3.7

D8

Comparing the above figures with the annual poverty line of B 24,792, it can be
concluded that the living standard of the farmers in the Project Area is fallen on a
lower level.

Social Conditions

Roads '
Accordmg to the- data plepared by the Dcpartment of Public Works and nghway

_ in 1983, the cxlstmg 1ength of the roads in Tarlac Province is 211 km of the
) __nduonal road, 561 km of the provmmal road, 140 km of the mumc:pal road, 3,627
km of the barangay road and 4,539 km in total

. The ratio of the pavement with concrete or asphalt matenai is 78% in the national
road 25% in thc provincial road, 54% in the municipal road but less than 1% in
the barangay roads _ _

. The ratio of the gravel pavement is 65% in the provincial road, 34% in the

_ mumclpal rc_)ad a;ld _54% in the barangay roads.

The Lagawa-Burgos provmmal road whlc‘n is the main access road to the Project
Area i is mostly paved with gmvel materials and is pIanned partly to pave with
concrete materials for a further traffic increase due to the implementation of the
Balog-Balog Multipurpose Project.

The bararlgay roadé inside of the Project Area are almost earth roads with paitly
paved by concrete or asphalt materials at dense housing area. They, therefore,
become badly muddy with much appearance of small water- pooi here and there
and results in troubles on passing to the local populace.

_ The barangéy roads linked in the Project Area are as follows:

Burgos : 13 routes 9.75 km
. ' : 22 routes 12.52 km
Mariones : 10 routes - 5.24 km
Lubigan : 5 routes 6.00 km
Villa Agripay 9 routes 13.50 km
Sula : 6 routes 12.38 km (Total 59.39 km)

The local poi)ulace go and back from the center of Tarlac Municipality through t(he
above barangay roads via the Lagawa-Burgos provincial road.
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2)

3)

4)

5)

6)

Transportation measures _

Main transportation measures are a ‘buffale wagon, tracior, jeepncy, jeep or track.
Highway bus is available bctwcen Tarlac Municipality and the other main city
(Manila, Baguio Dagupan, San Fernando, etc.). Because of bad road conditions
in the Project Area, the traffic by the owned passenget car is very few.

Tclcphonc and Telegram .

Te]ephone system is conected from Tarlac Mumcnpahty to Mamla and the other
main citics, the tclegraph:c office is also sxtuated in Tarlac Mummpahty Postal
services by the National Goverfiment cover all the barangay area and the private
LBC cargo services are available interconnecting the main urban area of the

- Philippines.

Water supply facilities

The Tarlac Water District is serving municipal water to 2, 200 households and
some factories with the capacity of 69,513 m3/day from the four deep wells. The
Project Area, however, is not included in the service area of the Tarlac Water
District, The local populace; therefore, use ground water lifted by the manual
pumps, spring water, streams and the Bulsa Riv’ei water for their -liv'ihg. They -
strongly request fo provide the drinking and domestic water supply facilities.

Electric Power
Generally, electricity in the province is supphed by ihe grid system of the Natlonal '
Power Corporation (NPC), a network of 1nterconnect1ng power statlons and
transm1551on lines which distributes electric power in all mumcnpahtnes Private
franchise holders purchase power from the NPC and prov:de services for
distribution of electricity among the household population. In Tarlac Municipality,
the Tarlac Enterprise is supplying the electnmty with the capaclty 50,000 KV A/day
with diesel generator. 55% of the barangays in the province is a]ready electrified,
and 45% is not electrified. All the barangays in the Project Area is not elcétﬂﬁed
yet. '

Education and Medical Scrvwes

In Tarlac Municipality, there exists 89 public primary schoo]s 6 pnvate pnmary
schools, 2 public high schools, 5 prwaie hlgh schools and 4 collegcs Aiso 10



3.8

-~ hospitals and 24 health centers are providing medical services. The public primary
schiool is constructed with a ratio of one per one barangay.

" Relevant Pevelopment Projects

_ The.dcv_elopment project which is relevant to this Project is the Balog-Balog

Multipurpose Project (BBMP). The project will construct a rockfill type dam with

113.5 m dam height at Balog-Balog in Mamot Municipality, at around 10 km

upstream of the Project Area and creates a reservoir having-the gross storage
capacity of 625 million m3 and improve the existing Tarris diversion dam to store

1 million m® of water for irrigation. It has the irrigation plan for about 40

thousand hectares covering the municipalities of Conception, Gerona, La Paz,
Paniqui, Pura, Ramos, Tarlac, Victoria and Magalang to provide year-round
supply of irrigation water. The cropping is planned with paddy, sugarcane and
diversified crops (e.g. comns). The project also includes the improvement of the
irrigation canal system and the construction of hydropower plant of 3 x 11 MW
and the related transmission line.

The total project cost is estimated af P 3,750 million and assisted with the World

‘Bank Loan. The feasibility survey was carried out by the ELC- Electoroconsult,

Ttaly. This project is accompanied by the BBMP Resettlement and Rehabilitation
Program for the concerned farmers with the land acquisition of the reservoir area
of 18 km2. The implementing agency is the NIA, and the BBMP office was
cons_trucied in Tarlac Municipality and the construction preparation works are on-

going.

Under the BBMP, there is no plan to improve the barangay road and bridge in the

Western Barrios area except the pavement plan of the Lagawa-Burgos provincial

 road for constructing the BBM dam.

The Western Barrios area has the existing CIS (250 ha) in Sula and Iba and the
existing CIS( 175 ha) in Lubigan with double cropping. The Lubigan CIS is of
an earth canal structure and its improvement to the concrete lining canal is planned

by the Provincial Irrigation Office of the NIA.



Thc other relevant project is the Dlver81ﬁed Crops Imgauon Engmeering Center
Pro;ect (DCIECP), which have started out asa Grant Aid. Program of Japan in
Manila. This prOJect aims to establish the necessary 1mgat10n technology for the
diversified crops on the paddy field whuch is the urgent natmn wide: reqmrement
after the attainment of the self- sufficiency of rice product:on “The irrigation plan
of the Project aims also to’ stab:hze the wet scason paddy pfoduchou and to
develop the dlvcrsﬁied crops (e.g. corns) in'the dry season; therefore thc
estabhshed irrigation technology at the DCIECP is expected to be applxed on the
Western Barrios area to produce successful fruits to the local farmers as wcll as to

~ ‘the local socnety concerned.

: The relationship between the above projects and this Project ‘navc been illustrated

‘in the followlng ﬁgure
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CHAPTER 4 OUTLINE OF THE PROJECT

"-'Objécﬁircs N

| _.The purpose of thls Prmect is'to construct dams reservmrs, irrigation facilities,
:operation and malntenance roads mcludmg a'bridge in the Western Barrios area,
~and to contnbute to mcreasmg agncultural productwnty and i income, stabxllzmg
farm management ‘uplifting living standard of farmers strengthening farmers
- irrigators’ association, enhancing rural c_:ommumc_atwn and consensus, and finatly
. direct t_-Q_th:e 'a_ctiyatiﬂqn of tural economy and the prbsberity.of rural society.

_' “The Government. of the Philippines is now"encoumging the implementation of the

Small ‘Water Impoundmg Management Project (SWIM) all over the country as an
1mportant nanonai project since 1981. The dams and reservoirs planned for this
Project are expected to present a good preceding example to the SWIM Project.

_Rcyiéw of th_e.R.cquc:st_ :

(1) IXerigation systems

a.  Necessity

The Project Area has been developed mainly as a rainfed paddy field
-and paddy is cropped durmg the wet season. The paddy production
remains in the level of 2 ton/ha because of lack of water sources and
- irrigation  systems by which crop water requirements can be met

adequately with crop growth in addition to uneven distribution of
- rainfall during the wet season. ‘As a result, the income of local farmers

is very low and, in the dry season, the farmers are forced to give up
- any crop cultivation owing to lack of water and thus the field is left
dry: Farmers are suffering from unstable income and either work
E away from home for daily wages or to hunting in the mountain,
breeding sheep _or-‘li'veSt_'ock, or fishing in the river. For farmers to
settle in the iirea and to secure the stable income, it is necessary to

- realize irrigation development including the construction of water



sources, irrigation and drainage facilities, The farmers desire those
development and express willingness for participation to the Project
and cooperation in future operation and maintenance activities,

The surface water source in the Projcct Afea belongs to the Bulsa River
system. The rainfed paddy field in the area does not have any water
right of the Bulsa Rivet. On the other hand the Balog-Balog
muifiptifpbsé dam is’hhder construction in the Upper ‘teach of the Bulsa
River, and all water from the Bulsa River have been allocated to the
beneficial area of BBMP. Smce new estabhshment of water right on
the main Bulsa River for the Project area is dxfﬁcult available water
sources for the Project area are limited to the’ tributaries of the Bulsa
R:ver system
 As the chmate of this area is charactenzad by the dlstmguxshed wet
and dry season, reservons are essentially requ;red as the water source
facilities of the PI‘OjﬁCt drea 80 as to store it off water in the wet

season and release in the dry scason for irrigation.

Despite the small distance (only 20 km) from the cenier of Tarlac
Municipality, the development is feft untouched due to shortage of
infrastructure fund. The .administrat__i_ve authorities also acknowledge
the necessity of breaking out from thié pdveﬁy-étricken state.

Technical feasibility

The result of the field surveys and the home studies have proved the
technical feas1b111ty of constructing structures at the proposed dam and
reservoir sites in terms of geology and topography .

The areas to be irrigated from reservoirs were studied and delineated
with the layout of the canal system on the 1/4,000 topographic maps
and the canal routes were selected at the sites. ‘As a result, it has been
identified that the area of gravity irrigation is 1,030 ha. The operation
and maintenance road shall be constructed along the irfigatiéﬂ capals
and the construction road shall be also built,  These road nciwork:may
~be used not only by the irrigation beneficiaries but also by farmers of
neighboring existing fields. ‘These arcas were estimated to be 640 ha



in the minimum. Consequeniiy,- it has been confirmed that the
- beneficial area of the Project is 1,670 ha in total (1,030 ha plus 640
. ha),the same as the request.

' (2)- : .Bridgc.

_ Thcrc are farmland of about 800 ha and farmers wnth populatton of about
' 3 000 (Iba i, 000 Lublgan 600 Moriones | 400) in the nght bank area of
' _the Buisa Rlver Those people ford the Bulsa RIVCI' at around four sites of

,selected shallow using a carabao-cart or a vehmie (jeepny) for rural
communication, attendmg school and transporiat:ori of everyday goods,

-agnoultu;al.nlatena}s and production durmg low water in the dry season.

When the river depth become more than around 70 cm, p-eople cross the river
by small fcn*y instead of vehicle transportatlon It, however, becomes
dangerous in accordance with the increase of river flow velocity and the ferry
operation is fo be canceled, so that no transportation is available to the
opposite river bank side during high water season. In such conditions,
“about half of the year, people can not cross the Bulsa River. Based on the
topo-map of 1: 50,000 scale, there is a mark of the bridge connecting Villa

. Aglipay and Moriones, but it was confirmed at the field survey that the
bridgé had been completely washed away by floods.

Two temporary or submersible bridges on the request have been understood

~ as the irreducible minimum demand of Municipality of Tarlac. Balnges and
Pangasan dams are planned fo be constructed on the right bank area of the

~ Bulsa River. Thos_é dams have large catchment areas, so that careful
activities concerning watching overflow condition of dam spillways,
adequate operation on water release, inspection of dams, fransportation of
temporary construction materials and keeping an eye on flood protection
should be carried out during and after heavy rain. Therefore, it is judged that
the construction of one pcrmanént bridge is necessarily required for the
Project, because temporary bridges cannot make to cross the river possible
during and after heavy main to perform the above mentioned activities.

It is also reported that the Provincial Govemment gives a preference to the
construction of one permanent bridge rather than two temporary bridges.



(3)

. As regards to the temporary (submergible) bridges, the candndate sntes were

selected through field reconnaissance and the followmg river survey with an
objective of comparauve studies. S R '
The river, however, is very wide at the both seiccted sites and its flood is |
estimated at 2,529 m¥s in the maximum of the past mne years. “The design
flood from the Balog-Balog dam is taken at 3,250 m¥s. Accm'ding to the

NIA desrgn criteria; the demgn flood dxscharge of the submers:bie bndges is

the normal ﬂoods and thus about 500 m3/ s for this desrgn app!ymg this
criteria, the temporary hndges were desagned to be 17-barrel box culverts
with 5 m W1dth and 3 m helght (remforced concrete structurc)

The smtable site for the permancnt bndge was selected by field surveys at the
place where the river is narrow and the flow line i is relatwely stable. The
bridge site connecting Villa Aglipay and Lublgan was ‘chosen asa proposed
bridge site based on the technical and economical studlcs ' '

Conclusion

The farmers in the Project Area are the poorest within Mﬁlnicipa]_i:y of 'I_‘érlac;

- To break: out froin'such poverty, enhéﬁc’ement of--the agribuliural

productlwty, as well as increase and stabilization of farm income are
requisite among other things. These are also 1n hne with the natlonal

development plan and regional developmem programs.

As a result of field surveys and subsequent home studies in Japan, necéssity
and technical feasibility of reserveir irrigation development in the request is
justified and the Project has adequacy for an object of the Grant Aid Program
of Japan, L -

The concluded components of the Project are as follows



Dam . Crest Reservoir Canal

irrigation facilities

. Operation and
maintenance road

. Bulsa river bridge -

o Height Length Capacity - Length

. Mangiltog dam and 193Gw),  704.5(m), 321MCM),  10.32(km)
irrigation facilities

. Bulelatin dam and 10.0(m), 215.0(m), 0.73(MCM),  1.58(km)
irrigation facilities .

. Pangasandam and. - 17.3(m), = 195.0(m), | 1.14(MCM), 3.13(km)
itrig'at_iOr['facilities |

= Ralnges dam and - 24.2(m)}, 208.0(m), 1.82(MCM), 2.80(km)

' 'I“otal-. lé:rigth : 23,83 km, total width : 4.5 m, effective width :

35m '

Oﬁe'ﬁléée : effective width 3.6 m, length 225 m

- (permanent bridge) .

The Comparison of major poiats bctiycen the Basic Design Study and the
Feasibility Study prepared by the NIA has been illustrated as shown in Table

o 4.2.1.



