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. PREFACE

In respohse to the request of the Covernment of the Republic of
the Philippines, the Japanese Government decided to conduct a
f_easibility;*_study on the Tmprovement Project of the Operation and
Maintenance Of National Trrigation Systems and entrusted the study |
to the Japan International .Cooper'ation-Agency '(JICA) .

The JICh dlspatcheé to the Phlllpplnes a Study team headed by
Mr. Satoshi KADOWAKI from September 1982 to January 1983 and from
June to September 1983.  The team exchanged views wa,th the officials
concerned of the Government' of the iihilippines ‘and conducted a
survey in the Angat ahd Maasim areas, Bulacan and ?az_npanga '
Provinces. After_ tlie team returned to Japan, fuirrther studiés x&ere._
made -and the présent report has bheen pr_épared. |

I hope that thls report will serve foic the 'J‘.mprbveﬁ\ent of the
Angat and Measim River Iryigation System (AMRIS) and contribute to

. the promotion of:friendly relations between our two countries.

I wish to express my deep apprec:Latlon to the off1c1 als _
concerned of the Government of the Republlc of the Phlhppmes for
their close cooperation extended to the team.

Yebruary 1984

wé

Kelsuke ARITA
Pres:.dent

Japan Internatlonal Cooperatlon Agency :






Mr. Keisuke Arita

President
Japan International Cooperatlon Agency (JICA)
\Tokyo, Japan -

LETTER OF TRANSMITTAL

Dear Sir:

Ue are very pleased to submlt herew1th the Fea._wlblllty Study .
Report on- the Improvement PrOjEECt of the Operatlon and MaJntenanc,e of .
National Trrlgatlon Systems (AMRIb) in the Republlc of the Phlllppmes.
The field survey and study has been conducted in two stages the fleld
survey, J_nvestlgatlon and study were carrled out for about four m:)nths
trcm September 22, 1982 to January 31, 1983 and about three months ,
frcm June 7 to Septernber 4, ]983 and study and report ccxnpllatlon as
home office works were. made” from February 11 to March 20 1983 and
fram ertember 8 to October 28 1983 resmctlvely In the course of
survey and study in the Phll 1pp1nes, we held a serles of dlsc:ussz_on _
meetings w1th the off1c1als concerned of the Government of Phl] ippines

and counterpart persemnel for the Project f_onnu_latj.on._

'Ihe proposed Pro:ject Area Of thlS feaSJ_bllJ_ty Study covers about
35,000 hectares in net, belng located SOme: 40 km northeast of Greater
Manlla in the Province of Bulacan and Pampa.rx;a of Central Lazon.

The Project envisions increase in cropping ifitensity, 'Iupgre.di_ng_ Do
of system manarcjement inclusive of irrigéition' 'effioien'cy,-' rehabllltatlon
of existing fac1l:|_t1es expanSJ.on of 1rr1gat10n service area WJ.th
aporopriate 1rr1gat10n and dralnaqe facil 1t1es uplevelling of f'ollec—
tion. efflclenc'y of 1rr1qatlon fee, and partial twrnover of . operatlon '

and maintenance works to viable irrigator's associations.’



The Feasibility Report consists of the following three volumes;

volme I Main Report
{]olume i Appendlx A
volume TIL o Appendlx B and C

We are confident that the PrOJect will sharply increase’ the farm
producUon through the stablllzed 1rr1gatlon water supply, nnprovanent
of the structures of operatlon and malntenance prov1d1rq related appro-—
prlate fa0111t1e5 and establlsfu_ng Vlabj_e 1rr1gator S assoc1at_10ns,
and furthermore, we earnestly hope- that mplementat]_on of the Pro;ect
w1ll greatly contrlbute to the rural develo}_:ment

We w1sh to expreqs our smcere gratltude to the System Management
_Department Project Developnent Department ad Mandgement Servrce o
Department in NIA, Reglonal Irrlqatlon Office TTT and AMRIS Operatlon
and Malntenance Ot‘flce Natlonal Power’ Corporatlon, Manlla Water Supply
System Natlonal Water Resources ‘Council, anc'i other Phlllpplne (:overn-
mental organlzatlons and agenc:Les and the Japanese Ehnbassy in the '

- Phlllppmes, Mlnlstry of Forelgn Affalrs MJ_nlstry ‘of Aquculture, .7
Forestry and Flsherles of the Government of Japan, and Japan Thter—
natlonal Cooperatron Age_ncy, the Adv1sory Comnlttee for theJ.r closefst _

cooperatlon and worthwhlle adv1se glven to us.
February, 1984
sincerely Yours,

_/g/@/ffz‘fzx—_&‘-//f N
- Satoshi Kadowaki ~+ 7
1 Team Leader of ‘Feasibility: Study o

' Team for the -AMRIS
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SUMMARY AND CONCEUSION |

A. “Present Conditions and _- Problem Areas of the Project

A.01. Location and Service Area .

The AMRIS Project provides one of the largest irri_ga_tiOn
systems in the Philippines 'Th'e* Px'dje’é'i'i"i'%rea; is located 'sbme
40 km northeast of Greater Manlla in the provmc,es of Bulacan
and Parrpanga of Centrdl Luzon ' '

The exmtlng service areas of 31 485 ha are urlgated by
" the Bustos, Upper and LOWer Maas:Lm dn.verslon dams and the
Tibagan pumping - statlon n addltlon, a proposed expansmn R
area is amounts to approxrmtely 3 480 ha, of whlch about 3,100
ha is now unused during the wet season —becaqse _the area is

‘deeply submerged for four to five menths annually.

A.02. Climate

' The annual mean texri:perature observed at Ul] ngao Research
Center. for the last ten years is approxmately 26.4° C. The N
mnthly tewperature shows llttle e,easonal fluctuatlon. 'The

) annual mean relatnve hmnldlty 13 87 percent The annual
evaporatlon meas ured by means of h-pan averages at about 5.1
T/ /day or 1 850 T armually, whlch corresponds to approxmately_
the emnual Tean ramfall Seasonal varlatlon ranges 4. 2 mm/ day

. 1r1 Dece:rber to 6. 8 nm/day :m Apra_l The average annual _
ralnfall :Ln the Area is estlmted to be about 1 810 rrm T_he

, consecutlve seven-—day probable ralnfall is also estlmated at

551 m for a return perlod of f.we years
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A.03. Soil and Water Salinity

A.04,

The soils prevailing in the Project Area are clayey with
moderatgly'well developed structures because of alluvial
Sediménfétiéh of the fine particles derived by river flooding
under annually wet and dry condition, this giving different

solid profile characteristics.

" Land Use and Cropping Intensity

Doubie croppihg land dominates on fhe middlerand higher
sides of the Area where irrigation water is available for two
seasons. While along the marginal areas, single crop land only
in the dry season is most common. Majority of the expansion
area is'being uséd as paddy lands only in the dry season due to
being deeply submerged in the wet season.

Cropping intengity in the éxistinq area reaches about 74
percent in the wet season and 91 percent in the dry'season
respectively, while the intensity in the expansion érea is
about 69 percent for the Area to be developed. |

The present land use is estimated as follows:

~.Present Expansion

Classification Service Area Area - Total
e o ' (ha) ' {ha) o
Rice field . 31,485 2,401 33,886
Upland crop field 630 - . 630
Forest {mainly fruit = . _ S
A tree land) 1,580 - 1,580
Waste Land/Swamp 2,200 1,510 3,710
Right of Way © 2,080 84 2,164
Residence/Industrial Avea = 4,725 = __ 5 4,730
. Total 42,700 4,000% - 46,700

*  JIrrigable area is estimated to 3,480 ha out of this.
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A.05,

Present . Status of Irrigation Water .SupE" 1y
The presently irrigated aveas in the MMRIS are summarized
by seasons based on the Harvest Report of the past three years,
as follows.

Present- Irrigated 'Area_ in ';Hectate_s

Year - Wet Rice.'  Dry Rice =

1980 22,880 28,741
1981 23,845 . - 28,144 .
1982 23,375 28,905
Mean. 23,366 . . 28,627

The diversion water requirements:are summarized.as below:

- - Present .Diversion Water ;Requirettient' (nm)-

Upper. - - Yower . - leagan - Rngat. - MG,

Item Massim  Massim.  P.I.S..  North southxf. iotal
Maximam 13.2  15.4 23.6  241,5  196.5  489.9
Minimm 5.3 9.7 161 1587 133.6  325.3

Mean 7.9  13.6 20,0 208.8  167.8  418.1

Note: duratlon of r_céxtputatioa are 11 years:ftdﬂ_-}é}?'z 0o
1982. S . ' :
Major water qources of the N-IRIS ‘are the Angat and Maasnm S

rlvers. The Angat R:Lver 1 _supported by the storage functlon of

the Angat Reservo;Lr allows 1rr:Lgatlon water for dlvers:l.on

"_almo t adequate to meet the needs :Ln the AMRIS area at the

'pomt of the Bustos Dlversmn Dam The Maasm RJ.ver, on’ the
_'contraxy does not contr:but much to the puxpose of 3.rr1gat10n

water supply because of 1nadequate dlstrlbutlon of runoff

durlng ‘the dry season., Some areas are 1rrlgated by use of __:



return flow from the upstream irrigated area, and others are '
served by Pampanga water by use of punping facilities.

A.06. Water Resources Availability

-Resﬁlt's of a water balance study under present conditions
show that shortage in irrigation water ocourred twice during
the wet seasons in October 1977 and September 1979. On the
other hand 'duririg the dry season, the Area suffered from
shortage in irrigation water for diversion as frequent as eight

times in the past 11 years.

Judging from the results of the study, as well as the
inflow into the reservoir, storage capacity and demands
reported by MASS and NPC for water supply and power generation
respectively, it could be expected that the presently irrigated
area in the MMRIS would not lack irrigation water supply, even
during drought, even once in five years, this is even if the
operation. rule curve of the Angat Reservoir ig 11ghtly
nmodified just to meet the actual demand for :erlgatlon.

A.07. Irrigation Facilities

Major :erlgatlon faCllltleS in the Project Area consist of -
four diversion dams, three pumpmg statlons and conveyance

canals including appurtenant structures.

