaggregate/concrete structures along the riverbanks or
within the riverbeds, On the other hand, the operation phase will be the use of these passive
slructures.

- Identification of the potential environmental impacts was done by evaluating the projéct’s
features and operations against the known list of potential impacts 1dent|f1ed by various
sources for this type of project.

The above prediction and assessment presents the effects of the unmitigated 1mpacls The
necessary measures to reduce or eliminate the impacts are proposed in ihe environmenlal
-management plan, :

732 Prediction and Assessment of Tmpacts

Construction Phase Impacts

" The identified potential impacts during the construction phase are water pollution, air

- pollution, noise generalion, soil erosion, fish and wildlife disturbance, vegetation loss, land
- acquisition/house relocation, loss of archacological/historical assets, traffic dlsturbance and
local 1abor employment. Most of these impacts are shorl-term in nature.

(1)  Water Pollution

The existing average water qualily during- dry season in the Daorao Creek is
¢stimated, baséd on the tests conducled in thé course of lhe FeaSibllliy Study, as
o Shown below.

Waler Quality Parameler. .. Daorao Creek
- pH P Y X
- Conductivity o . 162
Total Phosphorus (mg/l) - 0.28
-'BOD(mgﬂ) ' o L8
" Total Dissolved Solids (mg/l) S 287
Total Suspended Solids (mg/) 32
Nitrate (NO*) (mg/) 098
Oil and Grease (mg/) 26
- Dissolved Oxygen (mgh) 59
Coliforms (MPN/100 ml) 260

Note ;- Watér quality except for Coliform was observed in
© Feb.-Mar. 1997. Coliform was observed in Jupe 1997.

“Thé channel dredging and wndemng would be the source of water pollution. Abom '

98,000 m’. of soil will be excavated in the Utgent Urban Drainage Improvement. The

‘dredging and widening will be done underwater. This means the watec flows of these

creeks are mixed with some soil. Suspended soils in the flow will be carried to the

- dowiistream’ of crecks. Turbidity of flow may increase and continue to about 4 'to

~§ km downstream during the period of dredging and widening works. The suspended

" soils, however, will soon be deposited at the stagnated points of flow. The impact to

" the habilat of fish is moderate due to the absence of toxic and hazardous material in
the soil and water.
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Air Pollution

Air pollution would come from the use of heavy construction equipment and dust
generation activities. However, this will be minimal since the mimber of heavy
construction equipment is limited. On the other hand, unpleasant smell would also

come from the excavated soils, if excavaled material is wet and contain much
decomposed brganic material,

Noise Generation

Operation of various construction equipment will be the major source of noise during
construction works. This noise would be felt by the public especially in the
residential areas. The operation of the construction eqmpment would be shifting daily
and the hummber of construction equipnient to be used is limited, so that the nuisance
will be very short-lived and, therefore, minimal.

Soil Erosion

“Soil erosion might occur due to various earth-moving activities. However, this

erosion is considered small since the clearing of sites of vegetation is limited.
Fish and Wildlife Disturbance

Doring the excavation and revetment works of the creeks, habitat éircumstances of
the fishes and other aquatic fauna living in the area will be completely destroyed.
Most fishes can take refuge in other areas bul some aquatic fauna such as golden
snail will be killed. Considering that the actval population of these fauna is low and

- they are categorized in the non-threatened fauna, the impact to the life of fishes and

other aquatic fauna would be negligible,

 Further, inland fishery production in the Daotao Creek is very low and it is limited to
~ the downstream reaches. The existing fish species are Tllapza Catfish, Mudfish, Eel
~ and Gurami, all of which are not threatened endangered or fare species.

-~ No w:ldhfe has been identified in the project sites.

' Dunng construction, a small number of fishes in the downstream may be al’fected by

- the suspended solids in the flow caused by the construction tail-water. However, this
~ impact is expected to be only during the construciion penod and normai condition
"will bé restored after construction. : -

‘ Vegelauon Loss

“There are some bushes and small trees along the banks of lhc Creek.-Water hyacinth

and other floating vegetation are ideatified within' the creek. No threatened,

~endangered or rare species of plant and vegetation are identified ameong them. No
- significant negative impacls are expecled in terms of vegetatlon cover since the

clearing of vegclauon is small,
Land Acquisition and House Relocation

The reqmted land acqunsmon and house relocation for the pro;ect an. csumated as
follows. . : :

ftem . Quantity

Land Acquisition {ha) ' 271
Farmiand/Open Space (ha) 290
Residential Land (ha) 00

House Relocation {No.) _none
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- The envnronmcnlal :mpacls of the pro;ccl. dunng the constmctron phase are summanzed in .

These land acquisitions are considered small compared to the beneficial land aiea of
the project.

Loss of Archaeological and Historical Assets

No stone age remains have been found in locos Norte, Some Chinese historical

- properties in Tang, Sun, Yuan and Ming ages have been found along the coastal

areas. However, no historical site in the project asea is registered in the National
Historical Instilute.

Traffic Disturbance

Traffic disturbance would come from the transportation of excavated soils. However,
the impact on traffic is considered negligible, since the existing traffic votume in the
project area and soil transportation volume are small.

Local Labor Improventenl

The project creates opporlunitics of temporary jobs during the construction penod
The requirement of temporary laborers during the 2-year construction period is
estimated as follows.

- Kind of Laborer Labor Force (man-day)

Skilled Laborer 13,000
- Unskilled Laborer 52,000
" Total 65,000

. Besides these lemporary workess, a lot of support services for the constaiction works
~will be required in the project area. These support services will create anolher job
: oppor(umly .

’Fable A2

Operation Phase Impacts

~The ldenl;ﬁed potenual 1mpacls during the operahon phase are described below

o

@

1)

H)drologlcal and River Vlorphologmal Changes o
The project will not cause hydrologlcal and river morphological changes.

Water Pollution, Air Poilution and Noise

- The project will not generate waler pollution loads air pollution loads and noise

during the operation phase

. Geuloglcal Destruction

 No geological destruction is expecled dunng Ihe operauon phase since the pr0posed
* structures are small

@
(2) Lossof Wildlife Habitat

Ecological loss and Disturbance :

There is no wildlife habitat in !he project area.
(b) . Dlsrupuon of Fish Spawning Grounds

The concrele lining of the riverbanks may reduce the spawning grounds
- of fish. However, the revetment works are limited to the San Isidro
Creck (a tributary of Daorao Creck) whete no fish has been identified.
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{5) Aesthetic Impairment
{a) Aesthetic Impairment of Landscape

The proposed structures will not impair the landscape since they are
small in size.

{b)  Visual inpairment of Historical and Cultural Resources
There arc no historical and cullural resources in the projecl area,
(6) Loss of Natural Resources Use
(a)  Loss of Fishing Area
There is no fishing arca around the proposed structure sites.
~(b)  Impairment of Navigation
There are no navigation activities in the project area.
()  Damage to Economically Vatuable Natural Resources

The project will not cause damage to the other economically valuable
natural resources. -

(7) : Socio-economic Impacl
(a) " Reducllon of Economic Loss

| “The p[OjCCl will reduce the emstmg flood damage on house buildings,
~ household cffects, commetcial and mduslnal properlies, physical and
social mfrastruclures ‘etc.

-(b)  Reduction of Heath Risk -

" Floodwater carries foilet wastes, garbage and mud to the houses every
flood time. Waterborne discases frequently break out from these
deposits: The project will reduce such health risk,

: (c) - Increase of Available Residential Land

Accordmg to the land use plan of the City, the residential area expansion

' is expected on the north of the existing built-up areas. However, this arca
is subject to flooding of the Daorao Creck at presenl. The project will
enhance the residential land development.