Table 4.2. 1 Companson of Major Pomts be:ween B/D and /8-

Basic .
Feasxblhty . :
Item Study : Igfﬁiign .Mam Reason
(F/S) (B/D% R i
1. Trrigation facilities
and plan .
1) Irrigation area Wet season (rice} = . ' ?lemﬁéil a;é;irﬁcﬁt;
"~ 1,670ha 1,030 ha undamental data used for
: ' analysis of land and wates

2} Dam design

a. Damtype

Dry season (corn)

1,0l10ha 842.5ha

{Bulefatin Dam)
Zone type

b. Dam spillway (Mangillog Dam) :
Morning Glory  Overflow

Type

type
(Bulel atin Dam)

Homogesteous
type.

weir type

Morming Glory Overflow

type

¢. Dam foundation (Pangasan Dam) o
Shallow core Deep core

3) Canal design

2. Bridge planning
and design

trench

weir type

trench

Total length 15 km 23,83 km

Two temporary
submergible
bridges

One permanent
bridge

resources. Excluslon of -

‘existing Lublgan irrigation area

in B/D because Lubigan CIS
has the ‘water right from the
Bulsa River.

" To reduce the dam constniction

cost,

To increase hydraulie stability.

To reduce seepage water
through the daim foundation.

For layout and design of the .
canal system, F/S used the
1/50,000 topographical map -
while B/D used the 1/4,000
map prepared by topograph:c
survey.

When the temporary bridges are
submerged during flood, &M
and inspection of the dams and

‘irrigation facilities on the right

bank of Bursa River become-
impossible. So, construction
of one permanent bridge is
essencially required,

~30—



4.3

4.3.1

4.3.2

. Project De’séribtiou

| Wa_te;r.'l?;_csgurcé_s_l’lan _

The watcr rcsources for securmg the 1mgat10n development of the Project area are

; planned to be stream ‘water of the Mang:l]og, the Bulelatin, the Pangasan and the
' Balnges trlbutaries of the Bulsa River system and each stream water will be stored

in'each reservoir formed by the ‘construction of Manglllog dam, Bulelatin dam,

"Pangasan dam and Balnges dam.

Since the rccord of dlscharge of each trlbutary is not avallable the run-off

_ dtscharge to each teservmr has been esumated for a penod of 20 years thmugh the

analysis on ramfall evaporation of a bench mark station, observed discharge of

the Bulsa river and Watershcd chamacteristic of each tributaries and the Bulsa river.

‘The bench mark station is dcc:ded at the PAGASA Hacienda Luisita station
which is located at 25 km' east of and about 50 m lower elevation than the Project
area. Those rainfall and evaporatlon data and the observed d:scharge records of
the Bulsa River for a pcnod of 1975 to 1984 at the Villa Agripay site having the

~water shed of 405 km2 have been used for the tank model analyms

The run- off discharge of each tributary has been estimated for a period of 20

| years ! 1968 to 1987 on the basis of the specific discharge calculated by the tank
- model method as shown in Table H-2. Those dlscharges are deemed as the water

resources available in this development plan.

Irrigation and _Draiﬂagc Plan

| (1) Proposed iand use and cropping pattern

The présent land use in the proposed irrigation area is single rice cropping

during the wet season As for the proposed land use, rice cropping during

: the wet scason and upland cropping during the dry season will be
introduced.

'The,_in't_r_oduction of upland cropping is in line with the Central Luzon Region
_ DeVﬁlbpment Plan, and Té;rlac Province has been specified as a diversified-
'cropping area of co_m, beans and peanut in this plan. Com has been selected
as th_é représemaﬁve upland crop in this irrigation plan of the Project,



because corn is prevailing crop durmg the dry season in the Mumclpahty of
Tarlac and farmess in the Project area also have a high willingnéss to
cultivate corn, Cropping scason of rice is pianned to 130 days and that of

corn is 120 days.

Asa :esult of reservoir operatlon study to analyZe the optlmum scale of the
irrigation area in the dry season, it has been proved that the cmpping
intensity increases from 100% at present to 182% in future as shown in the

table below :

Cropping intensity

Tirigation Area (ha) .C- o
: S L . 10pping
}Iz\ggc of Wet - Dry Intensity
rvorr Season Season Total (%)
(Rice) (Com) ' :
Mangillog
Upper Intake 255 1215 382.5 150
TLower Intake _ 105 105 210 200
Sub-Total 360 232.5 5925 165
Bulelatin 120 60 180 150 -
Pangasan 200 200 400 200
Balnges 350 350 700 200
Total 1030 8425 18725 182

Cropping area, cropping paitern and cropping season arc the'm'ajo'r fa('tbts to
determine the water resources demand and its reasonab]e dnstnbutlon ina
year round irrigation plan. The required water storage capamty of each
reservoir is determined through the water balance analysxs between the |
available water resources at the reservoir site and the irrigation water demand
of the respective irrigation area..
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On the other hand, the maximum possible storage capacity of each reservoir
is constrained by topographical and geological conditions. The designed
ca]i_acity of each reservoir in this plan is approximated to the maximum
possible storage capacity.

Under those siiuation,-,._the importance will be to find out a suitable
cropping patie_m and cropping season which enable to irrigate the largest area
in the dry season with the designed reservoir capacity. The future cropping
pattern, thus, has been proposed on the basis of above consideration as

~shown in fig. 4.3.1.- Tentative cropping pattern, however, could be

'intrdd'u'ce'd for several years uniil the beneficial farmers add to their

' exberiénce’ in newly introduced water management. As for a tentative crop
'~ “during the dry season, beans or vegetables could be introduced iristead of

corn,

What should be noted here is the cropping plan for iheé Mangillog irrigation
system, which may be characterized as follows:

i. Intake facilities

Two intake facilities are designed for this dam, the intake levels are

| desig_n.ed atEL 1_04'.'5' m for the upper and EL 99.0 m for the lower .
The av;iiléible capaéity allocation accofding to the elevation is about
1.9 million m3 above the upper intake level and 1.2 million m3
between upper and lower intake levels.

ii.  Irrigation area

The irrigation area commanded by the upper intake facilities is 255 ha
while that by the lower intake is 105 ha. those commanded irrigation
systems are independent each other and no water trapsaction is made
between them.

iii. ~ Intake control and cropping plan

* To secure 100% rice cropping, it must be cultivated during the wet
season. - Since the lower intake facilities are naturally possible to

release reservoir water without any constraint at any time, it is
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necessary to comroi to re]edse reservolr water through the lower intake

- facilities as possrble whilé the water is released: through the upper
“intake facrhhes for corn cultivation during the dry season. In this

context, the cropping plan employed is basically to prevent thc

cropping season of corms {rom the overlapping durmg the dry season,

(2) Irrlgatron method

@3y

In the paddy ﬁelds contmuous 24 hours 1mgatron wrll be mtroduced during

the crop vegetative stage, and 30 days rotational 1mganon w1]i be adapted in
cach rotation block at the stage of Tand preparatron On the other hand, the
upland fields will be irrigated with furrow irrigation in an intermittent

irrigation manner so as to meet these field capacities.

Effective rai'nfalll,

a)

The expected effective rainfall during the rice vegetative stage was

“calculated as follows based on the daily rainfall record of the past 21

years at Hacienda Luisita :

ii.

ii.

' 'Thc effecirve ramfaH for paddy by decade is ﬁrstiy aggregated by

assummg the rarnfall depth of 5 mm or less and 80 mm or more
as ineffective, then 80 % of each tota] is consrdered as effectlve _
rainfall. Note that in addrtron the a]lowabfe storage depth limit
on the paddy ficld is 180 mm ‘and “'the average darly

‘evapotranspiration is assumed at 6 mm/day. The upper limit of

the effective rainfall for each decade is assumed at 240 mm. -

From the above effectisre 'rerinf_'a_lll d.ata by decade for eaeh year, the

- average, standard deviation, skewness and the deperidehle '

rainfall with 50%, 68% and 80% probabllrty of oceurrence are_
determined.- ' ' '

The effective ra'inféll is designe'd to be expected in two. years of

' three years from a vrewpomt of saving water In other words,

the 68% prcbabrhty of occurrence is used.



(4)

.. .(5__)

b)  For the effective rainfall during the land preparation stages, the 68 %
- probability of occurrence of whole rainfall is used as a design effective
- rainfall.

c) Thé u'plilind' 'cr_(')pping is introduced niainly during the dry season when
the cﬁ.';_aétive' rainfall cann_bt}bcf‘cxpf‘:_ctgd. Note that the effective rainfall
oﬁ_paddy field was "app]ied' for upland crop during the transition period
between the dry and the wet seasons.

Irrigatibn éfﬁcicnéy

~ The dgsigri'criteria of NIA consider the following three components of

efficiency in oﬁreml_l'irrigation efficiency. Overall irrigation efficiency of
55% was applied to rice cropping during the wet season and 50% for upland
cropping.

Irrigation Efficiency

- {unit: %)

Efﬁciehcy | Paddy ~ Upland

1. Field application efficiency 85 ' 12
2. -~ Conveyance efficiency 77 _ 11
3. Operational efficiency 85 90
Overall efficiency | 55 50

{rrigation water requirements

Irrigation water requirements were calculated by'subtracting the above
effective rainfall from crdp evapotranspiration, land preparation water and
paddy field percolation, then, by'tak_ing overall irrigation efficiency into
consideration. The calculation procedures and results are shown in
Table 4.3.1. The basic contents is described below :
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a)

b)

c)

Crop eva}mtransplmﬂon

Crop evapoiransplration (ETme) is determincd from ref'erence crop

. evapotranspiration (ETo) and crop coefficient (KC): -

ETcrop = KC x ETo

Reference crop evapdtrzinspiratioﬁ is calculated according to the pan

evaporation method as shown below:

ETo = Kp x Epan

i

where, Kp Pan cdéfficient_,

Epan

Pan evaporation in mﬂt/day. :
(Hacienda Luisita)

Crop evapotranspiration was calculated on rice and corn for cach

decade.

Land preparation water

For necessary water for land bfép‘é.ration aﬁd paddling of -;lyad'd'y 'ﬁeld
rainfall is stored in the field for effectlve and maximum utilization. At
the same time, the reservoirs start 1mpoundmg of water to secure water
resources for snbsequcnt irrigation and the nursery bed is. preparcd also
to nurse rice seedlmgs Accordmgly, the land preparauon water is
taken at a total of 120 mm mciudmg resaturation water for 30 cm soil
depth of 90 mm and standing water after transplanting of 30 mm.

Paddy field percolation

Percolation rate of paddy field was assumied to be 2 mm/day based on |
the Feasibility Study Report (NIA).



(6) .Design. drainage discharge
é) Farm drain

"Dc'sign d_rainagc modus of farm drain was derived from the 3-year
return period 3-day rainfall of 320 mm. It was estimated at 8 Vsec/ha
on condition that 65 % amount of the rainfall will be drained within
three days. ' | |

b) Cross drain

Design drainage discharges for crossing structures related to the
irrigation canals will be estimated with the peak discharge having 10-
' yeai‘ return period. Probable 'r'ainfali_intcnsity-duration curves having
10-year return period were studied by rainfall analysis as follows :

S5=T< 50 ; [=Exp (5.9762-0.3755x La T),
50<Ts=1440 ;  [=Exp(7.0817-0.6592xLnT),
Where, T = Time of concentration in min,
I = Rainfall intensity in mm/hr.
Refer to Table M-6
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4.3.3

Reservoir Operation Study

The climatic conditions of the area ate characterized by clear classification into the

"\_Vet season from May to October and the dry season of the rest. In this situation,
there is no other way for introduction of the upland cropping (e.g. corn) in the dry

season but to store the surface water as much as possible during the wet season for

utilization in the dry season. In this plan, all the storage will be used fully for
irrigation during the subsequent dry season.

About 90% of annual rainfall is concentrated to the wet season and the demand on
water resources is expected to grow in the future. Accordingly, the reservoir as
water resources should have the capacity as large as possible. The proposed

storage capacity of four reservoirs in this Project is nearly equivalent to the

- maximuimn possible capacity in view of topographical and geological aspects.

I this context, the reservoir operation study was executed to confirm the reliability
of reservoirs and the extent of irrigable area in the dry season on the irrigation

plan. Under the condition-that the storage volume dose not reache the total

* irrigation water demand of the subsequent dry season crops, the water level of the

reservoir tends to decrease rapidly as increasing the assumed irrigation area in the
dry séasbn, and it results in deficiency of irrigation water supply to the crops.
‘This in turn causes reduction of the crop yield, with degradation of the quality of
product. Since the reservoir cannot demonstrate the soundness in this situation, it
is necessary to reduce the assumed irrigation area to the level ensuring stable
irrigation water supply every year. For the degree of reliability, the frequency of
water shortage in terms of probability is generally applied.

(1) Calculation conditions

The calculation conditions roughly include (i) inflow to the reservoir,
(ii) water demand on the reservoir and (iii) physical conditions of the
- reservoir. These were considered as follows:

i.  Inflow to the reservoir is estimated by runoff analysis as described

before. The existing water ﬂght in the downstream area of cach

tributary isn’t necc'ssary to be taken into consideration for the
calculation.



@

ii. The water demand on the reservoir is dctermmed from the ma}dmum ' _
utihzatton of the land resourccs (Table 4. 3 2) and the 1mgatlon water
requxrements (I‘able4 3. 1) If the rescrvmr cammt secure the -
irrigation water supply, the assumed irngation area should be
decrcased ' ' '

iii_. Fig.D- 1 to D 4 show the area- capacﬂy elevatmn curvc of each
reservoir. The evaporatmn from the reservoir surface was assumed to
be 60% of the pan evaporation at Hacienda Luisita. '

Irﬁgéble area

Table R-1 to R 6 show the result of reservoir operauon study and Fig. R 1
to R-4 show the water level fluctuation diagram. Asa: 1esu1£ of studles the'
irrigable areas for upland cropping (com) during the dry" season under the
control of the upper intake of Mangﬂlog dam and of the Bulelatin dam have
been estimated at the 50% of the command area rcspcctwely TFor other
intake facilities of the dams, the LOO% can be irrigated in the dry season.
The irrigable area under the given cdnditions of the éach'reseNOir is shown

 in the table below :



‘Table 4.3.2 Imiigable Area (unit: ha)
o o Irrigable Area
Name of Command : _
.. Reservoir - - - © Area Wet Season Dry Season -
) . {Rice) (Com)
1. Mangillog |
 Uppetintake 255 255 121.5
Lower intake 105 105 105
‘Sub-Total -~ 360 - 360 232.5
2. Bulelatin 120 120 60
3. Pangasan 200 200 200
4. Balnges 350 350 350
Total 1,030 1,030 842.5

~(3)  Reliability of reservoir.
The NIA has establishéd the criteria on reservoir operation study as foilows :

-[1} - Maximum shortage per year should be less than 50 % of the average
annual demand.

[2] Maximum cumulative shortage for any successive 10 years should be

less than the average annual demand.

13} The carry over period should be less than 12 months for small

reservoir.

 [4] The reliability of the reservoir should be above 80 % to 85 % on a
: monthly basis for irrigation only
{Reliability on a monthly basis = Number of months that have no water
- shortage / Number of calculated months).