‘The Bilstoe dam is equlppedwzrth six sector gates 79 m long
and 2. 5 Tt hlgh Autmatlc gate operatlon, however was
csucceqsfull for only two years after ins tallatlon of .
operat10na1 mechanlsms. These mechanlsm and rubber gate _
sealers should be replaced in order to operate the gate stably
and prevent sed:nentatlon in' the gate c'hambers. '



The Upper Maasnm Dam th,ch was constructed m 1949 1s of

.' renovable type equlpped wrth elght gates Because of flood

:damage operatlon of the gates became mrposs:.ble and the flood

way gates were flxed by concrete :Ln 1963 At the sarre tlme,
the upper portlons of 1ntemd1ate p:Lers ‘were demol: shed for :

the purpose of makmg smooth flood flush-out posslble. _ 'I‘hese

moperable gate systems should be reconstructed in order to
decrease flood danages in adjacent r:Lver areas.

The Lower Maasm Dam is no remarkable mprovement except
flood and scourmg slmceway. . ' ‘ '

Major constraints of :the: CQY}VQY@CE:C&EXL are siltation,
evosion of canal 'sidesiopes and vegetatioﬁ control., Carrymg '
capac:lty of the canals 1n several parts is decreased due to
heavy slltatlon, eros:Lon and 1nsuff1c1ent mamtenance _
Therefore, several of the canals should be de51lted W1dened
and heightened and addltlonal canals should be. bullt The

ex1st1ng related structures are functlonmg comparatlvely

well except for - sCe structures. , Major problems are -

_ J_rrprovement and rehabJ.l:Ltat:Lon of: gate mechamcs due. to lack of _

‘rust prevention, . damage and mssmg spare parts, and larqe o

' -number of moperable and 1llegal turnouts.

A.08.

Pregent Status of the Drainage

_ There are two problems where dra:mage systems are .
concemed Surrounded by the Paxrrpanga Angat Maaslm and other
TlVEl’S v the large scale submerged area hes in. the lower ' _
reaches of the servme area whlch used to suffer from frequent .
mundatlons. On- the other hand ueny local areas of relatlvely
hrgh elevatmn are located along dralnage creeks recelvmg _

local - inundations mamly due to ;Lnsufflcmnt dramaqe ‘

facilities.,



_ The north smle service area suffers from mundatlon two to
n:me tlmes a year for a total duratlon of 27 to 128 days ’I‘he
maximum water level of mundatlon varies dependlng on the flood
:anolved from 2.73 to 6.81 m above mean sea 1evel res:ult:mg in
1nundated areas of 4, 100 o 13 000 ha, of whlch 1, 500 to 9,000
ha lie w1t.’n1n the servme ‘area. The statistical evaluatlon for

the computed result of inundation is swwarized as follows:

Probable Dimension of Flood (Angat North)

Return Maximm Water Stage Inundated Maximum  Total

Period Pampanga N.Candaba The Area Area Duration Duration

{Year) (m) {m) (m) {ha) (days) (days)
2. . 5,12 6.07 4.29 8,790 41 g1
5 5.86 6.93 5.25 -11,000 05 116
10 6.34 7.48 5.88 12,250 82 140

20 - 6.82 8.03 6.47 13,330 83 163 .

_On the other hand, the south side service é);ea'has been'
inundated more frequently seven to 16 timés annually for a
total duration of 27 to 114 days. ' The maximum water level of
inundation varies from 1.09 to 2.10 m above mean sea level with
an inundated area of 850 to 2,050 ha.  The probable diménsions
of flood obtained by' the statistical evaluation are summarized

as 'follws:

probable Dimension of Flood (Angat South)

Return Maxmm -Levél e I'nunda-ted. -Ma}.'{'iﬁm ' Total

Period Labanga. The Area Area  Duration Duration
(Year} . (m) T {m) - (ha) B {days) . (days)
2 - 2.83 1.0 . 1,250 . .24 87
5 3.40 1.7 1,970, 30 98
10 375 . 2.02 1,99 . 34 106
20 . 411 233 . 2,00 . 40 . 117
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A.09. Drainage Facilities

E There exists 136 dramage creeks mth a total length of
about 450 km w1th1n the boundary of the sewme area. All the
canals ancl creeks are Edl’ch canals and rather small 1n carrylng
capac:rty due to poor maJ ntensnce and many water 1113_es. o _I_ o
total 11 dralnaqe outlets, COI‘lSlStlng of one to three rows “Of
culvert with flap or slu1ce gates, are prOVJ.ded at’ the end of
dralnage creeks along the Pampanga Maas:.m and Labangan Rivers.
The maj_orlty of the contr_ol gates do not ﬁm1ct1on well,

A.10, on—'-faﬁn | Facilities |

. The denSJ.ty of turnout is ..;utf1c1ent to fulflll the NIA'
standard O{ 30 to 50 hectare per unlt In many places )
hwever the gates :Lnstalled 1n the ex:.stmg turnouts are

" deformed ‘and do not functlon well for proper water management

Faxm dltches are comprlsed of ma:tn and supplementary dltCh
w1th an averaged den51ty of some 43w per hectare, - At present
the total length of farm dltches has been decreased due to -
fallure in gettlng farmers consensus in the proper locatlon of
the dltches - ' ' ' .

The ex1st1ng farm drams account for about 13 m per
hectare. This too is lowor tha‘n the densxty of NEA s stardard

_ ' The ser\uce and access roads constmcted along the canals
and creeks are about 570 k:m 1onq, whlch corresponds to 55
hectdres per km. Part of the road 1s passable for 4 W D. V

| though other parts are very rough and nsrrow

s-7



A.1l. Present Organization and Staffing of AMRIS

The AMRIS office, headed By Irrigation Superintendent V,
has six sections; those for'Administrative, Bill and
collectlon, Operatlon and Malntenance Water Control
Coordlnatlon Equmpment and Agrlcultural Coordlnatlng Sections.
The Irrlgatlon Superlntendent III, as the chief of O & M
section, supervises twelve working stations which is in control
of three to five Diyisions of 500 to 750 ha each.

The assigned personnel of the AMRIS is 441 in total as of
. the end of August 1983. According to the results of the
personnel audit of the AMRIS conducted by the Management
Service Department (MSD) in NIA Central, the total number of
staff was reduced to 382 persons from ex1st1ng 441. Major
reason for this difference is non-fulfillment of MC No.2, 1982
which prescribes the works standérds'for Watermasters, Water

Management Technicians and Ditch Tenders.

A.12. Operation énd'Maintehance

Systém operations from diversion dams to turnout level are
being carried out by'the'staffs of O & M section and water
control coordination section and working stations. Operations
of on-farm level, on the other hand, are executed by the

beneficiary farmers.

The'sector'gates of the Bustos diversion dam are not
operated automatlcally because the mechanlcal system of the
gates has not functioned well 31nce 1959 Irrlgatlon canals
inclusive of appurtenant structure are functioning except for
some gate systems of the headgate and turnouts. Each punping
system is operated and maintained nicely and gets many farmers'

appreciation.



A.13.

Preparatlon and submission of the report at the system
level, however, geems to need tough work and much time. = This
reporting ‘should be Slmpllfled and computerlzed as well, in
order to reduce work volumes and execute it more effectively

and efficiently.

Present maintenance work in the Project is being performed
by the staff of 0 & M and equipment sections and working
stations. In many irrigation and drainage cahals there are
sedimentation problems: arlsmg from bank erosion and: sloughmg
Desiltation is unsatlsfactory because of the neghglble budget
allocated_ for this. Heavy growth of aquat_lc vegetation and '
siltation have significantly reduced canal carrying capacity.
Cleaning of vegetation from drainage and creeks has not been

practiced as a maintenance activity.

~ Service roads _along main canals and some laterals are
being kept in good condition as ccxnpar’ed to those elong'
laterals or sub-laterals. Overtopping of the canal bank and |
road has frequently occm:red Besides, some road embankments
along the canals are so low that they have become saturated and
unstable fram lateral over—checking. For keeping passable
condition of roads throughout the year, gravel pavement is .
required as much as possible. |

Farmers Organization and Activities

The number of Compact Farm Association (CFA), one of the
irrigators associations, totaled 1041 as of 1978,
- Purpose and crlterla of the CE'A foxmtlon are, (1) to
malntaln and clearl the farm dltches, {2). to schedule and handle

water distribution of wembers, (3) to canpaign and Collect
1rrlgat10n service fee from the members, (4) to resolve
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conflict on the water disﬁributibn and maintenance of farm
ditches among wembers, and (5) to negotiate and coordinate
their problems with NIA and other government agencies

concerned.

Overall evaluations of their activities and functions
through field survey and discussions with official. concerned

are as following.

- The associations were hurriedly established during the
construction period and farmers were not given adequate
orientation as to the proposed role and function of the

associations.

- The associations were not organized on a formal basis and
there were no written rules and requlations to bind the

menbers of the associations.

- Majority of the beneficiary farmers practiced traditional
Farining without complete irrigation facilities at on-farm

level, -

-  The associations were not given adequate incentive and
continuous support from government agencies concerned,
since they have also farmers associations of their own,
which the composition is different from the compact farm

associations. -
- Efforts were made by the water management technician and

other 0.M staff concerned but it is still not enough for

the acceleration of farmer supports.
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A 14,

Status of Irfigation Fee Collection

A.15.

Irrigation fecs are set by cavans of palay or cash

equlvalent at the prevalllng goverhment support prlce at the

time of payment.

years are sumnarized as follows:

The status of collection during last six

Unit: Thotisand Pésos

Collection. -

Fiscal Year Collectable . Current Back ‘Account -Total
1977 6,541 2,890 (44) 636 (10) 3,526 (54)
1978 6,281 2,640 (42) 1,017 (16) 3,657 {58)
1979 7,940 3,446 (43) 1,021 (13) 4,467 (56)
1980 8,835 3,543 (40) 1,055 (12) 4,598 (52)
1981 10,046 4,953 (49) . 1,383 (14) ° 6,336 (63)
1982 10,837 5,302 (49) - 1,345 (12) - 6,647 (61)

¥  Figures in paréntheéis indicate collection efficiency.