" The environmental impacts of the project durmg the Operauon phase ar¢ also summarized in
Table A2
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Table A.1.1(3) Inventory of Major Assets in Laoag Cilj'

. i{B) National Roads, Provincial / City Roads and Barangay Roads

(Guerrero Stevet

ROADS Road (km)
Concrete Asphalt | AsphalvConcrete Gravel
NATIONAL ROADS
Manila Nodh Road 53717
Laoag-Airport Road 6.900
Laoag-Sarrat Road - 4.470
Lacag-Paoay-Balacad Road AT
Bonifacie-Ablan-Castro Street : 2.347
Bonifacio-Catipolapo-T.Pasien Read © 235}
Laoag-Cadre Road : 1.168
Los Martirez De [a Patria 0.288 o
Sub Total of National Roads 9.541 9.169 "~ 13.762
' [PROVINCIAL & CITY ROADS _ ' _
San Mateo - Lataag Bacsil Road L1050 - 3565
Laoag-Salet-Pasaqui-Vintar Road T 0.350 1.898
Laoag-Ganagan Road 0.415 2,749
Laoag-Darayday Read 2964
Laoag-Caaoacan Road - 7.000 1.340
Laoag-Vintar Road 4270 0.240
Lacag-Navetas Road 0.650 0.100 2.109
[Lacag-Vintar-Sarral Road 0.150 3385
Laocag-Vira Road ) 0410 1.596
Prov'l. High Sch.-Vira Road 0.600 y 3331
" |Laoag-La Paz Road © 5450 2164 1.742
Barit Reservoir Road ; 0.200 - 0.834
Cavit-Gabu Norte Road - C1.482 C T032
Pila-Dibua Norte Road .10 Lo - 2400
Navotas-Calaban Road 0375 0.100 1025
Cataban-Masayad Road T 0.250 ‘ : 275
Siazon-Agustin Road ©0.375 o . 2825
Abadilla Steeet . - 0350 . G133 . 0.245
Dan Mauricio Castro Avenue 0083 - 0418 S
Alma_zén Stréct : : : . : 0.380
A. Mabini Street 1.933: :
Ambaristo Street . 0.770
A. Novales Street 0.250 _ 0.272
Andrés Castso Street 0490 [ 044 0.238
Anacleto Del Rosario Steeet - 0.495 .
A. Bonifacio Street - 0319 .
A. Regidor Stzet 0.166 0.222
$ De Agosto 1912 Street 0.200 0170 -
Bagumbayan Streel 1614 . 0450 - :
- |Balintawak Stecat 0373 1.035 -
Gov. Ablan Avenue - 0.246
Biaknabato Streel 0.440 0220
Bilas Cid Street 160 . _ :
Claro Caluya Street 0.012 0134 0.694
Dicgo Sitang Steeet 0.100 = 0.6
Dandan Street 0318 o
Evangelista Street #2 0.123 o 0.422:
Cvangelista Street #1 : 062 T 028 -
Emitio Jacinto Street 0.360 : - 0427
Francisco Rivera Strect ' 0.797
F.Roxas Steeet 0.050
Evangelista Street : ; 0.160
Don Eleutecio Ruiz Strect 0.255 0.329 0.016
Gov. Villanugva Steeet 0183 0.078 0.257
F. Calderon Steeei 0.170 0.376
Gea. Malvar Street 0.1%0 0.636
0.100 0.310
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Table A.1.1(4) Inventory of Major Assets in Laoag City
(B) National Roads, Provinciat/ City Roads and Barangay Roads

ROADS Road (km)

_ Concrete Asphalt Asphalt/'Concrete Gravel
Gen. G. Det Pitar Steeet 0823
Gen. Antonio Luna Street 2.740 0.600
Hernando Streat 0.105 0700
Herrera Street 0.491
Jose Zuluera Street 0.100 0.260
Jose M. Basa Street 0.316 014
Jose Palma Street 0.091 : : 0.140
Juan Luna Street 2.150 0.340
Katipunan Steeet 0.290 : - 0.547
Lincoln Street 0.621
Legaspi Street _ : 0.586
Lopez Jacna Si. (Tupas Ave.) C 0176 0.063 0332 -
Lampitot Street - _ 0315 0.345

|Listo sweet : 0.090 0.100 -
Magallanes Street ' _ . ' : 0.496
Norayta Street. _ 0.60 ' 0.441
Marina Dizon Street 0.052 0228 .
P. Matias Castro Street 0.120 0.30t
Manuel Nolaseo Street 0.263 0.603 : ‘ . 0698
Gen Hizon Streat " 0.917 © 1306 .
;M. Bitanga Street SO T : : - 0.249

CIMLHL Del Pilar Street : CR723 , o
A.P. Santos Street 0315 h | 0605
Mckinley Steeet B N7 I 0.200 : ‘ S

[N Adriano Street : ' _ 0.300 :
Natalia Del Castillo Street - ' : : C 0465 : oy
O. Franco Street - S _ ' 0220 - |-
Prieto Street ' S : ‘ 0481
Don Vicente Llanés Avenue 0520 0332 | ' 1132

" |pon Severo Hemnando Street -+ 103 | : - 0955 -
Paco Roman Streel - 0.347 0.534 _ bl 0400
Prosceitos Do Guam Street AR - 0080 .
P. Zamorta Strect (Gomburza) 0.882 - 1.630 : '
Gov. P. Lazaro Aveaus P : o 1:258 o '
Rajah Matanda Sweet .~ 1 oS | ; ‘ 0.436
R. Hidalgo Street o 0664 0.116 : o
Salcedo Stréet o D 0.501
Solidaridad Street ' L S 0.586
Soriano Steeet L : _ 0.360
Salvador Sirect : ' - : : 0.130
Vatentin Lagasea Strect B - 0481 0224 _ _ 169)
D). Samoate Strect S o) 2350 ' L
Pasion Avenue (1913 St) ' ) ron ‘ 1202
4D Abrl 1908 Street . . [ ‘ S 0691
Teodora Alonzo Strect ¢ . T 0210 - : ‘0.430 . :
Zacarias Flores Streat. : - 0415 0.255 . - 0498 : @ '
Lakandula Street : ‘ B a 0.220
Soliman Street S . Eei ‘ _ . 0.506
Torfes Bugalton Strect - g : 0.020
Herbosa Street : : - : 0.320
Magat Salamat Strect o : ' ' 0.2%
M. Gomez Streel 0.870 0.400 0.330

~ |Gov. Sotano Street - 0.200
Prov'l. Capitol Read 0.100 :
Sub Total of Proviacial & City Roads 47.542 2031 0.000 60.504
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Table ‘A.L.I(3) Inventory of Major Asscts in Laoag City

{B) National Roads, Provincial / City Roads and Barangay Roads

ROADS Road (km)

Concrete Asphalt AsphaltConciele Gravel
BARANGAY ROADS .
30 - B Santa Maria 0.520 £0.88
30 A Suyo 0.345 - 2.0%0
31 Talingaan - 0.835 - © 3015
52 - B Lataag 0.830 - © 3.000
52 - A San Mateo 0.325 - ©0.825 -
53 Rioeng 0.635 - - 4535
54 - B Camangaan 0.325 - 2871
54 - A Lagui-Sail 1375 - 7.161
$5 - A Barit-Pandan 0.585 - 0.8340 5223

"155 - B Salet-Bulangon 0.675 - 13255
55-C Vira 0.385 - : 5.465
57 Pita 1.535 - C7A3S
58 Casili 0.683 - L4605 |
59-B Dibua North 1.250 P 4.00
59-A Dibua South 1.815 - 4455
60-A Cazoacan 1.250 - S 3675
60-B Maditadig 1.035 - 3185
61 Cataban 0.365 - - 1335
62-A Navotas North L0738 . 2285
62-B Navotas South T0.545 - © 2125
32-C LaPaz East S - Co.
32-B La Paz West ¢ 2.300 - .