The other criteria on the feservoir operation study for a irrigaiibn_purpose are

as foIlows :

~[5] The rescrvo1r should be able to supply 1rnganon water ina draught
year o{' 5to 10-year return period: In other words, the rehabillty of the
reservoir should be above 80 % to 90 % on a yearly basis o
(Rehablhty on a yearly basis = Number of years that have no water
shortage / Number of calculated years). '

The rcliabi.l.ity of cach feservoir 'is.descﬁbed below based on the above |

criteria :
a. = Pangasan and Bal'ngcs rcsérVoir

Pangasan and Balnges reservmrs satisfy above cntena wnh 1mgatzon
~ area of max1mum land resousces. As for Pangasan reservmr, the
reliability has been calculated at 75 % on a yearly basis, howevet, the
periods of shortage occur durmg the com harvest stage. Thls will not
cause substantial reducuon of the crop ywld not degradahon of the
quality of product. The reliability of Balnges reservoir has been
calculated at 80 % on a yeatly basis, |

b. Bulci_atin reservoir -

In the case of irrigation area of the maximum land resources (case 1),
~ only criteria {1] and {3] can be satisfied. With the upland cropping
area of 50 % of land resources {case 2), every criteria can be satisﬁéd.
Thesefore, the irrigation plan ‘and reservoir operation study of the
Bulelatin reservoir have been decided bascd on the case 2. '

c.  Mangillog reservoir

‘The reservoir operation study. of this reservoir has been Céﬁ’tfoﬂed by
the upper intake facilities, because there is no water shortage in the
- commiand area of the lower intake facilities. - In the case of irrigation
area of the maximum land resources {case 1), only criferi'a [11,[3)and



[4] can be statisfied. With the upland cropping area of 50 % of the
command atea of the upper intake facilities (case 2), every criteria can
" be satisfied. . T_h‘_e relié’}).ili'ty"of the reservoir in case 2 has been
- t;'ﬁ].Cul'ated at 75 % on a yeariy__bas;is, howevet, periods of shortage
" “oceur during the corn harvest stage. This will not cause substantial
reduction of the crop yield nor degradation of the quality of products.
_Théré_fbre, the irrigation plan and fe'sénfoir" operation study of the
Mangillog reservoir have been decided based on case 2.

Reliabilities of reservoirs estimated by reservoir operati_on' study are
summatized in the table below : '



Reliabilities of Reservoirs

_ Irrigable Aréé (ha) * Reliability (%) |
Name of ' - : _ '
Reservoir  Wet Season  Dry Season Total Yearly ‘Monthly .
{Rice) (Corn) _ Basis - Basis 7
i. Mangillog
| ‘Casc i | _ _
Upper intake 255 258 510 _ | 10.0 80.4
" Lowerintake 105 105 ' 210 0 100.0 100.0
Sub-Total 360 360 720
Case 2
Upper iniake 255 127.5 382.5 75.0 96.3
Lowerintake 105 105 210 . 100.0 100.0
Sub-Total 360 232.5 592.5
2. Bulelatin '
Case 1 120 120 240 0.0 76.7
Case2 120 60 180 80.0 96.7
3. Pangasan 200 200 400 75.0 97.5
4. Balnges 350 350 700 . 80.0 98.3

4.3.4 Bridge Plan

The Bulsa River can not be crossed during the wet sea_éon and people arte indeed
isolated for about & months every year. Moreover, the constmctilon. of a
permanent bridge is necessary for operation and maintenance of the Project
facilities ; Pangasan dam and its irrigation system and Balnges dam and itS
irrigation system proposed on the right bank area of the Bulsa River. On this
background, one permanent bridge has been planﬁed.



4.3.5 OQOutline of Facilities

Principal facilities to be constructed by the Project are shown below :

a. Dams and reservoiis

" Name of Dam . Dam - Crest. Storag
“and Reservoir Height {m) Length {(m) Capacity (MCM)
Mangillog - 19.3 704.5 3.21
Bulelatin _ 10.0 215.0 0.73
Pangasan 17.3 195.0 1.14
Balnges 24.2 208.0 1.82
Total - ' - 6.90

(For details, see Table 4.3.3)

b. - Irrigation canal (Includirig O&M road with effective width of 3.5 m along

the canal)

‘Name of ' Length
System - _ ' (km)

Mangillog 10.32

Bulelatin 1.58

Pangasan _ 3.13

Balnges 8.80

Total 23.83

¢. Bridge
‘Bridge length 225m

- Bridge width 3.6m
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4.3.6 Operation and Maintenance Plan

The operation and maintenance of dams and chervoirs, irrigation facilities and
-O&M rbéd will be under the responsibility of the NIA with the support of the
Govemments of Tarlac Province and Tarlac Municipality. After transfer to the
Government of Tarlac Province, the NIA shall assist O & M in technical aspects.
The operation and m_ain_tenance of terminal facilitics will be done priscipally by the

farmers irrigators’ organization with support from the NIA and the Governments
of Tarlac Province_aﬁd Tarlac Municipality. The maintenance of the bridge will be
executed by the Municipality of Tarlac immediately afier completion of the bridge
construction. Proposed organization charts are shown in Fig. 4.3.2 and Fig.
4.3.3.

‘Operation and maintenance of the Project facilities will be done as folfows :
(1) Dams and reservoiss

The operation and monitoring works for reservoirs and intake Valv'es'shall be
carried out in accordance with the O&M manual which will be prepared in
advance before completion of such facilitics. -Such manual shall include the
O&M criteria for dams and related structures. The inspection and
rﬁéiﬁtén'&ﬁé& works of dams, related structures and reservoir areas shall be
condil(:ted_ én the basis of the manual in order to ensure the safety of the
facilities. Initial ponding test should be done mainly by the NIA. The
careful observation of the leakagé water, pore water pressure, etc. as wcl.l as
required maintenance will be conducted during the test.

(2) Irrigation facilities

In order to irhplement proper distribution and intake of wafer, water

management rules and O_&M manual should be established in advance.

Supervision and operation of the irrigation facilitics shall be carried out
‘ smoothly and regularly on the basis of these formulated rules and the
. manual..



(3) O&MRoad

In order to fulfill its functibn, constant inspection and maintenance should be

implemented,
(4) - Bridge

¥n order to keep its function and outside appearance, constant inspection and

maintcnance should be implemented.

The annual expenses for operatmn and mamtenance of dams and reservoirs,
u‘ngatlon facilities and O&M road are estimated at P 250,000, These cxpenbes
will be accommodated by the irrigation fee collected fmm members of the farmers
irrigators’ organization. The annual 1mgat10n fee would be about P 350 per one
farm household. This irrigation fee is ‘Tess than 3 % of the avcrage farm income
after the Project and its payment will not present pmblem It is expected that the
‘annual expenses for maintenance of the bridge are neghglhbly small, owing to a
rust stabilization coat treatment on all the surface of the structures.

' Project Facilities o Annual Expenses
1. Dams and reservoirs R 47,000
2. Irrigation facilities B - 80,000
3. O&M road | . 123,000
Total | P 250,000

The annual expenses for opemuon and maintenance of the Pro;ect facnhtles are
itemized below : . :

1) Dams and Reservoirs _ _
~ One (1) chief operator and one (1) assistant opefratof should be
employed for operation and managcmeﬁt of the faci]itie_si’ The
maintenance works like weeding etc. will be carried out twice a year.

—52-—



Personnel expenses

Chiefoperator P 2,000/Month x 12Months = P 24,000
Assistani opéiator B I,GOO/M_onth x 8Months = ? 12,800
Labour 10 maneday/site X 4sites x 2 x B 75/d= B 6,000
Overhead ¢xpen_ses (10 % of above total) B 4,280
~ Total | P 47,080

2) - Irrigation Facilities
Maintéiiancc works should be cari'icd out along the canals twice a year.
The re'q'uired"amoimt of labour for this - works has been estimated as ;
 23.83km x 2+ 0.5 knv/man-day = 96 man-day

A réplacgn_lent costs of concrete lining and slide gates at turnout etc.
‘have been 'c'bnsidcrcd in the expenses. The annual replacement costs
have be'en:estimated at 5% b_f the construction costs concemed of these
works based én the assuﬁipﬁon of durable period of 20 years.

Personnel expenses 96 man-day X P 75/d = o B _'7,200
Replacement costs - P 1,303,000 x0.05= P 65,150
._Cvéfhead expenses - {10 % of above total) B 7,235

~ Total B P 79,585

3) O&MHRoad |
Based on the Equivalent' Maintenance Kilometer (E.M.K.) of B
17,104/year/kin in the Philippines, the maintenance expenses of the
O/M road have been estimated with adjustment factors of 0.55 (gravel
pavement) and 0.5 (one-lane road).

Personnel expenses etc. - 23.83 km x 17,104 x 0.55 x 0.50 = P112,087

- Overhead expenses _ (10 % of above total) P 11,209

Total : _ P123,296
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5.1

CHAPTER 5 BASIC DESIGN

Outlinc of the Bas.ic'Design

s Flg 5 1 lisa schematic dlagram of the prmmpal facilities such as dams,

52

5.2.1

1mgat1on gacilities and bndge

Design of Dam
Ba_sic Ccn_sideration- in Design

The"'basic principles for déiﬁ "de:si‘gn are to ensure the necessary functions and
safety with economlcally acccptable facilities under the natural condltmns of

| ramrau earthquake and geolcgy

Anﬁual fainfall-in't'his'*di_st'riét;is about 1,900 mm on the average, of which about
90% is distributed in the wet season from May to October. Failures of dam by
overiopping will be prevented by sufficient fice board and installation of spillway
which has sufficient capamty to discharge flood due to concentrated rainfall.

Dui‘i'ng the period from 1907 t-o'§9'85, 121 occurrence of earthquakes exceeding
magnitude of 5, with a eﬁi_c’exité: within 200 km from the proposed dam sites,

were reporteé; Accordingly, consideration against earthquake will be paid for dam
" design . ' A

" There are many small water impoundings and irrigation facilities in the

nelghbonng area. Since the farmers are familiar with these facilities and the
proposed dams are rclatlvely small in scale there is no particular problem which

_requzrcs Specmh?cd techmque on the operation and management for the proposed

*-damis and canals.

" National 'I'r'ri"ga'ti(.)n’ Adr'n'inist‘ra'tion (NIA) is condu'ctin'g a large scale dam

constructxon in Balog Balog atea nc;ghbonng the Pi'(ljcct Area and it has many

: expenencc m dam constructlon operation and management. Consequently, the

NIA is constdercd to =bc a compctcnt.authonty with sufficient capability for
supervision of dam construction, operation and management.
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5.2.2

" The design of dams has been made in consideration of local conditions, such as
rainfall, mtens:ty of earthquakes and other natural and physncal condmons, and

limited construction penod wnth only one dry season,

Design Conditions

A1) Geology -

- _ Thls Bastc De_’sign Study involves dﬁlling'for‘gedlogical surveys and in-situ
tests. The results show the following geologic features in each dam site.

: VM_‘e;ngl_ llog dam site

The proposed dém site has gentle slope on both abutments and its
topography is almost flat. The bedrock of dam foundation consists of
alternation of strata of mudstone siltstone, and sandstone which
belong to the Moriones Formation. Thickness of each stratum ranges
0.3 to 1.0 m and the strike ranges N 20° - 60° E with the dip of 2 -
-10° NE The rocks are tuffaceous, shghtly weathered and modemtcly
hard. Standard Penetratmn Test (SPT) is unsuccassful since the rocks
are hard (N > 40) The weathered layer is thin and limited to a depth
of 1.0 to 2. 4 m from the surface. The core recovery rate for the

' deeper portlon under the weathered layer was 90% or more, with high
Rock Quallty Demgnatmn (RQD) and no weathering. Permeability is
mostiy in the ordmr of 10- -5 cm/sec, but in the order of 10 -4 cm/sec for
a part of the pomon near the surface.

) Bulelatin dam site

The topography of the proposed dam site is generally flat with gentle

* slope 'on_.'bo.th_ a_b'u't_m_cﬁts. The bedrock in the dam site consists of
altér'n.étibn' of strata of mudstone, siltstone, and sandstone which
belong to the Moriones Formation. Thickness of each stratum varies
with intervals of 10 to 40 cm and the strike ranges N 50° - 70° W
With'ihe:dip of 28° - 30° NE. Joints in the surface layer are exidized.

_ Penneablhty of bedrock is in the order of 104 cm/sec in the surface

o fayer, and it becomcs Tower as the depth increases. Weathered bedrock
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of 2 m in thickness is undcrlymg the river deposﬂ of 2to.4 min
thickness along the river portlon '

" Pangasan dam site

The slopes of the both banks on both abutments of the proposed dam’
site is relatwely steep Bedrock of the site consists of alternation of
strata of silfstone and sandstone whmch bcloug to. the Akskitero
Formation. These strata are metamorphosed by intrusion of nearby
igneous rock. The metamorphosed hard sandstone and siltstone are
exposed in the rzver bed of dam site. Strike ranges N 0° W with the
dip of 50° E. Dike of andesite can be locaﬂy observed in the upstream
of the dam axis. Top soil is dlstnbuted over with a thickness of 1 to
3 m, and underlymg weathcred iayer extcnds toa depth’ of 2to 9 m.

| Permeability is in the order of 10-4 cmv/sec in the weathered layer and
in the order of 10-5 cnvsec in the fresh layer. '

Balnges dam sites

River bed in the propased dam sute is ﬁal wnh thc gradient of about
30° at the both abutments Bedrock’ is exposed at about 100 m
upstream from the dam axis. The bedrcck in the dam site consists of
alternation strata of shghﬂy hard siltstone and sandstone. The strike
ranges N 10° - 20° W with the dip of 20° - 30° NE.

The river bed, is covered by ;he river deposit mainly constituted
sands and gravels with thickniess of about 6 m, and its bedrock is
slightly weathered, but hard. The surface layer on both abutments has
a highly weathered bedrock layer of about 3 m in thickness and
élightly weathered. bedrock layer of 9'to 14 m in thickness. In this
slightly weathered bedrock layer, cracks are oxidized which means the
underground water level fluctuates in this layer. Penneabifity is in the
order of 10-4 c/sec for the sllghtly weathered portion and in the order .
of 10-5 cr/sec for the deeper portion.

3] Constmction materials

Test plltmg and Iaboratory soil testmg were madc m the Basxc DeSIgn Study
The results of the laboratory tests are shown in Table D { and charactenshcs
of the materials for each dam are summarized as follows :



Mangillog dam

Investigation for construction materials has been conducted in the
potential spots in the-Mangillog fcservoir area. Clayey materials are
distributed over the flat pornon and weathered rock materials are
dlstrzbuted on the stope. The available depth of clayey materials is
about 1.5 m, with an area of about .807,000 mZ, and its available
volume is estimated 0 be more than 120, 000 m3. Weathered rock
matenals of approxlmately 200,000 m3 or more will be available at the
slope portionr. The clayey materials show a slightly high moisture
content, and the residoal soil deposits derived from in - situ weathered
rock at about 4 km upstream of thé dam Iﬁay be usable as a substitute
core material.