Fxpenditure on Operation and Maintenance -

NIDA Resolution No.20 (Series of 1978)”s£ates that

irrigation fees are to be established at the levels that will

provide for total coverage of working exXpenses. incurred in the

operatlon and malntenance of 1rr1gat10n systems.
between revenue and expendlture of the O & M during last four

years is summarized below:

The balance

Thou_sand Pegos . -

Units
Fiscal year Révenﬁe Ebcpténd'it.nfe Balance Deficit Ratio
1979 4,445 5,274 (~) 829 15.7%
1980 4,612 7,485 (-)2,873  38.4
1981 6,352 8,725 ' (-)2,373  27.2
1982 7,032 9,355 (-)2,323 -~ 24.8
Mean 5,610 7,710 2722

$-11
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Remarkably big share in the annual expenditures has been
taken by personnel service of 71 percent and power for pumping
stations of 17 percent respectively.

A,l6. Present'Agriculture

Present cropping pattern in the existing area can be
classified into three categories. Pattern A is mostly followed
in fairly well drained areas wherein late maturing rice
varieties can be arowm twice a yéar. Pattern B-is common to
poorly drained low lying areas where only dry season rice can
be grown using late maturing varieties due to submergence in
the wet season. Pattern C covers a small area where doUble.
cropping with rice hag been tried at a low intensity using
early maturing varieties because of the insufficiency of
irrigation water. Sumary of the planted area is tabulated’

below:
' : Unit: Hectare
Service Planted Area

Pattern Area Wet Season Dry Season

A 22,082 21,255 20,732

B 7,202 0 7,292

C 2,111 o 2,111 T 603
Total 31,485 | 23,366 28,627
Intensity (%) ' (74.2) {90.9)

Average rice yields in AMRIS area were reached about 4.3
ton per ha in wet season and 4.6 ton per ha in dry season in.

1982, respectively.
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B, Project

B.0l. Proiect Components

The PrOject envisions 1ncrease in crOpplng 1nten81ty,
upqradlng of system management inclusive of irrigation
efflclency, rchabilitation of the exlstlng faC111t1es,
expansion of irrigation service area with appropriate
1rr1gatlon and drainage facilities, uplevelllng of collection
efficiency of irrigation fees, and partial turnover of
operation and maintenance works to capable irrigators'
associations. Furthermore, the Project will promote the
extensicn of crop diversification through agricultural

supporting services in the Area.

-In order to fulflll these objectlves, the Pro;ect Area of
about 35,000 ha 1ncludlng some 3,500 ha of new expansion areas

involves the following components:

-~ Rehabilitation ‘and upgrading of existing irrigation and
drainage_faciiities including some expansion of these
- facilities in the existing service area of about 31,500
ha; |

-  Construction of irrigation and drainage facilities for new
expan51on area of about 3,500 ha with the same level of

. upgradlng standard;

- Rehabllltatlon of existing roads and constructlon of

addltlonal service and access roads;

- Consolidation of on~farm facilities in the new expansion

areas as well as in part of the existing service area;
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- Strengthening of NIA operation and maintenance structures
through joint operation between NIA and capable

irrigators' associations;

- Establishment of capébie irrigators' associations and
‘gradual turnover of operation and maintenance works of the
systems below sub-lateral canals level to the IAs taking
development stage and capability of the IAs into

consideration;

- Establishment of demonstration farm for the crop
diversification program and promotion of scheme extension

and;
- Procurement of equipment and vehicles both for
construction of on-farm facilities and O & M works, and

instrument for operation and maintenance works.

B.02. Proposed Land Use and Cropping Pattern

Proposed land use is slightly different from present one
providing adequate irrigation and drainage systems and proper
water management for the Area. The proposed'land,use is

- gummarized as follows:

Classification Existing Area  Expansion Area Total

{ha) : (ha) : (ha}
Rice field 31,485 3,480 © 34,965
Upland field . - . 630 : - : 630
Forest or orchard - 1,580 o ' - ' 1,580
Waste land, swanp 2,200 415 2,615
Right of way - 2,080 100 2,180
Residence, others 4,725 5 4,730
Total 42,700 4,000 46,700
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The cropplng pattern depends on the topographlcal
features, soll characteristics of farm land, avallablllty of
irrigation water and necessary repalrlng perlod ALcordlngly,
five patterns 1ncludlng dlver51f1ed cropping are proposed for
both the wet and dry seasons, The proposed cropping patterns

and acreages are_presented-as belows:

Pattern Wet. season Dry season “Total

thay Ty T

A 20,212 20,212 40,424

B 2,111 Sz 4,222

c 2,250 4,500 6,750

D 2,000 . 2,000 4,000
‘B 0 8,392 8,392
Total 26,573 37,215 63,788

- Crop Intensity(%) (76.0) (106.4) (182.4)

B.03. Irrigation Plan

In connection w1th the proposed 1rr1gatlon scheme of the Area,
detailed water balance studles were made, including the Argat
Reserv01r ‘operation. Verlous operatlon ‘rule curves were
prepared and 1nputted in the study to 51mulate the opt1mal
solution of the Reservoir operatlon which meets vater demands
by MWGS' for water supply, by N1A for lrrlgatlon and by NPC for

additional power generatlon.

Proposed Cropping area. which heeds'irrigation water'supply
is 26,579 ha and 34 965 ha for the wet and the dry seasons
reepectlvely ' ' o

Irrlgatlon water requlrement was estimated at 450.9 MCM,

in terms of anmual diversion water requlrement ‘based on the
proposed schedule of ;rrlgatlon supported by hydrological data.

5-15



In addition an overall irrigation efflClency of 60 percent was
adopted in the study.

With regard to MAISS water demand, seasonal feqdirenents

' were put iﬁto'calculatioh_aé‘scheduled by MWSS. BActual
réquirements er water were computed as 22 cu.m/sec in
discharge on 695.4 MCM'iﬁ.volume. On the other hand, NPC has
no spe01f1ed rule to measure water requ11ements for power
generation, Actual achievement of productlon of power
generation in terms of both ammual amount and seascnal patterﬁ,
was therefore fully considered in order to supervise the

computation.

Conseguently through 81mulatlon studies of water balance,
the operation rule of the Angat Reservoir was proposed by two
curves presenting the upper and lower limits of the reservoir
water level by tiﬁe. With applicaﬁion of this rule, no
shortage of MASS water supply is expected. Estimate on
poseible productlon of power generation was examlned to follow
the actual results? Irrigation water requirements for the
AMRIS are not expected to encounter shortage in water even

during a critical dry period of once every ten years.

A conference enti£led "On the Operation Rule Curve for the
Angat Reservoir in Connection with the Proposed Cropping
_.Séhédule in the AMRIS" was held on August 15, 1983, attended by
NWRC, MWSS, NPC and NTA. |

NIA_summarized'the major achievements of the study
including a proposal for adoption of the proposed rule curves,
which were almost an accepted by all authorities who attended.

Accordlngly, the proposed areas of. 34 965 ha can be

1rr1gated follow1ng respective crop calendars of of both the

wet and dry season crops.
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B.04. Dra inage Scheme

To avoid adverse flow from the Pampanga and the Maas:un
Rlvers as well as from the North Candaba &vamp, and to reduce
flood water level and’ flood duratlon in the Area, two '

- alternative plans of flood protectmn dikes and four cases of
inprovement -of dralnage facilities in the Area were put into
“the flood samulatlon n‘odel

Simulated. resdlt; of every combination of plans and cases
were evaluated in terms of acreage and water level of
:mundat:l.on, flood duration as Well as cost and beneflt ratlo.
Construction of profectlon dlke contrlbutes to prevent:.on of
adverse “flows from the rivers. Runoff caused by ralnfall in
the Area is, however, forced to tagnate as long as the _
external watér level in the rivers exceeds the e*{ternal level
of pre~ccnstruct10n of dlkes, and the Area S‘tlll remams :
inundated w:.th a great degree of damage to crops when it'is
planted with rice. In addltlon B/C ratios vere’ calculated mach
lcwer than is eccnomlcally acceptable.' These plans are
therefore not recommended as far as costs and beneflts are '

concerned.

From the study Irede on duratlon, perrod of” occurrence and
frequency of 1nundat10n, cropping pattern b was propo ed as the
one acceptable practlcally in ‘the higher portion of the '
inundated area for wet season rice, With adoptlon of pattern D
croppmg calendar “and w1thout any plan of protectlon dlke the
Progect would consewatwely expect beneflts from the. exrst:mg
inundated area of 2, 000 ha elevated between 3, 5 m: and 4.5 m
above mean sea level by el:rghtly shlttmg croppmg calendar.

B.05, Iﬁprcvétteht and'Ccnstruction of Facilities

The follcwmg faCllltleS w111 be mproved and constructed

based on’ 1rrlgat10n “and dralnage plans. _
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B.06.

.

*

~1 S N s W N
. s .

Facilities

Diversion Dam
Irrigation Canal
Structures for Canal
Drainage, creeks
Structures for drainage
Service and Access Road
On-farm Facility

Agricultural Production

29,374.0 ha

5,591.0 ha

Improvement Construction Total
3.0 units 1.0 units 4.0 wnits
161.1 km 110.2 km 271.3 km
2,866.0 pls. 166.0 pls. 3,032.0 pls.
188.5 km 13.8 pls. 202.3 ¥m
16.0 pls. 38.0 pls.  54.0 pls.
263.3 km 22.5 km 285.8 km

34,965.0 ha

The tentative target yields with project for the rice and

diversified crops can be expected to increase considerably in

the future by applying the proper fertilizers and plant
pesticides, provided the improved water management can be

realized,

~Crops

Wet Season Rice

Dry Season Rice

Waternelon
Green Corn
Yellow Corn

Pole Sitac

Target yield of the crops is especialed in the
following table.