" 132-A La Paz East 1.470 - .
33-B La Paz Proper 1.220 - -1.220
33-A La Paz Proper 1.630 . 1.680

- |34-B Gabu Norte East - L 2.545 0495

- {34:A'Gabu Norte- West 2115 . 0.736
35 Gabu Sur : 2.235 - 3215
36 Asaniw 1.635 - 13915

- |37 Calayab 3.675 - 11.700
38-A Mangato East 0.865 . - 1165
18-B Mangato West 1035 . 4.163
39 Santa Rosa L2145 4.005

" [40 Batatong 2,580 5.01%
41 Balacad 3.250 - 14.228.
42 Apaya 0,840 - 45117
43 Cavit 0.565 - 3635
44 Zamboanga 0.765 - 6310
43 Tangid 0.635 - 2.340
46 Nalbo 0.445 7.551
47 Bengrag _ 0383 - 6.065
48-A Cabungaan Nornth " 0.480 - 9.02
48-B Cabungaan South 0.535 - 8.139

 [49-A Darayday 0425 - 2325
49-B Raraburan = 0.475 23535
50 Buitong o 0.750 - 19
$1-A Nongalisan East 9.615 - 1.835
51-B Nangalisan West 0.833 . 3.965:
56-A Bascil North - 0.860 339
56-B Bacsil South 0.735 - 4.285:
Sub Total of Barangay Roads 54.175 0.840 - 0.000 221.387
Total of National/Provincial/City Roads :
and Barangay Roads 111.258 30380 13.762 281.391

" Grand Total

437.291 Km
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Table A.1.2 Future Land Use Plan ofth;z Daorao-Tupec Creek Basin

\ EXISTING LAND  USE

8
2

g Future Land
§ Use
P, Totat

Tree Area
Orchard
Sang Dune

Residential
Area
Grass Land
Paddy
Ficl
Upland
Crops

PLAN

Residential Atea ) yaogr asal a2l ear pnsio 93t ool oo 5943

Theedeea 1 NN SURUNN NUNCRNES NUPRUPUE DUNIAE SO B AE:

Orchard Area

USE

s I SO : ‘ 19.2

Grass Land 30.7 30.7

Paddy Field

LAS' D

PooL7934 1,793.4

Uptand Crops o 2221

Send Dune NELE: O RN LY.

FUT URE

River Bed ° 324 124

Existing Land Use

T Total 1308l 74l 204l 36| 10248] 2314 s3] 324] 18900
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Table A.2.1 Flood Carrying Capacitics of Rivers

(1) Daorao-Tupec Creek (2) San Isidro Creek
[ Flood Carrying _ Flood Catrying
Location Capacity (m’s) - Location Capacity (m/s)
Lefi Bank | Right Bank Leit Bank | Right Bank
0.00 123 874 . 1 0.00 29 49
0.50 46 72 -0.20 138 138
1.60 91 28 . : 0.25 24 .61
1.50 15 33 037 37 53
2.00 18 21 : 0.50 26 - 66
2.40 114 114 _ 0.58 16 14
2.50 38 37 ' 0.75 5 6
3.00 65 42 - © 0.8l 6 6
3.50 59 46 0.87 5 5
400 . 50 49 : 1.00 2 2
4.50 58 46 - 1.09 2 2
5.00 - 112 66 1.19 3 3
530 273 273 1.48 3 3
5.50 1 50
- 6.00 40 35
6.50 44 52
- 6.68 - 60 60
- 7.00 55 32
7.50 35 34
© 800 123 . 123
g2s |25 - 21
- 8.50 98 30
875 . 19 66
9.00 25 36 -
9.25 5] 20
935 100 100 -
- 950 . - 100 - 23
975 ¢ 73 19
985 26 24
11000 - - 6 | - 69 .
1025 38 P30
10.50 38 27
10.75 . 38 40
10,97 " 88 88
1150 . 22 22
12.00 . 23 22
1250 | 27 36
13.00° 4
1330 18 s
1343 .25 p. 25 .
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Table A.3.2 Flood Damage Value by Typhoon Gloring 1996

Arca T Market Value No.
Facility {Pesnsilnit)

Damage Rate

Damage Valve
(1000 Pesos)

1. CITY PROPERT

a. Residential Housing Unit*3 146,600 520
Household Effects 39,000 520
b. Commercial¥industrial Depreciable Assets*4 453,000 42
_ Inventary Stock 213.000 12
c.” Hospital/Health Facilitics Depreciable Assets? S 680.000 2
_ Inventory Stock 612,000 2
d.” Educational Facilities Depreciable Assets?6 569,000 7
Taventory Stock 255,000 7
e. Agriculture .
f." Fisherics
g. Livestork & Pouliry
2. 'CITY PROPER U
a. Residealial Housing Unit*3 146,000 295
Houschold Effecis 39.000 895
b. Commercial/Industrial Depreciable Assets*4 453,000 251
. ) “Inventory Stock 214,000 251
¢.  Hospital/Heakh Facililies Depreciable Assets®5 680000 ¢ 0 3
Inventory Stock © 612,000 3
" 4. Educational Facilities Depeeciable Assets*6 569,000 2%
: Invéntory Stock - 255.000 26
© e Agriculture . S
f. Fisheries
g. Livestock & Poultry
© 3. CITY PROPER It
a. Resideatial Housing Unit*3 146000 3
) Houscho!d Effects . 39.000 88
b. Comineccial/Tndusirial Depreciable Assets*d - 453,000 4
BRI {mventory Stock . 214,000 4
¢. Haospital/Health Facitities Depraciable Assets?s . 630,000 . I
S Inventory Stock 612,000 |
d. Educational Fatilities Depiecisble Assels*s © 569,000 . |
. : Inventory Stock 255,000 : 1
e Agriculiere ' o
. [ Fisheries .
2. Livéstock & Poultry
1. RURAL AREA : _
a. Residential Housing Unit*? 13,000 545
_ Haousehold Effects 39,000 545
b. CommerciallIndustrial Depreciable Assets*d 453,000 2
o : Inventory Stock. 214,000 -2
. HospitaVltealth Facifitics Depreciable Assets*s ¢ 680,000 © 3
: o Inventory Stock - 612,000 T3
“d. - Educational Facilities . Depreciable Assets*6 569,000 - 8
: ' : ~ Inventory Stock ;255000 8

e Agriculture -
Fisheries -
g. Livestock & Poultry

]

0.015
0.000
0.180
0127
0.130
0127
~0.180
0127

0.015
0.000
0.180
0.127
0.180
0.127
0.180
0.127

0.015
0.000
0.180
0.127
0.180
0.127
- 0.180

0127 -

0.015
0.Q00
0.180
6127
0.180
0.127
- 0.180
0.127

1.139
0
325
141
245
153
7
227

t

9

0
1039

1,560
0
20,467
6.822
" 367
233
2.663
B 1%
B
0

0
33354

597

163

54
367
D233
S 11
Lo159
o351

19
2863

Source: NSO; Leoag City Assessor’s Office
MNote: *1 Unit values of facilities are based on values assessed by the city assesor.