- Investigation for construction materials has been conducted in the
potential spofts in the Bulelatin reservdir area. Due to high ground
water level.in the test pifs dug in this investig’ati'on, the upstream spot in

" the Bulelatin reservoir is proposed for the borrow area. Available

. .volume of impervious mat_erials is expected more than 100,000 m3,

which is three times of the required volume of 32,000 m3. The soil

. texture is classified as clay, which is suitable to use as the material of

the low dam embankment.

Pangasan dam

Investigation for construction materials has been conducted in the
potential spots in the Pangasan reservoir area. The soil is clayey, and
distributes over an area of 50,000 m?2 or more which is proposed as
thc,_h.o;'r_ow area A'volumt_:'of about 70,000 m3 or more will be
aLvélilable as the c'la}"cy. material. Excavated materials in the course of
the spilllwéy constr;ictio_n will be used as the rock material. Materials at
the remaining highcr portion at the upstream spot in the Pangasan
reservoir area will be used as the random fill materials. Sufficient
quantity of materials may be existing for a required volume of
102,000 m3,
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Balnges dam

' The ﬁaingés feservoir area of _this. dam is of a narrow and long shape.
The deposit"VOiumé of clayey soil in this aréa is small, and only about
'30 000 m3 will be obtained. Accordmgly, addltlonal borrow area is
provided on the left bank in the dowmtream of the dam. ‘A volume of '
about 40,000 m3 will be obtamed from thls borrow area, Weathered
sandstone and silstone are available for random fill materials, on the

~ slope at 500 m upstream of the dam.

3) Capactty of reservoir

@)

Stoxage capacrty of four dams which has been determmcd on the basm of the
irrigation plan in the Project is shown in Table 4.3.3. Fig, D-1 to D- 4
show the area-capacity-clevation curves of the respective reservoirs. .

"Quantity of sedinient

Erodibility of the reservoir watershed which affects the qdantity of sediment
inflow varies depending on the rainfall intensity, 'rainfa]_il durati_ﬁﬁ, kihds of
soils, sur_face gradient. of the waté_r_shed, vege_ta_tion and soil mbisiurc
conditions before and during rainfall. According to the result of survcjs,_ the
vcgetation:rof the watershed is mainly grasses and low shrubs. Besides, the
gradient of the surface is gentle, and the terradéd_i‘ainfed paddy fields are
partly existing, so that erodibility of the reservoir watershed may Be_ very

low.

No measurement of the sediment load has been made on tributaries on which

dams are to be constmcted but the measured value of the sediment load per

year of the nearby Rzo CthO River has been apphcd Thc measurcd va}ue
for this river is 125. 2 m3/km2/year Quamﬂy of sedlment for each reservoir -
has been estimated as follows : Those sedimentation volumes are regarded as

" a dead storage in the reservo_lr plan, respectively. .
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Watershed - Sediment volume

Name of Dam - (km?2) (m3/100 years)
Mangilog 8.1 102,000
Bulelatin. 20 25,000
Pangasan 129 163,000
© Balnges 219 352,000

(5) Design flood

The E/S report by the -NIA, design _fioods..and spillway capacities were
decided on the basis of 50-year flood or 100-year flood as follows :

Design Flood * Flood Surcharge Spiliway Capacity =~ Remarks

(m¥sec)  (x 108 m3) (m¥sec)
Mangiliog 105.50 1.173 56.31 100-year flood
~ Bulelatin 1730 0.201 9.36 50-year flood
Pangasan 7420 0618 149.58 100-year flood
Balnges 221,52 0.609 214.52 100-year flood

Design criteria on dam and Spi]lway of the NIA are based on the standard of
the United Sta_tes Bureau of Reclamation, entitled ” Design of Small Dams
and modified in consideration of scales, importance and other factors of
dams.

The dams in this Project have the following features :

i)  Dimensions of each dam are small scales with height of less than 30
. meters, _
ii)  Each dam is constructed on a small tributary of which catchment area
* ranges 2 to 28 km? and there is no densely populated area in the down
stream of each dam.



5.2.3

In such situatton, it is reasonable that the NIA has adopted 50- year flood or
100-year flood for spﬁlway de31311

' It, howcver is a fact that many failurcs of dam have been caused by,
'deﬁmency of sptﬂway capacny or by madequate sptﬂway des:gn Thc '

design ﬂood of the sptllway in thts Rasic Desxgn Study, therefore has been

' determmed toa 20 percent umreased value of 100 year ﬂood in consxdemtton

of the increase of the safety of the fill type dam structure and resultmg

construction cost. Extraordinary flood ofa 20 percent mcreascd value of
de&gn flood is also adopted into the check of free board. The flood routmg |
has been analyzed by apptymg the same heavy. ramfall dtstnbunon as the

Feasibility Study by NIA. Design flood is also checked by Rational Formula
(See Table D- 4) through the probable rainfall intensity analysis {See Fig. M-

a). o _ : S

The maximum_inﬂoﬁv and outflow at each dam during the design flood and

~ the extraordinary flood have been summarized below

Extraordmary Flood

T Désigh_Flobd
: “outflow o o outﬂow
Inflow SplllwayDtscharge . Inflow Spillway Discharge
(m¥/sec) (m3/sec) (m3/sec)  (m¥fsec)
Mangillog 126.60 81,52 15192 99.13 -
Bulelatin . E 25,20 18.24- 30,24 S 22,34
Pangasan 209.04 _ 183.38 -250.85 : 221.08
Balnges 265.82 T 25647

31899 307.80

Basic Design

(1) Dam site

Each dam site proposed'in the Feasibilityl S'tu.dy. th-ls rcviéwcd in

consideration of the irrigation area, water storage capacuy, topograph:cal
features and elevatmn This Basic Design Study mvolvcs detailed .
investigation on the location of spillway, topogmphtcal features and geology,
in order to review the dam position.



Mangillog da:g

The dam site is the same as thc Feasnbihty Study, but the dam axis has

| ~ been modlfied to the most sultablc direction. In the initial plan, the axis

'of the nght half of the dam was bent to the downstream. Because of
change of the splllway type, the modification of the direction from the .
original dam axis has been needed so that the inflow d_irection into the
spillway intersects with the dam axis at a right angle and the dam axis
has been changed to a straight line to avoid the complicated plane
shape. ' '

. Bulclaitin dam

The dam site is the same as the Feasxblllty Study As in the case of
above Manglllog dam, the direction of dam axis has been adjusted so
that the inflow direction into the splllway may intersects wnh the dam
'ax1s at a right angle and the location on the left abutment has been
'shlfted to about 100'm upstream because of change of the spillway

type.

Pang_asan dam

. "_Aq for ihe'détﬁ Site' determiﬁed in the Feasibility Study, it was found
_that the topographlcal features of the 1eft bank for about 200 m
_ upstream of the dam axis is dlfferent from ihe average ones around the
reservoir and erosion is heavy in this _pomon due to a topographical
feaiﬁgcs .(_)f concentréted small V.alieys. Tﬁe sbiliway also 16cated in'the
saddle on the right bank of the reservoir and needs a long channel from
the stil'ling basin to the Pangasan tribufary To avoid these problems,
the Basw Des:gn Smdy has pmposed shifting of the dam axis on the
left bank for about 250 m upstream The spillway Iocation has been
'proposed to be shifted to the nght bank of the dam. A saddle dam of
' 50min length and 6 m in helght has been designed at the spiliway
Iocatmn planned at the Fea..tbx];iy Study.

_ Balgig_ €s dam

" The river bed at the dam site determined by the Feasibility Study is
covered with river deposits consisting mainly of sands and gravels of 6



(2)

m or more in thickness. Although:this thtck gravel layer presents the' _
greatest obstacle for completion of the construction works of the dam
W1thm a short perlod it has proved thtough the field mvestlgat;on that
this site is the best among the poss1ble aItemative sltes :

Selection of dam type

The dam t'ype'is.selected in due consideration of the following 'r;:.-iﬁ;';es_ :
. Hetght of dam,

. Quahty and quantity of avaﬂable matena]s,

. Topography condttlons '

. .Stte geology,
. Climate,

T 'Purpose of the reservoir,

. Coustruction cost.

~ The type of each dam'is described below :

Mangg'ﬂog. da’m

The dam site has gentlc topographlcal features Dam heig’nt of about
19 m and crest length of about 700 m are necessary to obtain the
requtred water storage (about 3 mlihon m3) because of’ gentle slope

' topography at the dam site. The shdpe facior obtained by dtvtdmg the
dam length by the dam helght is 36 5andit shows that the fill dam is
suitable for this site.

Geology of the ‘dam foundatton is sedlmentary rock - ‘consisting of
s:ltstone and sandstone, whtch is appropnate as the foundatton for the

il dam of about 20 m in its hetght Ciayey soils for i 1mperv10us cote . -

are avaﬂab!e abundantiy in the reservoir area and about 4 km upstream
of the dam. Random fill mater:als are avaﬁable w1thm the reservmr
area though they are weak rocks

This dam"is largest 'am'ong four proposed damis, with an embankment
volume exceedmg 300,000 m3 But its wide constructton site. w1th'
700 m of the fong crest lcngth makes mm\iitaneous works possible, .



- ahd-thé,ton'_slmétion period can be reduced by increasing the transport
- capacity of materiais. Zone type earthfill dam with vertical core is
selected for this dam so that its work period can be cut down with ease.

' Bulelatin dam -

‘The dam site has gentle tépographical features. Dam height of about
10 m zirid crest length of about 200 m are ncceSsary to obtain the

*‘required water storage (about 700,000 m3) The shapc factor is 21.5
| and the suitable dam typc is a fill dam. '

Geo'logy'of the dam foundation is'sedimentary rock consisting of

- sﬁtstone and sandstone which is szrmlar to. Manglllog dam and

.‘ i appropnate as foundation of a ﬁll dam thh the helght of about 10 m.

: Imperwous clayey soils for embankment dam are available at the
upstream spot within the reservoir. Since this dam is smallest among
-p.l’_OpQS{',d dams with its embankment volume of about 37,000 'm3,
- simple dam section is better for éfﬁc_iént ‘execution of construction
 works. Consequently, homogeneous earthfili dam is selected for this
dam.

) Pangas'zin dam

© As compared with Mangillog and Bulclatin dams located at the northern
bank of theBulsa River, the abﬁtmcnt sl_ob_e_ o_f this dam site is rather

' stcc{aét,- Da'm'hé'ight of about 17 m and crest length of about 200 m
are nec‘es'sary" to obtain the required water storage (about
1 mzihon m3). The shape factor is 11 3 and fill dam is suitable for
thls sue '

) Geoiogy of ﬂi{_ﬁ dam fbuhdatiin_i is relatively hard bedrock consisting of
rmctﬁi}iq'_rphés'ed' s'ilt'stjohe and sandstone. The ﬁieﬁamorphism is
) tho‘ﬁg‘ﬁ't' to have .b-een caused by the intrusion of igneous rock near the
dam site.. For the low dam he’ighf_ of less than 20 m, there will be no
fbundati_o_n problem. Clayey soil for impervious core is available
abundantly within the reservoir area. Relatively hard rock will be
obtained from the right abutment of the dam for a rock fill materials.



'Rockﬁll dam with vertical clay core is chosen for this dam so that the

work period can be shortened and good quality constmctton inaterials
can be available in the vicinity of the dam for an ‘embankment voluine
of less than 100,000 m3, | |

_Bal_ngt:;&.da.m '

The slope gradient of both banks on both abutments is about 30° and
the river bed is flat. Dam ‘height of about 24 in and crest length of
about 200 m are nécessary to' obtain the required water storage (about

1.5 million m3). '-The'shape' -factor is 8.6.

Tho geology of the dam foundatton is hard sedimentary rock consrstmg
of siltstone and sandstone with aliuvial deposrts mamly gravels
covering the river bed. Both gravel and sedimentary rock layers have
sufﬁctent bearing capacrty as the foundatxon for a fill dam of less than
30m hlgh Impervious clayey soil for core are available ‘within the
reservoir area and about 1 km downstream of the dam. Random fill
materials are available within the rescrvoir area but they are weak rock

materials.

Both fill and concrete tlént:types'afe’ oOSsit)Ie top'o'g‘-rapttieolly' and
geologzcally at this site.” Fill dam may be more appropnate because
eortstructton works from excavatton of nver depostt to bank.mg of
embankment must be completed within a short construction penod and’
the eonstrucnon cost of fill dam is lower than that of concrete dam.

Though the embankment volume is around 150 000 m3 the
construction penod is expected to be Ionger because of necessny of
refilling the excavated portton of the river bed with i 1mpervrous ciayey
soil. Consequently, zonhe type earthﬁll dam with Vertlcal core is
selected to enable reducnon of the constmctxon penod "



3) Embanki:n_cnt Design
a) Height of;larn

_Héight '(_)f dam i_si.' _dé_tcrmine‘d from active storage, dead stora'gc and
surcharge storage, plus wave height, {ree board and excavation depth of core
trench. '

o _S(')m‘?_-.ﬂood flow is stored in the reservoir during the flood because the
spiltway of _eélch'dam is without crest gate. ' The water level is calculated at a
design 'ﬂ"(:)od and at an extraordinary flood.

Dead stbragc of thf:se' dams 1s derived from estimated sediment volume
during 100 vears. (Refer t0 5.2.2) Wave height is estimated by S.W.B.
method and Saville method. Results are shown as follows :

Fetch "Slope . Slope’ ' _ Wind “Wave Height
Protection  Veloeit .
(m) _ m/sec (m)
Mangillog - 1,100 - 1:3.0° - Riprap 30 - 050
~Bulelatin - - 400 1:3.0  Riprap - 30 0.27
' Pangasan : 400 .. 7 . 1:3.0 Riprap 30 0.27
1

. Balnges 550 - :3.0 Riprap ~ 30 - 0.32

Free board is calculated by foﬂowing equation :
Free board = 0.05 x (Hp-Hp) + 1.0 (in meter)
: - Where, ' Hp: Méximum water level in meter,
Hp: Elevation of dam basement in mefer.