Future with Project

4.5 (ton/ha)

5.2
8.0
2.7
4.0
7.5

The expected incremental production -can be estimated from

the unit yleld and proposed land use.
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Ttem ' Wet Séason Dry Season  Total
1. Future Without Project 95,400 ton 144,100 ton 239,500 ton
2. Future With Prolect R o

‘Paddy ' 122,700 © 177,000 1 299,700
Green Corn o - 4,300 4,300
Watér Melon B 5,400 5,400
“Yellow Corn - 6,300 6,300
Pole Sitac - 5,100 5,100
3, Incremental Production o
paddy 27,300 32,900 60,200
Green Corn - - 4,300 4,300
wWater Melon - 5,400 5,400
Yellow Corn o 6,300 . 6,300
Pole Sitao . | - 5,100 - 5,100

B.07. Pilot Demenstration Farm of Upland Crops

Pilot demonstration famm should be operated under ths_
cooperative'administration of NIA and BAEX taking the former
experlence of promotion on the upland crop dlver51flcat10n into
account. The pllot farms would be ten farms with one hectare

each in the respectlve proposed blocks

B.08. Ptoject Implementatien

The Pr OjeCt shall bhe 1mplemented in parallel with the
fDllOWlng three aspects such as ordlnary operatlon and,
malntenance woxk constructlon work and promotlon of the
establlshment of 1rrlgators a580c1at10ns These works and
activities have a close relatlonshlp with each other so that
organlzutlonal structures shall be 1ncorp0rated.to one
executive body under the Irrlgatlon Superlntendent cum PrOJect
Manager._ The period- of progect 1mplementat10n.1s tentatlvely
aSSumEd:toibe”seveh‘fears'including”bne'Year of préperatOfy |
térm taking work vollmes of construction, time schedule of IAs .
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establishment and so forth into consideration, Construction
manners will be adopted cn the contract basis for major work
such as diversion déms, canal systems, service roads and
appurtenant étructures, and force account.basis fbr-onrfarm
facilities expansion and other winor works. The programs which
consist of the establishment of several IAs, training to
beneficiary farmers, and turnovexn of 0 & M work to Ias, will be
implemented according to the timetable within the period of
project implementation. During the period, attention should be
paid how to give farmers opportunity of participatiﬁg in the
Project activities especially for establishment of IAs and

design and construction of on-farm facilities development.

B.09. Strateqy of'Upgrating 0 & M Structures
The strateqgy of upgrdding 0 & M structure of the Project
is summarized from view points of physical, organizational, and

financial aspects and agricultural development.

Physical Improvement Aspect

For the better water management, necessary irrigation
water must be allocated up to the terminal fédilities in proper
quantity as well as at the proper time; excess water shall be
dfained out adequately. Upgrading the irrigation efficiency 1is
of much importance for effective use of the limited water
regsources and expanéion of fhe service area. For this purpose
to be realized, the first.necessity_is tb keep satisfactory
conditiqns of the facilities in the Area so as to enable the
proper water ménagement. 'AMRIS is not an exception where the
_present O & M sﬁatus.éeems_nbt_so'satisfaqtbry,_being affectéd
by continuous financial deficits; siﬁilar.to bfﬁer-projects. _
Tt will be important fo‘intensify the facility maintenance vork
by reasonable re—allounentjpf the limited annual budget. The

better water management would be thus realized, gaining the
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confidence of farmers in the Proqect Aolde from thlo, thern_
may be another way of balanc1ng the budget for maintenance of .
the roads by requesting their authorization as public barangay
roads under the curfent road law syetem,' |

Organizational'Aspect

Present AMRIS office organiZatien and_staffihg'seems
slightly excessive compared to the NIA,WOrking standard.
Solution of the major constraints which have been'efféctinq the
NIA's operation and maintenance structures is to reduce:
personnel service costs within reesonablegwerkihg.capebility;
In order toerealize-thersaid'purpose,-partial5turnever to the
irrigators' association of the ﬁresent O & M work conducted’ by
NIA will result in decrease of financial O & M expenditures

currently borne by NIA.

~ First of all in realizing the long term prospect, the

farmers shall be instructed to efgahize irrigators'
assoeiatiohs step by step'by fheﬁselves.__ln this connectien,'a
useful reference is the Farmer Irrigators OrganiZef Program

- (FIOP) which has been conducted in the AMRIS Area. The flrst
step shall be taken to torﬂllrrlgator organlzatlons durlng ‘the
pro;ect 1mplementatlon, in which jolnt operation of the '
'facalltles with farmers be swoothly carrled out. ‘With the
Irrigators' Assoc1at10ns-(IAs)_establlshed, the part;dl
turnover'of the faéilities? 0'&:M_shall be made peseible'as the
second step which might élso-qive,eome favorable changes in.the
organization of the NIA office. - For instance 'Ordinary-tasks
will be simplified and computerlzed in ‘order to upgrade

management. efflclency.
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Financial Support Aspect

Overall expenditures for operation and maintenance of the
facilities under the WIA irrigation system are to be balanced
with the irrigation fees collected from the beneficiary
farmers. 'The irrigation fees shall be paid from the benefit
obtained by the farmers through the irrigation water supply.

From the viewpoint of public utility of these roads
serving many wnspecified people, it should be urgently
investigated how to request them authorized as barangay roads
and to obtain the government financial support. Since the

 minimum width requirements of the barsngay road is defined to
be seven meters, some alleviation of the existing road law is

necessary.

in order to decrease O & M costs, the ilnevitable budget
for the repair work of facilities when damaged by natural
disasters such as typhoon and heavy flood shall be requested
also to be specially accounted as the govermment's

responsibility.

Agricultural Development Aspect

By means of the improvement of existing irrigation
facilities in the Project Area, great strideg in agricultural
production shall be anticipated as a result of stabilized
allocation of irrigation water and the development of expansion
areas as well. Increased cropping intensity derived from
efficient use of facilities and water source will contribute to
overall increase. The farmers will be favored with the higher
income sufficient to pay irrigation fees. Incremental
collectable amount of irrigation fees is expected to be about
3.5 million pesos by the increased cxopping intensity and
production from the proposed eXpénsion area.
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B.10. Operation and Maintenance Cost

The prospected annual O & M costs based ‘on the staffing
plang for before and after partial twrnover to the IAs are
described as follows: '

(Unit: $1,000)

_ g _ S After Turnever -f
Description Before Turnover WNIA IAs Total

1. Personnel services 6,468 4,900 = 1,822 6,722
2. Power illumination 1,738 1,800 - 1,800
3. Other expenses 1,374 1,530 3,040 4, 570_
Total 9,580 8,230 4,862 13,092
Service area 34,965 ha 34,965 ha 34,965 ha 34 965 ha
0 & M cost per ha 0.274 T 0,235 0.139 0.374

B,11. TIrrigation Fee Collection

The percentage of collected fees to collectable fees and
collected fees to actual expendltures for the last five years
from 1978 to 1982 are about 58 percent and 72 percent on the

average, respectlvely.

Incremental collectable irrigation'fees'are estimated at
about 3.51 mllllon pesoa as the “surplus between without project
amount of 12.57 mll3lon pesos and with pro;ect amount of 16.08
fillion pesos. lhe collectlon eff1c1en01es of 1rr1gat10n fees

are estimated as follows

(Unit: B1,000)

Ttem . Before Turnover Aftef.Tufnover
Collectable fees  (A) 16,079 16,079
Required O & M cost (B) 9,580 © 13,092
Ratic (C) = (B)/(B)x100 6 8l
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B.12,

The current collection efficiencies of irrigation fees
including back account are about 60 percent. From the
above table, the target collection efficiency should be

increased to about 80 percent in future.

Plan for Association Establishment

"Establishment of TAs shall be commenced in the manner that
the associations belonging to the same canal system shall be
formed preferably in the same year as the construction
schedule. The first priority shall be given to those
associations in the proposed expansion area. The details are

shown bhelow.

Years North Area South Area Total No, of T.G.

First Year 31 32 63 332
Second Year 48 32 80 421
Third Year 68 29 97 474

Total 147 53 240 . 1,227

B. 13. Project Cost

The project cost consists of that of survey and design,
civil works, procurement.of éqﬁipﬁent for on-farm facilities
construction works and post project operation and maintenance
of the systems, land écquisition} institutional development
activities, project facilities, consulting services,

administration as well as physical and price contingencies.

The total investmentICOSt, including the price escalation
but excluding the interest during the constructibn’period, was
estimated at 511 million pesos (equivalent to US$46.45: |
million), of which about 250 million pesos will be foreign
currency component and about 261 million pesos local Cﬁrrency
component, respectively. ' '
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The summary of the project cost and disbursement schedule

is presented as below:

SUMMARY OF THE PROJECT COST

‘Description

<

OO0 -3 U B
. * & @

—
o
.

Survey design

. Civil works

Procurement
Land acquisition -
Project facilities
Institutional development
Consulting services
Administration
Physical contingency
Sub-total:
(%)
Pricé escalation
Total

(%)

{Unit: 2'000)
Foreign Local
Currency Currency Total
- 4,000 4,000
111,519 84,989 196,508 -
33,430 1,070 - 34,500
- 2,255 2,255
372 1,130 1,502
308 15,486 15,794
24,882 5,278 . 30,160
. - 28,472 28,472
25,489 21,320 - 46,809
196,000 164,000 360,000
{54.4) - (45.6) ~ (100.0)
54,000 . - 97,000 151,000
250,000 261,000 511,000
{48.9) (51.1)- {100.0)

SUMMARY OF THE DISBURSEMENT SCHEDULE

{Unit: ®8'000)

Project Foreign "Local _ L

Year = Currency:  CQurrency Total Proportion
. (%)

lst 13,652 9,279. 22,931 6.4
2nd 58,746 28,669 87,415 24.3
3rd 23,863 25,756 49,619 “13.8
‘4th 34,897 . 40,307 75 ;204 20.9
5th -~ 26,184 25,710 51,885 14.4
6th 23,981 23,975 . 47,956 13.3
7th 14,676 10,304 - 24,980 6.9

Total . 196,000 164,000 - = 360,000 -100.0

‘Note: The price escalation is excluded from the above

figures,
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B.14.

Project Benefit and Evaluation

R.15.

Incremental agricultural benefit, which is about
75,667,000 pesos, is difference between the with project
production value of 377,623,000 pesos and the without project
production value of 301,956,000 pesos. FEconomic initial cost
of project estimated is about 332,652,000 pesos. The
replacement cost has also been estimated for pumps and gates
and other O & M equipments that require replaéement during the
project life, The incremental economic O & M cost after
completion of the Project is estimated at 2,771,000 pesos per
year.

The streams of economic cost and benefit over the project
life of 50 years have been comverted into the present worth
using various discount rates. The economic internal rate of

return thus calculated is 17.53 percent.

Sensitivity Analysis.

The sensitivity analysis has been attempted for the
following cases with respective EIRR's.