*2 Values aré converted through pirce index of 1.11 betwezn 1995 and April 1997, and 1.02 between 1996 and April F997.

3 Weighted average of P113,885 in 1995 was reassessed to P126,000 applying the index L11.
4 Weighted average of PA03,584 in 1995 was reassessed to P448,000 applying the index L1L.
5 Weighted average of P412,364 in 1995 was reassessed to P680,000 applying the ndex 111
*6 Weighied average of P512,273 in 1995 was reassessed (o P369,000 applying the index 1.11.
7 Weighted average of P66,214 in 1995 was reassessed to P73,000 applying the index 111,
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Table A.4.2 Parameter of Basin for Runoff Model

1438.0 .

A-33

1897.8

Area " Land Use (ha) Roughness] Slope :
Sub-basin|  (ha) Residential Hill Farm | Coeflicient { k K-
High Low N

{ CA:1 947.0° 0.0 58.6 258.7 629.7 1.42 0.0048 6.1 26.2

2 CA-2 491.0 090 63.5 2302 203.3 0.97 0.0063 4.5 16.5

. 3 CA-3 336.0 00 | 2.2 166.0 145.8 1.04 00111 39 | 130
- 4 CA-4 83.0 30.4 456 | 40 30 0.15 00013 | 247 5.7 .

5 CA-5 159.0 783 | 1175 . 32 0.0 | 0.08 0.0014 16 4.7
6 CA-6 160.0 .55 171 36.7 100.1 1.33 0,0026 7.1 199

7 CA-7 2880 00 | 100 116.7 613" 1.25 0.0021 P13 23.5

- 8 CA-8 357.0° 420 - 31.6 +.33.6 249.8 144 00029 | = 72 244
9 CA-9 £04.0 - 00 "29.2 3189 2559 1.01 - 0,0014 1.2 27.7

10 1 CA-l0 408.0 00 |0 22 L2400 | 1459 0.90 00015 6.6 - 23.1

-~ Total - 38790 | 2433 3299 : :
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Table A.d4 (1) Estimated Cost of Master Plan

Work tems Unit Unit Cost | Quantity Amount
N : {Pesos) {1000 Pesas)
I. Construction Cost 135653
}.1 Preparatory Works (10% of 1 2 and 1.3) 12,332
1.2 Maia Works 12,110
{1) Earth work }9.609
Excavation m3 1183 158,746 18,256
Embankment/Filling m3 85 15,919 1,353
{2} Revetment Work (L=5,050 m) 41,291
Revetment Type RA
Gravel m3 510 6,214 3,169
Top Concrele m3 2,500 504 1,260
Bass Concrete m3 3.500 - 1,316 4,606
Wei Masonry. m3 1,950 1351 14,346
: " {Sub-total 23,381
Gabion Mattress m3 1,300 1,569 2,040
Revetment Type RB . i
Gravel m3 510 3457 1,763
Top&backfifl Concrete m3 2,500 2,012 5.030
Base Concrete m3 3,500 562 1,967
Wet Masonry m3 . 1,959 3,646 7110
Sub-toial 15,870
(3) Bridge and Culvert Work 40,625
Bridge R _ : 36,501
Brt (W=5m,L=39.5m) 2 250000 - 237 5925
Br2 (W=5m,L=38.2m) - m2 L 28000 229 16,412
Br3 (W=8.5m 1=29.Tm) : m? 28,000 L7 . 1,056
Bed (\?-'=?m,L=24.5m) L m2 . 28,000 98 “2,744
Br5 {(w=7.5m,L=23.3m) T m2 28,000 L 135 . 4,900
Beé (w=9.0mL=24.8m} ml_ . 28,000 248 6,94
Removal of Exis!ing Bridge m} 3,000 - 8B40 . 2,520
Box Culvect ‘ . o o : 4.’24
T Boxi (502860 s o 282,000 1 D282
. Box2{5.2°2.7%30.0) pos | 1,431,000 ] D143
| Bod3 (5.1°2647.0) pes- (| 328000 i 38
| Boxd (3.0%2.5925.0) Tpes. 1| 1,144,000 Al L4
‘BoxS (3.002.5410.0) pes | 458,000 1 1458
- Box6(4.0%23%1.0) ) . fusl F 286,006 1 286
. © . Removal of Existing Box Culvert m3: £3.000 61 192
(4) Othess P 110,585
 Waste Water Intercéptor . ' 5015
RC Pipz 0.6m m' 1,900 1,760 3,230
RC Pip2 0.8m m 2,100 850 © 1,785
Shuice pes 250,000 | 250
Drop peos 220,000 1 220
Mouth Opening N 5,100 '
Backhoe (0.6m3) pes - 2,200,000 B 2,200
: - Bulldozar {15) s § 2,900,000 o1 2,900] -
1.3 Miscellaneous Works {10% of 1.2) - N 1211
Ik, Compensation Cast © ' ' 12,050]
2.1 Land Acquisition , : : 11,600
Farm Open Space © ha 1,700,000 55 9,350
" Residential A.rea_ “ha 15,000,000 015 : 2,250
2 2 House Resetilement houses 150,000 3 © 450
1. Admiinisteation Cost (3% of 1 and 11) 4,031
IV. Enginecring Senice Cost (16% of 1) 2,104]
Total of 1, 11, ik and IV 173,838
V. Physical Contingeacy (F0% of |, 15, 1 and 1V) 17,383
Grand Total 191,222
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Table A.4.4(2) Estimated Cost of Master Plan
(Breakdown of Construction Cost)

Work Items Unit Unit Cost Quantily Amaount
(Pesos) | (1000 Pesos)
1. Dzorao Creek
{11 DA-9.00~DA-9.69 16408
Excavation m3 1M 28428 3.269
Bridge
Bri (W=5m,L=32.5m) m2 25,000 237 5.925
Br2 (W=3m,L=38.2m) m2 28,000 229 6412
Sub-total 12,357
Removal of Existing Bridge '
Bri {(W=5m.L=3935m) | w3 3,000 130 C 390
Be2 (W=3m,L315m) - m3 3,000 : 135 405
: " Sub-total 193
(2) DA-9.85-DA-10.80 . ) : 23,550
Excavation m3 HS o 46,634 5363
Fmbankment/Filling m3 85 12.551 1,067
: ’ : - Sub-total 6,430
Revetment Type RA _ ‘
Gravel : m3 510 2.279 1162
Top Concrete ¢ m3 2,500 N 178
Base Concrete ’ m3 3,500 198 1.243
Wet Masonry m3 1,959 2,608 3086
: . : Sub-total - 8469
. Gabion Mattress Co| T m3: 1,300 591 172
“Bridge " Bi6 (w=9.6m L=218m) | © m2 . 28,000 Y SR LYY
Removal of Existing Bridge ' . : o . :
: S : Brb (W=9.0m,L=155mj | --- m3 3,000 CU3s] 975
© 2. San lsideo Creek o
© () SA-0.00-5A-093 - R I Y 38,102
: : Excavation N : ml 115 . 54,246 Y %31
! EmbankmentFilling : m3 : 85| - 2,728 1232
_ , SR Lo : ‘Sub-total] 6,470
Revetment Type RA . S s . S _
' " Gravel _ m3 : S10fp 0 3935 2,007
* Top Concrete " m3 S 2,500 313 1785
© Base Concrete - m3 3,500 S BIg ' 2,863
Wet Masonry m3 1,950 R 2 1 9,261
: N - Sub-total 14,914
Gabion Mattress o ‘m3 | 1,300 - 975 - 1,268
" Bridge . L :
- © Br3 (W=8.5m,L=2%.7Tm} m2 28,000 252 1056
-~ Brd (w=2m,L=24.5m}) m2 28,000 : 98 2,714
© Br5 (Ws7.5m,L=23 3m} m2 - 28000 - . - 1% 4,900
: . . ) . . Sub-totalf 14,700
" Removal of Existing Bridge i . : : :
Br3 (W=8 5m,L=12.5m) m3 ST 3000 2500 . 690
_ ©BrS (W=7.5m,L=25m} | m3 3,000 R {1 40
& o - : © Sub-total 7350
3. Drainage Main _ ‘
{1 DML DM1-0.00-DM1-0.14 ' : : - . 2,161
Excavation o " m3 B 1] RN K3 C360
Filling S ml- B 1] 182 24
| : : Sub-tetal SO
Revetment RB : )
Gravel m} 310 355 151
Top&backhill Concrete ml - 2,500 379 948
Base Concrele ml 3,500 6l 2H
Wet Masonry m} 1,950 367 216
Sub-tolal 2.059
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Table A.44(3) Estimated Cost of Master Plan