Results .atg_shown as follows :._

Max, Water  Elevation of FreeBoard  Elevation of

&t Damdgement oy TGP
Mongillog 10957 9500 173 11129
Bulelatin 96.71 - .90.50 130 98.02
‘Pangasan 12870 114.50 171 130.41
‘Balnges 96.47. 81.00 1.77 © 98.24
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Free Board is also checked by using the following equation s

Hf' dh"‘hw‘f'ha"'h]

where, - Hy = Free board i in meter,. :

dh Hexght of extxaordmary flood water surfacc from deszgn flood level
in meter,

hy, = Wave height from reservoir surface in mieter,
h, = Height of water surface by mis-operation of gate in _niete:,

i = Added helght of imporiance and type of dam, 1.0 meter for all dams.

dh by by hf - Hf  Elevationof

- topo
- (m) m - (m) ~{m) (m} _ {m
Mangillog .~ 019 050 000 100 . 169 11107
Bulelatin .~ 009 027 000 - 100 L36 . 97.98
Pangasan 0.32 0.27 0.00 1.00 159 - 12997
Balnges 0.29 0.32  0.00 1.00 1.61 97.79

Excavation depih of core trcnch for each dam is determmed on the basns of
the result of foundation dnllmg Base rock will be excavated with 3 meters
depth from the surface at Mangiliog and Bulelatin dam. Modlﬁcation of
surface irregularities will be needed at Pangasan dam but is not necessary at
~ the river section because of exposure of hard base rock. At Balnges dam,
about one {1) meter of the baserock underlymg thc river deposlts wﬁl be

removed because of the mﬂuence of weathenng

According to the above discussion, elevation of the tbps of dams and height

- of dams are determined as below :

Elevation of Height of .

Top of Dam Dam

o . (m)_-. . o (m)
Mangiflog Co30 . 193
Bulelatin 98.00 ' 10.0
Pangasan 130.50 - 17.3
Balnges 98.20 : _ 24,2

.__jg__.



b)  Construction materials

As a rule, smls and rocks around each dam w111 bc used as construction
; mateﬂals Sand and gravel for filters and drains are available at the Bulsa

- River for all dams At this Basic Desiga Study, test p]ttmg and auger boring

~were made in the proposed borrow area to mvest:gate the avatlable thickness

of the so;l( layer and samples were takcn from each test pit for the necessary
léboratory iests On the bésis of this study and the NIA Feasibility Study
resu]ts demgn values were determined for each dam materials. Design
values and characteristics of the materials for each dam are shown in Table D
-1 and Table D - 2.

'I_'Ype bf‘dam’se"ctioh
Zoning for dam section was determined on the basis of embankment

matenals and construction condtt:ons to secure the required functions and to
achleve at mm:mal COSt.

Basic dam section of each dam in this Project was determined mainly from

the cmbankment materials and construction ¢onditions: that is, availability of
" zlarge quantlty of soils and rocks around the proposed dam site, completion
" of dam within the shortest construction period using these soils and rocks,
_ and no hindrance to the work progress, such as slide of the embankment
“under the rapid filling. Zoning of each dam is described as follows :

Dam type is zone type earthfill dam with vertical core. Clayey soils in
the reservoir and in the area about 4 km upstream of dam are avaijlable
for impervious zone. For upstream and downstream shell zones, weak
'_fo"ck materials will be taken from the reservoir area. These shell zones
‘may possibly become semi-permeable or impervious by compacting
'works; and seepage water shall be drained from the embankment. The
drain and filter materials for this purpose may be gathered from the
o _Buls'a River around the fording point between Iba and San Pedro.



Bulclatin dam

Dam type is homogeneous earth dam. Clayey soils for embankment
- will be obtained irom the upstream portion of the reservoir . The
drainage materials to discharge seepage water from the embankment ate
to be gathered from the Bulsa River around the fordmg point between
Villa Aghpay and Monones : '

Pangasan dam

Dam type is rockﬁll dam wuh vemcaI clay core. Clayey soﬁs in the '
reservoir will be used for i 1mperv10us zone, while relanvcly hard rocks _
excavated at a hillock on the right abutment will be uscd for upstream
and downstream shell z_oﬂes. The filter rmateﬁals.é_lré'to be gathered
‘from the Bulsa River around the fofding- point between Tba and San
‘Pedro.

Balnges dam

Dam type is zone type carth ﬁll dam w;th vemcal clay core. Clayey
soils in the reservoir area and from the downstream area of dam are
~available for impervious zone. . For upstream and downstream shell
zones, weak rock materials are found in the teservoir area. _Thme shefl
ZONEes may pmsibiy become S{_:miepenneab'_l:c or .imp_e_rvious, 'a'nd
seepage water shall be drained from the embankment. The drain and
filter materials for this purpose may be _ga{{hered from the Bulsa River
around the fording pomt between Villa Aglipay and Moriones.

d) Shape of dam section -

Top width of dam is set at 6 m in view of safety against erosion by wave,
heavy rainfall, piping and intemal erosion by secpage water and collapse and
sliding induced by earthquake. |

In view of the property of _'t_:mban_kme:nt material, 'th_e giadicnt of slope is set
3.0:1 for the upstream slope and 2.5:1 for the downstream slope.

Filter is provided for prevéhtihg washout of soil particles by seepage water:
Drainage blanket to discharge seepage water from embankment is also



provided for dams excluding Pangasan dam. Since the Bulelatin dam is a
homogeneous earih dam, interceptor drain is provided in addition to the

ﬁraihage blanket in order to cb]léct seepage water effectively.

ﬁbstréam slope of dam is _sﬁbjéc’i {0 various actions causing its damage, such
as erosion with wave, washout of soil particles due to'seépage water from
embankment when the reservoir water become low, cracks due to drying
when the water level has dropped, and thus it is less resistive against
weathering and erosion. To reduce adverse effects of these actions, upstream

slope bf_ these dams will be covered with a layer of large size gravels.
‘Thickness of this layer is 70 cm, with a 30 cm thick filter layer provided
* under this layer to prevent washout of small particles, Downstream slope of

dam is subject to erosion by rainfall. Since the embankment materials of
downstream slope of Man_giﬂog, Bulelatin and Balnges dams are mainly
soils or weak rocks, erosion by rainfall may'cause deep gully. Sodding,
seeding of grasses, etc., wﬁl be provided as a protection of the downstream

slope. The dam top should also be protected by laying gravels.

- Seepage control

The following items must be reviewed in the design of embankment dams
with regards to seepage :

(1} Seepage quantity through embankment and foundation,
(2) Influence of seepage on the stability of embankment and foundation,
(3) Seeﬁage control methods.

Allowable daily seepage quantity is commoﬁly limited to about less than

0.05% of the active reservoir capacity from the viewpoint of storage

efficiency of irrigation reservoir.

Review of the influence of seepage water on the stabilities of embankment
and foundation involves the analysis of the stabiiity.against piping and
boiling and of the determination of a flow net. The fqlldwing methods are
considered for seepage control :



(1) Installation of filter zone to prevent piping and boiling, =~

(2) Installation of impervious blénket'and ‘gf_outiﬁg to -réducc_a seepage
wate, _ . = : '

(3) Installation of drain to discharge seepage wate.r safcly from the

embankment.
The above items were studied for the four proposed dams. -

i Quantity of seepage through embankment

Quantlty of seepage through 1mpervxous zone of each dam is estimated by
flow net method at steady state with normal water level (Sce Fig. D 9 to D-
12). The following formula is adOpted for calcu!atlon '

Q=&q=zk(m>ax

whete, Q 'Seepage quantxty (nﬂ/sec),
aq :  Seepage quantity per unit width (m¥sec),
k : Coefficient of permeability (m/sec), _
H : Difference of head betWeeﬁ upstl_'eam and downstream
of i 1mpcrv1ous zone {m), R |
1. : Length of flow line in 1mpervxous zone (m)

Results are shown below :

Elevation of Coefficient of Se‘epagc
N.W.L. Permeability  Quantity .

(m) (m/sec) (m¥day)
Mangillog 108.00 1x105 - 439
Bulelatin - 96.00 1x103 7.6
Pangasan 126.50 Ix10° 1.2
Balnges 94.00 1x10% 20.0




ii.. Qtlantity of seepage throu’gh foundation

' _' Groutmg 13 des1gned at the baserock under the embankment s0 as to reduce
rseepage, S0 that the seepage through the bedrock may be scarcely occurred.

' 7 ' However, checkmg of seepage through the natural ground extended from the

both abutment of the each dam is requlred because the surface layer on both
banks is weathered and cracked except the Manglliog dam. At Mangillog
dam site, path iength of seepage throvigh natural ground is assumed long and
seepage quantity will be small. On other dam sites, more seepage through
natural ground is expected and seepage amount is estimated by applying
same method in the case of embankment as follows :

Elevanon of Water Level at Coefficientof  Seepage
N.W.L. Downstream Permeability  Quantity

(m) (m) (m/d_ay) (m¥day)
Bulelatin =~ 96.00 92.00 1x 103 34.6
_Pangasan  126.50 115.00 5x 10 45.6
‘Balnges . 94.00 92.00 5x 104 35.0

ili. Seepage control method.
Man_ginog dam

' ThlS dam is desxgned as a zone type dam and provided with filter zone
in boundary between impervious core and semi-permeable random
zone to prevent washout of fine soil pariicles and occurrence of piping.
Sint_:_e the r'z.mdom.zo_ne is less permeable, drainage blanket is provided
to ensure discharge of seepage water safely from the embankment. To

reduce seepage through the foundation, grouting shall be made with a
_hole interval of 3 m and depth of 10 m in the permeable portion of the
core foundation.

Bulelafin .dalm _

Thls dam is a homogeneous earth dam occurrence of leakage by hlgh

seepage line on the downstream slope is not favorable for its stability.
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An 1f1terceptor‘dr'am is provided in the embankiment for the collection of
seepage water and dramage blanket for its safe dlscharge To reduce
“the seepage through the fouudatton, groutlng shall be made with & hole
interval of 3 m and depth of 10 m in the permeable portton along the
foundauon of dam axis and permeable pomon due to weathering in
natuxal ground on the nght bank up to 90 m upstream from the dam

' ax:s

Pahgasan da,rg

This dam is demgned asa rockfili dam and has a filter zone in the'
boundary between i 1mperv1ous core and permeable rock zone to ‘prevent
' washout of fine soil partlcles and occurrence of plpmg To reduce_
seepage through the foundation, groutmg shall be made with a hoie

mterval of 3 m and depth of 10 m in permeable portien of the core
fi oundatlon and permeable portion of quarry site on the right bank.,

Balnges dam

Thls dam is demgned as a zoned earth dam and has a ﬁltet zone in the

boundary between i 1mperv1ous core and semt permeable random zone

to prevent washout of fine soil pamcles and occurrence of plpmg '
Since the random zone is less permeable, dral_n_age blanket is provxded |
to ensure discharge of seepage water safely from the embankment. Te

“reduce seepage through the foundation, grouting shall be made with a

hole interval of 3 m and depth of 10 m for permeable portion in the
foundation along the dam axis and the weathered permeable portion on

both banks up fo about 75 m upstream from the dam axis.

f) Stability of embankment and foundation

‘Stability of em‘oankment and foundation against sliding is examined by slip
circle method. The review was made on following two cases: "

(1) End of construction,
(2) Steady seepage with normal full water level.



“The design values for calculation of stability are shown in Table D-2 and
.. Fig.D-13 to D-16. The results of stability calculation are shown as follows
for each dam, where the coefficient of seismicity is 0.15.

"End of Constrﬁétioni - Steady seepage with N.W.L.

‘Nomal  w/earthquake Notal w earthquake
 Mangiltog _upstream, 2.240 1.390 2.346 1.165
downstream 1915 1266 2.013 1.349
Bulglatin - upstream 2.027 1.240 - o3.225 1.598
. downstéam . 2.197 . 1504 2197 1.504
Pangasan  upstream 2.288 1.494 2,100 1.138
downstream 1907 1300 . 1907 1.300
" Balnges  upstream 2219 1.388 2.147 1.114

downstream - 1.871 1.227 1.938 1.302

(4) DeSign of‘spillwa'y '

A splllway isa famllty pr0v1ded to ensure the safety of a dam against ﬂood
.Therefore, a splllway should be a structure such that outflow capacity of a

- splilway is sufficient to release the de_s1gn flood d:scharge safely. Spillways
of pro_pese'c.l dams are ungated crest type fo be free from mis-operation.

M.ang'illog dam

Feasibility Study report describes the spillway as a morning glory type
inlet connected to a bottom conduit. But the moming glory type inlet is
functlonally unsatlsfactory, because it may be blocked with driftwoods
' _'and/or debris durmg flood. Thus infet pomon is changed to straight
crest type and guxde pomon to the chute type to avoid fear of failure
"caused by erosion in embankment or foundatlon and leakage from the
condun :

Spillway is selected on the higher portion near mid point of the dam
after consideration of the topographical and geological features and
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construction conditions such as meandering of the Mangillog tributary, -
suitability of excavated soils as embankment materials, required-
volume of concrete, etc. Crest. length of inlet portnon i525m and head

on crestis 1.38 m, -

Bule]ann dam

Feas;blhty Study report describes a mommg glory type mlet and a
conduit type gmde agin the case of Manglllog dam. A mommg glory .
inlet is to be changed fo straight type. and guide to chute type. Location
of the spxllway- is selected at the right abutment due to topographical
and geological features. Crest length of inlet portion is 18 m and head

on crest is 0.62 m.

Pangasan dam

Feasibility Study proposes the spillway on the saddle distanced from
embankment on the right bank to reduce ekcavation Additional
drilling in this study made it clear that lhe excavated rocks from the
higher portion on the rlght bank are suxtable as rockﬁll matenals
Consequently, locating the spzllway at the site of the quarry will be
more economlcai by usmg excavated rocks f’rom splllway 1o
cmbankmem materials and shortenmg the channci to the downstream of
.tho tnbutary Splllway 1s located on the rlght abutment in thls vmw and
a saddle dam is set on the saddle. The typc of splﬂway is not changed
and inlet is straight type with chute type guide. Crest lcngth of inlet is
25 m and head on crest is 1.88 m. -

_Bglogggg.a.m

Location of spzllway is on a saddle on the left bank distanced from the

cmbankment pOSlthﬂﬂd as descrxbed in thc Feasﬁ):hty Study Roport'
 dueto tOpOgraphlca[ and geoiogncal features Flood dlschargc through

splllway flows into the Sudit mbutary Type of spillway is not
changed with a straight type m!ct and a chute typc guide. Crest Iength_
of inlet is 40 m and head on crest IS 2.18 m.
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Design of intake works

.,A‘ll four proposed dams take water only for 1mgatxon Intake facilities Wlll
be uscd for intake of irrigation water after complehon of dam but they will be

used for dwersmn during construction period. Intake facilities consist of
lnlet portlon, regulatmg portlon and guxde portion, and each component is
_desngnc_d_ as follows :

Inlet structure is planned at the place 10 to 1S m apart from the end of
~ upstream slope with a trash rack struciure to prevent debris or drift.

Gﬂidc'poﬂioil consists of conduit and energy dissipator. Since the 'conduit

~ will be used also for drainage diversion dunng constmctlon, steel pipe of

1,000 mm diameter is to be used. Impact stilling basm will be adopted as
an enexgy dissmator and positioned at 10 to 15 m from the end of the
downstream slope.