(1)  Ten percent increase in project cost ....... 16.15%

{2) Twenty percent increase in project cost .... 14,98%

{3) Ten percent reduction in target yield ...... 13.84%
(4) Two years delay in attaining full benefit... 15.72%
(5) Combiﬁationrof case {1} and (3) ceveiienenn.. 12.73%
{(6) Cobination of cases (2) and (3) . 11.77%
{7) Combination of cases {1) and (4} ieieeaeen 14.57%;
(8) Combination of cases (2) and (4} .evveeeon.. 13.58%
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B.16. Farm Budget Analysis and Cost Recovery

Farm budget analysis has been also conducted to Neasure
‘the project benefit accruing to the representatlve beneflcn.dry
farmers of averaged farm size of 1 4 hectares. As a result of
analysis, with project farm family surplus increases by about
21,900 and 21,600, respectively, for owner operator and lessee.

Cost recovery required under the study is established that
provides for total reimbursement without interest of public
investment on this;projet:t within the project life of 50 years
‘as well as for total O & M cost. The sum of 206 Pesos per
hectare per year for investment and 374 pésos per ‘hectare per
year for O & M cost is multlplled by farm size of
representative farm household of 1.4 ha to arrive at the level
of 812 pesus. Since this level is less than’ 50 percent of the
difference in farm -facmlly surplus both for: owner operator and
lessee, it is safely assumed to be within the farmers' ability
to pay, | '

B.17. Prospected Socio Economic Fupact

. Rside from the direct project benefit- derived from the
incremental prbduction of ag.ricultural pri)ducts, the Project is
anticipatéd to give rise to the following socio economic
impact.,

- Expansion of errploynént opporﬁunities '

Expansion of agracultural produf.tlon

i

Increase in dlsposable income among farm houoeholds

1

Improvement in transportatlon network

C.01. Conclusion

R Cohsideratién of ‘all_ these discussion previously"aloﬁg:
with EIRR of 17.53 perceﬁt—- leads to the cdhr_ilusion that the
prbje_ct_ inplemntatioh is techhicaily' ._soﬁnﬂ'ahd econmuié’ally .
feasible. ' | | |
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CHAPTER I. INTRODUCTION

1.1.. General Background of the Project
1.1.1. General

- The Report was prepared in accordance with the Inplemenfihg
Arrangement for the technical. cooperation on . the Anget and Maasim
River Irrlgatlon Systems (AMRIS) Project between the Republic of the
Philippines and Government of Japan.

In "ccxnpliance with the request of the Government: of the Republic
of the Phlllppmes, the Government of Japan dispatched a survey team
through the Japan Intematlonal Cocperatlon Agency’ (JICA} y the
executing agency for overseas technlcal cooperatlon progrdms under
the GOVerTm'ent of Japan, and jet the team conduct the field: survey,
mvestlgatlon and study for the AMRTS Pro;lect in the Republlc of the
Phlllpplnes based on the prel:umnary survey conducted in February
1982_. The. survey team ccmpletcd_a feas:.blll_ty,_s__tudy for: the Project
that involved preparation of the comprehensive 'ag'ricu]_turalll__ . |
development. plan for the total service ar_e_a of about 35,000 ha.

The feasibility r_eﬁcirt, consisting o_fthe Main Report and
Appendices with rmaj'or' drawingé, has been _cqnpi_led.bese('i_on,the.
results of the. surveys and studies conducted in the field as - -
‘well as dis_cu_ssions held among: the ?hilip_pi_nes Governmental

officials, the S'upervi_sory_cmitt_ee's,bdeﬁbers and. the Team.
1.1.2. Historical Background of the ?rbjeet
’I‘he Angat-—MaaSJ.m Rlvers Irrlqatlon Systems 1s one of the

oldest and largest 1rr1gatlon systems in the Phlllpplnes. It is .
located. some 40 km northeas_t of Manila. in :th_e.provn.nces of '

I-1-



Bulacan and Pampanga in Central Imzon. The system with a diversion
dam located in the Angat river in San Rafael, Bulacan and another in
the Maasim river in Candaba, Pampanga was built in 1957. Tt covers
a total service avea of about 26,400 ha. o

Before implementing the Angat Magat Integrated Agriéulﬁura'i :
Developuwent Project (AMTADP) which had been financed by the ADB, the
existing irrigation facilities consisted of two main canals and 13
laterals, having a total length of about 400 km. Of the total =
service area of 26,400 ha, only 13,400 ha are actually irrigated for
year round cultivation. The remaining area of same 5,900 ha are not
irrigated during the dry season, while some 7,100 ha are .;ubmerged

during the wet season,

In order to overcome major constraints in the Project Area, the
National Irrigation Administration (MIA) requested technical
assistance from the Asian Development Bank (ADB) for implementation
of irrigaticn water managewent at the farm level in 1968. The Angat
and Magat Irrigation Systefus were recommended by the ADB as the
pioneer nodels for the systém wide extension of the water management
project, being the largest and most advanced irrigation systems of
NIA at that time. The AMIADP for which the ADB financed about

USSlO 00 millions was commenced in 1973.

The main cbiective is to expand and increase the irrigation
service area to its potential hectarage both in the wet and dry
seasons, through’ improvement measures on the existing irrigation
facilities and water mﬁage’z‘rént, integrated ag'ri#tecihhological and

institutional supports,

Consequently, “the total serv1ce ‘area after the PrOjECt covers
about 30, 200 ha inclusive of the new expansmn area of some 3, 800 ha.
There are obvious improvement and progress prevalllng 1n the Progect

" service area both in eng:meermg and a_grlcultural_ aspects. - The
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necessity has been stressed by the people within the Pr03ect Area oOf
undertaking additional works for thL Area not lncluded in the Project
Aréa and repair or rehab;lltatlon works in the existing Project Area.

1.2. Scope of Works and Assignment Accomplished
1.2.1. Scope of the Study

The major scope of works for feasibility study Qh'AMRiS project

is summarized, based on the Inplementat’ioni\rréngeméht, as follows:

-~ The feasibility study will be undertaken by two study teams
in con51derat10n of the limited. etudy penod of twoe years
frtr11982 to 1984; " one study team for UPRIIS and the other

-~ for AMRI& and technlcal aeolstance for the study of 18 '

natlonal 1rrlgat10n systems.

~ A new water resources development'plan will be.formuléted
for the irrigation systems short of:irrigation_Water,'
however ; fﬁll#ééaledUfiVer:traiﬁing'fbr the inundated _
areas due to floods will not be included in the study. -

- .On~fam developrent in the etudy wili be confined to the
 level of farnndltches and farm drains, and 1mprovement
work of ditches and drains functlonlng reasonably well
will not be con51dered in the study

- ‘Road development will be, in pr1n01ple, llmlted to the
'eerv1ce loads for the O & M of 1rr1gat10n and dralnage
'fa0111t1ee, however,_the effectlve utilization of the other
roads will be taken into consideration for farming o

operation.



- The study team for AMRIS will undertake a careful and

detailed study of farmers' organization and institutiqns.

- If the necessity of mapping arises in the study, NIA will
be responsible for such mapping.

- A JICA advisory teém, with the aésistance_ of NIA, will
coordinate the activities of two feasibility study teams
with respect to the engineering standard in O & M and
others. ' '

1.2.2. BAssignment Accomplished and Counterparts Personnel

_Listéd herein are the supervisory committee wembers, team
members and counterpart personnel of NIA assigned to the Project.
The study was conducted in two stageé, the first stage from September
1982 to February 1983 and the second stage from June 1, 1983 to
Decenber 1983, '

Supervisory Committee Members assigned to the Project

1. Mr. Teizo Takahashi Chairman of the Committee

2, Mr. Masaru Kimura : . Advisor on Irrigation and Drainage
3., Mr. 'I‘erlmoﬁo Acki  advisor on Agro~-Economy |

4. Mr. shozo Kitta . Ditto

5. Mr. ﬁorio_t_alatsuda Coordinator

Team Members assigned to the Project

A. First Stage.

1. Mr. Satoshi Radowaki Sep. 22 - Nov, 21, 1982
(Team Ieader) Lec. 11 - Jan. 31, 1983
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Mr. Ichiro Sato
{llydrology)

Mr, Shigeo Ohtani

(Irrigation and On-farm}

Mr. Masahiro 1ida
{Drainage} = - '

Mr. Suenori Tsayama

{Design & Cost Estimate)

Mr. Hideo Hiratsuka
{0 & M Expert)

Dr. Yasuo Takijima
{Agriculture & Soil)
Mr. Kensuke Iriya
{hgro-Econcmy)

7.

Second Stage

‘Mr. Satoshi Kadowaki

(Team ILeader)

. Mr. Tsunesuke Hiwatashi

{(Irrigation & On-Farm)

Mf,_Yoshiaki'Kimuraf

“{Drainage)

Dr. Yasuo Takijima

_{Agriculture & Soil)

. Mr. Seiji Tanabe |
(Design & Cost Estimate)

Mr. Hideo Hiratsuka
{ 0O & M) '

Mr. Kensuke Iriya
(Agro-Economy}

'Sep.
Sep.
:-Sep.
Cct.,
Sep.

Sep.

Oct.,

Jun.

Jun.

Jul,

-Jul.
Jul.,
Jun,

Jul.

22 - Dec. 22, 1982
22 = Dec. ‘5, 1982

22, 1982 ~ Jan. 31, 1983

21 - Dec. 28, 1982
22, 1982 - Jan. 31, 1983
22, 1982 ~ Dec. 22, 1982

21 - Dec. 28, 1982

7 - Sep. 4, 1983
7~ Kug. 24, 1983

Sep. 4, 1983

-
I

1 - sep. 4, 1983
1 - Aug, 24, 1983
7 - Bug. 24, 1983

1 - Sep. 4, 1983



10.

11. .

12.
13.
14.
15.

l6.

NIA Counterpart Personnel assigned to the Projéct_

Mr.

Mr.

MI‘ -

Mr.

Mr.

Benjamin U, Bagadion

Jose B. del Rosarib, Jr.