{Breakdown of Construction Cost)

Work [ter;ls Unit Unit Cosi Quantity Amount
~ {Pesos) {1000 Pesos)
Boxi (3.0°2.8%6.0)
Base gravel m3 510 7.08 4
Base Concrete m3 2,500 3.54 9
Reinforced Concrele m3 5,800 16,44 269
: Sub-total 282
Removal of Existing Box1 m3 3,000 i2 36
(2) DAMZ: DM2-0.000~-DM2-0.44 9,202
Excavation m3 115 7,533 866
Filting m3 - 85 358 30
: Sub-total 896
Reveiment RB . .
Gravel m3 5K 1,072 547
Top&backhil Concrete il © 2,500 5835 1,458
Basis concrele m3 3,500 193 675
Wet Masonry m3 1,950 1.0%95 2,135
: ' : Sub-total 4,316
Box 2(5.2°2.71°30.0) )
Base gravel m3 510 3660 19
Base Concrete m3’ 2,500 18.30 15
Reinforced Concrete - m3 5,800 236.10 1,369
’ - : - Sub-totat 1434
Removal of Existing Box2 . m3 : 3,000 3 24
- Box 3(5.1*2.6*7.0) : _ '
: Base gravel m3 510 8.40 4
Base Concreie m} 2,500 +4.20 1
Reinforced Concrete m3 5,800] - 33.90 33
o Sub-tofal 328
 Remaoval of Existing Box3 ‘m3 3,000 K 2
© Box 4(5.0425425.0) : i _ N
Base gravel fm3 11 29.56 b
- Base Concrete . im3 - 2,500 14.75 - 37
- Reinforced Concrate’ ‘' m3 5,800 188.25 1,092
' ! - Sub-total 1144
Remaval of Existiog Boxd ‘w3 3,000 10 30
Box$ (5.042.5°10.0) . ‘ :
‘ Base gravel @3 SO © L8 6
Base Concrete ) m3 2,50¢ $.94 [}
" Reinforced Concrete " m3 5,800 75.30 437
: -~ Sub-total 458
Removal of Existing BoxS w3 3,000 16 Et
(35 DM3-0.00~DM3-0.70 - ' 11,242
Excavation m3 s 16,722| 1,99
" Revetnent RB - T - ) :
CGravel - o ] Tmd 510 2.030 1,035
. Top&bockfitl Concrete |- m3: P 2,500 1.050 . 2,625
Bas2 Concrete mi - ¢ 3,500 108 1,078
! Wet Masonry ‘m}. 1,950 2,184 4,259
_ . L Sub-twotal 8,997
Box Culvest :
© Box 6(4.0°2.5*6.0) _
Base gravel © m3 510 6.85 3
Base Concrete m3 2.500 143 9
Reinforced Concrete m3 5,800 4718 274
Sub-total 285
Removal of Existing Box6 m3 3.000 10 30

A-57



Table AS.1 (1)  Estimated Cost of Urgent Plan

Work Jtems Cnit Unit Cost Quantity Amount
(Peson) {1000 Pesos) |
1. Construction Cost 35,020
1.1 Prepartory Works (10% of 1.2 and 1.3) 2,820
1.2 Masin Works 71,091
(1) Earth werk 11,893
Excavation m3 ns| . onsa 1,218
Filling m3 "85 7970 577
(2) Revetment Work (L=2,300 m) 16,473
Revetment Type RA :
Gravel m3 510 T 2381 1,214
Top Corerele m3 2,500 20% 513
Bas¢ Concrele m3 3,500 536 1,876
Wet Masonry ml 1,950 2,619 5,166
Sub-total 8,769
Gabion Matiress 3 1,300 639 831
Revelment Type RB . : '
Gravel md 510 1427 3]
Top&backfill Concrele m} 2,500 962 ¢ 2,905
Base Concrete =3 3,500 254 . 889
Wet Masonry ml 1,950 1,462 © 2,85
: Sub-toial 6,373
(3) Bridge and Culvert Work 32,390
Bridge . . 28,582
Bt (We5mL=39.5m) m2 . 25,000 2T " 5,925
- B2 (W=SmL=38 201} - m? 28,000 229 " 6,412
- B3 (W=8.3m,L=29.7c) - m2 28,000 252 7,056
Bed (w=2m,L=24 $m} w2 28,000 | 9% 274
BrS (w=7.5m,L=23,3m) ™2 28,000 175 ©3,900
Removal of Existing Bridge - o} 3,000( 515 11,545
Box Colvert _. 3,808
Boxi (5.6°2.376.0) s’ 282,000 1 282
Box2 (5.242.7430.0) s 1,434,000 1 1434
Box3 (5.142.6+7.0) pes 328,000 1 328
 Box#{5.0%2.5%25.0) pos L L4009 1 1,11
Box5 (5.0°2.5¢10.0) , - - pes 452,000 1 453
1 " Removal of Existing Box Culvert m3 3,000 54 162
(4} Others ' 10,335
Waste Water Interceplor - : . 5,015 '
. RC Pipe 0.6m ' ™ 1,500 1,700 13,230
RC Pipe 0.8m m 2,100 850 1,785/
Drop pes 220,000 o 220
Meuth Opering : S 5,100
Backhoe (0.6m3) pes 2,200,000 1 2,200
Bulldozer (151) pes 2,900,000 1 2,900
1.3 Misceltanequs Wocks (1035 0F 1.2) AL
s [ Compensation Cost 4,740
2.1 Land Acquisition . 3740
Farm/Open Space ha 1,700,000 27 4,530
_ Residential Area ha 15,000,000 6.01 150
2.2 House Resettlement bouses | 150,000 o 0
1. Administrstion Cost (3% of 1 and 11) 275
IV. Engincering Service Cost (15% of 1) l.i’s,'_lﬁ
Total of |, 11, Ul and IV 107,246
V. Physical Centingency (10% of I, H, TI and 1V) 10,725
Grand Total S 117,971
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Table A.5.1(2) Estimated Cost of Urgent Plan
(Breakdown of Construction Cost)