Regulatmg pomon is located between downstteam end of condm( and
energy dlsmpater Control valves should have a diameter of 400 to 600
mm a_ccordmg to the respective intake volume reqmrements. Two valves

are installed in series to facilitate repair. in case of inipossi_bility of control
due to being choked by debris.

Slide gate is also provided at the upsiream end of the conduit for inspection
and repair of the conduit and valves. Details of intake facilities of each
dam are described as follows and summarized in Table D-3.

Mangillog dam

In view of. the area to be irrigated, the dam will have two intake
facilities. Intake capacity is 0.51 m3/s for the upper inlet at an
elevation of EL.I' 104.5 m and with a control valve having diameter of
600 mm and 0.21 m3/s for the lower inlet at an elevation of 99 m and
witha cbn_ti‘ol valve having diameter of 400 mm. Since the reservoir
is also ﬁlanned to.b_e used for ﬁsh_famling, the lower intake works will
be used to drain the reservoir. This lower intake works will also be
used for dfé{ihagc diversion during construction with a slide gate on the
side .Wa_li of inlet structure.
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(6)

(N

Buielati.n dam -

Intet of thns dam is demgned at an elevatlon of EL 91 3 m wﬁh an
intake capacity of 0.20 m3/sec and control valve havmg dlametcr of
500 mm. = This facnhty will be used also for’ dlversxon durmg
-construction and’ in dramlng the reservoir for fish farmmg

Consequently, a slide gate wili be provided on the side wall of inlet
structure to enable discharge of storage water as much as poséible.

Pangasan dam

Inlet of this dam is designed at an elevation of EL. 120.1 m, with an
intake capacny of 0. 40 m3/sec and a control valve having diameter of
500 mm. '

Balnges dam

Inlet of this dam is designed at an elevation of EL. 84. 3 m with an
- intake capactty of 0. 70 m¥/sec and'a controi valve havmg diameter of
600 mm.

Safety around the reservoir

There is scarce possibility of landslide or slope failure amund the reservoir
as the slopes are_éo_ve:ed by cohesive residual soil materials. But timely
patrol along the surrounding road for watching and '_ih'spe_ctin_g the reservoir's.
surroundings shall be carried out.

Operation and maintenance of dam

To monitor the behavior of the dam after completmn the foliowmg
momtonng and cbservanon fac:htles shall be instailed:"

(1 Leakag¢ méasuring system, _
(2) Deformation measuring system,
(3) Pore pressure measuring system.,



Cracking due to abnormal deformation of the embankment or foundation, or
water paths due to piping or hydraulic fracturing cause sudden increase of
water leakﬁgc and the turbidity of leaking water. Consequently, abnormality
‘of the dam can be identified by 'obsérving the leaking water, To meet this
purpose, a leakage measuring system shalt be installed.

Embankment and foundation develop deformation due to their own weight
and due to water'pres'sure during and after construction. A deformation
measuring system shall be installed to measure the deformation in horizontal
and vertical directions. '

After the storage of water, pore water pressure develops in the embankment

due to scepage watci_‘. -Pore pressure measuring system shall be provided to
observe and check pore water pressure with seepage water.
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5.3 Canal Design

5.3.1 Basic Consideration in Design

The soil conditions along the proposed éanal routes are outlined as shown below.. |

It is expected that there is no serious problems for the constructlon of proposed‘ :

canal routes. Unlined canal type has been designed in consideration of the httle

flow capacity and econormnic con_s_truct;on cost. Howeyer, sharp curved p{mlons

of canals will be lined by concrete to prevent scouring and erosion,

Canal ‘Scction . | S " Soils pfbpeﬁy'(thick'nws)'

1) Downstream portion of South Lateral 'Smfé‘c(::
Canal of Mangillog system and o

Downstream pottion of Main Canai on Substratum:

left bank of Balnges system :

silt or clay (0.2 - 1.0 m)

_gravel

2)  Upsiream poﬂion of Main Canai on Sutface:
left bank of Pangasan system '

siit or c!ay (0.1 - 0;5 m)

Substratura:  highly/slightly
- ' _ weathered rock -

3) S.f:c.tion‘other than the above _ | Surfa’c:e:".'- . silt orlcla.y(O.I -0.2 Iﬁ) :
SuBstra_tum:

highly weathered rock

The irrigation canals consist of various relatcd structures which are combined

organically to make up the canal systems ‘and to funchon asa whole system.

The following canal related structures have been taken into consideration at the

canal design.



7 Faclty Classification
) Convcyance | a. Opeﬁ channel
~b. . Pipeline
- C. Syphon
d. Drop
) Div."er_si:dq_j;ﬁéésﬁrihg'dévices ‘a.  Diversion works
' R b.  Turnout
Parshall flume
3) * Regulation a.  Checkand drop
' ' ~b.  Spillway _
'- 4)  Protection a. '_Cross-drai.n |
5) Maiﬁtcnance-' a. Q&M road
- 6)  Appurtenant - a. Bridge
' b. -Foot bridge

Road crossing - -

' proposcc_l,irrigati_on systems consist of the following four canal systems, and the

Thé_scobe of the design includes head reach, main canal and lateral canal. The

total length is 23.83 km,



Main Irrigation System - " Name of : . Nameof

L Central main canal (880m)‘_ o

(Lengt_h) - Water source - : -~ Canal -
(1)  Mangillog system (Mangxllog reservmr‘ . ggg = _Rigﬁt hank_main canal (1,160m)
(10.32 km) - '_(200m) : _ A

Leftbank ——North
‘main canal | lateral canai (I 880m)
(3,600 m)

Sou{h
lateral canal {2,600m)

(2) Bulélatin system (Bulelatm 1€SeIVoir)-——r- Hea Main céna]'(_l-,_ZOOm)

(1.58 km) | - ,(330.“.‘_) .
3) Pangasari system (?ahgasan [EServoir) —— gg%g e Teft bank main canal ¢! 630m)
(3.13 km) (100m)
_ : Right bank main canal (1 ,A400m)
(4) Balnges system  (Balnges reservoir) gg% . Left _bank___main:canal_ (2,950m)

(8.80 km) - R - -
(250m) L. Right bank main canal (5,600m)

Total 23.83 km

5.3.2 Design Conditions
‘The basic design is in principle in compliance with the NIA d&ign cﬁtéﬁa_. -

(1) Design discharge

Maximum unit water rcqu;rcment is 1.41 lit/sec/ha accordmg to thc 1mgat10n'
water requiremnent study. As the unit design capac:ty, 2. {) hir‘se(‘/ha has been '
adopted over the whole canal system in consideration of some allowance fo_r'
future increase of irrigation water :equiréments due to changes in the
cropping pattern and farming practice (e.g: partly introduction of dry season
paddy) in the command area concerned. o



@

. This value is considercd reasonable, because as for the unit design capacity

for irrigat_i('m"canals in the Philippines, generally 1.7 - 2.3 lit/sec/ha is used
actually. -

“The irrigation system of the Project is outlined in Fig. 5.3.1 to Fig. 5.3.4.

‘Hydraulic design

*Canals are 'designed by the following given conditions :
Itemn Hydraulic Design
D Apt)lied meah velocity formula Manning.’s formula {coefficient of
o roughness= 0.03, standard value for
‘ 7_ ' sma_ll‘ cax_lal) g
-2} Min. atlowable velocity 0.45 m/sec (prevention of silting of
: S o suspended sediment)
3) Max. aliowable velocity 0.6 m/sec (based on canal materials :
| _ ‘ clay or loam )
4) Frecboard 0.3 m (determined to be the minimum
: ' . value)
(3) Farm ditch.

Farm ditches are included in the scope of works undertaken by the Philippine

side and consist of the followings : \

- A tum.out.w-il_l irriga{e a rotation block of about 40 ha through main farm
ditch,

- Four .o_r five diversion boxes will be provided for each main farm ditch.
Fach box will irrigate about 10 ha rotation unit through supplementary
farm ditch.

O&M road

(4)

. O&M roads wili be_c_bnstructed along the main and laterél canals, and will be

used not only for operation and maintenance of canals but also as farm



roads. Thus, these roads are expecied fo have other dcﬂvi\tiVe'béhéﬁt"ﬁién“ '
that of O & M. ' ' . '

The total road width is 4.5 m of which:3.5 m is the éffcé‘t_ive_ w1dih with
both side shoulders of 0.5 m wide. One lanc width is secured for vehicle
traffic. Gravel pavement is planned on the road surface. '
5.3.3 Basic Design

The basic d_esigﬁ of canals is attached at Plates of this Report, The pian is based

on the terms below : ' : '

(1) Alignment of canal -
_A_lignmcnt of canal systems has been planned to enable fhg grﬁvi_ty irrigation
of the largest possible area with reference to the elevation of the dam and 7
reservoir concerned. a ' '

(_2) Canal !eﬁgth and number of facilities

Length and numbers of facilities of each 'cané_l system are as follows :



Table 5.3.1  Outline of Irrigation Facilities Designed

4)

6)

Ttems ' Mangillog Bulelatin Pangasan Balnges Total
1) - Conveyance
~ Structure _ _ .
a Open(,hanmel(m) 9,810 1,490 2,980 8,580 22,860
b. Pipe lme(m) . 0 0 100 - .0 100
C. Syphon(m) ) 510 90 50 220 870
- (nos) (6) 2) (6 ERE ) B ¢ V)
d. Drop(nos) ' o 13 0 0 0 13
2) vaersmnWorks and ' '
Measunng Devices -
a. Diverswn works(nos) 3 1 i 1 6
b. Tumout(nos.) | 4 7 11 41
¢. Measuring devices(nos.) 18 2 3 3 16
3) RegulatingWorks =~
" a. Check and drop(nos) 17 4 6 8 35
{b.- Spl]lway(nos) S 7 2 2 14
Protectwc Works ' '
a. Cross drain (nos.) - 6 1 5 7 19
5) Mamtenance Works
a. O&Mroad(m) 10,320 1,580 3,130 8,800 23,830
Appurtenant Works \
a. Bridge (nos.) 2 2 20
b, Pootbndge(nos) 2 2 20
c. Road crossing (nos.). 1 1 7
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5.4

5.4.1

Bridgg: Design

Basic Consideration in Design

Judgmg from the data obtamed from core drﬂlmg at about 2 km downstrcam of the_
proposed ‘bridge site, the underlymg matenals consists of alternatmg layers of
shghﬂy weathered sandstone and mudstone and gravelly river deposzt of" about
10 m in thickness. Under above foundatlon condltlons the beanng pile has been
demgned to suppurt the load of piefs, abutment and the super structurc of the

" bridge. H- shaped steel pile foundatlon is practlcally easy in construcnon and has
sufﬁment strength after constructlon The desirable typc o{' the super—stmctum o

may be the H-shaped steel beam bndge wh:ch is easwr to construci and earher to

complcte ihan the remforced concrete’ one.

The annual records of the maxxmum dlscharge of the Bulsa Rwer at Villa Agﬂpay
gauging station near the proposcd bridge site (basin area’ 405 kmz) are as fo!lows

Water Level Dlscharge

Month ~ Year ( m) - (m /S)
May 1976 a4 asm
© November 1977 422 2,19
August 1978 2.78 U613
August 1979 411 2,025
September 1980 2.1 633
August 1981 - 248 . 432
August 1982 288 . 683
August 1983 31y 933

August 1984 290 697



~ Probable fiood d:scharges calculated by Iwai's method and Gunbel's method are
- shown below -'

) =.(Uni.t im3/sec)

'Ret_ur_t_l:peﬁbd (year) . Iwai's method  Gunbel's method
2 . 981 1,085
S 698 2077
o 2,263 2,734

20 2,868 | 3,364
s . 3745 4,179
00 4475 4,790

iO-year flood of 2 50(} m3/sec was corisidered as the de51gn flood discharge at the
bndge site: Thc clearance under beam of bndge must ‘be more than the value _
' shown below ‘

' '.Cle'am'n'cé under beam of bridge crossing the river

. Desrgn Flood Diéchérgé (m3/sec) Unagcégggf(rﬁ)
~below200 06
200t0500 0.8
~ 500t02,000 1.0
2,000 t0.5,000 | 1.2
5,000 t0 10,000 1.5
10,000 orabove | 2.0

5.4.2° Design Conditions
: ] (;1). Désigh Flood Stage

B ﬁesiéh_ﬂdo_d ._s'i'ag_c' at the discharge of 2,500 _m3/sec is estimated at 5.0 m in
‘fiow depth. This means that the clearance under beam of bridge is 1.2 m.
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5.4.3

@

| 3)

Desngn Ioad

The approaclnng road w;dth is less than 5. 0 m, therefore, llve load of 14
tons has been taken into the dcs1gn '

Wld'lh

Width of the bndge is des1gned to be 3.6 m with one lane

Basic Design

The basic dcs1gn of the bndge is shown in thc Plaie attached to !hls Report Basm

conditions of design are described below

(D

Selection of the brid'ge sife

At present the Bulsa Rlver is crossed through fords w:th ferry, truek

jeepney and carabao- cart only when the Bulsa River depth 1s shallow du.rmg
the dry season. When the river is deep, river crossing. becomes actually

troublesome dnd difficult..

This plan mtends 10 construct the permanent bndge for releasmg about 3 000 '
farmers and 800 ha farmland from bemg 1solated on the right bank of the
Bulsa River during the flood season. The followmg pomts hdve been taken

into account for selecting the bndgc sue

i. Tobea locatlon well coordmated w1ih existing rural roads and

«convenient for use of local populace

ii. To avoxd the river branch confluence and curve from the view pomt of
hydraulic stability, '

iti. To be a straight stream line and narrow river width from the viewpoii_it :

of economy,

iv. Tohavea good geologic foundahon and espec:ally to have a shallow

water depth



Field surveys show that there are three principal fording points used
frequemly by local populace These points are found to satisfy above

: rcquirements (see Flg 5 4.1)

- Pnnmpal forcfirig'Pdints

oo
| Point | e I._ba - San‘Pe_dtfo
“Point2 . Villa Agripay - Lubigan

"Point3 o -'V'i'l'l_?Ag;ipay-Mori_ones _

SR Among these three pmnts pomt 2 sﬂe is locatcd at the central part of the ‘

-nght bank of thc Bulsa River and has convemcnt conncctlon to the ex:stmg

- 'road networks for use by local populace. This s1te is also stable in hydrauhc

@

Ouﬂme ofbndge

= aspccts and the nver is relatwely narrow at thls site. ‘As a result, this site -
- .was _]udged most suliable and selected as the propose_d }mdge site.