Sebastian I. Julian
Ediberto B. Payawal
Leonardo 5. Gonzales
Marcelino S Santos
E;elj_:{ N. Regalado

Afﬁlando I. Marcelo

Aurelic M, Punzalan

Felix C, Jose

Enrique R. Rey'es

Frmanuel R. Mendoza

leodegario s. Dalisay

Ambrosio I. Ignacio

Ermesto S. Ventura

. Virgilio E. Flores

Assistant Administrator for
Operations

Assistant Administrator for
Project Development and
Implementation =~

Department Dirvector Systems
Management Department

Division Manager (SMD)
Project Coordinator

Trrigation Superintendent V AMRIS

(Chief Counterpart)

Irrigation Superintendent. III-
AMRTS

Irrigation and Drainage
Engineer

Hydrologist, AMRTS
Institution'al Specialist AMRIS
Agronomist, AMRIS

Drainage (North Zone Ehgineer)
MMRIS ' '

Agro-Economist (VMI) -AMRIS

Design Engineer, AMRIS

Dra inagé Engineer

7 Design Engineer

Soil Specialist
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1.3. WNational Economy
1.3.1. General
(11 WNational Land

The Philippines , with a total area of about 300,000 sq.km, is
composed of wore than 7,100 islands and 11 wain islands account for
almost 95 percent of the total area. '

{(2) . Population

The population was about 49.2 million in 1981 and the
population density then was eetimate‘d at 164 persons/sq.km. Slnce
1970, anmual growth rate of the population has been about 2.7
percent.. An average family is composed of 5.6 persons.

According to the statistics in 1978, the labor fofce_ of people
15 years of age and over was 27.2 million persons, of whom the
actually employed was about 16.7 million persons or 61.3 percent of
the labor force. :

of the total employed persons, 52. 2 percent was in agrlculture,
forestry and flsherles ;121 percent in manufacturing, 35.3 percent

in service, and Q. 3 percent in. other'a.

Some ehanges in the types of ezrpldyﬁérit are observable _wifh_in a.
sectox 4b’u.t the secteral ednposition among ‘the abo=ve four o
classltlcatlons has remalned almost. the same since: 1976, The number
of employed persons in the. agrlculture, forestry. and flshemes
sector increased by 13.6 percent, '



(3) Administrative Regions

The Philippines has 12 administrative regions in 72 provinces.
The provinces are divided into 1,50% Municipalities and the Barangay

ig the administrative unit of the Municipalities.
{4) General Economy

The gross hational product (GNP} of the nation increased from
92.93 billion pesos in 1980 to 97.44 billion pesos in 1981 at 1982
constant prices and the annual growth rate was 4.9 percent. Annual
growth rate in the last five yeare has been declining, 7.0 percent
in 1976-77, 6.8 percent in 1977-78, 6.1 percent in 1978-79, 5.4
percent in 1979-80, and 4.9 percent in 1980-81.

Meanwhile, the gross domestic product in 1981 was 97.25 billion
pesos at 1972 constant prices and the sectoral composition was 25.4
percent for agriculture, forestry and fisheries, 36.6 percent for

manufacturing, and 38.0 percent for service.

The ‘annual growth rate of the agrlcultural sector 51nce 1977
declined by 1.5 percent point, whereas that of manufacturlng sector
increased by 1.3 percent and the growth rate of service sector

remained almost the same.

The national income per capita at 1972 constant prices'was'l 481
pesos in 1979 and its annual grcwth rate between 1975 and 1979 was
3.3 percent ' '

_ The CONBUmEY price 1ndex in: the country had been rather stable
between 106.8 and 107 3. from 1974 to 1978 at 1972 constant prices but
it increased sharply_to_116.5 in 1978-79 and 117.6 -in 1979-80 &nd
112.3 in 1980—81} ‘The price increase of petro-chemical goods is
ccnsidered to have had an important effect on the consumer price

index.
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The national econamy of 1981 had a total:reVenue of 43'37 '
billion pesos, of whlch 90 percent was earned from tax, while
: expendlture was 54.95 bllllon pesos, The major 1tems of expendlture
were ecohomic development 46 4 percent, eocral development 19.9. .
percent, defence 9.7 percent, and general public ut111t1es 24.0
percent

The balance of 1nternat10nal trade 1n the Phlllpplnec has been B
in the def1c1t every year.. The total value of exports and 1mports in
1981 was 4.36 billion pesos and 6 06 bllllon pesos, reapectlvely,
resultlng in a deficit of 1.7 bllllon ‘pesos..

Agrlcultural products account for apploxlnately 40 percent oi
exports, and in partlcular, coconut 011 and sugar products are the
main ccnnndltles But the amount of eyports of these two products
has declined by 16 percent in 1981 as compared w1th ‘that in 1977, In
1980, the paddy export of 230,625 tons carned 64,48 million US
dollars. As for the 1mports in 1981 coneumer goods accounted for :
18. 4 percent, capltal goods 25.7 percent and raW'materlals 55,9 ¢
percent. | |

1.3.2. _National;Develcpnent Plan

The current natlonal developnent plan is based on. the flve-year
plan between 1983 and.1987 1ssued in May, 1982 and the long—term
Phlllpplne development plan up to the year 2000._

The flve—year plan 15 eXpected to achleve a target of annual
average economlc growth rate of 6.5 percent in the said perlod and
gross natlonal_product,per caplta of_l§,199 pesoelby 1987 .

: The rate of 1nflatlon is expected to be cut to n1ne percent and
-the GNP to be 749 bllllon pesos. In theue devel&mnemt plans,. KKK'
(Kllusang Kabuhayan at Kaunlaran—Natlonal leellhood Program) has
rbeen concelved earnestly in order to increase employment opportunlty |
and to reduce the rate of unemployment to four percent. ' '
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In the agricultural sector the emphésiu has been plééed én the
increased agricultural productlon in order to cope with the
population 1ncrease, 1mp10ve the nutrltlonal level, and increase the

income of farm households au_well as to earn more foreign exchange.

Besides, the need to correct regional differences, conserve oil,
develop new energy sources, consclidate irrigation system, develop
agricultural roads and communication system by telephones, and
construction of schools, etc. has been keenly felo.

The population is forecasted at 52 million in 1983 and 56.8
million in 1987 and its annual growth rate between 1983 and 1987 is
expected to be 2.2 percent. ' '

1.3.3. Agricultural Sector

The total valie of aquoultural ploductlon in 1980 was 37. 55
billion pesos, of which coconut accounts for 9,26 billion pesos
(25%) , paddy 8.03 billion pesos (21%), and sugarcane 4.22 billion
pesos (11%). These three crcps account for 57 pércent of the total

value.

~In 1980, the paddy was planted on 29 percent (3, 5 mllllon ha)
oi the total harvested aréa (la million ha) and the harvested ares
'in the last five yearS'has been constant., The consolldatlon of
irrigétion facilities, dlffus1on of the’ hlqh yleldlnq varletles, and
1mproved CrOPPAng ﬁanagcmﬁnt all Lontrlbuted to the average yleld
increase from 1.72 tons in 1976 to 2.14 tons per thtare in 1980.

As stated in-the_five-year"pléng the statué ofhagricﬁlturé"in
the Philippines.'s'highly.significaﬁt'in'tefms of éarning foreign |
exchange and,supplylng nutrlents to the cstlmated populatlon of 56 8
mllllon in 1987, o



1.4, PRegional Economy
1.4.1. Area and Population

(1) The Bulacan 'Prov:hice
'I'he Progect Area extends over the Bulacan P:rovmce and the _
Panpanga Provmce and more than 80 percent of the Progect Area lles

in the Bulacan Provmc,e.

The Bulacan Provmce w1th a total area of 2 637 7 sq km
con51sts of 24 mtm1c:Lpal:Lt1es which are lelded 1nto 514 Barangays.-
The provmc:lal capltal J.S Malolos.___ The populatlon of the Provmce
was 1, 096 363 persons 1n 1980 and the rat10 of male and female was
1:1. Malolos has the _largest populetlon of 95,426 persons.

The populdtlon denulty in the PrOVJ.nce J.s 416 persons pcr ',
sq km. The number of households was 190 934 ;Ln 1980 ano the- average
fanlly s:Lze was 5.6 persons, wh:Lch is the same as the natlonal :

average

According to the 1975 statistics, the }_:Viopﬁletiono:f 10 years of
age and. over was 742, 146 persons of’ whom- approxm:ately 44 perce:nt
(328 274 persons) were employed The sec.toral x:at:;.os to the total
elrployed persons recorded An 1975 vere 28 percent :Ln the przmary

industry, 32 percent in the’ secondary ;ndustry, and 40 percent in the
'tertlary :Lndustry. About 82 percent of the employed in the pl:lmary
'mdustry were engaged in agrlcultura] productlon. :

The consumer pr:Lce J.ndex 1n the Prov1nce between 1976 and 1980

'was 136 per year Wthh was a llttle hlgher than the natlonal average_
©of 128.
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(2) The Pampanga Pravince

The Pampanga Prov1nce is composed of 21 munlclpalltles and one
city and is divided into 526 Barangays. Total area of the Province
-is 2,180.7 sq.km and its east side is bordered on the Bulacan
Province. The capital of the Prov1nce is San_Fernando. The
population in 1980 was, 1,181,590 pérsons and i£S annual-grthh rate
in the last five years has been 2.5 percenﬁ; which was léss than the
national avérage Of.2.7 percent. The populatlon den81ty was
estimated at 542 persons per sq.km, which was 3.4 times hlgher than
the national equivalent of 160 persons per sq.km.

The nunber of households was 190,934 and averagéffamily size
was 6.2 persons, which is higher than that of Bulacan Province.

Aocofding to thé'stétisticé of 1975, the populétioh 10 years of
age and over was 710,598 person and of whom 266,576 persons {37.5
percent) were employed. The sectoral ratios to the total employed
'persons were 32 percent in the prlmary 1ndustry, 24 percent in the
secondary 1naustry, and 44 percent in the tertlary 1ndustry About
88 percent of the employed persons'in the primary industry were

engaged in agriculture.
1.4.2. Agriouitgral Soc£or
{1) The Bulaoan Provinco..
The maln 1ndustrv.1n the Bulacan Prov1nce 15 agrloulture on the
_ fertile soil and farmers also engage 1n flshery, animal husbandrv,

and cottage industry such as wooden crafts, sewing, and etc..