8769

“Work ftems Unit UnitCost | Quantity Amount
(Pesos) (1000 Pesos)
l. Daorao Creck
{1) DA-9.00-DA-9.90 17,3187
Excavation m3 113 36,996 4,255
Bridge
Bri {W=5m,.=39.5m) m? 25,000 237 5,9_25
Br2 {W=35m,.=38.2m) m2 28,600 229 6,412
ﬁ Sub-total 12,337
Removal of Existing Bridge _ .
© Brl {(W=5m,L.=39.5m) 3 3,000 130 390
© B2 (W=5m,L=15m) m3 3,000 135 405
' Sub-tota} 795
2. San Isidro Créek
(1} SA-0.00-SA-0.36 1,953
Excavation m3 115 16,584 1,953
2) SA-OJB_-SA-DSS 29,454
Excavation m3 115 32,882 3,784
" Filting " m3 85 7,330} 623
Sub-total 4,404
-Revetment Type RA , : .
' Gravel : m3 516 2,381 1,214
Top Concrete “m3 2,500 - 208] 513
" Base Concrete m3 3,500 - 336 1,876]
Wet Masonry m3 | 1,950 . 2,649 “5,166]
o o L Sub-total]|
 Gabion Mallress w3 13600 39| 831
‘Bridge ' S P : o
. Br3 (W=8.5m,L=29.7m) 2 28,000 252 7,056
Brd (w=2m,L.=24.5m) . m2 28,000 - 984 2,744
815 (w=7.5m,L=23.3m) m2 28,000 Y 4,900
Sub-iotal i4,700
Removal of Existing Bridge s & o
Br3 {W=8.5m,L=125m) m3 3,600 230 © 690
- Brs{W=7.5m,L=2.5m) m3 3,000 o 20 .60
- S " Sub-totat - 730|
3 Draina_ge Main
(1) DM1: DM1-0.00-DMI-0.14 2,761
-~ Excavation - “m3 115 3,(33 360
Filting m3 85 282 24
Sub-total 384
Revetment Type RB
Gravel m3 510 355 81
Top&backlill Concrete m3 2,300 379 948
Base Concrete m3 3,500 6l 214
Wet Masonry ml 1,950 367 71_6
Sub-total 2,059,
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Table A:5.1(3) Estimated Cost of Urgent Plan
{Breakdown of Construction Cost)

Work ltems Unit Unit Cost “Quantity Amount
{Pesos) {1000 Pesos)
Box! {5.0*2.8%6.0)
Base gravel m3 510 7.08 -4
Base Concrete m3 2,500 3.54 9
Reinforced Conerele m3 5,800 46.44 269
Sub-total 282
Removal of Existing Boxl m3 3,000 12 36
(2) DM2: DM2-0.000~DM2-0.44 9,202
Excavation m3 115 © 7,533 866
Filling m3 85 358 - 30
. * . Sub-total 895
. Revetment Type RB '
Gravel . m3 510 1,072 547
Top&backfill Concrete m3 2,500 583 1,438
Basis concrete m3 3,500 193 676
Wet Masonry m3 1,950 - 1,095 2,135
- Sub-total 4816
Box Culvert : :
Box2 (5.2*2.7¥30.0) _ : 3
' Base gravel m3 510 . 36.60 19
~ Base Concrete ‘m3 2,500] - 18.30 46
Reinforced Concrete m3 5,800 236.10 1,369
I 2 Sub-total 1,434
Removal of Existing Box2 - m3 3,000 - 8 2!
* Box3 (5.1*2.6*7.0) : :
Base gravel ‘m3 : 510 - 840 4
‘Base Concrete m3 - 2,500 4.20 1
" Reinforced Concrete m3} - 5,800 - 53.90| 313
' ' S Sub-teta) 328
Removal of Existing Box3 - m3 © 3,000 8 24
Boxd (5.0%2.5%25.0)
© ‘Dase gravel m3 510 '29.50 15
- Base Congrete m3 2,500 14.75 37
" Reinforced Concrete m3 5,800 188.25| 1,092
‘Sub-total 1,144
Removal of Existing Box4 m3 3,000 10 30
-BoxS (5.0*2.5*10.0) , _ o
© Base gravel m3 510 180 6
Base Concrete " m3 . 2,500 590 15
Reinforced Concréte © 3 © 5,800 75.30} 437
| | Sub-total - 458]
Removal of Existing Box$ m3 3,000 16 48
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Table A.6.2 Flood Damage Value by 5-year Return Period Inundation

Arca Unit Value No. Damage Rate Damage Value

Facility (Pesos/Unit) {1009 Pesos)
1. Inundation Depth = Less than 0.5m
a. Residential Housing Unit*3 126,000 767 0.015 1,450
Houschold Effects - 38,000 767 0.000 0
b. Commercial/Industrial Depreciable Assets*4 448,000 214 0.180 17,257
Inventory Stock 210,000 214 0.127 - 5,707
c. Hospital/Hzalth Facilitie: Depreciable Assets*S 680,600 3 0.180 367
_ Inventory Stock 600,000 3 0.127 229
d. Pducational Facilities - Depreciable Assets*6 - 569,000 26 0.180 2,663
‘ " Inventory Stock 250,000 - 26 0,127 826
Sub-total : 28,498
" 2. Inundation Depth = 0.5m - 1.0m
: a. Residential Housing Unit*3 ' 126,000 254 0.046 1,472
Household Effects 38,000 254 0.000 )
b. Commercialilndustrial Depieciable Assels*4 448,000 66 0.314 9,284
Inventory Stock C 210,000 66 0.276 3.825
c. Hospltalﬂieallh Facilitie: Depreciable Assets*3 630,000 1 0.314 214
Taventory Stock 600,000 1 0.276 166
d. Educatiopal Facilities  Depreciable Assets*6 569,000 -4 0.314 7135
Inventory Stock 250,000 4 0.276 276
" Sub-total - : 15,952
3.. Inundation Depth = More than 1.0m R : _
a. Residential . Housing Unit*3 126,000 - © 19 0.051 218
" Household Effects - 38,000 19 - D.263 " 190
b. Commemal/lndus!nal Depreciable Assets*4 ~ * 448,000 = : 0.~ 0419 0
; “Inventory Stock . - . 210,060 . - 0. 0.378 0
T }[ospual/}lealth Facilitje: Deprcc:ablc Asseis*s 680,600 -~ 0 0.419 L
: lmentory Stock © 600,000 0 03715 . o
d. Lducalnonal Facllmes : Deprec:ab[c Asseis*6 | 569,000 0: - 0419 (]
: ' lmentory Stock < 250,000 1] 0.378 0
Sub-tolal , P S 408
. 4. Total . . : ,
' a. Residential ~ Housing Unit 13,140
' o Household Effects © 190
b.  Commercial/Industrial  Depreciable Assets*4 26,541
Inventory Stock 9,533
c. Hnspalalﬂ{ea]lh Facilitie: Depreciable Assets*3 581 -
Inventory Stock 394
d, Lducahonal Facrlmcs Depreciable Assets*6 337
- lmemory SlOCk 1,102
Grand 'lotal 44,858

Soutce: NSO; Laoag City Assessor s Office
Note: *1 Unit values of facilities are based on values assessed by the city assesor.
*2 Values are converted throigh pirce index of 1.11 between 1995 and April 1997,
and 1.00 between 1996 and June 1998,

*3 Weighted average of P113,885 in 1995 was reassessed 1o P126,000 applymg the index 1.11.
*4 Weighted avetage of P403,584 in 1995 was reassessed 1o P448,000 applying the index 1.11.
*5 Weighted average of P612,364 in 1995 was reassessed to P580,000 applying the ndex 1.11.
*6 Weighted average of P512,273 in 1995 was reassessed to P569,000 applying the index 1.11.