The omiih_e d_f the 'desigﬁed bridge is as follows :

" Hem

Qutline

" 1. Substructure

' Abix_:ﬁn'ent'
© Pier

Foundation mé_tho'd

2. Supemtrﬂcfufe

_ "Bndge 1cngih

L W:dth

2 nos. (reversed T;t}rpe)
8 nos. (reversed T-type)

H-éhé_péd steel pile (bearing pile)

225 m (span length 25 m x 9 spans)

Totalwidth 4.8 m

(effective width 3.6 m)
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- CHAPTER 6 PROJECT IMPLEMENTATION PROGRAM

P_rojett imp]'emenia_tion has been envisaged to be under the Grant Aid Program of Japan.

The basic line of the implementation program is as follows.

6.1

6.2

Exccuting Agency of the Project

Executing agency of the Project is the National Irrigation Administration (NIA),
which underiakes réspOnsibility to the contract procedures (consulfant service
agreemeﬁt,j constructionfcontrac't; banking arrangements (B/A), etc.), the approval
of tender documents for the construction works and the issuance of certification
related to authorization to pay (A/P).

Dur_iﬁg the construction period, the Construction Management Department of NIA
will take the leadership to form a Project execution team to cover all execution
jobs. At the same time, the Cbordin_ating Committee and the Technical Committee,
which were organi_zcd at the start of the Basic Design Study, will be further
developéd,io strengthen the Project execution system to ensure smooth realization
of the Project. (See Fig. 6.1.1) |

Proposed Construction Work

The scope of work of this Project includes construction of following facilities and

related temporary works of access roads necessary for execution of the work :

a, Dam construction work

Dam Crest Storage

. Height Length Capacity
Mangillog dam 193 m 704.5 m 3,210,000 m3
Bulelatin dam 10.0 m 215.0m 730,000 m3
Pangasan dam i7.3m 195.0 m 1,140,000 m3
Balnges dam 242 m 208.0 m 1,820,000 m3

— i
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6.3

6.3.1

6'.:3'.2\7'

b Cahai éonstmction work .

Mangnllog system o 10.

0.32 km
Bulelatin system 1.58 km
Pangasan system - - - 313 km
- Balnges system o 8.80 km
c. Brdge
Bulsa bridge '. 1 place L=225m W=3.6m

Construction Planing
Opcmng 'F-t')trmé_-liiijes- -

After signir'_;g'o'f the Exchange '_Gf N.dt_es-(E/N)' for the Project, an agreement on the
: rb'an"k'ing arrangemehts (B/A) between the Government of the Philippines (GOoP)

and an authorized Japanese fore1gn exchange bank will be conc]uded as caily as
p0531ble The Pro_]ect shall be 1mplemented using a Japanese consulting firm (the
Consultant) andal apanese contractor {the Contractor).

COnSifﬁEﬁOﬂPlénning o

The annual rainfall of the Project Area is about 1,900 mm, of which more than

- 90% is concentrated in the wet season from the middle of May to October.

Consequently, execution of large scale earth work during the wet season is
considered 1mposs1ble and is basncaﬂy scheduled to be concentrated in the dry
season. The dam work of this Project contams a large earth work which will be
camed out by heavy machmery on concentrated work sites, and improvement of
the access rbad may help the efficient execution of the work. Since operating,

cx'cavating and compacting works with heavy machinery are mostly impossible

. dunng the wet season, the dam work period should be concentrated on the dry

SE&SOII

Thc canal work, on the other hand involves ballanced earth cutting and banking

' work 0& M road, canal and vanous concrete structures. The work site extends
? lmcarly, to long distance; therefore,_rthc machinery construction of the O & M road

is better to preceed the construction of canals. On the progress of road
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6.3.3

construction the canal work will be followed by utilizing mamly manpower it may

be executed even durmg the wet season.

For the Bulsa bﬁdge work, the substructure and a part of thc"ﬁppér‘ structure shall
be completed during the dry season, and the’ remammg portion of the upper' '
structure during the wet season.

Consultant Service

Detailed design and construction supervision 'sh'alil be Carﬁ'eﬁ"out:'b}' a Japanese
consultant firm under the agreemcnt between the NIA and the sald Consultantj
firm. Contents of the SUpCl’VlSlon are : to assist the NIA to concludc justxﬁableQ
Contract for the Construction _w;th al apanese Contractoi, to reahze the intention of
detailed design, to give the constactor technical guidance from the fair standpoint
so that the construction may agree with the contract, The Consuliant services

includs the followings : -

1)  Assistance in Construction Contract

Preparation of detailed design and tender documents, éxziminai_io’n of bill of
quantity, witnessing to tendering of the construction, awarding the Contract,
etc,

2)  Approval of construction dtéWings, etc.

Approval of construction drawmg by the Contractor and exammatlon of
materials, ﬁmshmg spectmen and pmcured equ:pments efe.

3} Advice for construction
Examination of construction schedule, advice to Contractor fof technical
aspects, reporting construction progress to NIA and JICA, etc.

4)  Cooperation for arrangement of approval to f)_ay '

Examination of request for payment by th@i'Coht’ract'or- _.d@x;ing and after the
construction, cooperation for arrangement of the payment; etc.

—104—



6.4

5)  Inspection of completed work

Inspection of the work con_ipletcd during the prior period of time ({rom
initiation to completion of the construction period).

After con"ﬁ'hning the complete execution of the conslmct.ion, and witnessing the
transfer of the implemented facilities, the consultant will make their services

'compleie with the approval of NJA at the receipt of the séid facilities.

Implementation Program

This Project will ﬁ:e completed after undertaking the processes described below :

- Consultant Contgact

The NIA Wili conclude the consultant service agreement with a Japanese
con:sulti'ng firm. The consultant will proceed upon the verification of the
agreement by the Government of Japan.

Design

Dcsigﬁ-,ddéﬁmen_ts and tender documents are prepared in 3 months on the basis of
the B/D Study Report. Such documents will be submited for approval by the NIA
at the end of the design stage.

Tendering _
After the approval by the NIA, the Consultant will explain the contract documents
and the bidding to the Japanese contractor firms. Tendering is composed of public

no;ice,-prc-qu'aiiﬁcation of contractor, assessment of tenders, and awarding the

‘Contract. Period required is about 1.5 months,

Constriction __
As soon as the Contract is concluded, the coﬁstructi_on will commence with the
verification of GOJ. The construction of the Project will be completed in 12

months.

Implementation and construction schedules are shown on Fig. 6.4.1 and Fig.
6.4.2, respectively.
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6.5

Procurement of Equipments and Materials

Pﬁncipal construction materials and commoh equipments can be procured in the
Philippines. About haif of the heavy machinery would be prdcured from Japan,
because the number of available heavy machinery i is 1nsufﬁc:ent for the proposed

construction work. Steel materials for bridge; gates, valves and steel pipes for
dams would be also procured from Japan. Procurement plan of equipments and

materials is summarized below :

Items Philip- | Japan Reasons Selected
pines
1} Constrac. Materials

Cement 0 The quahty varies & little, but sufficient in
compresswe strength. '

Sand, Gravel C Sand and gravel of the Bulsa River are in good
quality in genera! but quant:tles insufficient.

Reinforcing bars The quality varies a liitle, but sufficient in strength.

Wooden frames I.ocally av&llable, with good quahty

Lomber 0 Plenty of good lumber is avanlable Woodcraft
skills are h;gh ‘

Concrete blocks 0] The quality varies a little, selection of producers is

H-Beam, 1-Beam for Not produced in the Philippines.

bridge . ‘ .

Gates, Valves and Nof produced in the Philippines.

Steel pipes for dams :

Gates for canal 8] Locally available, sufficientt in quality.

Scaffolding pipes O | Notproduced in the Philippines.

2) - Construc -I-‘.;[a.f::h.inery ...................................................
Bulidozer, Backhoe, 0 About half of bulldozers, backhbes and tracfor
Tractor shovel, Dump shovels and other kinds of machinery are available in .
truck, Tamping roller) the Philippines..

Vibrating roller, Truck T

Bulidozer, Backhoe, e] About half of the machinery shall be procured in

Tractor shovel Japan to coniplete the Project on time according to
the construction schedule.

Batching plant 0 Plant is available in the Philippines.




-Undertaking by the Phili.p'pine Government for the Project
Implementaion :

Nece'ssafy amounts of the Project cost to be undertaken by the Governement of the
"Philippines have been estimated as shown below :

1. Land ac’;uisitibn for the facilities (dams, reservoirs
and irrigation canals) under the Grant Aid Program .
of Japan - - | p 7,500,000

2. Project cost for the construction of the terminal
facilities including right-of-way, construction,

survey, engineering administration P 4,500,000
3. Head office and p’rojéct office expenses P 3,000,000
| Total P 15,000,000






7.0

7.2

- CHAPTER 7  PROJECT EVALUATION

' Ouéline‘-

: . The puxpose of thts PmJect 1s to construct the dams, canals, operation and

mamtenance road and bridge by the nahonal umaqtment thereby to improve the

B mfrastructure for the agricultural sector of the area concerned and to enhance the

agrlcultural producttwty to mcrease stcadﬂy the income of farmess. This Project is
expected to act as initiator on a micro level to the Medium-Term Philippine
Developmgnt_ Plan for 1987 - 1992.

' The economxc bcneﬁt redhzed by this Pl‘OjGCt is the i increase m the productlon of

the aj_,ncullural sector as mdlcated in the Natmnai Devclopment Plan.

_ ,Addmonally, social beneﬂt is also expccted The transfer of technoiogy realized i in

the Pro_]ect and economic and social bencﬁt achieved in the Pro;cct Area will |
_further exert a preceeded favorable 1mpact and effcct to the nation-wide SmalI
Water Impounding Management Project (SWIM ).

Project Effects

Th_c' e'ffjects_expc_é-tc& from Kt.his Projec't may be classified as fblléws:

Type R  Htem
1) Economic benefit - . e Increased crop production
2) Social benefit » Improvement of living environment

. Improvement of settling conditions,
etc.

‘Table -7.2;1 summarizes ihc‘ séope, scale and contents of the effects to be realized
* by the Project. The unit yields used for calculation of the irrigation benefits are as
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1.3

shown below, Other basic data were also taken from the -Fea:sibili'ty Study Report
prepared by NTA. '

Crop Unit Yield | (Unit +'ton/ha)
Rice : : Com N _
Rainfed 1r&gﬁﬁon - Rainfed  ~ Trrigation
.'P_res'ent N | 2.0 25 10 -
Future _ o N |
Without project 2} 2.4 30 - 13 -
With project 3) - | 4.5 - 40

1) at the study _

2) in the case the project wﬂl not be lmplemented increase in future is expected through
general improvement of farming technique - .

3 in the case the project will be implemented

Project Evaluation

The effects of this Project cover the pbpulation of ll,OOO,'which is about 7% of
the population of 167,249 (1990) in thé rural area of the Muniéipaiity’ of Tarlac.
Once the Project is exccuted, producuon increase of 2,163 tons for rice and
3 370 tons for corns are expected. Thls is evaluated at B 13 577,000
economically. In addition, the 1mprovement of road network resu_ltmg from the
Project realize a road benefit from rainfed paddy_fields of 640 ha aldng the
improved and constructéd roads. The road benefit is evaluated at'p 217,0_00

economically.

Though the Philippines has ach:eved self-supply of rice in 1970s, the corns. are.
considered esscntlal as food and forage crop and about 10% (about 300 000 tons) _
of the corns consumption is ;mported annually The success of the Project w1l]

contribute to saving foreign r-urrency

Farmers benefited by the itrigation have the mean income of about'? 800 monthly,
which is far below the poverty line of B 2,066 per month of the farm households 7

— 12—



in the Philippines.’ This Project will cause increase of about B 13,000 in annual
- mnet crop income for full owner and about B 8,000 for lessce farmers, respectively.
The financial state of farm households will be improved up to a level slightly
below the poverty line. The number of those benefited by irrigation will run up to
4,200 persons. |

The Operéition and maintenance of the Project {acilities will be undertaken by the
NIA unifil the Government of Tarlac Province obtains the capability on O & M
work. After transfer to the Gchmment of Tarlac Province, it is confirmed that the
- techni?al cooperation will be given by the NIA.

The NiA is impiementing_operaﬁon and maintenance of existing Tarlac Irrigation
Syéteﬁis-wh'ile engaging with nuimerous similar projects with suf! ﬁciént number of
experts. On the other han.d, in the Office of the Tarlac Provincial Engr. , about
140 staffs are working: under the Provincial Engineer to perform numerous works

~ on civil engineering f)lan, construction supervision and bperatio’n and maintenance. _
Based on the above,- the NIA and Government of Tarlac Province are judged to be
competent authorities with sufficient capability for operation and maintenance of
the Préject facilities.”
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CHAPTER 8 CONCLUSION AND RECOMMENDATION

‘As described abdve, this Project is expected to create substantial effects and contribute
. greatly to _the enhancement on the life of inhabitants over a wide range. In this context, this -
: Pfoject is wotth exé_cuting under the Grant Aid Progfam of Zfapan. Besides, on the rec'ipient
cOuﬁtr)fs side organization is satisfactory without problem in terms of personnel and fund
for opetation and managemeflt of the Project. More smooth and effective execution of the
Pfoject may be promissing with the following activities.