" According to tholcehsﬁs‘of 1975, 73,621 persons were engaged in

agriculture,
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Total paddy planted area in 1980 was 102,736 ha, of which 72,180
ha is irrigated. The total palay productlon in the Prov1nce from
Aprll 1978 to Aprll 1979 was 432, 627 tons. The prov1nc1al
agrlculture is hlghly dependent on palay productlon. :

The secondary crop is corn._ In 1980 2, 191 tons of ‘corn was
' harvested in an alea of 413 ha. Upland crops are grown in the _
mUHIClpulltleS llke San Mlguel and San Ildefonso located at a hlgher

elevatlon.

vegetables llke 51tao, tomatoes, pechay eggplants, ampalaya,'
squash potato, cucumber, etc ‘are planted at Bustos, Pul1lan, Star
Maria, and g6 on. | tal planted area of vegetablee was 1 789 ha and
their productlon was 16 898 tons in 1980 VEgetables produced are
mostly consumed 1n the Provrnce but part of them are transported to
the Metropolltan Manlla Area from nearby mun1c1pa11tles

Other crops like casSava,droot croPS,:fruits:fand“watermelon
are also grown The number of carabaos in 1979 was 19 825 heads,
which is a decllnt of 12 563 heads as ccnrered w1th that of 1975 -
The sharp decline 1n such a short tlme is attrlbuted to the Foot and
Mouth Dlsease, that took place in 1976 and the dlffus1on of hand N
'tractor of 12 p S. whlch retall at about 8, 000 pesos. The carabao'lr
' has however, recently been repla01ng the hand tractor because of the

hlgher productlon cost cansed by an 1ncrease in 0il prlce

- The number of cattle has also been reduced by 11 percent in
1980 as ccnpared w1th 13, 300 heads 1n 1975 but recently the number'
has been 1ncrea51ng. Meat productlon from cattle 1ncreased fran -
429, 744 ton 1n 1977 to 665 528 tono in 1979 due to the 1ncreased
number of cattles : e furber of other 11vestock ralsed such as 7
'hogs, goats, chlckens and ducks 1s 206 254 19 604 2 531 553, and
459 ,990 respectlvely ' These are kept ooth for domestlc consumptlon

: and as a secondary source of income.
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(2) The Pampanga Province

Agrlculture is also the main 1ndustry in Pampanga and the _
province 15 known as the granary and sugar belt of Central Luzon._
According to the census of 1971, about 90, 115 ha or 41 percent of the
total area of the province is clasalfled as agrlcultural_lands, af
which 87,236 ha (97 percent) are plahted mainly with sugarcane and
paddy. The nunber of people employed in agriCulture was 74,910
according'te the census of 1975. | | |

The above two crops aCCOunt for almoet 90 percent of the present
land used. Palay planted area 1n 1980 was 64, 559 ha, of which 46,131
ha was irrigated and 15,896 ha was rainfed. Total palay production
was 393, 442 tons and average yield per hectare was 3.67 tons.
uugarcane is also a manr CYrop in the Prov1nce, and 1s planted‘ln an
area of 24 611 ha, equlvalent to 17 percent of the total planted area
with prodtctlon of 85 929 tons. Other CIrops planted are cormn,

citrus, frults, vegetables, beans} and rcoot crops, etc.

Accordlnq to the survey conducted by Bureau of Anlmal Industry,
the number of 11vestcck and poultry in 1919 was 69,050 heads of
carabao, 1,090 heads of cattle, 139 640 heads of hog, 1, 351 952 of
chlcken, ard 476, 030 of duck. The nunber of livestock farms 1n the
Prov1nce 1e 3 for cattle, 2 for carabao, 96 for hog, 184 for chlcken,
and 26 for duck. Artificial insemination is vracticed for carabao
and cattle. = o -

1.4.3. Other'Related lndustries

, southern part of the Bulacan Prov1nce borders on’ the

' Metropolltan Manlla Area and is reached by a one hour car journey
uelng the hlghway frcmlManlla to Maloloe Taklng advantage of these
geographlcal condltlone various klnds of 1ndustry sprung up such as
cement, ceramic plant, chemlcal 1ndustry, textlle hrll food
‘processing plant, footwear factory, and metal 1ndustry, etc, In
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sonie nmnioipaliries facing the f-ia_hila Bay, :mland _fiSheries are’ e'\l"s_o.' |
common in an area of 19,000 ha and 29,934 tons of fish were caught in
1980, Cultured fish are Tilapia and Carp, but recently thls industry -
has béen plagued with problems l:Lke water pollutlon, lack of flood -~ -
control, and high production cost, etc.

The Bulacan Provmce 15 rich in. mmeral resources. | ln the east
-area of the Provmce, iron,- clay, feldspar, llmestone P marble,
quartz, 51llca, and etc. are depomted. : The value of productlon of
these mineral resources amounted to about 300 mllllon pesos ln 1978,
partlcularly the cement 1ndustry generated 269 million pesos. The
Bulacan Prov:mce produces almost 93.6 percent of non-metalic

yesources in Central Luzon.
The Pampanga Province is not blessed with mineral resources

‘except for pumicite and pumica. There are many wooden craft -
industries and 18 760 small food shops.
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CHAPTER TI. THE PROJECT AREA

2.1, Location-

The AMRIS project is one offthetlargest irrigation.systens”in
the Phlllpplnes; The Progect Area is located emne 40 km northeast
of Greater Manlla 1n the provrnces of Bulacan and Pampanga of o
Central Luzon. The sy temtwas completed 1n 1927 with a dlverSLOn
dam located on the Angat Rlver in San Rafael Bulacan and another
dam located on the Maasrm River 1n Candaba Pampanga It covers a
total servxce area of 31, 485 ha.

‘The service area 1s bounded by the meanderlng Pampanga and
Maasim Rivers along 1ts western ‘and northern llmltS and by . the
Malolos, Matimbo and Mambog Rlvers on 1ts southern borders.

2.2. Social Environment
2.2.1. Population

The populatlon survey is conducted every four years and based
on the populatlon 1n 1975 of 470 165 persons, the populatlon,of 1982
in the Pro;ect Area is estimated at 543 160 persons.' The 1980 '
census shows the proportlon ot female and male was 50 percent each
There are no recent data avallable on the number of populatlon by
~ age,-but according to the populatlon census of 1975 the populatlon
. is composed of 29 percent or those below 10 years of age, 24.3
percent of 10 - 19 years, 17.3 percent of 20 - 29 years,’ 18 5
.percent of 30 - 49 years and 11 percent of 50 years and over _
Con31der1ng those of 15 years “to 60 years of age as’ the 1abor force,

they account for about ‘65 percent oﬁ the total popnlatlon.r
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2.2.2. Socio-Econcmic Conditions

The Project Area covers the Bulacan Province and the Pampanga
Province but more than-SO percent: of the Area lles in the forwer
Province. The number of municipalities in the Area is 15 in the
Bulacan Province and foﬁr_in the Pampanga Provinée.

There arc 24,560 farm households in the Area and the average
farm size is 1.4 ha pef farm hoﬁsehold, Since most of the farm
households lack capital for incréaséd agriculturai preduction,
agriéultural wanagemént has been facing difficulties due to the rise
in price of agricuitural input materials. In order to improve such
circumstances and increase agricultural income, introduction of the
upland crops after the second harvesting of palay was planned in the
dry season of 1981, This progrém has been already instituted in
part of the Pfojeét Area but actual planted area for upland crops
was much smaller than expected. KKK Project aiming at increased
farm income éovers a wide range of activities like wooden crafts,

animal husbandry, inland fisheries, and so on.
2.2.3. Transportation and Communication

As for_ﬁransportation, AMKIS area mainly aepends on roads and
partly on railway. Thé ekisting roads are classified into National,
Provincial and Rural roads. About 95 percent of road surface is
paved either by cohérete{ asphalt or graVel. The summary of the

existing roads is shown in the following Table.

Poads Within AMRIS Area ' ' (Unite .km} _
- L | Type of Surface fotal |
Type of Road Concrete  Asphalt Gravel Length
National Road ' 81.9 1069.1 5.7 246.7
Provincial Road . 58.0 67.5 57.8 183.3
_ (25.9) .-
Rural Road 61,1 : 92.0  153.1
Total 201.0° - 176.6 205.5 - - 583,1
Note: Figures in parenthesis show the length of unpaved

. road.
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The national roads and two (2) prov1n01al roads, 1 ey the
Manila North Road (McArthur nghway) and the Manlla North Dlver51on
Road {Marcelo H. del Pilar Expressway) ‘connect: Manlla and the AMRIS
area. The Manila North Road leads to the Cagayan Valley Road and
mms in South North dlrectlon in the center of the AMRIS area.

In the AMRIS area, tnere used to be two rallroads However,-5
one whlch ran in the center of AMRIS. was abollshed in 1967 due to:
the shortage of frelght cars, the other- runs. in. the Southern part of
the Area, connectlng Metro Manila and San Fernando. In AMRIS area,
there is one railway station at Malolos. Generally, the level of
utlllzatlon.of railway is very low. It is estimated that only about
two hundred passengers get on and otf at Malolos statlon_dally,

As for the commmication facilities, telephone; mail service -
and telegram are available, but the facilities are not widely used

due to the inconvenience.
2,3. Physical ?eatures_
2.3.1. Tepography

The Progect Area lies in the southernmost part of the vast
p1a1n of. Central Luzon extendlng from Manlla Bay north to the Gulf
of Lingayen. It is bounded by the Candaba Swamp to the north,
predominant. areas of the low mountain ranges to the east, coastal

marsh areas to the south, and Pampanga River . to the west

The_greater'part¢of the Area:is'flat and has a low elevation of
several meters above'the-mean sea level Even the hlghest portlon
is less than 15 m at the Bustos Dam Slte The 1and,slopes down
toward the west and south extendlng to Manlla Bay' Tt is largely
divided. by the Angat Rlver 1nto the northern and southern portlons,ﬁ
the former of which is channeled by Maasim Rlver Both rlvers :
1rr1gate alnnst all the rice fields of the Area, emptylng 1nto the
Pampanga River. '
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FreQuént big floods of the Pampanga River, however, have Formed
various physical features by braided streams throughout the Area.
Not only the'Candaba'swamp but also many creeks and marshes still
remain and hamper the agricultural developwent. Some enclosed
depressions along.the Pampahgé River are situated only ohe meter or
so above the mean sea level. In this connection, a slight tidal
influence may be observed particularly in the vicinities of coastal
zone in the south. Another topographical hazard, though not serious
is the rolling terrain at the southeast corner of the Area whefe the

gradient of surface slope ranges from one to five percent.