*7 Weighted average of P66,214 in 1995 was reassessed to P23,000 applying the index 1.11.
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Table A.6.3 Damageable Property, Flood Damage and Flood Control Benefit of Urgent Flan

in Financial Terms

{tein Retura Period ( Year )
2 5
1. Affected Population and Area
1 Affected Population (Persons) 4,475 5,256
2 Area Inundated (ha) 109 122
1. [Incndated Property
1 Agricultural Land (ha)
a. Irrigated Field 0 0
b, Rainfed Field o 0
2 Buildings (Nos) '
a. Housing Units 895 1,040
b. - CommercialfFactory 231 280
¢. - Educational Facility 26 - 30
d.  Hospital/Health Facility 3 4
111. Estimated Value of Damaged Property (Million Pesos) _
1.  Direct Damage Total 393 538
a, - Agricultural Production 0.0 T 00
.- lrrigated Field 100 © 0.0
- Rainfed Field 0.0 £ 0.0
" b.: * Housing Units R Wi 33
- . Housing Unik o Wi 3.1
- Household Effects 0.0 P02
¢, Commercial/Faclory 269 36.1
' = Depreciable Assets . . 202 - ¢ 26.5
- Inventory Stock : 67 - 9.5
~d. | Iofrastruclure o . 106 14.4
- Social Infrastructure S B 5.5
#  Educational Facilites S35 4.5
- Depreciable Assets’ A © 34
- Inventory Stock 08 N
" % Medical Facilites 06 1.0
- Depreciable Assets 04 . 06
< Inventory Stock 0.2 04
- Physical Infrastructure 6.5 9.0
- 2. Indirect Damage 39 54
3. Totl 4‘%2 9.2
1V, ‘Annval Bencl‘t under Presént Condalwn (in Million Pesos) :
Annual Benefit - 26.2

10.8
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Table A.6.4 Flood Damages Mitigated and Economic Annual Benefit of Urgeat Plan
in Economic Terms

Iiem Return Period ( Year )
2 5
I.  Estimated Value of Damaged Property (Million Pesos)
1. Direct Damage Total 327 44.7
a.  Agricultural Production 0.0 0.0
- lrrigated Field 0.0 0.0
- Rainfed Field 0.0 0.0
b.  Housing Units . 1.4 2.8
~  Housing Unit 1.4 - 2.6
"< Household Effects 0.0 0.2
¢. -~ Commercial/Factory 226 30,3
- Depreciable Assets : 17.0 223
- - Iaventory Stock 5.6 ' 8.0
d.  Infrastruclure . 8.7 11.7
- Social Infrasteucture ' 32 42
* - Educational Facilites 29 7
- Depreciable Assels _ ©22 2.8
- Inventory Stock 07 .09
*  Medical Facilites : 0.3 .. 05
- . Depreciable Assets : 03 - 05
: - Inventory Stock 0.0 0.0
- Ph)ﬂcal Infracrruclurc ' : ' 154 : 7.3
2. - Indirect Damage "~ 33 : 4.5
3. Tola! : ‘ _ . : 35.9 492
11 Annual Benefit under Present Conditions (in Mllhon Pesos) - ‘ o
- Annual Bcneft _ _ e 9.0 218
111, Projection of Benefit under Future Conditions
{Miltion Pesos at 1996 Constant Prices) o SRR
1. Intheyear2000 - . e 26.0
- 2. Inthe year 2010 : : S 169 o : 40.8

3.  Intheyear2020 - ' o8 - 553
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Table A.6.6 Financial and Economic Costs, and Conversion Factors by Urgent Plan

Financiat  Conversion Economic
Wark [tem Costs Factor Costs
{(Mil. Pesos) (M, Pesos)
. - Main Construction Works | 86.0 0.50 68.4
1.1 Preparatory Works (10%of 1.2 &1.3) . 78 - 62
1.2 Main Works 711 0.80 56.5
1.2.1 Earth Work *1 “lLe L 683 9.9
1.2.2 Revetment Work *1 16.5 © .69 IR I
1.2.3 Bridge and Culvest Work *1 S 324 C 079 251
~ 1.2.4 Other Works *1 _ : ' 103 093 97
1.3 Miscellaneous Works (10% of 1.2) 71 - 57
2. Compensation Cost , 17 _ 0.0
2.1 Land Acquisition ‘ ) - 0.00 0.0
2.2 House Reseitlement ' S 0.0 083 0.0
3. Administration Cost (3% of 1 and 2) *3 27 ©0.95 26
4. E_rigineeﬁ_ng Services Cost (16% of 1) *4 ' SRNRE k2 1.10 - . 15.1
5. Physical Contingency (10%0f 1, 2,3 and 4) S 107 0.30 S .86

Yol . Cuse o oso 947

Note: * Iatic figures of the conversion factors are calculated as a comprehensive factor based on
" the resuls of work types.
" *1 Refer to Table A6.5.
" *2 Applied the conversion factor of 2 housing wnit '
© . %3 Refer to the conversion factor in Table E.2.3 of Appendix E in Part 2.
" %} Refer to the conversion factor in the casc of mcludmg bolh local and forelgn poitions in Table ..
Appz.ndn EinPart 2.
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“Fable A.6.7 Economic Cost and Benefit Stream of Flood Control Urgent Plan
in Laoag Cily under Present Conditions _
__{Unit : Million Pesos)

Serial Yea Cost . Benefit Balance
Yeat Construction o&M Total  Flood Control  Nepative Total
I 1999 11.06 11.06 0.00 -11.06
2 2000 62.07 62.07 0.02 -0.02 -62.07
3 2001 21.62 0.26 21.88 16.75 0.02 16.73 -5.12
4 2002 0.34 0.34 21.80 0.02 2178 21.46
S 2003 - 0.34 0.34 21.80 0.02 21.78 21.46
6 2004 034 0.34 21.80 0.02 2178 '21.46
7 2003 0.34 0.34 21.80 0.02 2178 21.46
8 2006 034 0.34 21.80 0.02 21.78 21.46
9 2007 034 0.34 21.80 0.02 2178 21.46
10 2008 _ 034 0.34 21.80 0.02 2178 21.46
112009 C 034 0.34 21.80 0.02 S 2178 21.46
12 2010 0.34 0.34 21.80 0.02 21.78 21.46
13 2011 . 0.34 C0.34 21.80 0.02 2178 - 2146
14 2012 ; - 0.34 0.34 21.80 C0.02 21.78 21.46
15 2013 0.34 0.34 21.80 0.02 21.78 21.46
16 2014 034 0.34 21.80 0.02 2178 21.46
17 2015 : ‘ 034 C 0N 2180 002 2178 21.46
18 2016 0.34 034 2180 002 21,78 21.46
19 2017 - o 0.34 © 034 21.80 0.02 21.78 21.46
20 2018 B 1 .7 034 2180 0.02 2178 - 2146
21 2019 : 0.34 0.34 21.80 0.02 2178 21.46
222020 ' 0.34 0.34 © 2180 0.02 2178 21.46
23 2021 83 0.34 21,80 0.02 2178 21.46
24 2022 ' 0.34 0.34 L2180 0.02 2178 2146
25:2023 . 034 0.34 21.80 0.02 - 2178 2146
262024 0.34 0.34 21.50 0,02 2178 D 2146
272025 0.34 034 2180 0.02 2178 . 2146
282026, - 0.34 0.34 .. 2180 1 0.02 2178 2146
29 2037 : 03 0.34 - 21.80 002 21.78 2146
30 2028 : 034 - 034 2180 . 002 21.78 2146
312029 ' 034 D3s - 2180 C002 . ZL78 ¢ 2146
32.2030 034 - 034 2180 002 2178 - 2146
33 2031 L0341 034 . 21.80 002 2178 2146
34 2032 034 034 2180 002 2178 2146
35 2033 034 034 CU2180 002 0 2178 - 2146
36 2034 L0340 - 034 S 2180 0 ¢ 002 2178 2146
37 2035 ' C 03 0.34 . 21.80 - 002 - 2178 . 2146
38 2036 _ 0.34 0.34 - 21.80 0.02 21.78 2146
39 2037 0.34 0.34 21.80 0.02 21.78 2146
40 2038 0.34 0.34 . 21.80 0.02 21.78 21.46
41 2039 034 034 . 21.80 0.02 21.78 - 2146
c42 2040 0.34 034 21.80 002 2178 2146
43 2041 C 034 034 21.80 ©0.02 2178 - 2146
44 2042 - 0.34 034 0 2180 0.02 2178 2146
45 2043 o 034 034 21.80 0.02 2178 2146
46 2044 - Coo03 0.34 . 2150 0.02 2178 2146
47 2045 L 0.34 034 2180 002 2178 2146
48 2046 C 0.34 0.34 v 21.80 0.02 21.78 21.46
49 2047 - 034 0.34 21.80 0.02 2178 21.46
50 2048 . T 034 0.34 2180 0.02 2178 21.46
C51 w49 © 034 0.34 21.80 0.02 2178 2146
.52 2050 ' 034 0.34 21.80 0.02 2178 2146
53 2051 ' 0.34 034 21.80 0.02 21.78 2146
“NPV: 339 B/C: 1.47 EIRR: 220%
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Table A.6.8 Fconomic Cost and Benefit Stream of Flood Control Urgent Plan