1) Construction of terminal irrigation systems for dams and irrigation facilities
to fulfill their function firmly as early as possible

2)  Establishment of a cooperative body consisting of the NIA, the Government
of Tarlac Province and Tarlac Municipality, which will encourage to organize
the farmers irrigators’ organization for beneficial farmers to operate and

maintain dams and irrigation facilities and manage water use

3 To givé'the farmgrs irrigators’ organization technical guidance on the
~ operation and maintenance of the irrigation facilities including fair and
effective water manage_nient by the NIA, the Government of Tarlac Province

and Tarlac Municipality.
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Table M-1 Annual Maximum' Daily Rairifail':(mni/da'):) S

LOC. . Clarl.{_'_A. B DagupanC,. - H. Lujsita' " Sta. C. Porac- Cmmling e

LAT. 15°1I'N 16°03N 15°26N - 15°05'N 15°4PN
LONG.  120°3¥E . 120920°F. - 120°38E  120°3%E  120°25E
ALT. . 144m " Im 37.5m “75m 16m
Year - mm Date -mm 'Dé:.ll.c .mm Date mm. Date -~ mm Date |

1946 1364 &22 - -
1947  88.1 &31 - -
1948~ 108.7 726 - - -
1949 96.0 &19 142.0 93
1950 1455 83 1344 1072
1951 1463 57 148.1 /30
1952 1783 ‘87 498.0. &5
1953 185.9 821 1511 13 -
1954  89.7 830 171.7 &30 -
1955 - 109.7 .94 1354 923 -
1956  87.9 921 683 114 -
1957 833 /15 203.4 920 -
1958  127.5 7/13 129.5 93 -
1959 6.5 ®&12  73.7 516 - -
1960 2047 627 177.8 ®/13
1961 3180 6&27 - - -
1962 178.8 96 3195 6720
1963  160.0 628 212.1 6/28

LR T S T I B |
[ T T T
[ T T T T B

S T T S TR S |
[ T T N

[ S T S
[ R T N I L N I e T |
]

LT S S T T T T T T TU S S TR S T T T T
[ f
L2 T T B | [

1964 - 205.5 &6 - - -

1965 - - 1151 /13 - - - -

1966 - - 3320 ¥i9 - - -

1967 - - 1253 ®/28 - - - - - -
1968 324.4 828 280.3 8729 180.1 8&28 - - - - - -
1969 108.0 &6 1446 8/5 73.2 &5 125.5 1/30 - -
1970 223.0 91 1394 8/31 178.6 831 159.0 - 91 122.7 831
1971 113.3 1712 1441 615 68.8 917 139.2 725 79.0 T/6
1972 291.6 /19 - 203.0 &16 171.7 /18 272.8 "1/18 187.2 /18

1973 134.6 10/16 99.9 107 207.0 10/15 122.5 10715 554 6/3
1974  173.0 &16 260.0 %16 240.8 816 154.7 810 276.6 ®16
1975 113.5 1020 70.6 57  86.6 10/20. 140.5 10/20 " 78.7 &10

1976 368.0 525 172.5 &25 2454 523 191.8 Y24
1977 - - 158.8 7/20 170.2 {I/14 207.0 11/14 2459 1i/14
1978 - - 169.7 8723 935 724 1164 812 80.6 10/26
1979 - - 162.5 825 173.2 &/15 204.6 815 153.9 8&/15
1980 - - 1674 7725 1412 1150 - - - -
1981 - - 1494 1124 747 14 - - - -
1982 - - 1350 &7 950 Ve - - - -
1983 - - - 141.0 %14 833 ¥4 - - - -
1984 - - 2322 &28 157.0 10/28 - - - -
1985 - - 2564 6/28 230.1 628 - - . -
1986 - - 3768 /8 1138 I8 - - - -
1987 - - - - 2350 ¥18 - - - -
' 10

n 26 37 20

o,
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Ta__ble M-6 Computed Rainfall Intensity Curves and Tables at Hacienda Luisita (1) -

LN I=A%LH T + B

LN T=A#LN T + B
AT TERAIMFALL INTENSITY

L3RAINEALL INTENSITY

CHIRHAUR) . CHIZHOUR)
TIRAINPALL BURATIAN T:RAINFALL DURATION
v \ CHINL )

N-YEAR PROBABILITY=18.

N-YEAR FROBABILITY=S.
YEAR PROBARILITY=3 . RANGE OF TINE

. RANGE OF TIME

T1=5,  T2= -7 T=a. . 12= 3¢
RS A=+0.3755
- B=5.9762

B=5.7993

LN T=-6.358sLk T4579p3 LN 1=-0.37554LN T45.9762

T T I
5 . 18%.45 5 215.26
& © 172.23 & 2081.0.
LT 162,99 : ' 7T 189.71
8 195,38 'g 180,43
T148.96 172.63
i3 14343 15 165.93
11 -138.64- 11 '168.18
127 134,38 12 154,95
BRERNINT i B s 135.35
12T ' 146,24
15 ey 15 - 142,50
16 121,23 16 . 139.89
17, 118.63 17T 135.96
13 146.2% i? igg.g;

1le.23 5 -
‘ig“ 11T333' S 2B 127.91
S21 199,99 - 21 125,58
22 feg.17 22 123,41
23 186,46 : 23 121,37
24 194,85 24 119.44
25 193,33 , .25 117,63
26 181.89 . 26 115.91
27 109,52 C27 11428
28 99.22 28 112,73
29 7 97.98 29 111.75
3 96.80 33 189.84
31 95.87 .31 1e8.5e
32 94,59 32 187.21
“ 33 . 93.56 33 - 105,98
34 92,56 . 34 194,86
35 91.60 35 103.67
‘36 98,69 3 192,57
37 89.88 37 181.52
38 88,95 33 13e.51
39 §9.12 39 - 99.54
48 gv.13 48 98,68
41 86,56 -4l 97,63
42 - 85,82 . 42 96.8t
43 8518 ~ 43 95099
44 - 34.48 44 °95,13
45 . 83,72 - 45 94.3%
“ 46 4z - 45 9E.5%

ELS 835 - it
47 vl ez 47 - g,
o . B 3
T BheEs 49 91,3
51 90,57

M- 9

LN I=A#iN T + B
I:RAINFALL INTEMSITY
(MM HOUR)
T:RAINFALL DURATION
(MM

H—YERR PRﬁBQBILITY=25.

-RANGE OF TIHE

Ti=5,  T2=6@.
A=-3.393
B=6.1752

LH I=-8.393«LN T+6.1752

T 1
5  255.36
Ch 2ITLTE
7 223.73
3 212,30
3. 202,49
19 - 194,47
1t 18v7.32
12 181,82
13 175.42
14  178.38
15  165.83%
16 161.67
17 - 157.87
18 154,36
19 151.11
28 148.19
-21 . 145.29
22 142,869
23 - 148.18
24 137.8%
25 135,56
26 133,59
27T 131,62
28 129,75
2 127.98
38 126.28
31 124,67
32 (23.12
33 121.44
34 120.22
25 118.86
3% 117,55
37 116.29
33 115.88
29 113,91
48 112,78
41 - 111.69
42 118.64
43 189,62
44 188,64
- 45 187.68
46  196.76
47 185.86
48 184.99
49 194,14
S8 193,314
51 1g2.51
52 181.73
53  198.98
54  198.24
95 . 99.52
56 98, 81
57 98.13
58 97.46
59 96.81

69 CLPRN



Table M-7 Computed Rainfall Intensity Curves and Tables at Hacienda Luisita (2)

LM I=A#lN T ¢ B
T:RAINFALL INTENSITY
~ (MH/HOURD
TYRAINFALL BURATION
(NIN.)

H-YEAR PROBABILLTY=S.
RANGE OF TIME

s -: o T2S1448.
f=-8, 683
B=7.0588

LN I=-8,683+LN T+7.8568

T i
o T
24 53,39
129 43,85

156 37.66
138 33.23
218 23.93
244 27.32
278 23. 21
B 23,46

338 21,99
%0 2071
195 19.61
420 13,64
4508 17.73
438 17,02
Sl 16,32
548 15.78
578 15.13
608 14.51
538 14,13
668 13,69
5986 13.28
720 12,99
750 12.54
738 12.21
319 11,90
348 11.61
879 11.34
986 11.88
938 19.83
968 19.68
998 18.38
1828 19.17
1058 5,97
1520 9.78
1118 9.6
1148 .42
1178 9.24
1208 .18
1738 3.95
1269 g.80
1299 3.66
1328 3.53
1358 . 3.40
1338 - 8.27
1418 3.15
144D 3,93

L T=A%LN T + B :
I:RAIMFALL TNTENSITY
THKAHDURD
T:RA{NFALL DURATION
(HIN

N-TEAR PROBABILITY=19,
RAMGE OF TINE

Ti= 3% T2=1449.
f=-8.6592

E=7.8817

L I=-8.6592+LH T+7,0317

T 1
S L9828
28 61.28
{24 58.69
158 43.70
188 35,50

218 23,93
244 32,19
270 29.78

359 V.71
334 26,082

368 24,57
398 23,31
428 22.29
458 21.%1
458 20.33
518 19.53
S48 18,31
578 15.15
£8% . 17.55
838 16,99
E60 16.48
699 16.88
728 15.9%
756 15.15
780 14.75
818 14.40
348 14.96
av 13,73
988 13.43
938 13.14
368 12.87
998 12.61

1628 12.37
1856 12.13

1834 11,91
fiig 11,78
114 11.4%

1178 i1.39
1299 11.11

1230 18,93
1264 18.75
1294 18.5%

1384 19,13
1418 .99
1444 3.83

LN I=A#LN T + B
IERATNFALL INTENSITY
SHMHDURY
T:RATHFALL DURATION
(IR

H~YEAR PROBABILITY=23. .
RANGE OF TINE |
Ti=6R.  T2=1448.
A=-B.6367
B=T7.2587

LN 1=-9,65674LH T+7.2587

T 1.
58 . 96.54
ag 3.9%
120 61,24
158 52.8%
189 45,92
218 42,44
249 33.94
378 35,95
" z99 33.55
338 31,51
30 29.76
398 29,24
428 26.90.
459 23.71
- 489 24. 64
518 2%.53
545 2.8
578 22,81
L] 21,25
538 20.61
660 19.99
698 19.42
78 18,88
758 13,38
738 17.91
319 17.47
340 17.85
819 16.67
988 16,31
93y 19,96
950 15.63
396 15.32
1628 15.82
1858 14,74
1988 t4.47
1ita 14,21
114¢ 13.94
1ive 13.73
1296 13,59
1238 13,28
1268 13,87
1299 - 12,87
1328 12.568
1358 12,49

1338 12.32
i 12.14°
1444 11.93



LN I=a%LN T + B
T:RAINFALL INTEWSITY
MM/ HOUR Y
TiRAINFALL DURATION
AMIN.D

H-YEAR PROBABILITY=58.

RANGE 0OF TIME
Ti=4. . T2=
A=-0.3972
B=6.2865

LN [=-B.39724LN T+6.2865

T 1

4  399.78
6 263.70
8  235.23
is 215,27
12 208.24
14 188,34
16 178.61
18 178.45
20 1635.46
22 157.39
24 152.85
26 147.29
28  143.61
30 139,19
2 135.63
34 132,49
36 0 129.43
33 126,68
49 124.12
47 . 1721.74
44 119.51
46 117.42
43 115.45
59 113.68
52  111.34
54 ° 118.138
56 183.68
58 - 187.89
68°  185.66
Az Teg, 29
o4, 1HZ. %3
o3 1Az, 32

LN IsALN T + §
I:RAINFALL INTENSITY
CHM/HGUR )
T:RAINFALL DURATION
(MIND

H-YEAR PROBABILITY=1a@.
RANGE OF TIHE

Tizd, T2=7;

A=-0. 403

B=6, 3928

LM I=-8.483%LH T+6,3928

T 1

4 34177

6 299.24

8  258.47
18 235,24
1tz 219.51
14 296.29
16 195.43
13 186.42
20 178.67
22 171,93
24 166,81
26 168,74
28 156.91
38 151,73
2 147.54
34 144.27
16 148.98
33 137.94
40 135:12
42 132.49
44 130.93
45 127.72
43 125.55
58 123.50
52 121.56
54 119,73
56 117.99
S8 116,33
68 114.75
62 113.25
64 - 111.81
66 118.43
68 189,11
79 197.84

M—11

“rable M-8 Computed Rainfall Intensity Curves and Tables at Hacienda Luisita (3)

LH T=A%LN T + B
I:RAINFALL THTENSITY
(MR HGURD
T:RAINFALL DURATION
(HIN.?

 H-YEAR PROBABILITY=200.

RANGE OF TIME
Ti=4. T2=-
A=-B.4829
B=6.4751

LH I=-8,4829%H T+6.4751

T I

4  3T71.13
&  313.29
8 289.7@
18 236.57
12 238.490
14 224.44
‘16 212.31
18 ze82.47
28 194.95
2 186.74
24 188.31
26 174,59
28 169,45
348 164.89
3z 158.57
34 156.78
36 153,13
38 149,33
48 146.77
42 143.91
44 141.24
46 133.73
43 136.37
58 134,19
52 132,85
54 139.485
a6 128.16
58 126.36
68 124.65
62 123.8l
64 121.49
(33 119,95
64 118.52
T8 1i7.14



Table M-9 Computed Rainfall Intensity Curves and Tables at Hacienda Luisita (4) i

LH I=g+Lnt T + B

L:RATNFALL INTENSITY
CHMZHOURY -
T:RAINFALL DURATION

(MIN.?

H-YEAR PROBABILITY=50.

RAMBE OF TINE

Ti= =3 7 T2=1340.

f=-3,65@3
B=7.3446

LH 1=-8.6585*%LH T+7.3446

T
53 -
90
128
158
189

216
246
278
3aa
339
%60
398
420
454
439
5318
544
579

.34
.69
.36
.63
.42
3
.61
.81
.62

N

LN T=ASLN T + B
[:RAINFALL INTEHSITY

(HN/HOUR?

T:RAINFALL DURATION

CHin.y

N-YEAR ﬁRﬂBﬁBILiTY=i@B.
RANGE OF

1273

A=~ b6
B=7. 4234

LN T=~B.646%LN T+7.4234

94
120

158

189
218
249
279
298
338
368
199,
429
450
430
518
541
579
608
530
£58
30
720
750
730
219
348
879
908
536
950
398
1820
1858
1639
1118
1148
1179
1209
1238
1268
1298
1320
135@
1338
1416
1440

TIHE

F2=1448.

M- 12

L0 I=AMLN T+ B
TtRATNFALL INTERSITY
CHitAHOURY
T:RAINFALL DURATION
LTS

N-YEAR PROBABILITY=208.
RANGE OF TINE

Ti= 5 T2E144@.
=-8.6408

B=7.4903

LW I=-8.6403%LH T+7,4983

R A
99 180,17
128 383,38
158 . 72.20
138 64,24
218 - 98.28
240 53,43
e 49,54
388 46.31
23 43.56
56 41.29
29 - 23,14
420 37,33
456 - 35,71
480 - 34,27
517 32,95
548 . ZL.V7
378 38,89

660 27,94
6%8 . 27.1%
729 25.43
758 . 73,74
‘738 . 25.1@
ate . 74,58 .
848 | 23,94
g8 . 23.41
299 22.98
935 22.43
966 | 21.98
998 21,59
1826 21014
1958 28,75
1689 28.38
11ie 28,82

1145 19.88

‘t1ve: 19.36
1266 19,85
1239 -13.75
1269 18.46
1299 18.19
i32a 17.92
1350 17.66
1336 17.42 -
1418 17.13

1448 16.93



Table M-10 Probability of Exceedance 1-day Max. Rainfall by Gamble Method

Unit: mm

Haé:iénda ) Dagu;;an Sta. Cruz Camﬂing .Cl-ark

. Lﬁisita _ City Proc Air Base
Dan | —
No.n= 20 37 i 10 26
Reiﬁm:_Peﬁéd. . |
2 1333 1749 1643 136.8° 142.7
4 182.6 . 247.0 212.5 207.8 199.5
5 19’6.3 ' 267.9 o 226.4 2-28.3 215.9
10 388 394 2615 288.9 2645
25 2919 4072 394 3655 3258
0 3313 4649 357.9 4223 371.2
100 3703 5222 39.1 478.7 416.4
200 4093 579.2 434.2 534.9 461.3
1000 4'9'9';__5 7114 522.2 665.0 565.5
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