Figure 2.3-1 gives the contour line of the Project Area
expressed in meters. An alluvial fan topography is clearly
identified from east to west. The low alluvial lands below five

meters cover about one third of the total area.
2.3.2., Climate

The climate of the Philippines is influenced to a great extent
by the location and intensity of nearby semipermanent cyclones and
anticyclones which produce air streams and ocean currents greatly
affecting the climate throughout'the country. Among climatic
elements, the mest impoftant ones which affect hydrology are
temperature, humidity and rainfall,

The AMRIS area, situated in the Central Iuzon under trOpiéal
conditionsrwith.warm air current flowing over the Area, generally
has a high temperature. The mean annual temperature observéd at
Ulingao Research Center is about 26.4°C. The hottest months are
April and May with maximum temperatures of 33.5°C and 32.5°C,
respectively, and the coldest months are January and February with
minimum temperatures of 19.9° and 19.7°C. The average annual range
in temperature is reported at 5.0°C. B
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Throughout the year, the humidity is relatlvely hlgh malnly
resulting from extensive evaporation, rich vegetatlon, WDlut air
stream and rainfall. The average annual humidity in-the Area is -
about 87 percent renging=from,79 percent in March:to. 90 percent in.
Decenber. | '

Rainfall in”the Area is inflﬁenced by the tropical nonsoon.type
of climate. The southwest nonsoon 15 predomlnant durlng the months
from May to September causing heavy ralnfalls in the Area. Almost .
95 percent of annual ralnfall is concentrated durlng the. perlod from
May to November, and the heav1est ralnfall is usually a55001ated
with the typhoon, The northern or northeastern monsoon. is
predominant from December to Bpril providing less rainfall in the .
Area.

The_average'annoaltraiofall in the Area is about 1,710 T,
August has the highest averege_of.ebout'BQO nuu'_Fébroéry; on the
other hand} has the 1owest_average of only 4 mn. _May'to.November-is
generally_considered to be the wet season and Decenber to Aprilﬁthe

dry season. .

Regerding'the evaporation, the annuei,observed value is
reported to be about 5.1 mm/day on average or 1,850 m in total,

correSponding approximately to the average annuai-rainfall.
2.3.3. Geology and Soil
(1) Geology

The land is entlrely conposed of recent alluv1um Mateflals
are derived to a great extent from the' eastern flank,of the
Cordlllera whlch contalns lron and ]1mestone dep031ts, formlng

gently sloping alluVLal.terrace lands on both sldes“ofrthe Angat

River.
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The western section of the Area is a delta plain with level
alluvial deposits of tuffaceous materials. This portion lies at a
very log elevation of one to four meters. These basic materials
reflect the slightly alkaline property of thé_soils. An outline of
thé geological feature covering Region III is shown in Figure 2.3-2,

Most of the lands are clayey in textures although those of the
river bank are rather sandy. Some portions in the fan area’ consist
of gravel subsoils containing debris of tuffaceous materials or
laterite concretions. Such evidence is used as leading'factors for

determining soil classification in the Area.
{2) Soil
1} Soil Series and Types

The soil survey was concentrated in the expansion areas
scattering at several locations ‘just outside the AMRIS service area.
Soil profiles were examined for a total of 14 pits and 28 bores,
togethér with the water sanples. These were analysed with respect
to pH and EC,

Based on the examination and the existing soil surveys, a new
AMRTS soil map has been developed as shown in Figure 2.3-3. The
Area consists of seven soll series and thirteen soil types.

Table 2.3-1 presents for AMRIS gross and expansion area the
extent of each soil series and type. Amwong the soil series, the

Quingua Soil Series predominate, followed by Bigaa and Candaba.
These soil series cover almost 80 percént of the total service

area. The Calurpit Series which is further divided into two S6il
Types (Sandy Loam-17 and Silty Clay Loam-18) has been described for
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the first time; these_aceohnt for only nine percent of the whole

area, end are found along river levees and poorly drained lowlands..
2) Soil Fertility and Salinity

No serious problem has been noted in the.soil fgrtility because
of the overall clayey’textute under alluvial sedimentétion; except
of course the frequent flood Which_éauses damages to the lowland
areas with poor drainage_conditidns;_ With_the objective of
producing higher yield, however, nitrogen and phosphorous are needed
in alwost all the AMRIS areas. Subsoils are often too hard for the
roots of crops to penetrate'into the solum, making it necessary to

deep plow the field at intervals,

- According to the analytical data, high.salinity'in the subsoils
has been found in the expansion areas of Caﬁdaba and Maiolos, 
slightly exceeding four muhos. In order to grow Crops.dh this kind
of soil with high_salt-content, continuous irrigation of sufficient:
amount and planting of crop varieties resistant to salinity are

required.

_ Soils of the Candaba Swamp may haveréome'indications of zinc
deficiency considering their high basé-saturation and alkalinity,

although no apparent symptom has yet-beeh observed.

All of the irrigation water samples analysed gave low EC values
of less than 0.3 mrhos, dencting safe use for irrigation purposes.,
Re-use of the drain water would not cause any damage to crops. The

‘average values of each water source are as follows:

: _ " EC (mmhos. at 25°C)
1. River - Angat . . 0.154

Maasim_ - 0.261 .
. . Pampanga . . 0.240
2. Canal/Lateral Angat RIS 0.168
| Maasim RIS 0.283
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_ CBC fmohos at 25°C)
Creck - 0.280

3.
4., Drain {Angat RIS) ' 0.269
5. Fish pond {Candaba) 0.642
6. Groundwater (Pit and Bore) 1.551
7.

Well (San Rafael) 0.419

Water of the Pampanga River may not be recommended as a source

of. irrigation because of its high EC value during the dry season.
{(3) Iand Classes

The land has been analyzed with respect to its soil properties;
qualities of topographic, and drainage features. Fiqure 2.3-4 is
the land class map made by AMTIADP Land Classification Upgrading
(1978). In comparisbn with the soil map, eéach of the soil units
have two or three classes and/or subclasses as summarized in Table
2.3-2.

The varioué topographic conditions affect flooding, drainage
and soil deficiency and this is an important factor in classifying
the land. Most of the irrigated rice land which is about 80 percent
of the service area is ranked highest class (1R); of this,.about
4,200 ha have been evaluated as Class 1-2R (2d) which is potentially
good both for rice and diversified Crops'prbduction. The expanéion

areas are one class lower than the other areas.
2.3.4. River and Hydrology

Tﬁere exist three rivers relative to the ifrigatioﬁ systems 1in
the Area.  The Pampénga River flow southward on the western border
of the Area. The Maasim River runs westward near the rorthern
porder of the Area dividing the Candaba'sWamp'inﬁo North and South,
and joins the Pampanga River at 10 km upstream of San Luis.

‘I1-8



Intersecting the central part of the Avea, the Angat river flows
westward dividing the Area into two zones, namely, the North and.

South service areas.

The Pampanga River, having a drainage area of 7,..715 sq.km. at
the conflience of the Angat fiver, is under the irgfluehce of tidal -
motion .even in the AMRIS area. - Five gagihg stations are sitliated in
and around the AMRIS area and are controlled by the National Water:
Resources. Counc:ll (NWRC) , and mest of the stations keep only gage
height recordsrtor the obgervation pericd of 17 to lB,years gince:
1960. All observations were, h'owever, suspended. at the end of: 197.8.._
River disdhafge records are available only' at station No.51,  Pasig,
Candab'a, where no sea water inti:usien is ,.Qbserv'ed « - According to
NWRC, discharge records are fair but ,af‘fecte'd-by, bahk'overflows.

upstream from the station during the wet season.

puring the wet season, the Pampanga River often'overflo'ds its
left bank - toward the service area of -the AMRIS. - The-carrying

capacity of river chamnel is estimated at about 1,800 cms.

Along .the_ Maasim River, there exist two h'yjdrolog"ical gaging
stations managed by NWRC. “One is. located at about 500 m doa:mstream
from the Tower Maasm ‘Dam and therefore, dlscharges are affected by
irrigation dlversn.on, and the other about 3.8 km upstream from the
Upper Maasim Dam, The _latter.haé; a-drai'nege area of 150 sqg.km and
the ohservation period was 15 years from 1960. to 1975 except for. . .
1972. Since the hydrological cmalysm.g is to be made based . on the
long-term.reliable records of recent years, runoff synthesis of the

Maasim River is one of the objectives included in the study.

The estimated annual mean runcif at the gaging -station is 175
M2 in volume or. 5.6 cms in: disc'harge. :Almost 93 percieﬁt of the -
annual runoFf 1s c:oncentrated in the wet season from June to _ |
November. In dddltlon, the carrying. capa01ty of the river channel
is estlmated to be about 100 cms at the dcmnstream section of the.

Lower Maaslm Dam. .
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Along the Angat River, there exist three dams, namely, the
Angat Reservoir; Ipo and Bustos Diversion Dams. The drainage area
of the river is 568 sq.km at the Angat Reservoir site and 920 sq.km
at the confluence of the Pampanga River. The Angat Reservoir, which
has an effective capacity of SSO‘MCM, is being operated by the
National Power Corporation (NPC) based on the established operation
rule curve, and is being utilized for domestic and industrial water
supply to Metro Manila by the Metro Manila Waterworks and Sewerage
Services (MWSS), NIA being in charge of irrigation and NPC
hydreelectric power generation. In addition the Reservoir also
controls the flood of the river,

The inflow into the Angat Reservoir is estimated by NPC based
on the actual measurement of the reservoir water surface elevation,
released water as well as spillage, and reported to be an annual
' average of about 2,080 M.

With regard to the water quality, salinity of water was -
measured by use of the electric conductivity néter‘at five selected
sample sites in the rivers bordering the AMRIS area. The
measurement and sampling were conducted in February, 1983, the
period of spring tide in the dry season. The analysed values of
conductivity vary from 800 to 2,800 micromhos/cm. According to the
classification prepared by the United States Department of
Agriculture (USDA) and the United States Department of Interior,
Bureau of Reclamation {USBR), all of the selected sanples are
classified into the grades C3 and €4 which indicate high salinity
water and very high salinity water, respectively.

In general these kinds of water are not suitable for irrigation
under normal conditions. The Pampanga River during the drv season
provides river water to several small scale irrigation systems with
paping facilities in the upstream portions of the water sample
sites, and in fact, no adverse effects have been noted durlng the

past years of using the river water for irrigation.
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