in Laoag City under Future Congitions

(Unit : Million Pesos)

Serial Year Cost Benefit Balance
Year Construction C&M Total __Flood Control __ Negative Total B
I 1999 11.06 11.06 0.00 -11.06
2 2000 62.07 62.07 0.03 -0.03 6207
3 2001 21,62 0.26 21.88 20.92 0.03 20.89 -0.96
4 2002 0.34 0.34 28.47 0.03 28453 28.13
5 2003 0.34 0.34 29.78 0.03 29.76 29.44
6 2004 0.34 0.34 3115 0.03 3113 30.81
7 2005 034 0.34 3259 © 003 32.56 3225
8 2006 0.34 0.34 34.09 -0.03 34.06 33.75
9 2007 0.34 0.34 35.66 0.03 35.62 3531
10 2008 1034 0.34 37.30 003 13726 36.95
11 2009 0.34 - 0.34 39.01 0.03 38.98 38.67
12 2010 0.34 0.34 40.81 ©0.04 40.77 40.46
13 2011 0.34 0.34 4206 ©0.04 42.03 41.72
14 2012 0.34 0.34 43.36 0.04 - 4332 43.02
15 2013 034 0.34 44.70 004 44.66 44.36
16 2014 0.34 0.34 46.08 0.04 4603 45.73
17 2015 0.34 0.34 42.50 0.04 4745 - 4215
18 2016 0.34 0.34 48.96 004 - 4892 4862
19 2017 0.34 0.34 . 50.47 0.04 5042 5013
20 2018 034 0.34 5202 005 '51.98 51.68
21 2019 034 - 0.34 53.63 0.05 ° 5358 33.29
22 2020 034 0.34 5528 0.05 3523 . 5494
23 2021 0.34 0.34 15528 005 © 5523 54.94
24 2022 034 L 034 5528 - 005 - 5523 5494
252023 0.34 ©0.34 . 55.28 005 3523 5494
26 2024 034 0.34 $528° 005 3523 ©54.94
27 2025 . 0.34 - 0.34 © 5528 005 -55.23 5494
282026 0.34 - 034 55.28 0035 15523 54.94
‘29 2027 . 0.34 034 55.28 0.05 ‘5523 . 3494
130 2028 0.34 0.34 55.28 0.05 5523 15494
- .31 2029 - 0.34 . 0.34 55.28 0.05 5523 . - 54.94
32 2030 - 0.34 034 55.28 605 5523 54.94
33 2031 0.34 034 55.28 0.05 5523 5494
34 2032 0.34 034 . 5528 0.05 55.23 54.94
35 2033 0.34 034 . 55.28 0.05 55.23 54.94
36 2034 C034 0.34 55.28 005 . 5523 ° 5494
37 2035 - 0.34 0.34 55.28 005 - 5523 - . 54.94
38 2036 0.34 0.34 155.28 0.05 55.23 54.94
39 2037 0.34 0.34 55.28 0.05 55.23 54.94
40 2038 0.34 0.34 55.28 0.05. 55.23 54.94
41 2039 0.34 0.34 '55.28 0.65 - 5523 54.94
42 2040 0.34 0.34 5528 0.05- 55.23 54.94
43 2041 0.34 - 0.3¢ 155.28 0.05 55.23 . 54.94
44 2042 034 0.3 13528 005 3523 0 0 5494
45 2043 0.34 034 '55.28 0.05 55.23 54.94
46 2044 0.34 1 0.34 '55.28 005 5523 - 5494
47 2045 0.34 1 9.34 © 5528 005 . 3523 5494
48 2046 0.34 0.34 15528 005 . 5523 0 5494
49 2047 0.34 '0.34 - 55.28 005 5523 5495 -
50 2048 034 0.34 55.28 0.05 5523 54.94
S1 2049 0.34 - 0.34 55.28 0.05 55.23 54.94
52 2050 0.34 0.34 55.28 005 - - 5523 5494
53 2051 . 0.34 0.34 $5.28 0.05 55.23 54.94
NPV: 105.1 B/C: 245 EIRR : 31.9%
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Table A.7.2 Scaling Cheeklist for Envirenmental Impacts

{ Construction Phase )

Impact Area

Direct Impact

| Nature |[Magnitude

Water Quality/Air Quality/ Water Pollution Negative [Moderate
Noise Air Pollution Negative [Minimal
Noise Generation Negative |[Minimal

Geology Soil Eroston Negative [Minimal
Ecology Fish/Wildlife Disturbance Negative [Minimal

Vegetation Loss Negative [Minimal

Socio-Economy Land Aquisition/House Relocation Negative [ Minimal

Archaeological/Historical Asset Loss Negative |No Eftect
[Traflic Disturbance Negative [Minimal

Local Labor Empioyment Positive |Significant

{ Operation Phase )

Impact Area Direct Impact Nature |Magnitude
Hydrology/River Morphology [Hydrological/River Morphological Chanoe Negative [Minimal
Water Qual 1tyi’AJr Qualliyf Generation of Water Pollutants Negative |No Effect
Noise Generation of Air Pollutants " INegative {No Effect

Generation of Noise Negative |No Eftect
Geology Geological Destruction Negative [No Effect
Fcology Loss of Wildlife Habitat . Negative [No Eftect
_ - | Disruption of Fish Spawning Grounds Negative {No Eftect
Aesthetics Aesthetic Impairment of Landscape- “INegative {No Eftect
- | Visual Impaicment of Historical/ Negative {No Eftect

o , Cultural Resources - - _
_ |Natural Resources Use Loss of Fishing Area Negative {No Effect
o : Impairment of Navigation Negative {No Effect
~ |[Damage to Economically Valuable ‘INegative [No Effect

o ‘ ¢ 1 {Natural Resources : ' _
Socio-Economy Reduction of Economical Loss Positive |Sigmificant
Reduction of Health Risk {Positive [Significant
Increase of Available Residential Land Positive |Sigmificant
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